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Coline Royse (University of Melbourne, Australia)

Colin is a Professor of Anesthesiology and a cardiothoracic anesthesiologist
at the Royal Melbourne Hospital, Melbourne, Australia. He is co-director
of the Ultrasound Education Group, which is the largest provider of clinical
ultrasound training in the Southern Hemisphere. His research interests include
echocardiography, regional analgesia for cardiac surgery, digital learning,
postoperative quality of recovery, and cardiac surgery outcomes.
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Cerebral and somatic NIRS for
cardiac surgery-the more,
the better?
Coline Royse (University of Melbourne, Australia)

Near-Infrared Spectroscopy (NIRS) is well established in cardiac surgery.
Predominately, it has been used as a cerebral oxygen monitor with pads
applied to the head’s left and right sides. Currently, few data are confirming
that this practise improves outcomes in cardiac surgery. However, there is
evidence that intervening will improve cerebral saturation in the majority of
cases.
An important issue to consider is that NIRS is a monitor and not an intervention. Interventions influence outcomes. The value of NIRS is that it is
in “downstream” tissue oxygen monitor and arguably the most critical position for us to monitor oxygen. Our current oxygen monitors can be better
described as “upstream”, meaning before the tissue beds. Examples include
FiO2, SpO2, ventilation parameters etc. These monitors can confirm that
oxygen is being delivered to the patient and that it is present in the arterial blood stream-but does not guarantee that there is delivery to individual
organs or that those organs are able to use the oxygen adequately. NIRS
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is an important differentiator from upstream oxygen monitors because it
measures oxygen at the tissue level. Other “downstream monitors” include
urine output, lactate, and mixed venous oxygen. However, changes in these
monitors are late, whereas changes in NIRS are rapid and dynamic.
Think of how we use monitors and a generic manner; we set alarm limits
to warn that something is wrong. When the alarm is triggered, we diagnose
using all the available information we have and then plan appropriate intervention. This cycle is repeated until homeostasis is restored. The scenario is no different from using NIRS. When the values drop sufficiently, we
are alerted that there is a problem. We then have two make a diagnosis as
to whether this fundamentally reflects inadequate delivery of oxygen to the
tissues or that the tissues cannot utilise that oxygen. We then make a diagnosis and plan appropriate intervention.
Be careful of relying on a protocol! Protocols at best should be considered as an “aide memoir” rather than as a process that must be followed.
It is far more important that we search for a diagnosis and then plan an
appropriate intervention, then rely on a protocol to improve a number.
However, there is a global statement that I advise, based on several years of
routine use in observing patterns. “The best tissue oxygenation occurs when
there is adequate delivery at the lowest possible congesting pressure”. Mostly, anaesthesiologists have been fixated on increasing flow without thought
of the consequence of increasing congesting (venous) pressure. The tissue
perfusion pressure is the difference between the inflow and the outflow
pressure, and even a tiny difference in congesting pressure can markedly
reduce tissue oxygenation. Most of the interventions are core business for
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cardiac anesthesiologists, and we are all familiar with how to improve flow
and reduce congesting pressure. However, a couple of items should be considered: firstly, consider using inhaled pulmonary dilators (such as iloprost
and milrinone) as these improve or reduce right-sided pressures, as well as
potentially enhancing microcirculation which could be important at a tissue level. Secondly, be aware of all external forces that increase congesting
pressure (such as PEEP or effusions). Third, if the hemoglobin is low and
the NIRS remains low despite other interventions, this indicates transfusing
the patient.
The positioning of the sensors is determined by the clinical need. Mostly,
two cerebral sensors are not required due to the intact Circle of Willis and
perfusion to both sides of the head. However, in complex aortic surgery or
dissection, it makes sense to monitor both sides. Sensors placed on the upper leg can be considered a somatic sensor and a reasonable indicator of
total body flow. It also measures flow distal to the abdominal organs, and
from a congesting pressure point of view, it reflects inferior vena cava flow.
The cerebral sensors reflect superior vena cava congesting pressure. Sensors
can be placed on the arms or legs to measure peripheral flow above or below the diaphragm from the venous congestion perspective. For example,
a sensor placed on a leg distal to an ECMO cannula can be used to monitor
adequate tissue oxygenation of the leg.
It is essential to “think outside of the box” and use the sensors to measure tissue oxygenation where it is essential for that case rather than simply
relying on “two pads on the head”. It is also important to use NIRS routine-
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ly, or at least frequently to observe patterns. The monitor’s value will be
more critical if the anesthesiologist understands the normal patterns that
occur in cardiac surgery as they will more rapidly observe important deviations.

509

Anil Keni (Edwards Lifesciences, USA)

Anil has nearly 20 years of experience in the medical device industry, serving
patients at companies such as Abbott (formerly St. Jude Medical) and KARL
STORZ. He has led teams in a variety of challenging roles that include engineering, product management, and sales. Anil is an inventory with multiple
patents focused on novel signal processing techniques for machine-learning
models. Anil brought his experience to Edwards Lifesciences four and half
years ago to lead development and commercial execution of artificial intelligence based technologies for the Critical Care business. Anil’s team focuses
on leveraging machine-learning models to develop products that predict clinical
events before they happen and that automate processes in the operating theater. Edwards Critical Care believes that by combining prediction and automation, we can standardize and optimize care for patients through semi-closed
loop systems and dramatically improve patient outcomes.
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Artificial Intelligence
Applications For Critical
Care Patients
Sensors, Signals, and Algorithms

Anil Keni
Director, Acumen Technologies
Critical Care, Edwards Lifesciences
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Edwards Lifesciences. A Rich History of Innovative
Hemodynamic Sensors and Algorithms
50 years of algorithm development

Hypotension

Artificial intelligence and
machine learning will
propel us into the future.
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FloTrac System

3

513

Fluid Imbalance Can Lead to Complications
Edema
Organ dysfunction
Adverse outcome

Complications

Hypoperfusion
Organ dysfunction
Adverse outcome

Optimal
Hypovolemic

Overloaded
Volume Load
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FloTrac Sensor
The FloTrac system was specifically designed to
provide continuous access to clinically validated
parameters and flow-based parameters.
– Cardiac Output (CO)
– Stroke Volume (SV)
– Systemic Vascular Resistance (SVR)
– Mean Arterial Pressure (MAP)
– Stroke Volume Variation (SVV)
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FloTrac System
The FloTrac system automatically calculates advanced parameters every 20 seconds accurately
reflecting rapid physical changes in moderate to high-risk surgery patients.

•
•

Connects to any existing arterial catheter

•

Enables clinicians to make a differential diagnosis
leading to either a volume or cardiovascular
intervention (preload, afterload and contractility)

•

Requires NO manual calibration

Provides advanced hemodynamic parameters that
offer you continuous insight to more accurately
determine your patient’s fluid status and
responsiveness.
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Noninvasive
continuous
hemodynamic
monitoring

ClearSight system
on HemoSphere advanced monitoring platform

517

Advanced hemodynamic monitoring, simplified

The ClearSight system provides
continuous blood pressure and
advanced hemodynamic parameters from
a noninvasive finger cuff, enabling you to
proactively optimize perfusion. Continuous

Key hemodynamic parameters include:

access to pressure and flow parameters

•
•
•
•
•

allow you to evaluate hemodynamic
instability and guide appropriate treatment.

Stroke volume (SV)
Stroke volume variation (SVV)
Cardiac output (CO)
Systemic vascular resistance (SVR)
Mean arterial pressure (MAP)
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Manage Patient Perfusion
Hemodynamic Instability
Critically ill patients are often
hemodynamically unstable owing to:1

Hypovolemia
Cardiac dysfunction
Alterations in vasomotor function
Which may lead to deterioration into multiorgan failure, and eventually death.

Continuous access to pressure and flow parameters
helps to determine patient fluid responsiveness and
guide individualized patient management.
1.

Proactive monitoring of stroke volume (SV) and
stroke volume variation (SVV) have been shown to
effectively optimize patient fluid resuscitation and
guide proper fluid administration.
Huygh, J., Peeters, Y., Bernards, J., Malbrain, M. (2016). Hemodynamic monitoring in the critically ill: an overview of current cardiac output monitoring methods.
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Continuous noninvasive monitoring is more accurate than
intermittent blood pressure monitoring in monitoring hypotension
Cleveland Clinic researchers
showed that continuous
noninvasive monitoring reduced
the amount of intraoperative
hypotension by nearly half when
compared to intermittent blood
pressure monitoring.
(P = 0.039)1

50%

Oscillometric performs
reasonably well
when true MAP is
approximately
mmHg

75

Patients monitored with
intermittent BP cuff vs.
continuous noninvasive
monitoring had

more frequent
hypotensive
episodes of MAP mmHg

<55

Accuracy
decreases with
hypo- and
hypertension2
Hypotensive Episodes
2
5
7
Intermittent
BP Brachial
cuff

Continuous Noninvasive monitoring

(P = 0.047)3

1. Maheshwari, K et al. A Randomized Trial of Continuous Noninvasive Blood Pressure Monitoring During Noncardiac Surgery. Anesthesia & Analgesia, 2018 Aug;127(2)424-431.
2. Bartels, et al. Blood Pressure Monitoring for the Anesthesiologist: A Practical Review. Anesthesia Analgesia 2016
3. Meidert, et al. The impact of continuous non-invasive arterial blood pressure monitoring on blood pressure stability during general anesthesia in orthopaedic patients.. Eur J Anaesth 2017
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Swan-Ganz Catheter
FastCCO- Overview
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FastCCOTM Algorithm featured on Hemosphere
The FastCCO™ algorithm fuses the trusted performance of
continuous thermodilution with the rapid response of arterial
pressure-based cardiac output (APCO) to deliver CO and SV
status every 20 seconds. The FastCCO™ algorithm delivers CO
and SV status 70% faster than current pulmonary artery
catheter technologies.
FastCCO™ algorithm’s flow parameter readings every 20
seconds enable real-time observation of patient response to
fluid assessments.
. FastCCO delivers cardiac output values immediately upon
resuming monitoring during on-pump procedures
A feature on the Hemosphere advanced monitoring platform,
the FastCCO algorithm enables Swan-Ganz catheters to deliver
an intuitive hemodynamic profile for complex cardiac surgical
patients from OR to ICU
12
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FastCCO Algorithm Overview

13
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2019 Cases and Animal Studies w/ Flow Probe
•

FastCCO (pink) is available
around 5 minutes prior to
classic CCO coming off
bypass

•

FastCCO (pink)
responds to surgeon
packing the heart post
bypass
Classic CCO does not
adapt to clinical event

•

•

•

FastCCO (green)
responds to rapidly
changing patient
physiology
Classic CCO takes
longer to adapt

14
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Artificial Intelligence
Applications for
Critical Care Patients

15
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Critical Care Leads in Artificial Intelligence Innovations.
Increasing Clinical Value

Monitoring platforms
and sensors

Acumen Hypotension
Prediction Index

Descriptive

Predictive

Monitoring

Our
Competitors

Acumen Assisted
Fluid Management

Automated

Monitoring

Monitoring

Combination of
multiple systems

Semi-Closed-Loop
Systems

Edwards
Critical Care

12/7/17

16
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A.I. Expected To Have A Big Impact On Patient Care
Clinicians rank Non- or Less-invasive Surgery and Artificial Intelligence as
technology trends most likely to have the biggest impact on patient care
__% Clinicians selecting technology as top
trend

28%

25%

23%
15%

Non- or Less
Artificial Intelligence Data Integration and
invasive Surgery
Analysis

Non-Invasive
Monitoring

Q12: If you had to speculate on which ONE (1) of these TRENDS will have the biggest impact on patient care, which would you choose?

6%

3%

Mobile Devices in
the Hospital

Wireless

17
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Predictive
decision support
Smart. Innovation.

Acumen Hypotension Prediction Index software
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Importance of managing hypotension
Hypotension is common both during
and after surgery.
Both intraoperative and postoperative hypotension are
potentially modifiable factors
that are strongly associated with
adverse outcomes and even
mortality.1

1.
2.

There is now some randomized data
suggesting that this relationship is
causal and that intervening to prevent
hypotension reduces the risk of
organ failure.2

Sessler et al. Period-dependent associations between hypotension during and for four days after noncardiac surgery and a composite of myocardial infarction and death.
Anesthesiology 2018
Sessler et al. Perioperative myocardial injury and the contribution of hypotension. Intensive Care Medicine 2018
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Hypotension is associated with adverse outcomes
Studies show associations between
intraoperative hypotension and
increased risk3 of:

65

mmHg

Acute kidney
injury (AKI)
Cardiac &
non-cardiac
surgery

Myocardial
injury
Leading cause
1of post-operative
mortality within
30 days after
surgery

3. Salmasi et al. Relationship between intraoperative hypotension defined by either reduction from baseline or absolute thresholds, and acute kidney and myocardial injury. Anesthesiology 2017

20
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AKI and MI cause harm

2.
4.
5.
6.
7.

Sessler et al. Perioperative myocardial injury and the contribution of hypotension. Intensive Care Medicine 2018
Meersch et al. Perioperative Acute Kidney Injury: An Under-recognized problem. Anesthesia & Analgesia 2017
Hobson et al. Cost and Mortality Associated With Postoperative Acute Kidney Injury. Annals of Surgery 2015
Silver et al. Cost of Acute Kidney Injury in Hospitalized Patients. Journal of Hospital Medicine 2017
Puelacher et al. Response by Puelacher and Mueller to Letters Regarding Article, “Perioperative Myocardial Injury After Noncardiac Surgery: Incidence, Mortality, and Characterization.” Circulation 2018
21
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Acumen Hypotension Prediction Index (HPI)
software
A first-of-its-kind technology that predicts
the likelihood of a patient trending towards a
hypotensive event* and provides insight into
the potential root cause of hemodynamic
responses to enable proactive hemodynamic
management

*A hypotensive event is defined as MAP <65 mmHg for a duration of at least one minute.

22
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Predictive monitoring to advance proactive care
The Acumen IQ sensor enables intelligent decision support for managing
patients' hemodynamics

Acumen Hypotension
Prediction Index (HPI)
parameter

Advanced hemodynamic parameters
including dP/dt and Eadyn help you
identify and investigate the root cause
of hemodynamic instability
23
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HPI Algorithm Uses A Definition of Hypotension Based
On Published Studies

The HPI algorithm has
been trained to recognize a
hypotensive event as MAP
<65mmHg for a duration
of at least 1 minute.

65 mmHg

1
min

Sources:

Salmasi, E.J. et al., Anesthesiology, 2017, 126.

24
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Waveform features are extracted to develop the HPI
algorithm
The real time waveform
features* are examined for
their changes in
variability, complexity
and dynamic
associations.

Aortic compliance

Stroke volume

Vascular tone

Over 2.6 million features
are derived from the arterial
blood pressure waveform.
Afterload

Full cardiac cycle

Contractility

*In machine learning, ‘variables’ are called features.
25
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Machine learning techniques were applied to build the
HPI algorithm
Through performance
analysis and sequential
features selection, the 2.6
million features are
reduced to 23 most
predictive features to
build the HPI model.

2,600,000
Features

Individual feature
performance
analysis

62

Sequential
feature selection
23
Most predictive
features

26
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HPI Algorithm Is Based On a Logistic Regression Model
Machine learning

23
Most
predictive
features

Hypotensive

Not
hypotensive

27
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Example: HPI algorithm detecting hypotension
in the OR

*Data on file

28
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HPI Algorithm Was Developed With A Database of 132 Million
Cardiac Cycles

Nt=293

Training

1,334

Number of events: 59,376
Total event time: 367,550 min

patients

Cardiac cycles: 31.45M

Ncv=1,041

The database
consists of blood pressure

Development
Ndev=1,334

Cross-Validation

Number of non-events: 144,045
Total non-event time: 1,126,573 min

Cardiac cycles: 101.9M

waveforms from patients in
various clinical settings
presenting with a broad set
of clinical conditions.
29
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Acumen HPI software in clinical practice
In these two randomized controlled trials, Acumen HPI software, in combination
with a therapeutic protocol, enabled clinicians to proactively implement strategies
that reduced the incidence and duration of intraoperative hypotension (IOH).

Patients monitored with HPI saw a 75%
reduction in IOH compared to the control group
(8 vs. 32.7 minutes respectively)

Incidence and duration of hypotension was
reduced in the HPI group compared to the
historical and prospective control groups
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Thank you

Scan or visit Edwards.com/HPI
for more information

31
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Daniel Sessler (Cleveland Clinic, USA)

Dr. Sessler attended medical school at Columbia University, and subsequently
completed pediatric and anesthesia residencies at the University of California,
Los Angeles. He has published a book on therapeutic hypothermia and more
than 840 full research papers including two-dozen in the New England Journal
of Medicine and Lancet. More than 100 of his papers were accompanied by
editorials, and more than two-dozen were cover articles for major anesthesia
journals. His papers have been cited 40,000 times — making him the world’s
most published and cited anesthesiologist. He is among the top 0.02% of cited
scientists in any field.
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What we know and what
we don’t know about BP
monitoring?
Daniel Sessler (Cleveland Clinic, USA)
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esophageal echocardiography and the pulmonary
artery catheter
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Novel Therapeutic Target
in Pulmonary Hypertension

SAMSUNG MEDICAL CENTER

SUNGKYUNJKWAN UNIVERSITY SCHOOL OF MEDICINE
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Haemodynamic definitions of pulmonary hypertension
(PH)
Definition

Characteristics

Clinical groups

Pre-capillary PH

mPAP > 20mmHg

1,3,4, and 5

PAWP ≤15mmHg
PVR ≥3WU
Isolated post-capillary PH
(IpcPH)

mPAP > 20mmHg

2 and 5

PAWP >15mmHg
PVR < 3WU

Combined pre and postcapillary PH (CcpPH)

mPAP > 20mmHg

2 and 5

PAWP >15mmHg
PVR ≥ 3WU
European Respiratory Journal 2019: 53: 1801913; DOI: 10.1183/13993003.01913-2018
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Modified Classification of PH : 6th WPHS Proceedings
1. Pulmonary arterial hypertension
1.1 Idiopathic PAH
1.2 Heritable PAH
1.3 Drug- and toxin-induced
1.4 Associated with
1.4.1 Connective tissue diseases (CTD)
1.4.2 HIV infection
1.4.3 Portal hypertension
1.4.4 Congenital heart disease (CHD)
1.4.5 Schistosomiasis
1.5 PAH long term responders to CCB
1.6 PAH with overt features of PVOD/PCH involvement
1.7 Persistent PH of the newborn syndrome

2. PH due to LHD
2.1 PH d/t heart failure with preserved LVEF
2.2 PH d/t heart failure with reduced LVEF
2.3 Valvular heart disease
2.4 Congenital/acquired cardiovascular conditions leading t
o post-capillary PH

>90%

2021-03-23

COPD: chronic obstructive pulmonary disease
CTEPH: chronic thromboembolic pulmonary hypertension;
LHD: left heart disease; LV: left ventricular

SAMSUNG MEDICAL CENTER

3. PH due to lung diseases and/or hypoxia
3.1 Obstructive lung disease
3.2 Restrictive lung disease
3.3 Other lung disease with mixed restrictive/obstructive pattern
3.4 Hypoxia without lung disease
3.5 Developmental lung disorder

4. PH due to pulmonary artery obstruction
4.1 Chronic thromboembolic pulmonary hypertension
4.2 Other pulmonary artery obstructions
4.2.1 Angiosarcoma
4.2.2 Other intravascular tumors
4.2.3 Arteritis
4.2.4 Congenital pulmonary arteries stenoses
4.2.5 Parasites (hydatidosis)

5. PH with unclear multifactorial mechanisms
5.1 Haematological disorders
5.2 Systemic disorders
5.3 Others
5.4 Complex congenital heart disease

4

SUNGKYUNJKWAN
UNIVERSITY
SCHOOL
OF MEDICINE
European
Respiratory Journal
2019: 53:
1801913;
DOI: 10.1183/13993003.01913-2018
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Group1 Pulmonary arterial hypertension

2021-03-23

SAMSUNG MEDICAL CENTER

J Clin Invest. 2008;118(7):2372-2379
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Specific Targets for PAH Treatment

Endothelin
pathway

Endothelin
receptor
antagonist

2021-03-23

SAMSUNG MEDICAL CENTER

Nitric oxide
pathway

cGMP

PDE5 inhibitor

Prostacyclin
pathway

cAMP

PGI2 derivatives
•Annals of Thoracic Medicine
•2008; 3(1):1-4

SUNGKYUNJKWAN UNIVERSITY SCHOOL OF MEDICINE
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Approved PAH drugs & pathways/classes
Drug & Pathways classes

11

10

9

Prostacyclin PCA, IPr-a

8

8
7
6

Endothelin ERA

5

5
4
3
2

1
0

Nitric Oxide PDE-5i/GCs

1
1998

2021-03-23

2003

2008

SAMSUNG MEDICAL CENTER

2018

Epoprostenol (iv)
Treprostinil (SC/PO)
Iloprost (inhaler)
Selexpag (PO)

Bosentan
Ambrisentan
Macitentan
Sildenafil
Tadalafil
Riociguat

SUNGKYUNJKWAN UNIVERSITY SCHOOL OF MEDICINE

7

556

Targeted therapy in Korea

Sildenafil
(Viagra)

udenafil
Iloprost

Treprostinil

Tadalafil
Bosentan

Beraprost

1994

2004 2005

2007

Riocigaut

Amrisentan

2011

Selexipag

Macitetan

2013

2015

2018

2020

* Epoprostenol is not available in Korea (2020, now)

2021-03-23
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iPAH/hPAH survival

H Matsybara et al. 2014 Journal of Cardiology 64(3-4)
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Potential role for initial
monotherapy
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AMBITION trial

N Engl J Med 2015; 373:834-844
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Monitoring and Follow-up
At baseline
Every
(prior to therapy) 3~6 monthsa

3~4 months
after
Initiation or
changes in
therapy

In case of
clinical
worsening

Clinical assessment
WHO-FC, ECG
6MWTb
Cardio-pulmonary
exercise testingb
BNP/NT-proBNP
Echocardiography
RHC

C

** pulse oximetry/basic lab was added from 2018. 6th WSPH

2021-03-23
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d

d

2009 ESC/ESR guideline

SUNGKYUNJKWAN UNIVERSITY SCHOOL OF MEDICINE
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폐동맥고혈압 2제 병용투여

보험급여기준

• 동 약제를 최소 3개월 이상 단독투여후 임상적 반응이 충분하지 않을때 (다음 1-4항 소견중 최
소 1개와 5-9항 최소 1개를 모두 만족), 작용기전이 다른 약제 1종과 병용투여를 인정함

2021-03-23

1)

우심실부전의 임상적 증거 있음.

2)

증상진행의 속도 빠름

3)

실신 있음

4)

WHO기능분류 IV단계

5)

6분보행거리 300m 미만

6)

운동부하심폐검사 Peak O2 consumption<12mL/min/Kg

7)

BNP/NTproBNP plasma levels 1800이상

8)

심초음파소견 Pericardial effusion있거나 TAPSE <1.5cm

9)

혈류역학검사지표 RAP > 15mmHg, 또는 CI≤2.0L/min/m2

SAMSUNG MEDICAL CENTER

SUNGKYUNJKWAN UNIVERSITY SCHOOL OF MEDICINE
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Lung transplantation

The Journal of Heart and Lung Transplantation, Vol 37, No 10, October 2018

2021-03-23

SAMSUNG MEDICAL CENTER

SUNGKYUNJKWAN UNIVERSITY SCHOOL OF MEDICINE

14

563

Bridge Therapy
ECMO

Before Nova Lung (Pumpless ECMP)

After Nova Lung (Pumpless ECMP)

PA

LA

2021-03-23
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Serial change of RV function after LT
M/44 at 1st LT

Pre-op EchoCG

2021-03-23
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POD #2

POD #15

SUNGKYUNJKWAN UNIVERSITY SCHOOL OF MEDICINE
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Group2 PH d/t Left heart disease
• most common cause of PH
• Cpc-PH : c/w PH-LHD and DPG > 7 mmHg and PVR > 3WU

• PAH specific drug for PH-LHD; not proven, potentially harmful
• Cpc-PH with surgically correctable valve disease

➔ Surgical treatment first
• Cpc-PH on HT waiting list

➔ consider LVAD and then HT
2021-03-23
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Recently completed randomised controlled trials targeting the phosphodiesterase type 5 inhibitor/nitric
oxide and endothelin pathways in pulmonary hypertension due to left heart disease
First author
or study [ref.]

Sildenafil

50 mg 3 time
s a day

44

12 months

HFpEF

PVR, RV perf
ormance, CP Improvement
ET

LEPHT [75]

Riociguat

0.5, 1 or 2 m
g 3 times a d
ay

201

16 weeks

HFrEF

mPAP versu
s placebo

No change

HOENDERMIS [
73]

Sildenafil

60 mg 3 time
s a day

52

12 weeks

HFpEF

mPAP versu
s placebo

No change

SIOVAC [77]

Sildenafil

40 mg 3 time
s a day

231

24 weeks

VHD

Macitentan

10 mg once d
aily

MELODY-1 [7
6]
2021-03-23
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48

Duration

12 weeks

Population

Result

Dose

GUAZZI [74]

Subjects n

Primary outc
ome

Study drug

Composite cli Worsening in
nical score# active group

+10% fluid re
HF (EF >30%) Safety and tol
tention in act
; 75% HFpEF
erability
ive group

SUNGKYUNJKWAN
UNIVERSITY
SCHOOL
MEDICINE
European
Respiratory
Journal
2019OF
53:
1801897
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Conclusions
• PH-LHD : most common cause of PH
• Cpc-PH : c/w PH-LHD and DPG > 7 mmHg and PVR > 3WU

• PAH specific drug for PH-LHD; not proven, potentially harmful
• Cpc-PH with surgically correctable valve disease

➔ Surgical treatment first
• Cpc-PH on HT waiting list

➔ consider LVAD and then HT

2021-03-23
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Group 4. PH due to pulmonary artery obstruction
4.1 Chronic thromboembolic pulmonary hypertension
4.2 Other pulmonary artery obstructions
4.2.1 Angiosarcoma
4.2.2 Other intravascular tumors
4.2.3 Arteritis
4.2.4 Congenital pulmonary arteries stenoses
4.2.5 Parasites (hydatidosis)

2021-03-23
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Pathology of CTEPH

2021-03-23

Anticoagulation – no effect on CTEPH
SAMSUNG MEDICAL CENTER

SUNGKYUNJKWAN
MEDICINE
Front.UNIVERSITY
Cardiovasc. SCHOOL
Med., 17OF
February
2015
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University of
California–San Diego
surgical classification
(Jamieson) of
pulmonary
endarterectomy
specimens

Irene Marthe Lang. Circulation. Update on Chronic Thromboembolic Pulmonary Hypertension,
Volume: 130, Issue: 6, Pages: 508-518, DOI: (10.1161/CIRCULATIONAHA.114.009309)
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Pulmonary Balloon Angioplasty

European Respiratory Review 2017 26: 160119
2021-03-23
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Circ J 2012; 76: 485–488
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Peripheral pulmonary arterial stenosis
associated with RNF213 vasculopathy

Chang SA et al. Chest, 153, Issue 2, 2018, 404-413
2021-03-23
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2016.9. pre balloon

2021-03-23

2016.9. stenting

SAMSUNG MEDICAL CENTER

ballooning

post stenting

post ballooning

2017.5.

SUNGKYUNJKWAN UNIVERSITY SCHOOL OF MEDICINE
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presented in ESC 2019
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Take home massage
• PAH : Targeted therapy ➔ improved survival

• Combined pre and post capillary PH ➔ Treat underlying disease. LVAD
is helpful for bridging therapy before HT

• CTEPH : PEA /BPA/Medical therapy combination
• Other pulmonary arterial obstructive disease: BPA can be helpful

2021-03-23
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André Denault (University of Montreal, Canada)

André Denault is an academic-physician with special interests in ultrasound.
His medical qualifications and specialties include internal medicine (1991),
critical care medicine (1993) and anesthesia (1996). In 2010 he completed a
PhD in biomedical Science at the University of Montreal. He has advanced
certification in National Board in Echocardiography (NBE) in perioperative
transesophageal echocardiography and critical care ultrasound. Dr Denault
has written 286 peer-reviewed articles, 58 book chapters and 3 textbooks on
perioperative transesophageal and critical care ultrasound. He has been invited
as speaker in local, national and international meeting. He won several teaching
awards. He currently works as a cardiac anesthesiologist and intensivist at the
Montreal Heart Institute Major interest includes right ventricular function, brain
and somatic oximetry and bedside whole-body ultrasound.

577

Assessment of right ventricular
function by transesophageal
echocardiography and the
pulmonary artery catheter
André Denault (University of Montreal, Canada)

Right ventricular (RV) dysfunction after cardiac surgery is a major cause
of morbidity and mortality. Following this presentation, participants will
identify the echographic indicators of RV dysfunction and recognize normal
and abnormal RV pressure waveforms.

578

Inhaled drug delivery:
Is it really working?
André Denault (University of Montreal, Canada)

Inhaled agents are used in cardiac surgery in patients with pulmonary
hypertension and right ventricular dysfunction. In this lecture, participants
will 1) Identify the indications and contra-indications of the inhaled agents;
2) Determine the factors associated with responsiveness 3) Appreciate the
impact of inhaled therapy in cardiac surgery.
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김진태 (서울의대)

학력
EDUCATION

경력
C A R E E R

1998 서울의대 졸업
서울대 석사, 박사 학위 취득

서울대병원 마취통증의학과 전공의
서울대병원 마취통증의학과 전임의, 진료교수, 임상교수
현) 서울대학교 마취통증의학과 교수

580

Management of pulmonary hypertension in
pediatric cardiac surgery
Jin-Tae Kim MD. PhD.
Professor
Department of Anesthesiology and Pain Medicine
Seoul National University College of Medicine
Seoul National University Hospital

581

Pulmonary hypertension
• Perioperative risk factor of poor outcome

582

Definition of pulmonary hypertension
• Historically mPAP ≥ 25mmHg
• The 6th WSPH proposed to modify the definition for PH in adults
as mPAP >20 mmHg and to include PVR ≥ 3 WU to identify precapillary PH
• Paediatric PH also has been defined as mPAP ≥ 25 mmHg after 3
months of age
• PVRI ≥ 3 WU·m2
• Pediatric task force choose to follow the adult definition ->
mPAP >20 mmHg, PVRI ≥ 3 WU·m2

583

Eisenmneger syndrome
PAH associated with systemic-to-pulmonary Shunt
PAH and coincidental/small defects
PAH following surgical repair of CHD/defect closure

PV stenosis, Mitral/Aortic stenosis, CoA,
Cor triatirum, cardiomyopathy,
Pulmonary venous congestion (TAPVR)

BPD, CDH, neonate

Segmental PH (MAPCA), single ventricle (Fontan), TCPC

Eur Respir J 2019

584

Eur Respir J 2019

585

Operability

586

Operability

Eur Respir J 2019

587

Estimation of mPAP from systolic TR jet
velocity on echocardiography
• sPAP = 4 x v2 + RAP
• mPAP = (0.61 x sPAP) + 2 mmHg
• Consider RVOT obstruction
• Always consider ventricular function and volume !

588

Hemodynamic status and differential
diagnosis in the postoperative BCPC
Status

PAP(mmHg)

LAP(mmHg)

TPG(mmHg)

SpO2 (%)

Etiologies

Normal

10-15

2-6

<10

80±5

Ideal status

Elevated PAP

>15

2-6

>10

<75

High PVR; PA
or PV
obstrcution

Elevated LAP

>15

>8-10

<10

<75

Ventricular
dysfunction,
AVVR, AS

Cyanosis

10-15

2-6

<10

<75

Decresed CBF,
PV desaturation,
hypovolemia,
anemia

589

Hemodynamic status and differential diagnosis
in the postoperative Fontan patients
Status

PAP(mmHg) LAP(mmHg) TPG(mmH
g)

Systolic BP SpO2 (%) Etiologies
(mmHg)

Normal

10-15

2-6

<10

85-95

90±5

Ideal status

Decreased
PAP and LAP

8-10

0-4

<10

<80

90±5

hypovolemia

Elevated PAP

>15

2-6

>10

< 80±5

90±5

High PVR, PA or PV
obstruction

Elevated LAP

>15

>8-10

<10

< 80±5

90±5

Ventricular dysfunction,
AVVR..

cyanosis

10-15

2-6

<10

85-95

<85%

Excessive fenestration,
PV desaturation,
hypovolemia, anemia

590

Eur Respir J 2019
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Triggering stimuli for perioperative PHT crisis
• Hypoxia
• Acidosis
• Hypercarbia
• Noxious stimuli

• pain, tracheal suctioning, agitation

• Hypotension

592

Anesthetic Management
• Inhaled selective pulmonary vasodilator
• Avoid triggers of PHT crisis
• Balanced anesthetic technique
• Airway and ventilator support as appropriate for procedure
• Appropriate monitoring

593

Treatment of intraoperative PHT
• 100% oxygen
• Hyperventilation
• Decrease in mean airway pressure
• Correct metabolic acidosis
• Pulmonary vasodilator (iNO)
• Support cardiac output
• Support coronary perfusion
• Analgesia
• Surgical intervention: fenestration

594

Summary
• Assessment and classification
• Avoid triggers
• Remove worsening factors
• Treatment to decrease PVR
• Optimization of volume status and ventricular function (TEE)

595
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대한심폐혈관마취학회

학술대회
4월11일(일)

Grand ballroom A

ANZCA CTVP SIG- KSCTVA Joint Session (English)
좌장: David Canty (Royal Melbourne Hospital, Australia), 이종환 (성균관의대)
13:00 - 13:15

Cardiac surgery and anesthesia in Korea

599

남가람 (서울의대)
13:15 - 13:30

POCUS in Australia

602

David Canty (Royal Melbourne Hospital, Australia)
13:30 - 13:50

TAVI case based discussion illustrating the roles

604

and composition of the TAVI Team
Warren Pavey, Ann Ngui, James Edelman, Gerald Yong
(Fiona Stanley Hospital, Australia)
13:50 - 14:15

Same question, different answers from the Australian and Korean perspectives
David Canty (Royal Melbourne Hospital, Australia),
Joanne Irons (The University of Sydney, Australia),
윤수지 (서울의대)
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남가람 (서울의대)

학력
EDUCATION

경력
C A R E E R

2003 ~ 2005

서울대학교 자연과학대학 의예과

2005 ~ 2009

서울대학교 의과대학 의학과, 학사

2012 ~ 2014

서울대학교 의과대학 의학과, 석사 (마취통증의학)

2017 ~ 2019

서울대학교 의과대학 의학과, 박사 (수료)

2009 ~ 2010

서울대학교병원 인턴

2010 ~ 2014

서울대학교병원 마취통증의학과 레지던트

2014 ~ 2017

장수군보건의료원 천천보건지소 (공중보건의)

2017 ~ 2018

서울대학교병원 임상강사

2018 ~ 2019

서울대학교병원 진료조교수

2019 ~ 현재

서울대학교병원 임상조교수
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Cardiac surgery and anesthesia
in Korea
남가람 (서울의대)

It is safe to state that South Korea is no longer a developing country.
Many dimensions of Korean society now mirror those of developed countries like Australia, New Zealand, United States, Canada, and other European countries. Healthcare is no exception. While it has experienced rapid
industrial and technological advancements, Korea has also proved to be the
fastest aging country in the world. In a similar vein, the field of cardiovascular disease and cardiac surgery in Korea parallels its historical trajectories.
Issues on cardiovascular disease and cardiac surgery are of utmost concern around the world as they have relatively higher complications and
mortality rates than any other disease. They also impose a higher burden
in regard to medical expenses. Reflecting the social changes of Korea, cardiovascular disease and cardiac surgery are more important than any other
field in terms of patient outcome optimization. Although Korea is relatively
a small country, unfortunately, the unequal distribution of resources for
cardiac surgery throughout the districts and centers is very severe. Cases of

598

cardiac surgery are concentrated to specific regions, and as a result, other
centers have fewer opportunities to deal with such cases albeit having highly educated medical personnel. Cardiac surgery is one of the representative
medical services that show a significant volume-outcome relationship in
which clinical results show that experienced centers or physicians naturally attain a higher level of competency. Such polarization of resources and
capital discourage certain medical professionals from obtaining relevant
clinical experiences. This in turn creates and accelerates a vicious cycle of
unfavorable clinical outcomes.
To solve these problems and stimulate development is to understand the
current status of cardiac diseases and surgeries in Korea. It is in the heart of
patient outcome optimization. In the United States, such status and clinical
outcomes are regularly published through a well-organized cardiac surgery
registry called the Society of Thoracic Surgeons National Database. Korea,
on the other hand, has yet to gather and organize descriptive data. In this
lecture, the author will summarize the current status and recent changes in
the field of cardiac surgery and anesthesia in Korea.
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David Canty (Royal Melbourne Hospital, Australia)

Cardiothoracic anaesthetist at Monash Medical Centre after completing stints
at Papworth (UK), Royal Hobart and Royal Melbourne Hospitals. Ex-chair
of Cardiac Thoracic Vascular Perfusion Special Interest Group (ANZCA) and
current co-opted member (International societies). Senior Lecturer and Adjunct
Associate Professor, University of Melbourne and Monash (full-time, continuing
position). Director of Ultrasound Simulation and ultrasound research, Ultrasound
Education Group. Heads a team of ultrasound instructors and research projects
in Australia with some international collaborative projects (USA, South Africa)
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POCUS in Australia
David Canty (Royal Melbourne Hospital, Australia)

601

TAVI case based discussion
illustrating the roles
and composition of the TAVI Team
Warren Pavey, Ann Ngui, James Edelman, Gerald Yong
(Fiona Stanley Hospital, Australia)
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윤수지 (서울의대)

학력
EDUCATION

경력
C A R E E R

2012		

서울대학교 의과대학 졸업(의학사)

2016		

서울대학교 대학원 의학석사 취득(임상의과학 전공)

2018		

서울대학교 대학원 의학박사 수료(마취과학 전공)

2012 ~ 2013

서울대학교병원 인턴

2013 ~ 2017

서울대학교병원 마취통증의학과 전공의

2017 ~ 2018

서울대학교병원 마취통증의학과 임상강사

2018 ~ 2019

서울대학교병원 마취통증의학과 진료교수

2019 ~ 현재

서울대학교병원 마취통증의학과 임상조교수
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Same question, different answers
from the Australian and
Korean perspectives
David Canty (Royal Melbourne Hospital, Australia),
Joanne Irons (The University of Sydney, Australia), 윤수지 (서울의대)
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대한심폐혈관마취학회

학술대회
4월11일(일)

Grand ballroom A
JSCVA-KSCTVA Joint Session (English)

좌장: Minoru Nomura (Tokyo Women’s University Hospital, Japan), 박재현 (서울의대),
심지연 (울산의대)
14:30 - 14:45

Intraventricular fluid dynamics analysis: Vector flow

606

mapping and intraventricular pressure difference
Koichi Akiyama (Yodogawa Christian Hospital, Japan)
14:45 - 15:00

Ultrasound-guided vascular catheterization in pedi-

608

atric patients
Jun Takeshita
(Osaka Women’s and Children’s Hospital, Japan)
15:00 - 15:15

Usefulness of novel ultra-short acting benzodiaze-

611

pine, remimazolam,
during cardio thoracic and vascular surgery-Initial
experiences
Takahiro Honda (Kitasato University Hospital, Japan)
15:15 - 15:30

Myocardial injury in non-cardiac surgery

613

박정찬 (성균관의대)
15:30 - 15:45

Q & A with commentator
Hirotsugu Okamoto
(Kitasato University Hospital, Japan)

635

Koichi Akiyama (Yodogawa Christian Hospital, Japan)

학력
EDUCATION

1997 ~ 2005	Kyoto Prefectural University of medicine, MD
2014 ~ 2018	Kyoto Prefectural University of medicine graduate
school, PhD

경력
C A R E E R

2010 ~ 2012	Anesthesiologist, Regular Worker, Akashi Medical
Center, Hyogo, Japan
2012 ~ 2014	Chief Anesthesiologist, Regular Worker, Takatsuki
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Intraventricular Fluid Dynamics
analysis:
Vector Flow Mapping and
Intraventricular Pressure Difference
Koichi Akiyama (Yodogawa Christian Hospital, Japan)

Blood flow pattern, especially vortex flow in heart chamber is very important factor for energetical efficiency. Blood flow visualization techniques
are developing including echocardiography, MRI, CT. I will talk about Vector Flow Mapping (VFM) and Intraventricular Pressure difference (IVPD).
VFM is echocardiographic flow visualization technique. IVPD is the pressure difference between base and apex of left ventricle during early diastole
which reflect diastolic function. These techniques may help anesthesiologists managing patient in a better way.
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Ultrasound-guided vascular
catheterization in pediatric
patients
Jun Takeshita (Osaka Women’s and Children’s Hospital, Japan)

Central venous and peripheral vascular catheterization in pediatric patients is an essential procedure for perioperative management of cardiovascular anesthesia. I was fascinated by ultrasound-guided vascular catheterization in children about 10 years ago, and then conducted the researches
through trial and error, and was fortunate to achieve some results. Central
venous catheterization is generally performed under ultrasound guidance,
and can be broadly divided into the short-axis out-of-plane and long-axis
in-plane approaches. Both have advantages and disadvantages, and it is
said that there is no difference in the success rate and complication rate in
adults. There are few studies on the long-axis in-plane approach in children, probably because the neck is short and the puncture space is narrow.
However, posterior wall penetration of internal jugular vein is reported to
be occur in 50 % of pediatric patients by the short-axis out-of-plane, and
it is very safe if the puncture can be performed while visualizing the real
needle tip by the long-axis in-plane approach. By devising the extension of
the neck and placing a relatively short probe over the clavicle, it is possible
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to secure a puncture space while visualizing the blood vessel in a long-axis
view. We confirmed that internal jugular vein puncture can be safely performed in children by the long-axis in-plane approach, and reported the
superiority of the long-axis in-plane approach in randomized controlled
trial.
In recent years, there have been numerous studies on ultrasound-guided peripheral vascular catheterization in children. For small peripheral
blood vessels, it is necessary to puncture by the short-axis out-of-plane approach, and it may be difficult to visualize the needle tip. By using a technique called Dynamic Needle Tip Positioning, the ultrasound probe and the
puncture needle are moved alternately, and visualizing a real needle tip can
be possible. In this presentation, I will explain my research and puncture
tips for ultrasound-guided vascular puncture in children.
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Takahiro Honda (Kitasato University Hospital, Japan)

경력

Assistant Professor, Department of Anesthesiology, Kitasato

C A R E E R

University School of Medicine

특이사항

Board Certified Anesthesiologist of Japanese Society of

SOCIETIES

Anesthesiologists Member of Japanese Society of Cardiovascular
Anesthesiologists

611

Usefulness of novel ultrashort acting benzodiazepine,
remimazolam,
during cardio thoracic and vascular
surgery-Initial experiences
Takahiro Honda (Kitasato University Hospital, Japan)

In August 2020, a new general anesthetic, remimazolam, was launched
in Japan. This is an ultra-short-acting benzodiazepine, which has many
advantages in general anesthesia such as short half-life, presence of antagonists, and less circulatory inhibition. Although there are few reports of its
usage even in Japan and overseas, the frequency of use is increasing. This
time, we will introduce remimazolam with reporting two cases in which the
use of remimazolam was very useful. In both cases, remimazolam is used
for long and highly invasive surgery for elderly patients with poor respiratory and/or cardiac function. In spite of the difficult cases, small blood
pressure fluctuations stable depth of anesthesia and rapid awakening is obtained. Research reports regarding the use of remimazolam in various fields
are expected in the future.
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Myocardial Injury in Noncardiac
Surgery
Samsung Medical Center
Jungchan Park
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Myocardial Injury vs. Infarction
• Injury
– Elevated cardiac troponin values with at least one value above the
99th percentile upper reference limit

• Infarction
– Injury + Symptoms of myocardial ischemia
• New ischemic ECG changes (Development of pathological Q waves)
• Imaging evidence of new loss of viable myocardium or new regional wall
motion abnormality in a pattern consistent with an ischemic etiology
• Identification of a coronary thrombus by angiography or autopsy
Thygessen, et al, Fourth Universal Definition of Myocardial Infarction, J Am Coll Cardiol 2018:18
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Giugliano et al. The Year in Acute Coronary Syndrome, J Am Coll Cardiol 2013; 63:201-214.
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Daněk, et al, Troponin levels in patients with stable CAD, Cor et Vasa 2017:59 e229-e234.
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WHY in Surgical Patients
• Ischemic symptoms easily confused with surgical pain
• Masked under sedatives or analgesics
• Limitation in electrocardiographic monitoring
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Troponin elevation After Surgery

VISION study investigators. Association Between Postoperative Troponin Levels and 30-Day Mortality Among Patients Undergoing Noncardiac Surgery JAMA 2012, 6;307(21):2295-304.
Puelacher C, et al. Perioperative myocardial injury after noncardiac surgery: incidence, mortality, and characterization. Circulation 2018;137: 1221–1232
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Troponin elevation Before Surgery

Maile, et al Timing of preoperative troponin elevations and postoperative mortality after noncardiac surgery. Anesth. Analg. 123, 135–140.
Park, et al. Comparison of acute and chronic myocardial injury in noncardiac surgical patients PLoS ONE 15(7): e0234776
Lee, et al Comparison of pre and postoperative myocardial injuries on mortality after non-cardiac surgery: a retrospective analysis using an inverse probability weighting adjustment. scietific reports. (2020) 10:21050.
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Pathophysiology of Postoperative injury
Non-ischemic Cause: 11~14%

Ischemic Cause: 86~89%
Supply-demand mismatch > Thrombus

Devereaux et al. Association of Postoperative High-Sensitivity Troponin Levels With Myocardial Injury and 30-Day Mortality Among Patients Undergoing Noncardiac Surgery JAMA. 2017;317(16):1642-1651.

Puelacher C, et al. Perioperative myocardial injury after noncardiac surgery: incidence, mortality, and characterization. Circulation 2018;137: 1221–1232
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Myocardial Injury in Noncardiac Surgery
(MINS)
• Diagnostic Criteria
– At least one post-operative troponin measurement above 99th
percentile upper reference limit during 30 days after surgery
– Include myocardial infarction and ischemic myocardial injury
– Due to myocardial ischemia (supply-demand mismatch or thrombus)
• No evidence of a non-ischemic etiology

Devereaux et al. Association of Postoperative High-Sensitivity Troponin Levels With Myocardial Injury and 30-Day Mortality Among Patients Undergoing Noncardiac Surgery JAMA. 2017;317(16):1642-1651.

Devereaux et al. Myocardial injury after non-cardiac surgery: diagnosis and management. Eur Heart J 2020, 41;3083–3091

622

Incidence
MINS (13~18%)

Entire Noncardiac Surgery

Infarction (22~29%)

Not Infarction

Thygessen, et al, Fourth Universal Definition of Myocardial Infarction, J Am Coll Cardiol 2018:18

Devereaux et al. Myocardial injury after non-cardiac surgery: diagnosis and management. Eur Heart J 2020, 41;3083–3091

623

Shall We Monitor Troponin?
• Cost effectiveness
Diagnosis

Cost to avoid missing diagnosis

MINS

$1,309

Breast cancer

$14,396

Cervical cancer

$18,176

A Torborg, et al, The pharmacoeconomics of routine postoperative troponin surveillance to prevent and treat myocardial infarction after non-cardiac surgery, South Afr. Medical J. 2014; 104

Devereaux et al. Myocardial injury after non-cardiac surgery: diagnosis and management. Eur Heart J 2020, 41;3083–3091

624

HOW to Monitor Troponin
• Daily Measurement for 48-72 hours
– Older than 65 years
– Revised Cardiac Risk Index ≧ 1
– 45-64 years old patients with significant cardiovascular
disease

Duceppe E, et al. Canadian Cardiovascular Society Guidelines on Perioperative Cardiac Risk Assessment and Management for Patients Who Undergo Noncardiac Surgery. Can J Cardiol. 2017; 33:17–32.

Sessler DI, Devereaux PJ. Perioperative Troponin Screening. Anesth Analg. 2016; 123:359–60..
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Risk factors & Prevention

Devereaux et al. Myocardial injury after non-cardiac surgery: diagnosis and management. Eur Heart J 2020, 41;3083–3091
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Risk factors & Prevention

Salmasi, et al, Relationship Between Intraoperative Hypotension, Defined by Either Reduction from Baseline or Absolute Thresholds, and Acute Kidney and Myocardial Injury After Noncardiac Surgery: A
Retrospective Cohort Analysis. Anesthesiology. 2017;126:47–65
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Risk factors & Prevention

Kwon, et al. Pre-operative anaemia and myocardial injury after noncardiac surgery: A retrospective study. Eur J Anaesthesiol 2021; 37:1–9.
Turan, et al. Association between postoperative haemoglobin and myocardial injury after noncardiac surgery: a retrospective cohort analysis. Br J of Anaesthesia, 2021; 126: 94e101

628

Risk factors & Prevention

Z Punthakee. et al. Association of preoperative glucose concentration with myocardial injury and death after non-cardiac surgery (GlucoVISION): a prospective cohort study. Lancet Diabetes Endocrino 2018;
6: 790–97

JAHA Unblished DATA
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Risk factors & Prevention

Gilles. et al. Perioperative myocardial injury in patients receiving cardiac output-guided haemodynamic therapy: a substudy of the OPTIMISE Trial. British J Anaesthesia 2015; 115: 227–33
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Treatment

Devereaux et al. Dabigatran in patients with myocardial injury after non-cardiac surgery (MANAGE): an international, randomised, placebo-controlled trial. Lancet 2018;391:2325–2334.
110mg twice daily, bleeding risk 에 대하여 mention. Compass trial 이야기하기
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Treatment

Foucrier, et al. The long-term impact of early cardiovascular therapy intensification for postoperative troponin elevation after major vascular surgery. Anesth Analg 2014;119:1053–1063.
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Treatment

Park, et al. Postoperative statin treatment may be associated with improved mortality in patients with myocardial injury after noncardiac surgery. Scientific Reports 2020;10:11616
Oh, et al. Elevated high-sensitivity C-reactive protein concentrations may be associated with increased postdischarge mortality in patients with myocardial injury after noncardiac surgery Eur J Anaesthesiol 2021; 38 (S
1):S33–S40
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Conclusion
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Q & A with commentator
Hirotsugu Okamoto (Kitasato University Hospital, Japan)
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Sugammadex is associated with
shorter hospital length of stay after
open lobectomy for lung cancer: A
retrospective observational study
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Sugammadex is associated with shorter
hospital length of stay after open
lobectomy for lung cancer
김정민 배홍범 노용성
전남대학교병원
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Background
• Postoperative pulmonary complications (PPCs) after lung resection surgery
• Residual NMB after emergence from anesthesia can lead to pulmonary
complications
• Anticholinergics v s Suggamadex (modified gamma-cyclodextrin)
: Residual NMB, Cholinergic side effects…
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Hypothesis
There would be a difference in the LOS (length of stay) due to PPC when the
NMB reversed with sugammadex compared pyridostigmine after open lobectomy
for lung cancer.
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Methods
• Retrospective study
• 2020.01~2015.12, Elective open lobectomy, ASA 1-3
• Divided two group : sugammadex and pyridostigmine
• Primary endpoint : Difference in Length of stay (LOS)
• Secondary endpoint : postoperative complications, overall survival
• Additional analysis : Perioperative risk factors
→ Prolonged LOS (14days)
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644
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Sugammadex ( v s py r idost igm ine)
- Shorten LOS (2 day)
- Lower postoperative complications rate
- The only intraoperative predictor associated reduced LOS
- Similar mortality over 1 year
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Comparison of conventional rotating
and non-rotating method for double-lumen tube insertion for one
lung ventilation: A randomized clinical trial
유성호 (충남의대)
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Comparison of conventional rotating and non-rotating
method for double-lumen tube insertion for one lung
ventilation: A Randomized Clinical Trial
Sungho Yoo
Department of Anesthesiology and Pain Medicine,
Chungnam National University Hospital

650

Background
• Conventional method of left sided double-lumen tube insertion
- 90° counter-clockwise of rotation of the tube during intubation
• Not always successful
•

Especially with non-expert hand or video-laryngoscope

•

Rotatory technique may not feasible with video-laryngoscope

• Airway injury, postoperative sore throat, hoarseness

 A n o n -r o t a t o r y i n s e r t i o n t e c h n i q u e w i t h a c u s t o m i z e d r i g i d s t y l e t w a s c o m p a r e d w i t h t h e
co n v en t i o n a l m et h o d .
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Methods
•

All procedures were done by resident trainees (3rd or 4th years of training)

• Inclusion
• Age: 20 to 70, ASA 1 to 3
• One-lung ventilation thoracic surgery
• Exclusion

Primary end point : Intubation time (Ttotal = T1 + T2)
- T1 : insertion of video-laryngoscope ~ visualization of vocal cord
- T2 : tube passing the lips ~ end of tube insertion

• Restricted head extension
• Patients requiring rapid sequence intubation

Secondary end points

• Presence of loose or vulnerable tooth

• Intubation success rate at 1st trial

• Tracheobronchial abnormalities

• Postoperative sore throat and hoarseness (0.5 & 24 hours after surgery)

• BMI ≥ 35kg/m2

• Bronchoscopic airway injury

• Interincisor distance < 3cm, Thyromental distance < 6cm
• Mallampati score > 3
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Methods
Intervention (conventional; rotatory group)
 Stylet tip : anteriorly
 Tube shaft: aligned with bronchial opening
 Bronchial lumen of the tube : anteriorly
 Counter-clockwise rotation after passing VC
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Methods
Intervention (new; non-rotatory group)
 Stylet tip : anteriorly
 Bronchial lumen of the tube : anteriorly &
slightly left
 Tube shaft: already aligned as final orientation
 Insertion without rotation
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Results
Primary outcome
Rotatory G

Non-rotatory G

(N=37)

(N=35)

T1 (seconds)

7.0 [ 4.0–10.0]

6.0 [ 4.0–8.0]

0.864

T2 (seconds)

19.0 [16.0–26.0]

13.0 [11.0–18.0]

0.003

Ttotal (seconds)

27.0 [19.0–37.0]

19.0 [16.0–30.0]

0.031

Intubation time

p

Secondary outcome
Lower rate of sore throat after 24 hours in non-rotatory G (none: 67.6% vs 88.6%)
Lower rate of hoarseness after 0.5 hours in non-rotatory G (none: 37.8% vs 74.3%)
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Limitation
• Single-blinded intervention & outcome assessment
• Non-rotatory method used in current study may not represent standard conventional method (customized
stylet use)

Conclusion
• A non-rotatory double-lumen endotracheal tube insertion technique with a rigid J-shaped stylet

 Ca n r e d u c e i n t u b a t i o n t i m e
 Even with non-expert hand & using video-laryngoscope
 And may cause less sore throat and hoarseness

 Therefore, can be used in clinical practice
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Simulation analysis of flow rate
variability during micro-infusions:
The effect of vertical displacement
and multi-drug infusion in conventional infusion pumps versus new
cylinder-type infusion pumps
차성록 (삼성서울병원)
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Simulation Analysis of Flow Rate Variability during Micro-infusions: The
Effect of Vertical Displacement and Multi-drug Infusion in Conventional
Infusion Pumps versus New Cylinder-type Infusion Pumps

Sungrok Cha, Eun Jung Oh, Kwan Young Hong, Jong-Hwan Lee, Duk Kyung Kim, Joongbum Cho, Jeong Jin Min
Samsung Medical Center, Seoul, Korea
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Introduction
• In critically ill patients, multiple medications or fluids are often continuously infused by infusion
pumps and precise administration ability is essential.
• However, particularly at low infusion rates, inherent flow interruptions are reported during
vertical displacement and during co-infusion of multiple medications through a single lumen.
• Therefore, the aim of this study was to compare flow variability affected by vertical displacement
and multi-infusion setting between newly developed cylinder type infusion pump and two
conventional infusion pumps .
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Method

I.

Vertical displacement study

- Infusion pumps with different driving mechanism with infusion rates of 0.5 ml·hr-1 & 2 ml·hr-1
Cylinder type (Anyfusion H-100, Meinntech)

100 ml Infusion bag

Syringe type (Injectomat MC Agilia, Fresenius Kabi)

10 / 30 / 50 ml Syringe

Peristaltic type (TE-112, Terumo)

100 ml Infusion bag

Time (min)
Study Protocol

0
Start of study

10
60 cm Upward
displacement

20
60 cm
Downward
displacement

30
End of study

- Measured variables
Total error dose (ml) : Area above or below the set infusion rate after vertical displacement before re-establishing steady infusion flow.
Maximum change in infusion rate (%) : Maximum increase/decrease in infusion rate after vertical displacement compared to the set infusion rate
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Method
I.

Multi-drug infusion study

- Syringe type pump with 10 ml syringe vs. Cylinder type pump with 100 ml infusion bag
- Model drug (Visible dyes): Tartrazine yellow (1st drug )
Indigo carmine blue (2nd drug)

- Spectrophotometry to analyze the proportion of the two experimental drugs.
Time (min)
Study Protocol

0
Start of study

5
1St drug
initiation

25
2nd drug
Initiation
(Upstream or Down stream)

45
2nd drug
cessation

- Measured variables
Infusion rate fluctuation (ml·hr-1): Difference between peak infusion rate and least infusion rate of the 1st drug during the 2nd drug infusion period.
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Results
Figure 1. vertical displacement study
A) Comparison of three syringe sizes with syringe-type infusion pump

B) Comparison of three different mechanism infusion pumps

0.5 ml·hr-1
8

Syringe type + 10ml syringe
Cylinder type + 100ml bag

Syringe pump + 10ml syringe
Infusion rate [ml·hr-1]

Infusion rate [ml·hr-1]

0.5 ml·hr-1

1.0

Syringe pump + 30ml syringe
Syringe pump + 50ml syringe

6

4

2

Peristaltic type + 100ml bag

0.8

0.6

0.4

0.2

0

0

10

Time [min]

20

0

30

20

2.0 ml·hr-1

3.0

Syringe type + 10ml syringe
Cylinder type + 100ml bag

Infusion rate [ml·hr-1]

Infusion rate [ml·hr-1]

Syringe pump + 10ml syringe
Syringe pump + 30ml syringe
Syringe pump + 50ml syringe

4

2

0

Peristaltic type + 100ml bag
2.5

2.0

1.5

1.0

0

10

Time [min]

20

30

30

Time [min]

2.0 ml·hr-1

6

10

0

10

20

30

Time [min]
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Results
Table 2. Relationship between syringe sizes in syringe pump and total error dose and between type of infusion pump and total error dose
controlling the vertical displacement direction and infusion rate.
Comparison parameters

β (95% CI)

P value

0.13 (0.07, 0.19)

< 0.001

1) Syringe sizes in syringe pump (1ml size as reference)
10-ml vs. 30-ml vs. 50-ml
2) Syringe pump vs. Cylinder pump (reference)
10ml Syringe vs. Cylinder pump

-0.56 (-0.28, -0.84)

< 0.001

30ml Syringe vs. Cylinder pump

1.46 (0.95, 1.97)

< 0.001

50ml Syringe vs. Cylinder pump

4.66 (1.60, 7.72)

0.008

Data are presented as β coefficient (95% confidence interval). The P values are results of the multiple linear regression models adjusting the impact of vertical displacement direction and infusion rate. 1) In the
relationship of syringe pump with three different syringe sizes and total error dose, controlling the impact of vertical displacement direction and infusion rate, the total error dose increased 0.13 (ml) per 1 ml increase in
syringe size (β = 0.13 [0.07, 0.19], P < 0.001). 2) In the relationship of type of infusion pump and total error dose, controlling the impact of vertical displacement direction and infusion rate, the total error dose increased
4.66 ml in syringe pump loaded with 50-ml syringe compared to the new cylinder pump (β = 4.66 [1.60, 7.72], P = 0.008). CI, Confidence interval.

Figure 2. The impact of syringe size (10-/30-/50-ml syringe) on the time to occlusion at 100 mmHg and the overall compliance of the
syringe-type infusion pump.
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Results
Figure 3. Multi-drug infusion study
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Conclusion
• Regardless of the driving mechanism of the infusion pump, vertical displacement and multi-infusion
transiently affected the infusion rate  Dosing error especially in low infusion rate.
• In addition, small syringe was necessary for precise infusion in syringe type infusion pump.
• The novel cylinder-type infusion pump could be considered as a practical alternative to the syringe
pump with small syringe given its comparable flow stability without the need for frequent drug
replacement
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Prediction of fluid responsiveness
based on abdominal compression in
pediatric patients with single ventricle physiology
장환석 (서울의대)
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Prediction of Fluid Responsiveness Based on
Abdominal Compression in Pediatric Patients
with Single Ventricle Physiology

장 환 석
서울대병원 마취통증의학과
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Background
• Accurate preload evaluation and adequate fluid administration is
important to maintain cardiac output.
• Dynamic parameters based on heart lung interaction
 Predictors for fluid responsiveness in adults, but not in children.(1)
• PLR test in adults  abdominal compression in children
• Blood pressure change during abdominal compression
 Known to predict fluid responsiveness in children with normal heart.(2)
• Blood flow is completely different in heart of single ventricle children
(Bidirectional cavopulmonary shunt; BCPS or Fontan).
• Aim of this study
 To evaluated whether hemodynamic change during
abdominal compression in children with single ventricle physiology
(BCPS or Fontan) can predict fluid responsiveness.
(1) Tran H, Froese N, Dumont G, Lim J, Ansermino JM. Variation in blood pressure as a guide to volume loading in children following cardiopulmonary bypass. J Clin Monit Comput 2007; 21: 1-6 13
(2) Lee JH, Song IK, Kim EH, Kim HS, Kim JT., Prediction of fluid responsiveness based on liver compression-induced blood pressure changes in children after cardiac surgery. Minerva Anestesiol.
2017;83(9):939-46.
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Methods
 Children over 3MO and under 5YO, undergoing BCPS or Fontan operation

Before Fluid Loading

Hemodynamic variables
(SBP/DBP/MBP, CVP, ECG, SpO2)

Abdominal Compression

Hemodynamic variables
(SBP/DBP/MBP, CVP, ECG, SpO2)

Crystalloid
10ml/kg for
20min

After Fluid Loading

Hemodynamic variables
(SBP/DBP/MBP, CVP, ECG, SpO2)

PPV, SPV
PVI(pleth variability index)

PPV, SPV
PVI(pleth variability index)

Echocardiography variables
(stroke volume index, cardiac
index, ΔVpeak)

Echocardiography variables
(stroke volume index, cardiac
index, ΔVpeak)

• Responder: SVI >15% after fluid loading

671

BCPS
Variable

Fontan

Responder (n=9)

Non-responder (n=14)

P value†

Responder (n=16)

Non-responder (n=13)

P value†

Before FL

After FL

Before FL

After FL

0.431

121.6 (13.1)

117.5 (10.7)*

119.3 (7.2)

115.7 (6.7)*

0.583

96.6 (14.8)*

0.361

78.1 (8.9)

92.3 (12.0)*

76.0 (13.4)

90.8 (11.2)*

0.613

43.9 (8.9)

49.6 (8.9)*

0.417

46.1 (4.9)

51.4 (5.6)*

41.3 (5.9)

46.3 (6.7)*

0.029

62.7 (9.3)*

53.4 (11.0)

60.8 (10.2)*

0.995

53.5 (6.5)

61.6 (8.2)*

50.6 (7.6)

58.6 (7.9)*

0.280

13.3 (2.2)

15.2 (2.3)*

12.4 (4.2)

15.1 (4.4)*

0.558

97.4 (2.7)

98.1 (2.0)

97.9 (2.3)

98.5 (2.0)

0.785

SpO2 (%)

87.0 (6.4)

88.6 (6.0)

86.4 (5.0)

87.8 (4.0)

0.936

14.7 (4.0)

17.6 (3.1)*

13.5 (3.3)

16.1 (2.7)*

0.381

Peak airway
pressure (cmH2O)

19.1 (4.3)

21.1 (5.0)

17.9 (3.3)

20.4 (4.5)*

0.635

17.5 (4.8)

10.0 (4.8)*

17.3 (1.9)

18.1 (1.5)

0.681

Cardiac index
(L/min/m2)

5.6 (2.3)

6.6 (2.6)*

5.4 (1.7)

5.4 (1.9)

0.843

4.1 (2.0)

4.9 (2.2)*

4.6 (2.3)

4.8 (2.7)

0.567

Stroke volume
index (ml/m2)

39.8 (16.8)

49.4 (20.4)*

40.4 (13.3)

41.9 (14.7)

0.928

34.6 (17.2)

42.4 (20.3)*

38.5 (18.8)

41.5 (21.2)*

0.570

ΔVpeak (%)

11.1 (3.3)

11.1 (3.3)

9.0 (3.4)

9.0 (3.3)

0.152

12.1 (3.4)

7.7 (2.0)*

10.8 (2.9)

8.6 (3.1)*

0.320

Before FL

After FL

Before FL

After FL

Heart rate
(beats/min)

141.7 (26.0)

135.8 (22.1)*

135.0 (13.9)

131.1
(14.8)*

Systolic arterial
pressure (mmHg)

78.7 (15.1)

93.6 (18.0)*

84.9 (15.7)

Diastolic arterial
pressure (mmHg)

41.3 (3.6)

46.8 (5.0)*

Mean arterial
pressure (mmHg)

53.3 (5.7)

Central venous
pressure (mmHg)

[Table 1] Hemodynamic variables before and after fluid loading in BCPS and Fontan patients
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Results
[Table 3A] Hemodynamic change during abdominal compression in
responders and non-responders in BCPS children.
BCPS patients
Parameters

Responder (n=9)
Highest
Baseline
change
value

P value*

Non-responder (n=14)
Highest
Baseline
change
value

P value*

P value†

Systolic arterial
pressure (mmHg)

78.3
(15.1)

90.9 (15.5)

12.6 (4.4)

<0.001

84.5 (15.9)

90.6
(15.0)

6.1
(2.3)

<0.001

<0.001

Diastolic arterial
pressure (mmHg)

40.8 (4.1)

51.2 (8.8)

10.4 (5.6)

0.002

43.4 (8.4)

48.6
(8.2)†

5.2
(1.7)

<0.001

0.003

Mean arterial
pressure (mmHg)

52.1 (5.9)

59.8 (6.4)

7.7 (3.1)

0.002

54.0 (9.4)

58.5 (8.5)

4.5
(1.7)

<0.001

0.005

Central venous
pressure (mmHg)

13.1 (2.9)

19.8 (4.5)

6.6 (3.0)

0.026

12.1 (3.9)

16.9 (4.4)

4.8
(1.6)

<0.001

0.073

Peak airway
pressure (cmH2O)

19.1 (4.0)

24.2 (6.4)

5.1 (2.8)

0.007

18.4 (3.4)

23.7 (3.0)

5.4
(1.4)

<0.001

0.001
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Results
[Table 3B] Hemodynamic change during abdominal compression in
responders and non-responders in Fontan children.
Fontan patients
Responder (n=16)
Parameters

Non-responder (n=13)
Highest
Baseline
change
value

P value*

P value†

Baseline

Highest value

change

P value*

Systolic arterial
pressure (mmHg)

78.9 (10.5)

96.3 (9.5)

17.4 (4.3)

<0.001

79.0 (16.8)

91.4 (17.1)

12.4
(3.6)

<0.001

0.003

Diastolic arterial
pressure (mmHg)

45.1 (5.0)

54.5 (6.8)

9.4 (4.9)

0.003

41.8 (7.3)

48.0 (8.2)

6.3 (2.8)

<0.001

0.059

Mean arterial
pressure (mmHg)

54.7 (4.8)

65.0 (5.6)

10.3 (4.6)

0.009

52.1 (10.4)

60.3 (11.2) 8.1 (2.6)

<0.001

0.157

Central venous
pressure (mmHg)

14.7 (3.4)

20.8 (4.8)

6.2 (2.2)

<0.001

13.9 (3.0)

19.3 (4.5)

4.9 (2.9)

0.002

0.381

Peak airway
pressure (cmH2O)

17.1 (4.4)

22.6 (4.6)

5.5 (2.2)

<0.001

16.4 (3.1)

21.3 (3.9)

4.8 (1.8)

<0.001

0.414
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[Figure 1A] ROC curve analysis in fluid responsiveness
after abdominal compression in BCPS patients.

[Figure 1B] ROC curve analysis in fluid responsiveness
after abdominal compression in Fontan patients.

• ΔSBP 9mmHg: sensitivity 77.8%, specificity 100%
(P=0.001, AUC 0.925)

• ΔSBP 16mmHg sensitivity 43.75%, specificity
100%(P=0.0011, AUC 0.781)

• ΔDBP 7mmHg: sensitivity 77.8%, specificity 92.9%(P=0.01,
AUC 0.917)
• ΔMBP 7mmHg: sensitivity 66.7%, specificity 100%
(P=0.03, AUC 0.873)
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Conclusion
• This study is the first study using abdominal compression to predict fluid responsiveness in single
ventricle children after operation.
• After BCPS operation, ΔSBP, ΔDBP, ΔMBP during abdominal compression can be used to predict fluid
responsiveness.
• After Fontan operation, ΔSBP during abdominal compression can be used to predict fluid
responsiveness.
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Influence of mild thyroid dysfunction on outcome after off-pump
coronary artery bypass surgery
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Influence of mild thyroid dysfunction
on outcome after off-pump
coronary artery bypass surgery
Min-Yu, Kim
Department of Anesthesiology,
Severance Hospital,
Yonsei University College of Medicine
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Background
Thyroid Hormone
 major influence on the cardiovascular system
 myocardial gene expression or protein activity (locally)
 decreasing the peripheral resistance (systemically)

Low T3 Syndrome
 reduced peripheral conversion of T4  T3; related to stress,
inflammation, in the absence an of an overt thyroid illness

SCH (Subclinical hypothyroidism)
 elevated thyroid stimulating hormone (TSH) with normal levels of
T4 and T3
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Background
 Well-known association between
SCH or low fT3 syndrome and mortality in patients with
cardiac disease, especially in ischemic heart disease.
 Objective :
To evaluate the association between SCH or low fT3
syndrome with outcome in patient undergoing off-pump
CABG
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Methods
Patients who underwent
off-pump CABG surgery
from 2015 to 2019
N=1063

Patients with available TFT
N=788
Study included
N=742
Euthyroidism (Eu)
N=603

Exclusions
Emergency op : 31
Redo : 3
MIDCAB : 45
On pump 전환 : 2
Co-op : Beating maze 1/Lobectomy 1 /bullectomy 1
Thyroid disease on medication : 29
No TFT : 162
Hyperthyroidism : 5
Hypothyroidism : 6
Subclinical hyperthyroidism : 34

Low T3
N=82

Subclinical Hypothyroidism (SCH)
N=57
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Methods
• Primary Outcome : Composite of morbidity
•
•
•
•
•
•

post-operative myocardial infarction
permanent stroke
prolonged ventilation (>24h)
deep sternal infection
Acute kidney injury (AKI, KDIGO criteria)
30-day mortality

• Secondary Outcome : 1-year mortality
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Results

Logistic regression analyses to identify risk factors
of composite of morbidity endpoints
Univariable logistic regression
OR
95% CI
p-value
1.041
(1.021 - 1.062)
<.0001
1.179
(1.105 - 1.258)
<.0001
1.58
(1.081 - 2.31)
0.0183

OR
1.026
1.099

Hypertension
Chronic kidney disease
Old CVA

1.624
4.525
1.504

(1.099 - 2.399)
(3.019 - 6.782)
(0.962 - 2.351)

0.0149
<.0001
0.0734

2.766

(1.726 - 4.432)

<.0001

COPD

1.914

(0.939-3.904)

0.0741

Diabetes mellitus

1.943

(1.373-2.75)

0.0002

PAOD

1.185

(0.578 - 2.43)

0.6426

Congestive heart failure

1.927

(1.061 - 3.5)

0.0313

Recent MI

1.307

(0.874 - 1.954)

0.1919

ACS

1.209

(0.857 - 1.705)

0.2806

Left main disease
Anemia
Hypoalbuminemia
Low T3
SCH

1.044
3.317
3.194
3.209
3.273

(0.641 - 1.702)
(2.34 - 4.703)

0.8624
<.0001
<.0001
<.0001
<.0001

2.037

(1.375 - 3.018)

0.0004

1.447
2.67

(0.828 - 2.526)
(1.46 - 4.879)

0.1942
0.0014

variable
age
EuroSCORE
female

(2.083-4.897)
(1.99 - 5.175)
(1.874 - 5.716)

Multivariable model
95% CI
(1.004 - 1.048)
(1.022 - 1.182)

p-value
0.0189
0.0105
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Results

Kaplan-Meier plot for 1-year mortality

Log-Rank test
Group

<.0001

Euthyroid vs SCH

0.0177

SCH vs low T3

0.0096

Euthyroid vs low T3

<.0001
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Conclusion
• Mild thyroid dysfunction in the form of SCH was associated
with a 2.7-fold increased risk of adverse short-term
outcome after off-pump CABG
• The dismal influence of low T3 seems to be more
prominent on 1-year mortality.
• Whether thyroid hormone therapy in those subsets of
patients would improve outcome merits a further
prospective trial.
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Thank you
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2012 ~ 2013

서울대학교병원 인턴

2013 ~ 2017

서울대학교병원 마취통증의학과 전공의

2017 ~ 2018

서울대학교병원 마취통증의학과 임상강사
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서울대학교병원 마취통증의학과 임상조교수
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POCUS in thorax
윤수지 (서울의대)

Learning objectives
A. Understand basic principles of ultrasonography.
B.	Identify normal structures when examining the lung and pleural
space.
C.	Identify common ultrasound “patterns” visualized to diagnose pulmonary diseases.
Basic concepts
Pulmonary assessments through point-of-care ultrasound (POCUS) requires an understanding of a few basic concepts. Basic ultrasound physical
properties (frequency, wavelength, and velocity) and how it interacts with
tissue (attenuation and refraction) should be fully understood before using
POCUS. Anatomic structures of thorax are differentiated by boundaries created by varying densities of tissues including subcutaneous tissue, chest wall
muscle, rib, pleura, and lung. A moderate to high frequency linear probe is
frequently used and, on some occasions, a convex probe is used for deeper
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assessments. B-mode (brightness mode) is the most used which depicts a
grey-scale image of the exam medium. Most POCUS pulmonary exams are
done with the patient in the supine position.
Common pulmonary findings
Findings from the POCUS examination must be correctly integrated into
the clinical decision-making process.
1.	The pleural line: Visceral and parietal pleura as a single, highly echogenic 2 mm line, roughly 5 mm deep to rib cortex.
•B
 at sign: A basic landmark in lung ultrasound. Ribs as wing (bright
hyperechoic arcs with posterior shadowing) and pleural line in the
middle.
2.	The A-line: A change in acoustic impedance at the pleural-pleuropulmonary interface results in mirror image horizontal reverberation
artifacts. Demonstrates air in the thorax (living or dead air).
3.	Lung sliding: The physiological dynamic of the lung toward the chest
wall.
• Seashore sign: A homogeneous, sandy pattern, generated by the
lung when sliding against the chest wall in M-mode.
4.	The B-line: A hydro-aeric artifact, indicating a mingling of fluid and
air. A comet-tail artifact which arises form the pleural line and moves
with lung sliding.
•L
 ung rockets: Interstitial syndrome. Three or more B-lines simultaneously visible between two ribs.
5.	Pleural effusion: Decreased aeration and increased echogenicity.
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Evidence based clinical use in surgical patients
Given the importance of accurate and reliable diagnosis, there have been
many studies attempting to determine the sensitivity and specificity of POCUS for bedside ultrasound. These studies have shown lung ultrasound to be
more sensitive than chest radiography for the diagnosis of pneumothoraces
and pneumonia. The ‘Bedside lung ultrasound in emergency’ (BLUE)-protocol, published in 2008, is an algorithm for lung ultrasound designed for
immediate diagnosis of acute respiratory failure including pulmonary edema, pneumonia, asthma/COPD, pulmonary embolism, and pneumothorax.
This showed a very good diagnostic accuracy (>90%) of lung ultrasound for
respiratory failure in the most common respiratory conditions. However,
much of the data is acquired from single centers and is based on the critical
care population, who are at the most severe end of the pathological spectrum. Further studies are needed to understand the effects of POCUS for
perioperative pulmonary evaluation in surgical patients.

697

박미혜 (성균관의대)

학력
EDUCATION

경력
C A R E E R

2002 ~ 2008

경북대학교 의학 학사

2014 ~ 2016

성균관대 의학 석사

2017 ~ 2019

강원대 의학박사

2010 ~ 2014

삼성서울병원 전공의

2014 ~ 2016

삼성서울병원 전임의

2016 ~ 2017

경북대학교병원 임상조교수

2017 ~ 2020

삼성서울병원 임상조교수

2020 ~ 현재

삼성서울병원 전임대우조교수
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Pain control in thoracic surgery

박미혜
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Pain management in thoracic surgery
• The incidence of post-thoracotomy respiratory complications has
shown an overall decline to less than 10%, whereas the cardiac
complication rate has not changed. Improvements in postoperative
care, specifically pain management, are the major cause of this
decline.
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The sources of pain after thoracic surgery
the incision (intercostal nerves T4-T6)
chest drains (intercostal nerves T7-T8)
mediastinal pleura (vagus nerve, CN 10)
central diaphragmatic pleura (phrenic nerve, C3-5)
ipsilateral shoulder (brachial plexus)
Miller’s anesthesia 9th Fig.53.56
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Less invasive surgery
• Less invasive surgery, that is, surgery performed with fewer or smaller
surgical wounds, is made possible by recent technological advances.
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Less invasive surgery
• Epidural Analgesia
: the standard technique for postoperative analgesia for thoracotomy
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Regional anesthesia
• Paravertebral Block
Continuous paravertebral local anesthetic blockade combined
with multimodal analgesia is a reasonable alternative to
epidural analgesia for thoracic surgery with fewer side effects.
(Miller’s anesthesia 9th)
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Regional anesthesia
• Ultrasound-Guided Blocks: Intercostal Nerve Blocks,
serratus anterior plane block, erector spinae plane block
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Regional anesthesia
• The highly lipid-soluble agents (e.g., fentanyl, sufentanil) are
associated with narrow dermatomal spread, rapid onset, and low
incidence of pruritus/nausea, and can be potentiated by epinephrine.
For incisions that cover many dermatomes (e.g., sternotomy) or for
procedures that have combined abdominal and thoracic incisions (e.g.,
esophagectomy), the hydrophilic opioids (e.g., morphine,
hydromorphone) are preferable.
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Regional anesthesia
• Liposomal bupivacaine
(LipoB [Experal; Pacira Pharmaceuticals, Parsippany, NJ])
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Shoulder Pain

• Referred pain (55%). This is thought to originate from phrenic nerve afferent
fibers and related to diaphragmatic or mediastinal irritation.
• Musculoskeletal (45%). This pain was associated with tenderness of the involved
shoulder muscles and pain with movement.

708

Shoulder Pain

Randomized double-blind comparison of phrenic nerve infiltration and
suprascapular nerve block for ipsilateral shoulder pain after thoracic
surgery
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Persistent Pain
• Post-thoracotomy Neuralgia and Chronic Incisional Pain
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Conclusion
• Multimodal analgesic strategies:
regional anesthetics with different action mechanisms, local
infiltration anesthesia for the surgical wounds, and opioid IV-PCA
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TEB vs TPVB
• Analgesic efficacy : Comparable (2-6, 24, 48 hours)
• TPVB: Lower complications
• Hypotension
• Nausea, Vomiting,
• Pruritis
• Urinary retension

• TEB: difficulty, failure
Cochrane Database Syst Rev. 2016 Feb
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European Journal of Cardio-Thoracic Surgery 55 (2019) 91–115
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esraeurope.org/prospect/

Paravertebral block with LA (bolus preoperatively or at the end of surgery, followed by
continuous infusion), as the first choice
compared to thoracic epidural analgesia due to
lower complications rate (GoR A)
Thoracic epidural LA + strong opioid as a bolus
before surgery (GoR A), continued as an infusion
is also recommended, if PVB not used
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TEA recommended ONLY in
Open Colorectal Surgery (2016)

Thoracic epidural analgesia (TEA) (T7-T10) remains
the gold standard in patients undergoing open colorectal
surgery. Several RCTs and meta-analysis have demonstrated
superior analgesia compared with patients receiving
systemic opioids
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VATS
•Minimally invasive techniques
•Mortality, Complication
•Postop pulmonary function,
•Better pain control
compared with Thoracotomy
•But, still severe pain
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Advances in Anesthesia 37 (2019) 187–205
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Contents
•Thoracic Paravertebral Block
•Erector Spinae Plane Block
•Serratus Plane Block
•Network Meta Analysis including 3 technique
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Thoracic Paravertebral Block (TPVB)

Current Anesthesiology Reports (2019) 9:263–270
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TPVB

Current Anesthesiology Reports (2019) 9:263–270
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Paramedian Sagittal Sonoanatomy

723

Paramedian Sagittal Oblique Sonoanatomy
Reduced Anisotropy

724

Transverse Sonoanatomy

환자 사진
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Needle guide system
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• Initially, the parietal pleura expanded in a lateral direction
along the intercostal space at the level of the local anesthetic
injection. The local anesthetic then spread in a craniocaudal
direction along the lateral aspects of the thoracic vertebral
bodies. In addition, the local anesthetic seeped through the
parietal pleura into the interpleural spac
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• Dye spread

729

JCTVA, Vol29,No6(December),2015:pp1550–1556
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US guided vs Other methods

Techniques of US-PVB or
Surface Anatomy-PVB have shown
better consistency
SA

TPVB Proxy (ESPB, MTP etc)

COLOMBIAN JOURNAL OF ANESTHESIOLOGY. 2020;48(1):20-29
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Single vs Multiple
10 ml

20 ml

10 ml

Anesth Analg. 2010 Jun 1;110(6):1735-9.
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Single vs Multiple
• Single: T6, 20 mL
• Multiple: T4 to T8, each level 4 mL

JCVA Vol 26, No 1 (February), 2012: pp 90-94

733

Approach

Manoj K. Karmakar Journal of Pain Research 2020:13 1713–1723
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Approach

Reg Anesth Pain Med 2020;45:866–87
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TPVB vs Control (Meta)
6 Hr

24 Hr

48 Hr
Medicine (Baltimore)
2018 Dec;97(51):e13771.
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TPVB vs ESPB vs ICNB (surgeon)

JCVA 2020 Nov. In Press
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Erector Spinae Plane Block

Advances in Anesthesia 37 (2019) 187–205

738

Transverse approach

739

ESPB
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Does it provide effective analgesia?

Journal of Cardiothoracic and Vascular Anesthesia 34 (2020) 444449
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Does it provide effective analgesia?

Journal of Clinical Anesthesia 66 (2020) 109900
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How Does it provide effective analgesia?

Can J Anaesth
2021 Jan 6. Online ahead of print.
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Costo-transverse foramen

Inter-transverse connective tissue

Vicente Roques Escolar YouTube
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Can J Anaesth 2021 Jan 6. Online

Direct effect of local anesthetic via physical spread and
diffusion to neural structures in the fascial plane deep to the
erector spinae muscles and adjacent tissue compartments.
Gradual spread of local anesthetic effect over time—i.e.,
clinical progression over hours rather than minutes has been
observed
Not rapid bulk flow
As an increasing mass of local anesthetic diffuses towards
and accumulates around the nerve fibres, there is gradual
progression towards a more ‘‘dense’’ sensory block with a
classic sequential loss of pinprick sensation followed by
pressure sensation. The small fraction of local anesthetic
reaching the paravertebral-epidural space in the ESP block
may well represent the same principle at work.
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Inconsistency
• Overt block failure
• Muscle spreading
• Impaired diffusion
• Precise needle placement ?
• Accurate visualization ?
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Ki Jinn Chin YouTube
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ESPB vs TPVB (Single)

Journal of Clinical Anesthesia 59 (2020) 106–111
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ESPB vs TPVB (Catheter)
• Continuous infusion
• 0.2% levobupivacaine
• 8 mL/hour after 20 mL bolus

The analgesic effect of ESPB after VATS was non-inferior to that
of TPVB 24 hours postoperatively.

RAPM 2020;45:10-15.
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Volume dependant ?
30 ml
10 ml

• Volume이 중요

30 ml

30 ml

PLoS ONE 14(10): e0224487
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Serratus Plane Block

Advances in Anesthesia 37 (2019) 187–205
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SPB Position

752

753

SPB vs Epidural
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Serratus Plane Block
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Serratus Plane Block
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Deep vs Superficial

The serratus anterior muscle (SAM) is innervated solely
by the long thoracic nerve (LTN) (C5– C7).
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Long Thoracic Nerve

KJP, 01 Jul 2016, 29(3):179-184
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Long Thoracic Nerve
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Volume

Regional Anesthesia & Pain Medicine 2017;42:737-740.
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Volume > Plane
20 mL

Superficial

Deep

40 mL

Superficial

Deep

Reg Anesth Pain Med 2018;43: 854–858
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Serratus Plane Block

Reg Anesth Pain Med 2019;44:1066–1074.
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Serratus Plane Block

Medicine May 22, 2020 - Volume 99 - Issue 21 - p e20286
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Network Meta (unpublished)
15 RCT
24 hours opioid consumption
Morphine Milligram Equivalent
N= 1143
Number of treatments: n = 5
Number of pairwise comparisons: m = 19
Number of designs: d = 8

Control
SPB

TPVB

ESPB
Intercostal
n. block
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Anesthetic management of
mediastinal mass surgery
김남오 (연세의대)

마취 전 평가
종격동은 해부학적으로 전, 중, 후, 상부 종격동의 4구획으로 나누며, 상대정맥
(superior vena cava, SVC), 기관 분기부(carina), 폐동맥과 대동맥 등 매우 중요한
구조물들이 위치한다. 종격동 종양은 흔하지 않은 질환이지만 종격동의 중요 구조물
인 기관, 기관지, 폐동맥, 상대정맥과 심장 등을 압박할 수 있어 마취 유도 혹은 마취
중 심각한 합병증이 발생할 수 있다. 특히 전방 종격동에 위치한 종양은 환자의 마취
혹은 마취 유도 중에 치명적 합병증이 발생할 수 있으며, 이와 관련된 수많은 보고들
이 있다. 때문에 종격동 종양이 발생한 위치 및 주변 구조물의 기계적 압박으로 이로
인하여 발생할 수 있는 합병증에 대하여 이해하고 외과의사와 함께 준비하는 것이 마
취 전 평가의 핵심적인 요소이며, 성공적인 마취를 위한 필수요소이다.
수술 전 종격동 종양을 평가함에 있어서 가장 중요한 요소는 종양의 크기, 기관지
의 침범, 압박 및 폐쇄 여부, 혈관 침범 여부, 그 외에 종양으로 인한 다른 구조의 기계
적 압박 여부이다. 이러한 평가는 흉부 X-ray 혹은 단층촬영과 같은 영상의학 검사를
통해 가능하며, 특히 흉부 단층 촬영은 종양의 성격, 크기, 범위, 위치, 기관지 및 주요
심혈관 구조와의 관계, 기관 및 기관지 직경에 대한 정확한 평가를 제공한다. 자기공
명 영상(Magnetic Resonance Imaging, MRI)는 일반적으로 권장되지는 않지만 조
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영제 사용 금기 등의 특수한 상황에서 진단적으로 유용한 정보를 제공할 수 있으며,
심초음파는 심장 및 혈관의 압박 정도를 살펴보거나 전반적인 심기능을 평가할 때 사
용되어진다.
대부분의 종격동 종양은 수술적 절제가 필요하다. 종양을 제거하기 위한 주요 수
술 방법으로는 흉골 절개술(sternotomy), 개흉술(thoracotomy), 비디오 흉강경 수
술(video-assisted thoracoscopic surgery) 등이 있으며, 진단을 위한 생검을 위해
종격내시경 (mediastinoscopy) 등이 시행될 수 있다. 기관이나 기관지의 압박은 전
종격동 종양에서 많이 발생하는데, 심각한 호흡기 또는 심혈관 기관의 기계적 압박을
유발하는 종격동 종양이 있는 환자는 전신 마취 시행 시에 심폐혈관 기관의 허탈(collapse)을 초래될 위험성이 높다. 이러한 환자들에게는 스테로이드 투여, 항암 화학 요
법 또는 방사선 요법을 시도하여 종양의 크기를 줄이거나, 폐색을 완화시키는 수술 전
치료를 시도해볼 수 있으며, 이러한 선행 치료는 수술적 절제 또한 원활하게 한다.
마취 유도 및 마취
마취 유도를 하기 위해 앙와위 (supine position) 를 취하지 못하는 환자들의 경우
반쯤 앉은 자세 혹은 완전히 앉은 자세를 취해야 할 수 있다. 본격적으로 마취를 하기
전 외과의사와 마취의 방법 및 수술 진행에 관한 논의가 필요하다. 자발 호흡을 유지하
며 국소 마취 하에 진행되는 시술과 달리, 전신마취의 경우 무기폐가 필연적으로 동반
되는데, 이 때 종격동 종양의 기계적 압박으로 인하여 폐의 부피가 감소하고, 기관지
평활근들의 이완으로 인해 기관 및 기관지 폐쇄가 더 심화될 위험성이 있다. 또한 근
이완제의 투여로 인한 횡격막의 이완은 기도를 확장시키는 작용을 하는 경늑막 압력
(transpleural pressure) 및 경폐압력(transpulmonary pressure)의 감소를 초래하여,
기관의 구경을 감소시켜 기관 폐쇄를 가속화할 수 있기 때문에 보다 신중한 접근이 필
요하다. 근이완제를 사용하기 위해서는, 기관 확보와 동시에 환기가 가능한지에 대한
평가가 선행되어야 하며, 만약의 상황에 대비하기 위하여 작용 시간이 짧은 약제를 투
여하거나, sugammadex 와 같은 길항제를 구비한 후에 투여하는 것이 좋다.
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전신 마취 시에는 기본적인 혈역학적 모니터링이 뒷받침되어야 하고, 수액 투여를
위해 추가적인 정맥관의 확보가 필요하다. 혈역학적 불안정이 예상된다면, 전신 마취
유도 전에 실시간 혈압 감시를 위한 동맥관을 거치하는 것이 좋으며, 필요하다면 중심
정맥관을 잡도록 한다. 만약 종양의 위치가 상대정맥을 침범했을 경우, 상지에 확보한
정맥관을 통해 투여하는 약물 및 수액, 수혈 등은 효과적인 전달이 어려울 수 있으므
로, 하지에 대구경 정맥관을 확보하거나, 대퇴정맥에 중심정맥관을 삽입하여 안정적
인 수액, 수혈 및 약물 전달을 도모한다.
마취 유도를 진행하면서 환자의 기관 및 기관지 폐쇄가 예상된다면, 각성하 기관
삽관이나, 흡입 마취제를 이용한 점진적인 마취 유도 등을 시도해볼 수 있다. 만약 종
격종 종양으로 인한 기관 폐쇄 구간의 원위부로 기도 삽관이 가능하다고 판단되면, 각
성하 기도 삽관으로 비교적 안전하게 기도를 확보하고 하고 환기를 시도해볼 수 있다.
단층촬영 영상을 통해 기관의 직경 및 그에 적합한 기관내튜브를 선택하고, 필요시
일반적인 기관내튜브보다 길이가 긴 microlaryngeal (MLT) tube를 준비하도록 한
다. 그러나 기관내 삽관을 성공했다고 하더라도 환기가 보장되는 것은 아니기 때문에,
기관 혹은 기관지 폐쇄는 자발 호흡의 상실과 함께 언제든지 발생할 수 있다는 사실
을 염두에 두어야 한다. 한편, 수술의 종류에 따라 일측폐환기를 위한 double lumen
endobronchial tube 의 삽입이 필요할 수도 있다.
마취 유도 후 매우 심한 호흡기계 혹은 순환기계 허탈을 보이는 경우 외과의는 종
양에 의한 기계적 압박을 완화하기 위해 신속한 흉골 절제술(sternotomy)을 고려해
야 하며, 산소 투여에도 회복되지 않는 저산소증이 발생한다면 심장 및 폐동맥과 같은
주요 혈관들이 압박되는 것은 아닌지 의심해보아야 한다.
심폐우회술은 수술 중 환기에 대한 어려움이 예견되거나, 심장 및 폐동맥의 광범
위한 종양 압박으로 혈역학적인 허탈과 수술적 절제의 어려움이 의심되는 상황에서
고려해볼 수 있다. 최근에는 이러한 상황에서 심폐체외순환기(cardiopulmonary
bypss, CPB)가 아닌 체외막 산소공급기 (extracorporeal membrane oxygenation, ECMO) 를 이용하여 성공적으로 마취 유도 후 종양을 제거한 사례들이 보고되
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고 있다. ECMO 의 경우, CPB와 달리 적은 용량의 헤파린으로 유지가 가능하여 수술
중 출혈을 최소화하고, 마취 유도 전 국소 마취 하에 대퇴 정맥-대퇴 동맥을 통하여
veno-arterial ECMO (VA ECMO) 를 거치함으로서 보다 안전하고 계획적으로 마취
유도 및 수술 진행을 도모할 수 있다는 장점이 있다.
각성 및 회복
종양을 제거하지 않고 진단적 생검만 했을 경우, 종양에 의한 기관 및 혈관 구조물
의 압박이 해결되지 못한 상태이기 때문에 각성 및 회복시에 주의가 필요하다. 또한
종양의 기관침범 등으로 기관 혹은 기관지를 함께 수술한 경우, 상대정맥의 폐쇄증상
이 있었거나 및 장시간의 수술이 진행된 경우 등은 각성 시 성문 부종 및 수술 후 협
착음(stridor)이 발생할 위험이 있으므로 주의해야한다. 기도 발관은 환자가 마취에서
완전히 깨어 근이완이 역전된 상태에서 시행해야 하며, 발관이 성공적으로 진행된 경
우에도 회복실에서 주의 깊은 모니터링이 필요하다.
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causing severe tracheal obstruction with positional symptoms: A case
report. Medicine (Baltimore), 2019. 98(42): p. e17650.
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Common disturbances in the
coagulation system after CPB
홍성욱 (경북의대)

Introduction
Coagulation is a complex process that allows whole blood to form clots
at tissue and vessel sites where damage has occurred. Activation of the
hemostasis system causes platelets and fibrin-containing clot to stop the
bleeding. There are numerous factors that come into play with the use of
CPB including deactivating the coagulation system with anticoagulants, hemodilution of the circulating blood volume, inflammatory response, and a
possible pro-coagulant response from protamine with heparin reversal once
the surgical procedure has been completed and CPB terminated. All these
factors make achieving hemostasis post CPB extremely difficult.
Pathophysiology of coagulopathy in cardiac surgery
During cardiac surgery with CPB, the coagulation system faces major
alterations. First, patients undergo major surgical trauma including sternotomy, venesection, and arterial and venous cannulation, which all lead
to hemostasis activation. Second, blood flows over the large surface of the
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tubing of the heart lung machine, which despite heparinization is highly
thrombogenic.1 During CPB several mechanisms lead to coagulopathy. First,
fibrinogen binds to the nonbiological surface of the extracorporeal circuit,
which causes platelet activation.2 Second, leukocytes that come in contact
with the pericardial cavity and CPB are activated and express tissue factor,
activating the extrinsic coagulation cascade.3 Furthermore, the tubing of
the heart lung machine causes activation of factor XII, which initiates the
intrinsic coagulation cascade. Both coagulation pathways lead to thrombin
formation and the consumption of coagulation factors (consumptive coagulopathy). Thrombin is a potent platelet activator that causes further thrombocyte degranulation, enhancing hemostasis activation.4 This process can
lead to hyperfibrinolysis, reduced platelet count and function, decreased
fibrinogen concentration, and depletion of individual coagulation factors
culminating in impaired thrombin generation.5
Standard laboratory parameters
Standard laboratory parameters include the complete blood count (CBC),
prothrombin time (PT) or its international normalized ratio (INR), activated
partial thromboplastin time (aPTT), and fibrinogen concentration. While
wide ranges are reported in the literature, typical derangements post-CPB
include increases in the PT and INR by 33%, and increases in the PTT by
approximately 20%.6 On average, fibrinogen concentration decreases 36%,
the absolute platelet count decreases 45%, and platelet function decreases
by 50% to 70%.6 Viscoelastic test derangements include prolonged clotting
times, reduced clot strength, reduced fibrin-based clot firmness, reductions
in the platelet contribution to clotting, and increased fibrinolysis.15,20 Co-
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agulation factor activity decreases approximately 10% to 50% depending on
the individual factor.6 Thrombin generation time and peak thrombin generation similarly show significant reductions in thrombin function.6
Conclusion
Coagulopathy after CPB is due to multiple etiologies, and is often difficult to precisely diagnose and treat.7 The four most important underlying
mechanisms for coagulopathy in this context are platelet dysfunction, hypofibrinogenemia, impaired thrombin generation, and hyperfibrinolysis,
and this is where the most convincing evidence for successful treatment
lies. Regarding the inflammatory contribution to coagulopathy, there is little
data supporting immunologic or anti-inflammatory treatments as effective
in modifying patient outcomes.8 It is also important to quickly identify why
clotting is not occurring and correct any deficiencies in the coagulation
system.
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Heparinase
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heparinase to inactivate present heparin)

Platelet mapping

Adenosine diphosphate (ADP), Arachidonic acid
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Native

None

Nonactivated assay. Also used to run custom hemostasis tests
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Tissue factor (TF)

Extrinsic pathway; fast assessment of clot formation and
fibrinolysis
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Contact activator

Intrinsic pathway; assessment of clot formation and fibrin
polymerization

fib-TEM

TF + Platelet antagonist

Qualitative assessment of fibrinogen levels
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TF + Aprotinin

Fibrinolytic pathway; fast detection of fibrinolysis when used
together with ex-TEM

Hep-Tem

Contact activator + Heparinase

Specific detection of heparin (modified in-TEM test adding
heparinase to inactivate present heparin)

ect-TEM

Escarin

Management of direct thrombin inhibitors (e.g., hirudin,
argatroban)

tif-TEM

1:1000 TF

Extrinsic pathway; monitoring recombinant activated factor
VIIa

na-TEM

None

Nonactivated assasy. Also used to run custom hemostasis tests
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Heparin-induced
thrombocytopenia:
The summary
조연정 (서울의대)

Heparin-induced thrombocytopenia (HIT) is a potentially life-threatening and limb-threatening complication of heparin therapy.
The central concept of HIT is formation of heparin-dependent Abs of
IgG isotype that activate platelets by causing signal transduction through
platelet FcγIIa receptors located in platelets and monocytes. The target antigen is a complex between (anionic) heparin and (cationic) platelet factor 4
(PF4), a tetrameric member of the CXC chemokine subfamily. Activation of
platelets and monocytes increases thrombin generation.
The incidence of HIT was approximately one in 1500 hospital admission (0.065%), and that patients older than 50 years were at higher risk of
HIT than those younger than 50 years. HIT occurs in up to 4.9% of patients
treated with unfractionated heparin (UFH). Approximately 1–3% of postcardiac surgery patients will have HIT, and about half of these patients will
have thromboembolic events.
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Fig. Median ages (with IQRs) of HIT discharges versus non-HIT discharges. From
Dhakal et al., Lancet Haematol 2018;5:e220–231.

HIT is a marked hypercoagulability state, as shown by greatly elevated
markers of in vivo thrombin generation, such as thrombin-antithrombin
complexes. If HIT develops, the platelet count typically begins to fall 5–10
days after starting heparin, or ≤ 1 day if heparin exposure within past 30
days. Platelets typically recover to baseline levels within a week once heparin is stopped, and HIT Abs will be undetectable after 100 days.

Fig. Timeline of HIT antibody (HIT-Ab) formation, as judged by optical density units in an anti-PF4/polyanion EIA. From Warkentin, Hematol Oncol Clin N Am 2010;24:755–775.
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Pathogenesis of HIT

Fig. Pathogenesis of HIT. From Hogan et al., Vasc Med 2020;25:160–173.

- Heparin is a glycosaminoglycan, a complex sugar molecule, which is
therefore not antigenic.
- Development of IgG Ab directed against a complex of PF4 and heparin
- Heparin causes a conformational change in PF4 that is recognized by
the Abs.
- Changes in PF4 depend on chain length and degree of sulfation of the
heparin.
- Heparin-PF4-Ab complex is bound to the platelets through the FcγIIa
receptor, which results in intravascular platelet activation and aggregation.
- Activation of platelets results in the release of prothrombotic platelet
microparticles and generation of thrombin, and intravascular coagulation activation that results in paradoxical arterial and venous thrombosis.
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Risk factors for HIT
1) Heparin exposure during cardiac surgery (CPB)
- The risk is highest in surgical patients, particularly cardiac surgery
(large doses of heparin used).
2) Female
-F
 emale patients are more likely to suffer thrombotic stroke as a complication of HIT.
3) Hemodialysis
4) Trauma, injury
5) Hip/knee arthroplasty
6) Gingival or periodontal disease

Fig. Incidence of HIT in discharge subsets. From Dhakal et al., Lancet Haematol
2018;5:e220–231.

HIT is a clinicopathologic diagnosis. The spectrum ranges from formation of anti-PF4-heparin Abs to increasing degrees of thrombocytopenia
due to platelet activation, and in its most severe form, diffuse deposition
of platelet-related thrombi into microcirculation and extreme depletion of
circulating platelets. Validated clinical scoring systems can guide initial decision-making and laboratory testing.
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Clinical assessment
- Probability of HIT
- ‘4Ts’ scoring system
Table. 4Ts score
Points
2

1

0

Thrombocytopenia

>50% fall and
30–50% fall or
Fall <30% or
platelet nadir ≥ 20 platelet nadir 10–19 platelet nadir < 10 x
x 109/L
x 109/L
109/L

Timing of platelet
count fall or other
sequelae

Clear onset
between days
5–10; or ≤ 1 d (if
heparin exposure
≤ 30 d)

Not clear onset or
thrombocytopenia
after day 10; or
fall ≤ 1 d (heparin
exposure 30–100 d
ago)

Platelet count fall
≤ 4 d (without
recent heparin
exposure)

Thrombosis or
other sequelae

New thrombosis;
skin necrosis; postheparin bolus acute
systemic reaction

Progressive
or recurrent
thrombosis;
erythematous
skin necrosis;
suspected
thrombosis

None

Other cause for
thrombocytopenia

No other cause for Possible other
platelet count fall is cause
evident

Definite other
cause

Pre-test probability score: 6–8 = High, 4–5 = Intermediate; 0–3 = Low.

- HIT can be excluded by a low pre-test probability score without the
need for laboratory investigation.
- If the pre-test probability of HIT is not low, heparin should be stopped
and an alternative anticoagulation started in full dosage whilst laboratory tests are performed.
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Manifestations of HIT
Deep vein thrombosis
Pulmonary embolism
Arterial thrombosis, stroke, acute coronary syndrome, peripheral arterial
thrombosis
Skin lesions
Adrenal hemorrhage
Total global amnesia
Acute systemic reaction – chills, rigors
Acute onset with collapse and death
Warfarin-induced skin necrosis

The fall in platelet count usually has an onset of 5–14 days after exposure
to heparin. Onset before 5 days is inconsistent with HIT unless the patient
has had prior sensitization to heparin, usually within the previous 100 days,
in which case rapid onset HIT can occur within 24 hours.
In patients with HIT following cardiac surgery, a characteristic biphasic
pattern of platelet count recovery is observed. Platelet counts initially decline for 2–4 days after surgery, then rebound into the normal range or beyond, and then decrease once again because of Ab development and HIT.
Other presentations can include skin necrosis at the site of SQ heparin
injections or acute systemic allergic reactions following administration of
parenteral heparin. An unusual manifestation of HIT can be acute adrenal
insufficiency due to adrenal vein thrombosis. In heparinized patients undergoing warfarinization, the onset of HIT is associated with more severe
thrombosis due to inhibition of protein C and S, potentially leading to limb
gangrene.
Thrombocytopenia is common in critically ill patients on the ICU, and
its etiology is often multifactorial. HIT can be difficult to diagnose, and a
high index of suspicion is required. In patients in whom HIT is suspected,
occult thrombosis is common.
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Fig. Typical platelet count profile indicates that intensification of HITassociated hypercoagulability occurs from day 7 to 14, especially after stopping
heparin. From Warkentin, Hematol Oncol Clin N Am 2010; 24: 755–775.

Table. Causes of thrombocytopenia.
Reduced marrow production
- Aplastic anemia
- Megaloblastic anemia
- Myelodysplasia
- Marrow infiltration (leukemia or myeloma)
- Marrow suppression (cytotoxic drugs or radiotherapy)
- Vitamin deficiency (B12 or folic acid)
- Hereditary syndromes (Alport syndrome, Wiskott-Aldrich syndrome)
Excess destruction
- Sepsis
- Disseminated intravascular coagulation
- Hemolytic uremic syndrome
- Thrombotic thrombocytopenic purpura
- Mechanical devices: vascular access catheters, intra-aortic balloon pumps
- Renal dialysis
- Immune: immune thrombocytopenic purpura
-O
 ther autoimmune causes: systemic lupus erythematosus, chronic
lymphocytic leukemia
-D
 rugs: heparin, quinine, antibiotics (cephalosporins, penicillins, ciprofloxacin,
clarithromycin), NSAIDs, digoxin
- HIV-associated thrombocytopenia
- Sequestration (hypersplenism)
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Laboratory tests

Platelet activation assays
- Heparin Induced Platelet Activation Assay (HIPA), Serotonin Release Assay (SRA)
- Reference standard assay
- High sensitivity (90–98%), high specificity (80–97%)
- Use washed platelets
- Technically demanding, only available in experienced laboratories

Antigen assays
- Enzyme-linked immunosorbent assays (ELISA), Nanoparticle qualitative
immunochromatography
- Only IgG needs to be measured
- HIT can be excluded by a negative antigen assay of high sensitivity

Treatment of HIT
- For patients with suspected (non-low pre-test probability) or confirmed
HIT, heparin should be stopped and full dose anticoagulation with an
alternative anticoagulant commenced.
- LMWH should not be used in the treatment of HIT.
- Warfarin should not be used until the platelet count has recovered to
the normal range.
- Platelets should not be given for prophylaxis but may be used in the
event of bleeding.
- Plasma exchange is an alternative treatment strategy for patients refractory to medical therapy, or to facilitate heparin use during cardiac
surgery in patients with HITT.
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Alternative anticoagulants

Argatroban
- Direct thrombin inhibitor
- Argatroban affects the INR, and this needs to be considered when using
this drug.
- An argatroban infusion adjusted to an aPTT is a suitable alternative anticoagulant for the treatment of patients with HIT.

Bivalirudin
- Recombinant direct thrombin inhibitor
- FDA approved for use during CPB
- Rapid onset and short half-life (25 min)
- Monitoring with ecarin clotting time (ECT): not commonly available as
a point-of-care test
- ACT monitoring: acceptable correlation with ECT (2.5 times the baseline ACT)

NOACs as alternative anticoagulants for HIT
- Absent cross-reactivity with HIT Abs
- Rapid onset of action and induction of effective anticoagulation
- NOACs are currently approved for prophylaxis and treatment of VTE
and for reduction of stroke risk in nonvalvular atrial fibrillation.
- Direct thrombin inhibitor: Dabigatran
Factor Xa inhibitor: Apixaban, rivaroxaban, edoxaban, betrixaban
- Advantages of NOACs over traditional treatments for HIT
- Convenience of use
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- Predictable pharmacokinetic and pharmacodynamic profiles
- Lower overall bleeding risk
- Fewer drug-drug and drug-food interactions
- Wide therapeutic window
- Fixed dosing without need for routine monitoring
- Availability of quick and effective reversal agents
- Disadvantage
- Cost
Complications of HIT
- Thrombosis (29.8%)
- Bleeding (6.2%)
- Overall in-hospital mortality in patients diagnosed with HIT: 10.1%
- Risk of death in the initial period from thrombotic episodes: ~ 5%
- In-hospital mortality in HIT patients with thrombosis: 14%
- In-hospital mortality in HIT patients with bleeding: 23.9%

821

Fig. Thrombosis and bleeding in patients assigned a discharge diagnosis of HIT.
From Dhakal et al., Lancet Haematol 2018;5:e220–231.

Special clinical considerations
Cardiac surgery
- Patients with previous HIT who are Ab negative who require cardiac surgery should receive intra-operative UFH in preference to other anticoagulants, which are less validated for this purpose. Pre- and
post-operative anticoagulation should be with an anticoagulant other
than UFH or LMWH.
- Patients with recent or active HIT should have the need for surgery delayed until the patient is Ab-negative if possible. Early surgery should
be carried out with an alternative anticoagulation.
- As an alternative anticoagulant in cases where urgent cardiac surgery is
required bivalirudin is suggested.
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Table. Treatment protocol for bivalirudin anticoagulation during CPB.
Bivalirudin dosing and monitoring before CPB
- Initial iv bivalirudin bolus: 1.0 mg/kg
- initiate continuous iv infusion: 2.5 mg/kg/h
- Bivalirudin added to pump circuit volume: 50 mg
- Monitoring by ACT: prolongation of ≥ 2.5 fold of baseline ACT indicates
adequate anticoagulation with bivalirudin
Bivalirudin dosing and monitoring while on CPB
- Continue iv infusion: ≥ 2.5 mg/kg/h
- Frequency of bivalirudin level monitoring: every 30 min by ACT
- Prolongation of ≥ 2.5 fold of baseline ACT: Keep bivalirudin infusion rate
constant.
- Increase infusion rate only if ACT levels decrease below target or give
repeated boluses of 0.25 mg/kg to maintain ACT in therapeutic range
- Do not reduce infusion rate if ACT exceeds target
Performance considerations of CPB
- Stasis in CPB circuit should be avoided/minimized
-P
 eriods of hypothermia should be brief, and if possible only mild (30–34°C)
to prevent drug accumulation.

From Selleng et al., Thromb Haemost 2016; 116: 843–851.

Table. Treatment protocol for bivalirudin anticoagulation in OPCAB surgery.
Dosing of bivalirudin
-B
 olus: 0.75 mg/kg followed by continuous infusion of: 1.75 mg/kg/h (stop
infusion approximately 20 min before end of grafting)
- ACT: > 300 s
Considerations of graft handling
-A
 ssessment of grafts for patency and leakage should be performed. Graft
should be flushed with saline. Stasis of the blood stream is associated
with potential risk for thrombus formation in the graft and has to be strictly
avoided.

From Selleng et al., Thromb Haemost 2016; 116: 843–851.
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Percutaneous cardiovascular intervention
- In patients with previous or present HIT who require CAG or PCI the
use of bivalirudin is recommended.
- Bivalirudin has demonstrated to show similar safety and efficacy as
UFH in TAVI, and should also be applicable for MitraClip intervention.
- Doses of bivalirudin anticoagulation: iv bolus of 0.75 mg/kg followed
by continuous infusion of 1.75 mg/kg/h

Ventricular assist devices
- Anti-PF4/heparin Ab have been found in ≥50% of patients before VAD
implantation and in almost 3/4 patients in the postoperative period.
- HIT has been seen in 4.2% before and >10% after VAD implantation.
- VAD patients with HIT had a higher risk for thromboembolic complications, especially thromboembolic stroke.
- Alternative non-heparin anticoagulation strategies, primarily using argatroban and bivalirudin
- Argatroban is feasible before and after VAD implantation, but not
during surgery.
- Regarding the anticoagulation management during CPB surgery, bivalirudin is allowed during VAD implantation.
Conclusions
HIT is a potentially lethal cause of thrombocytopenia and can cause serious morbidity if not recognized and left untreated. Thrombocytopenia is a
common finding in hospitalized patients and so, in order to diagnose HIT, a
high index of suspicion is required in conjunction with clinical scoring and
laboratory investigation. Management involves removing all sources of hep824

arin, using an alternative agent acutely, and ultimately anticoagulation for
at least 3 months.
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M/65, Elective arthroplasty
aspirin + clopidogrel
died at postop 4th day
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항혈전제 :

건강보험심사평가원 목록

항응고제
종류

항혈소판제
성분명

종류

비타민K 길항제

warfarin

미분획 헤파린(UFH)

heparin

triflusal

저분자량 헤파린(LMWH)

dalteparin

indobufen

직접 트롬빈 억제제

aspirin

enoxaparin

PDE 억제제

cilostazol

nadroparin

ADP 수용체 길항제

clopidogrel

parnaparin

ticlopidine

bemiparin

prasugrel

dabigatran

ticagrelor

argatroban
응고Xa인자 직접 억제제

COX 억제제

성분명

GP Iib/IIIa 길항제

rivaoxavan
apixavan

abciximab
tirofiban

세로토닌 수용체 길항
제

sarpogrelate

edoxavan
섬유소 용해제

alteplase
urokinase
tenecteplase
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NOACs : Replacement of Warfarin
• Inhibits only one coagulation factor
• Do not inhibit production of clotting factors
• Do not involve vitamin K metabolism
• Not affected by food/vitamin K intake
• Independent of anti-thrombin III
• Rapid onset and offset of effect
• Cost effective
• Less intrcacranial hemorrhge
• Less monitoring
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NOACs is compared with
warfarin…
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Efficacy and safety

Lancet 2014; 383: 955–62

2021-04-10

대한심폐혈관마취학회 2021 춘계학술대회

8

835

NOACs (DOACs)
• Dabigatran(Pradaxa, 2010) : Direct Factor IIa(thrombin) inhibitor
• Rivaroxaban(Xarelto, 2011)
• Apixaban(Eliquis, 2014)
Direct Factor Xa inhibitor
• Exoxaban(Savaysa, 2015)
US FDA-labeled indications
• Treatment of DVT and PE : 5-10 days of initial therapy with parenteral anticoagulant
• To reduce the risk of stroke and SE in patients with NVAF(First-line drug > warfarin)
(2019 AHA/ACC/HRS)
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Approved indications and dosages of NOACs

Transfus Med Hemother 2019;46:282–293
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Selected indications and contraindications for NOACs
in atrial fibrillation patients
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Contraindications of NOACs
• Known hypersensitivity
• Renal impairment
• Clinically significant active bleeding
• Hepatic disease with coagulopathy
• Organ lesioin at risk of bleeding including ICH in previous 6
months
• Indwelling spinal or epidural cath. and during the first 6 hr
after removal
• Pregnancy or breastfeeding mother
2021-04-10
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Comparison of action mechanisms between warfarin and NOACs
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Pharmacology of NOACs (vs warfarin)
Dabigatran

Rivaroxavan

Apixaban

Edoxaban

Warfarin

Inhibitory target

Thrombin

Factor Xa

Factor Xa

Factor Xa

Factor Xa

Time to peak

0.5-2 hr

1-4 hr

1-4 hr

1-2 hr

72-96 hr

Half life

12-17 hr

7-11 hr

12 hr

6-11 hr

36-42 hr

Renal excretion

80%

33%

20%

50%

0

Monitoring

No

No

No

No

INR

Reversal agent

Idarucizumab Andexanet

Andexanet

Andexanet

Vitamin K

Hepatic metabolim through CYP 3A4 pathway
(inhibited by dronedarone, amiodarone, verapamil)
2021-04-10
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Drug-drug interactions: effect on NOAC plasma-levels

Transfus Med Hemother 2019;46:282–293
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Anamnestic risk factors and current disorders
with increased bleeding risk
• Coagulation disorders
• Platelet disorders
• Active gastrointestinal ulcers
• Recent major bleeding (particularly intracranial)
• Recent biopsy, surgery or major trauma
• Bacterial endocarditis
• Liver disease (Child Pugh A, B)
• Severe renal failure
2021-04-10

대한심폐혈관마취학회 2021 춘계학술대회

17

844

Reversal Agents
Idarucizumab

Andexanet
alfa(2018)

Ciraparantag

Target

Dabigatran

Factor Xa inhibitor

Dabigatran and
Factor Xa inhibitors

Action Mechanism

Monclonal Ab
fragments

Competes with
factor Xa inhibitor
binding

Binds Factor Xa
inhibitors and direct
thrombin inhibitors

Adverse effects

minimum

minimum

Facial flushing,
dysgeusia

2021-04-10
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Idarucizmab(PraxbindⓇ
Ⓡ, 2015) for
Dabigatran
• Completely reverses within minutes
(but achieving hemostasis depends on identifying and treating the source of bleeding)

• Recommended dose : 5g (2 x 2.5g/50ml) IV
(as consecutive infusions 5-10min, or as bolus injection)

• No dose adjustments for renal impairment
• Restarting Dabigatran : as soon as medically appropriate(24
hrs after Idarucizumab IV)
2021-04-10
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Bleeding risk of elective surgeries

Transfus Med Hemother 2019;46:282–293
2021-04-10
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Interpretation of coagulation tests under NOAC

↑Prolonged coagulation test or elevated anti-FXa plasma levels
1 Prolonged, but no known relation with bleeding risk
Clin Chem Lab Med 2015;53: 185–197.
Eur Heart J 2018; 39: 1330–1393.
2021-04-10
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PCC products

available in the United States(not available in Korea)
Unactivated Prothrombin complex concentrates(PCCs)
4 factor : Kcnetra

Contains inactive forms of 4 factors : Factor II,
VII, IX and X
Also contains heparin

3 factor : Profilnine

Contains inactive forms of 3 factors : Factors II,
IX and X
Contains little or no factor VII
Does not contain heparin

Activated prothrombin complex concentrate(aPCC)
4 factor : FEIBA

2021-04-10

Contains 4 factors : Factors II, VII, IX and X of
these, only factor VII is mostly the activated
form
Does not contain heparin
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Reversal Agents and Alternative Options for Patients on NOACs
Requiring Emergent/Urgent Surgery

IV: intravenous, PCC: prothrombin complex concentrates.
Anesthesia and pain medicine vol. 15,2 (2020): 133-142.
2021-04-10
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Cessation of NOSCs for procedure
• No Bridging necessary(LMWH)

• Perioperative consideration
Categorize the procedure based on risk of bleeding
Risk of thromboembolism
Benefit from surgery
2021-04-10
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Cessation timing depends on…
• Agent(half-life): “when last NOAC was taken?”
• Coagulation test(assess the degree of anicoagulation)
• Bleeding risk of procedure
• Renal function(CrCl)
2021-04-10
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Algorithm for anticoagulant discontinuation
in individuals undergoing elective surgery
Which
anticoagulant?

NOAC

2021-04-10
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Heart 2018; 104:1461.
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NOAC
Bleeding risk

Minimal

Low/moderate

High

1. Omit anticoagulant 1 day

1. Omit anticoagulant 2 day

1.omit anticoagulant on

before surgery

before surgery

the day of surgery only

2. Restart anticoagulant 1day

2. Restart anticoagulant 2 day

2. Total interruption : 1day

after surgery

after surgery

3. Total interruption : 2days

3. Total interruption : 4 days

2021-04-10
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VKA
Bleeding risk
Low/moderate/high

Minimal

Thromboembolic risk

Do not interrupt
anticoagulant

2021-04-10

Low/moderate

High

VKA interrupting

VKA interrupting

without bridging

with bridging
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Neuroaxial anesthesia(spinal or epidural)
• Considered a high-bleeding procedure
• Dabigatran :
discontinued for 3,4, and 5 days according to Crcl
• Rivaroxavan, apixaban, edoxaban :
discontinued for 3 days
2021-04-10
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European Society of Anaesthesiology's Recommended Time Intervals
Before and After Neuraxial Puncture or Catheter Removal

• *All time intervals refer to patients with normal renal function. Prolonged time interval in patients with hepatic insufficiency

Reg Anesth Pain Med 2018;43: 263–309

2021-04-10
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Perioperative management of NOACs for Elective surgery

Anesthesia and pain medicine vol. 15,2 (2020): 133-142.
2021-04-10
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Additional Consideration
• adding an extra 24hr with dronedarone, amiodarone or
verapamil
• No heparin bridging
• Dabigatran not indicated in Crcl < 30 ml/min
• Dabigatran in Crcl < 30 ml/min : > 4 days(?)
• Crcl < 30 ml/min with NOACs : No Neuroaxial anesthesia
2021-04-10
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Timing for interruption of NOACs before and after
elective surgery

2021-04-10
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Perioperative management of NOACs for emergent/urgent surgery.

PT: prothrombin time, aPTT: activated partial thromboplastin time,
dTT: diluted thrombin time, ECA: ecarin-based assay.
2021-04-10
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Additional considerations
• Normal aPTT or dTT : may rule out high levels of dabigatran
• Normal PT : may rule out high levels of rivaroxaban, apixaban, edoxaban
• Routine coagulation lab : cannot ensure the absence of clinically significant
levels of NOACs
• Risk of thromboembolic events rise considerably after specific reversal agents
• In Cardiovascular surgery(systemic heparinization) : delayed andexanet after
the reversal of heparin by protamine
(d/t interfere heparin-antithrombin III complex)
2021-04-10
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Minimal discontinuation and re-implementation time frames of dual
antiplatelet therapy(DADT) for patients undergoing elective surgery

OAC = oral anticoagulant.
2021-04-10
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Summary
• Elective surgery : (high-bleeding risk surgeries) 2 days after
cessation of NOAC, regardless of the type of NOAC
• Neuraxial anesthesia : 3 days after cessation of NOACs
• Dabigatran : an additional 1 or 2 days, depending on the
decrease in renal function
• No need of preoperative heparin bridge therapy
2021-04-10
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Summary
• Emergent or Urgent surgery : delayed for at least 12 h
from the last NOAC intake (better if > 24 h)
 not possible to be delayed : specific reversal agent
“idarucizumab” for dabigatran

2021-04-10
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1. INTRODUCTION

871

CIRCULATORY SHOCK
•

Circulatory shock is essentially a state of malperfusion and is defined as a life-threatening,
generalized form of acute circulatory failure associated with inadequate oxygen utilization by cells.

Shock state

Etiologies

Preload

Cardiac
output

SVR

Hypovolemic

Dehydration, hemorrhage

↓

↓

↑

Cardiogenic

Myocardial infarction, toxins, viral myocarditis

↑

↓

↑

Obstructive

Pulmonary embolism, pericardial tamponade, tension
pneumothorax

↔ or ↑

↓

↑

Distributive

Sepsis, anaphylaxis, adrenal insufficiency

↔ or ↓

↔ or ↑

↓

Neurogenic

Brain or spinal cord injury

↓

↔ or ↓

↓
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FLUID RESPONSIVENESS

 One of the goals of the resuscitation of shock is to improve delivery of oxygen, which may be

achieved by raising the cardiac output by fluid loading.
 Fluid is not always the riposte to malperfusion and a positive fluid balance is associated with

increased lengths of ICU and hospital stays, and mortality.
 Fluid responsiveness:


Definition: an increase in stroke volume by 10 to 15% after 500 mL of crystalloid infusion over 10 to 15 min

873

CLINICAL AND BIOLOGIC FACTORS SUGGESTING FLUID
ADMINISTRATION
Signs of dehydration
• Diminished skin turgor
• Thirst/dry mouth/dry axillae
• Hypernatremia/hyperproteinemia/elevated Hemoglobin level
Circulatory signs of hypovolemia
• Tachycardia
• Arterial hypotension (severe cases)
• Increased serum lactate (severe cases)/decreased toe temperature
Decreased renal perfusion
• Concentrated urine (low urine sodium concentration, high urine osmolarity)
• Increased blood urea nitrogen relative to creatinine concentration
• Persistent metabolic alkalosis

874

CRITERIA USED TO DECIDE VOLUME EXPANSION

875

SURVIVING SEPSIS CAMPAIGN GUIDELINES

 5. Fluid challenge technique be applied wherein fluid administration is continued as long as there is

hemodynamic improvement either based on dynamic (e.g., change in pulse pressure, stroke volume
variation) or static (e.g., arterial pressure, heart rate) variables (UG).
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2. STATIC MEASURES OF FLUID RESPONSIVENESS

877

STATIC CARDIAC PRESSURE MEASUREMENTS (ROC 0.5–0.6)
 Static cardiac pressure measurements refer to estimations of preload using various surrogates.
 Preload in the clinical setting is often used synonymously with venous return, the flow of systemic

blood back to the right heart.

 2.1. Central venous pressure
 2.2. Pulmonary artery occlusion pressure
 2.3. Global end-diastolic volume
 2.4. Inferior vena cava diameter (threshold: 12%)
 2.5. Left ventricular end-diastolic area
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2.1. CENTRAL VENOUS PRESSURE
 CVP monitoring has been used routinely to guide volume

resuscitation, and been recommended in multiple Surviving
Sepsis Campaign guidelines.

 The CVP is interchangeable with right atrial pressure (RAP), a

major contributor to right ventricular preload.

 Limitation:


CVP to be an inaccurate and unreliable predictor of fluid
responsiveness



The RAP is a measure of pressure and not volume, assuming a
linear pressure-volume relationship.



Variations in vascular tone, intrathoracic pressure, or cardiac
function directly affect the RAP, without a change in preload.


Patients have varying gradients of Frank-Starling curves, making it
difficult to predict whether a low or high RAP is a true depiction of a
patient's preload.

15000 simultaneous measurements of blood
volume and CVP in a heterogenous cohort of
188 ICU patients demonstrating no association
between these two variables (r = 0.27).
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2.2. PULMONARY ARTERY OCCLUSION PRESSURE
 Pulmonary artery catheters (PAC) were thought to be

accurate measures of left ventricular preload

Table. PAOP Before Volume Expansion in
Responders and Nonresponders

 PACs measure the pulmonary artery occlusion pressure

(PAOP) which is equivalent to the left-ventricular enddiastolic pressure (LVEDP) assuming normal pulmonary
vascular resistance and absence of mitral stenosis.

 Limitation:


As with CVP, PAOP is also subject to a multitude of
confounding variables: altered myocardial compliance
(sepsis, myocardial ischemia, diabetes, and aging), right
ventricular overload, pericardial disease, and increased
intrathoracic pressure due to positive pressure ventilation
may affect measurements.



PAC insertion and removal carry serious risks including
arrhythmias,
pulmonary
infarction,
catheter
knotting/entanglement, and PA rupture.
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2.3. GLOBAL END-DIASTOLIC VOLUME
: PICCO (PULSION MEDICAL SYSTEMS) MONITOR, EV1000 (EDWARDS LIFESCIENCES)
 Global end-diastolic volume (GEDV) and global end-diastolic volume index (GEDI) are estimates the

blood volume in the cardiac chambers, a direct measure of cardiac preload, detected by a
transpulmonary thermodilution method.

 The ability to detect a change in preload by GEDV is determined by the venous capacitance and

cardiac chamber compliance.

 The scarcity of data on GEDV and inconsistency of results

warrants further investigation into the utility of GEDV/GEDI
as a tool to predict fluid responsiveness.

Figure. Mean RVEDV index
before volume expansion in
responders and nonresponders
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2.4. INFERIOR VENA CAVA DIAMETER (THRESHOLD: 12%)
 The diameter of the inferior vena cava (IVCd) is assumed to

change with preload. Theoretically, an increase in the IVCd
signifies an increase in preload and right atrial filling.

 It is measured at a fixed distance from the right atrial orifice in

the expiratory phase.

 Limitation:


The accuracy is operator-dependent and prior training is required
to develop proficiency in image acquisition and interpretation.



Multiple patient related factors such as obesity, lung hyperinflation
due to obstructive lung disease, presence of pneumothorax, and
abdominal gaseous distention may cause inadequate sonographic
windows rendering this method unusable.



This is subject to the same limitations encountered with RAP
measurements including the assumption of a linear pressurevolume association and the intrathoracic pressure changes
transmitted to the IVC.

The IVC is visualized using bedside
ultrasound in the subcostal plane.
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2.5. LEFT VENTRICULAR END-DIASTOLIC AREA
 Left ventricular end-diastolic area (LVEDA) can be measured

using bedside transthoracic
echocardiography.

or

transesophageal

(TEE)

 The LVEDA at end-expiration would increase with volume

loading in hypovolemic patients.
 Limitation:


Feissel et al. and Tavernier et al. reported no significant
correlation between the baseline LVEDA index and the
percentage increase in cardiac index in response to volume
loading and a lower AUROC compared to systolic pressure
variation.



As with all ultrasound methods, proficiency in ultrasound is
required to use this method and image acquisition is dependent
upon acoustic windows.

it is measured in the apical 4-chamber view
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3. DYNAMIC MEASURES OF PRELOAD RESPONSIVENESS
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 In healthy spontaneously breathing patients, a small variation in blood pressure (<10 mm Hg)

occurs due to changes in intrathoracic pressures during respiration.
 Inspiration makes intra-thoracic pressures more negative, which increases venous return to the right

heart. Increased right ventricular filling enlarges the right ventricle and compromises pulmonary
venous return to the left ventricle.
 Concomitant pulmonary vascular dilation causes pooling of venous blood in the pulmonary

vasculature reducing pulmonary venous return.
 These mechanisms decrease left-ventricular filling causing a modest decrease in stroke volume,

which manifests as a decrease in systolic blood pressure.


A difference in systolic pressures >10 mm Hg during the respiratory cycle, the so-called pulsus
paradoxus, can occur in a variety of disease processes such as cardiac tamponade, constrictive
pericarditis, hypovolemia, and pulmonary embolism to name a few.
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 A ‘reverse pulsus paradoxus’ phenomenon occurs with

positive pressure ventilation.
 On inspiration with positive pressure ventilation, there

is an increase in the intrathoracic pressure, which is
transmitted to the right atrium that in turn decreases
preload.
 Thus, a cyclical variation of pre-load is generated with

positive pressure ventilation.
 The higher the magnitude of this decrease in the pre-

load, the more likely the patient will be on the
ascending portion of the Frank-Starling curve and
thus will be fluid responsive.
The hemodynamic effects of positive pressure ventilation on heart-lung interactions.
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DYNAMIC MEASURES OF PRELOAD RESPONSIVENESS (ROC 0.7–0.8)

 3.1. Pulse pressure variation (threshold: 12-13%)
 3.2. Systolic pressure variation (threshold: 7.5%)
 3.3. Stroke volume variation (threshold: 9.6-12.5%)
 3.4. End tidal CO2 variation (threshold: 5%)
 3.5. Pulse oximetry plethysmographic variation (threshold: 11-15%)
 3.6. Caval index (threshold: 12-18%)
 3.7. Carotid Doppler measurements
Journal of Acute Care Surgery 2017;7(1):2-8.

887

3.1. PULSE PRESSURE VARIATION (THRESHOLD: 12-13%)
 The pulse pressure is the calculated difference between systolic

and diastolic blood pressure and its variation may be calculated
using arterial waveforms obtained from an arterial line tracing.
 Limitation:


PPV involves mechanically ventilated patients on high tidal volumes
without spontaneous breathing efforts.



PPV in patients on controlled mechanical ventilation with tidal
volume > 8 mL/kg to be an accurate predictor of fluid
responsiveness in critically ill patients.

 Tidal volume challenge (TVC)


Temporarily increasing tidal volume from 6 mL/kg to 8 mL/kg for 1
min and noting changes in measurements. A ΔPPV > 3.5% predicts
fluid responsiveness with high accuracy.

Relationship of arterial pressure wave and
passive respiration. PPmax: maximal pulse
pressure, PPmin: minimal pulse pressure.
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3.2. SYSTOLIC PRESSURE VARIATION (THRESHOLD: 7.5%)
 Systolic blood pressure fluctuates with spontaneous

breathing as well as during mechanical ventilation.

 Using an arterial line waveform, a baseline systolic

pressure is established after 7 to 12 s of an endexpiratory pause.



The respiratory variation above and below this
baseline is measured as delta Up (dUp) and delta
Down (dDown).

 The sum of dUp and dDown (difference between

maximum and minimum systolic pressures) is termed
the SPV.

 Limitation:


It would also be unreliable in cardiac arrhythmias given
systolic pressures would change unreliably with irregular
diastolic filling times.
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3.3. STROKE VOLUME VARIATION (THRESHOLD: 9.6-13%)
 The SVV is a naturally occurring phenomenon in which the stroke volume increases during

inspiration and decreases during expiration due to changes in intra-thoracic pressure related to
positive pressure ventilation calculated using a hemodynamic monitoring device (FloTrac or PiCCO)
using pulse contour analysis.
 SVV > 13% has been considered a threshold for fluid

responsiveness.
 Limitation:


Patients also need to be on high tidal volumes between 810 mL/kg.



This method has only been validated in mechanically
ventilated patients without spontaneous breathing.
Monnet et al. Ann. Intensive Care (2016) 6:111
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3.4. END TIDAL CO2 VARIATION (THRESHOLD: 5%)
 Capnography is used to measure the end-tidal carbon dioxide (EtCO2) level that denotes the partial

pressure of CO2 at the end of exhalation.
 Since the EtCO2 is determined by both the pulmonary blood flow (or cardiac output) and the partial

pressure of arterial CO2, a rise or fall in cardiac output can be detected non-invasively using
capnography.
 The ΔEtCO2 is calculated as the difference between the EtCO2 before and after a fluid bolus or a

simulated volume loading maneuver.
 In a study by Toupin et al., an increase in EtCO2 ≥ 2 mm Hg by a leg-raise maneuver was

associated with volume responsiveness (odds ratio 7.3; 95% CI 2.7 to 20.2; p b 0.01; sensitivity 75%)
and had a high negative predictive value of 86%.


Monnet et al. reported that an increase in EtCO2 ≥ 5% predicted an increase in CI ≥ 15% by
volume loading with a sensitivity of 71% (95% CI 48–89%) and specificity of 100% (95% CI 82–100%).
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3.5. PULSE OXIMETRY PLETHYSMOGRAPHIC VARIATION
(THRESHOLD: 11-15%)
 Pulse oximetry is used universally to monitor the oxygen saturation of arterial blood and can track

changes in stroke volume.

 Similar to PPV and SVV, the amplitude of the plethysmograph will be highest during inspiration and

lowest during expiration in mechanically ventilated patients.

 The difference between the amplitudes of the pulse

oximetry plethmysmograph is termed the pulse oximetry
plethysmographic variation (POPV).
 Cannesson et al. compared PPV with POPV and found a

strong correlation (r2 = 0.83; p b 0.001) with good
agreement.
 Limitation:


Plethysmography signals rely on adequate pulsatile blood flow,
which may be compromised in patients with high SVR or those
on vasoconstrictor infusions.

A pulse oximetry plethysmograph showing the
difference between maximum and minimum peaks
in a patient who is likely fluid responsive.
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3.6. CAVAL INDEX (THRESHOLD: 12-18%)
 The IVC is also subject to a respiratory variation that causes a fluctuation in its diameter. This

variation is termed the caval index.
 The IVC is visualized using ultrasound on a subcostal view and M-

mode is used to measure this variation in IVC diameter.
 The percentage change in IVC diameter is termed the caval index.
 Thresholds for establishing fluid responsiveness generally accepted

as 12–18% variation in mechanically ventilated patients and up to
50% in spontaneously breathing patients.
 Limitation:


High PEEP, low tidal volume ventilation, spontaneous breathing efforts,
asthma/COPD exacerbations causing auto PEEP, chronic right-ventricular
dysfunction, cardiac tamponade, intra-abdominal HTN, and other local
mechanical hindrances to blood return through the IVC all render this
method less accurate.

An m-mode image of the subcostal view
of the IVC showing the respiratory
variation in its diameter.
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3.7. CAROTID DOPPLER MEASUREMENTS
 The carotid flow time (FTc) and the velocity time integral (VTI) are two distinct measurements that

may be performed using pulsed wave Doppler on ultrasound. (same concept as aortic flow time and
aortic VTI (measured by transesophageal Doppler).
 Using pulsed wave Doppler on a carotid artery, the VTI

calculates the blood flow through the carotid artery during
systole.
 When multiplied by the cross-sectional area of the carotid

artery, this calculation estimates the fraction of the stroke
volume received by the carotid artery.
 A strong correlation between the change in SV index (by

bioreactance) with a passive leg raise (PLR) and the
simultaneous change in carotid VTI (r = 0.59, p = 0.0003) with
a sensitivity of 94% and specificity of 86% .

A pulse wave Doppler image of the carotid artery in
long-axis showing its waveform and measurements
denoting the systolic time and cycle time which are
used to calculate carotid flow time.
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4. DYNAMIC HEMODYNAMIC MANEUVERS
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DYNAMIC HEMODYNAMIC MANEUVERS (ROC0.9)

 4.1. Passive leg raise (Threshold: 10%)
 4.2. End-expiratory occlusion test (Threshold: 5%)
 4.3. Mini fluid challenge (Threshold: 6%)
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 An approach gaining popularity for assessing fluid

responsiveness is the measurement of an inducible
change in a hemodynamic parameter (SV, SVI, CO, CI)
by a maneuver that changes the preload.
 The slope of the Frank–Starling curve depends on

the ventricular systolic function. Then, one given
level of cardiac preload does not help in predicting
fluid responsiveness.
 By

contrast, dynamic tests include a preload
challenge
(either
spontaneous,
induced
by
mechanical ventilation or provoked, by passive leg
raising, end-expiratory occlusion or fluid infusion).

 Observing the resulting effects on stroke volume

allows for the detection of preload responsiveness.
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4.1. PASSIVE LEG RAISE (THRESHOLD: 10%)
 Passive leg raise is a maneuver that mobilizes blood volume from the lower body into the cardiac

chambers. This increase in preload eventually is seen as an increase in cardiac output.
 The patient is placed semi-recumbent with the head of the bed at 45°. After recording baseline

measurements, the head of the bed is lowered and the legs are elevated to 45° for 2 min.
 Passive

leg raising has
correlates with volume
increases in cardiac output.

been studied and
expansion induced

 It

can be utilized in patients that are
spontaneously breathing, have cardiac arrhythmias,
and are not intubated.
 Limitation:


It may not be practical to be routinely used in the critical care setting due to the time taken to perform
multiple measurements, the unavailability of motorized beds capable of performing leg raise maneuvers, and
the patient populations that these maneuvers are contraindicated in (trauma patients, lower extremity
amputees, and prone patients).
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4.2. END-EXPIRATORY OCCLUSION TEST (THRESHOLD: 5%)
 In

mechanically ventilated patients, left-sided cardiac
preload decreases on inspiration due to increased
intrathoracic pressure.

 Theoretically, an EEO prevents this decrease in preload

caused by inspiration and acts like a fluid challenge.
 This maneuver is performed via a 15 s expiratory hold on

mechanically ventilated patients.
 An increase in arterial pulse pressure ≥ 5% during an EEO

predicted a positive response to fluid administration with
a sensitivity of 87% (95% CI, 66%–97%) and a specificity of
100% (95% CI, 71%–100%).

End-expiratory occlusion test. The end-expiratory
occlusion (EEO) test consists in interrupting
mechanical ventilation at the end of expiration during
15 seconds.
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4.3. MINI FLUID CHALLENGE (THRESHOLD: 6%)
 This method involves rapid infusion of a small volume of fluid with cardiac output estimation before

and after.
 Since blood pressure is dependent on both cardiac output and elastance, this maneuver cannot be

performed by solely measuring a change in blood pressure.
 The use of a cardiac output monitor (pulse contour analysis, bioreactance, transpulmonary

thermodilution) is required to measure a change in cardiac output or stroke volume.
 With colloid infusion of 100 mL over 1 min and cardiac output was estimated by velocity time

integral at the aortic outflow tract, before and after.
 In deeply sedated patients on mechanical ventilation without arrhythmias, this method had excellent

accuracy (AUROC =0.92, 95% CI: 0.78–0.98, r = 0.81, p b 0.0001)
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5. NONINVASIVE CONTINUOUS CARDIAC OUTPUT
MONITORING
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 5.1 Oesophageal Doppler
 5.2 Partial carbon dioxide (CO2) rebreathing
 5.3 Electrical bioimpedance
 5.4 Thoracic bioreactance
 5.5 Vascular unloading technique
 5.6 Pulse wave transit time
 5.7 Radial artery applanation tonometry
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5.1 OESOPHAGEAL DOPPLER
:CARDIOQ (DELTEX MEDICAL LTD., CHICHESTER, UK)
 A flexible probe with a Doppler transducer at the tip of the probe

is inserted orally or nasally into the oesophagus and the transducer
is positioned facing the descending aorta.

 the area under the waveform, generated by the descending aortic

blood flow, is defined as stroke distance. The stroke volume is
calculated from the measured stroke distance and the nomogram,
which is a calibrated constant that estimates the diameter of the
aorta and is based on the patient’s age, weight and height.

 Stroke distance is the area of the triangular waveform and is

related to stroke volume. Peak velocity and mean acceleration are
markers of contractility.

 LIMITATION:


not be reliable in situations such as severe aortic stenosis



incorrect placement of the probe can alter the CO measurement



limited to unconscious patients

https://basicmedicalkey.com/critical-illness/
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5.2 PARTIAL CARBON DIOXIDE (CO2) REBREATHING
:NICO (NON-INVASIVE CARDIAC OUTPUT) MONITOR (NOVAMETRIX MEDICAL SYSTEMS INC.
WALLINGFORD, CT, USA)
 The

computer cycles every three minutes from the nonrebreathing mode to a 50-second period of rebreathing by adding
an additional dead space with a disposable rebreathing loop

 The NICO monitor measures the carbon dioxide production

(VCO2 ) with an integrated CO2 /flow sensor, by calculating the
difference between expired and inspired CO2 concentration.
 The calculation of CO by the NICO monitor only reflects part of

the pulmonary capillary blood flow that participates in the gas
exchange.
 Limitations:


This technique is restricted to the mechanically ventilated patient



This may make the partial CO2 rebreathing technique unsuitable for
patients with severe hypercapnia, raised intracranial pressure or
pulmonary hypertension

https://www.researchgate.net/figure/Respironics-Non-InvasiveCardiac-Output-Monitor_fig2_230643827
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5.3 ELECTRICAL BIOIMPEDANCE
:NCCOM (BOMED MEDICAL), BIOZ (CARDIODYNAMICS), NICCOMO (MEDIS), ICON (OSYPKA CARDIOTRONIC), ICG (PHILIPS
MEDICAL SYSTEMS), NICOMON (LARSEN AND TOUBRO LTD.), THE CSM3000 (CHEERS SAILS MEDICAL), AND PHYSIOFLOW
(MANATEC BIOMEDICAL).

 Bioimpedance cardiography is based on the theory that with every

heart beat the electrical resistance (impedance) of the thorax
changes, because of a shift in intrathoracic blood volume

 Impedance cardiography relies on measured changes in signal

amplitude of a transmitted electrical current via four electrodes
placed on the neck and thorax.

 Hemodynamic variables: stroke volume (SV), CO, and thoracic fluid

content (TFC) are then derived from the output signal fluctuation.

 An alternating current is passed through the chest, where the

change in impedance is related to stroke volume.

 Limitations:


Operator error can occur with the incorrect placement of the sensors.



To avoid cannulation sites or wounds, commonly seen in patients in the
ICU, the position of the electrodes sometimes needs adjustment.
https://www.annals.in/viewimage.asp?img=AnnCardAn
aesth_2019_22_1_6_250196_f8.jpg
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5.4 THORACIC BIOREACTANCE
: NICOM SYSTEM (CHEETAH MEDICAL INC., BOSTON, MASSACHUSETTS, USA)
 Bioreactance CO measurement is based on analysis of relative phase shifts of

a high-frequency current, applied across the thorax.

 These relative phase shifts are related to changes in intrathoracic blood

volume, so that the peak rate of change in the relative phase shift is related
to the peak aortic flow during a heartbeat.

 The NICOM based on bioreactance, detects this relative phase shift by

detecting a high frequency current that is applied and recorded from the left
and right side of the thorax, by four dual electrodes placed at the corners of
the thorax.

 Because

bioreactance is not based on changes in amplitude-like
bioimpedance, it is less limited by factors such as body size, pleural and
pulmonary fluid and patient movement.

 Limitation:


Overestimate the CO in patients with aortic insufficiency.



Measurements can be altered by nurses’ interventions, movements of the patient or
loss of patch adhesive which occur over time.
Am J Physiol Heart Circ Physiol. 2007 Jul;293(1):H583-9
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5.5 VASCULAR UNLOADING TECHNIQUE
: CLEARSIGHT (BMEYE, AMSTERDAM, THE NETHERLANDS)
 The device works by combining continuous finger blood pressure

measurement via the volume clamp method, brachial pressure
reconstruction and the pulse contour method.

 Continuous finger blood pressure measurement is established by

wrapping the cuff around the middle phalanx of a finger.

 The finger cuff inflates and deflates to keep the diameter of the

artery constant using photo-plethysmographic technology.

 Limitations:


The system is not suitable in patients with severe peripheral
vasoconstriction, very oedematous fingers, a regurgitant aortic valve and
in patients with an aneurysm in the proximal aorta.



The finger cuff is restricted to a maximum of 8 hours per finger.



When using the newest system with two finger cuffs, continuous use is
restricted to a maximum of 72 hours.
https://www.edwards.com/gb/devices/HemodynamicMonitoring/clearsight
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5.6 PULSE WAVE TRANSIT TIME
: ESCCO (NIHON KOHDEN, JAPAN)
 Pulse wave transit time is the time required for a pulse pressure wave to

travel between two points.

 It can be estimated from the time interval between the development of

the R-wave on the electrocardiogram and its peripheral detection.

 PWTT is then considered inversely correlated with the SV.
 Pulse wave transit time is based on the delay of the generation of a

stroke volume (orange line) after the generation of the R-wave on the
electrocardiogram.

 Limitation:


the heterogeneity of patients’ profiles, for which an overall algorithm may be
statistically true for most but containing an inherent percentage error, making
individual prediction hard to assess



the interpatient variability in the course of his treatment and care in ICU
(accounting for volemia, vasoconstriction or vasodilation, catecholamine use
and arrhythmia, to name a few).
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5.7 RADIAL ARTERY APPLANATION TONOMETRY
: T-LINE SYSTEM (TENSYS MEDICAL INC., SAN DIEGO, CA, USA)

 A sensor is placed over the radial artery and

mean arterial

pressure can be determined.
 Subsequently, the arterial pressure waveform is scaled according

to a proprietary algorithm based on biometrical data and systolic
and diastolic arterial pressure can be derived.
 Limitation:


the major prerequisite for arterial pressure recording is optimal
positioning of the sensor over the radial artery.



Rapid movement of the patient’s arm to which the radial sensor is
attached by the patient or by medical staff can disturb the accurate
recording of the arterial pressure waveform and thus cardiac output
determination.
DOI: 10.1007/978-3-319-78759-6_35
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6. CONCLUSION
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DECISION-MAKING PROCESS OF FLUID ADMINISTRATION
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CLINICAL ALGORITHM FOR EEOT AND MINI-FC APPLICATION IN
THE ICU AND THE OR.
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Endothelium-glycocalyx layer
& its importance
송종욱 (연세의대)

글리코칼릭스(Endothelial Glycocalyx, EG)는 혈관내피세포의 혈관측 표면을 덮
고 있는 단백다당체 (proteoglycan)과 당단백질(glycoprotein)의 점성의 층구조를
말한다. EG의 주 구성 성분은 세포막에 붙어 있는 proteoglycan 및 이와 결합되어
있는 여러 종류의 glycosaminoglycan (GAG) side chain이다. Heparan sulfate,
dermatan sulfate, hyaluronic acid, keratan sulfate, chondroitin sulfate 등 여
러 종류의 GAG 중 가장 많은 것은 heparan sulfate이다. 이러한 GAG들은 syndecan1-4, glypican 1-6과 같은 proteoglycan과 결힙되어 있다. 이 외에도 EG층
안에는 extracellular superoxide dismutase, xanthine oxidoreductase, lipoprotein lipase, cytokine, and regulators of coagulation, selectins, integrins,
and immunoglobulin 등 수많은 molecule들이 존재하고 있다. 순환혈액과 내피세
포 사이의 barrier로써 EG는 혈관투과성에 주요한 인자이며, 그 외 혈류의 전단응력
(shear stress)을 세포 내 signal로 전달 (mechanotransduction), 혈관 내 응고 방
지, 각종 ligand-receptor interaction에 환경 제공 등 여러가지 기능을 하는 것으로
생각된다. 평상시에 EG층은 혈류의 전단응력 (shear stress)에 의해 계속적으로 깎
여 나가면서 세포 내 합성이 이루어지는 동적 평형상태를 이루고 있다. 허혈-재관류
(ischemia-reperfusion), 산화스트레스 (oxidative stress), 과혈량증 (hypervole-
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mia), 염증반응 등 다양한 자극에 의해 EG의 파괴가 가속화되면 혈관투과성 증가,
mechanotransduction 감소 등 EG의 기능 장애가 발생하며 이는 수술 중 수액 요법
에 큰 영향을 미칠 수 있다.
EG와 혈관막 투과성
내피세포 사이의 junction을 통한 수액의 투과량은 Starling principle로 설명된
다.
Jv/A = Lp (Pc – Pi) – σ (πc – πi)
Jv/A, filtration rate per area; Lp, hydraulic conductance; Pc, intravascular
hydrostatic pressure; Pi, interstitial hydrostatic pressure; σ, reflection coefficient; πc, plasma oncotic pressure; πi, interstitial oncotic pressure
Classic Starling principle에 따르면 내피세포 사이 junction을 통한 net flux가
혈관 내와 간질 사이의 정수압차(간질 방향)와 삼투압차(혈관 방향)에 의해 결정된다.
따라서 혈관 내 정수압이 높은 동맥측 모세혈관에서는 수액이 간질로 여과되고, 정
맥측 모세혈관으로 가면 반대로 혈관 내로 재흡수가 일어날 것으로 예측되었다. 하지
만 이 후 여러 연구에서 classic Starling principle과 맞지 않는 현상이 발견되었는
데 대표적인 것이 실제로 간질로 투과된 수액은 낮은 정수압에도 불구하고 모세혈관
에서는 재흡수되지 않는 점(간질에서 수액의 흡수는 림프계를 통해 이루어짐), 그리고
실제 간질의 단백질 농도가 Starling이 생각한 것보다 높기 때문에 위 방정식으로 계
산한 여과량이 실험으로 측정한 것보다 높게 나온다는 점, 그리고 실험적으로 간질내
삼투압을 올려도 총여과량에는 거의 변화가 없다는 점이었다. 이러한 차이점을 설명
하기 위해 EG-cleft 모델이 도입되어 Starling principle은 다음과 같이 수정되었다.
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Jv/A = Lp (Pc – Pi) – σ (πc – πsg)
πsg, sub-glycocalyx space oncotic pressure
EG 아래 내피세포 사이 junction에는 단백질 농도가 0에 가까운 sub-glycocalyx
space가 존재한다. EG층 안에는 많은 단백질이 존재하며 여과된 수액은 내피세포 간
junction 통해 간질로 빠져나가게 된다. Junction의 틈은 좁기 때문에 여과압이 낮더
라도 흐르는 수액의 속도는 상대적으로 빠르며 이는 간질의 단백질이 sub-glycocalyx space로 확산되는 것을 방해한다. 따라서 sub-glycocalyx space에는 단백질이
거의 없고 매우 낮은 삼투압을 유지할 수 있게 되며, 이는 혈관내 정수압에 대항할 만
큼 충분한 삼투압차를 만들어준다. 결과적으로 여과된 소량의 수액은 충분히 림프계
로 흡수될 수 있기 때문에 조직 내 부종은 일어나지 않는다.
EG와 수액요법
EG가 잘 보존된 상태에서 총여과량은 혈관내 정수압에 비례한다. 따라서 혈관내
용적이 줄어든 상황, 예를 들어 급성 출혈의 초기에 수액 요법을 실시하면 혈관내 정
수압이 낮은 상태이므로 혈관 밖으로의 여과량이 적고 정질액 교질액 모두 용적 확
장 효과가 우수하다. 정상 혈관내 용적 이상으로 수액 부하를 하면 정수압 증가로 인
해 간질로의 혈액 여과가 증가하게 되는데 이때 혈관내 교질삼투압 유지에 불리한 정
질액의 경우, 특히 투여한 양의 상당부분이 간질로 빠져나가고 실제 혈관내 용적 확
장 효과는 떨어지게 된다. 또한 수액 과부하는 혈관벽에 가해지는 전단응력을 증가시
킨다. 이 신호는 EG를 통해 세포 내로 전달되어 endothelial nitric oxide synthase
(eNOS)를 활성화시키고 결과적으로 혈관투과도를 조절하는 junctional protein에
변화를 일으켜 hydraulic conductance (Lp)를 증가시킨다. 한편 늘어난 혈관 용적
은 atrial natriuretic peptide (ANP)의 분비를 증가시키는데 ANP는 EG의 파괴를
유도한다. 따라서 지나친 수액 부하로 hypervolemia를 만드는 것을 피해야 한다.
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어떤 원인으로든 EG가 파괴되면 혈장 내 단백질 등이 간질로 빠져나가는 것을 막
아주는 장벽 기능에 문제가 생긴다. 따라서 같은 정수압에서 간질로의 수액 여과량이
증가하게 된다. 이 경우 교질용액의 교질분자들이 간질로 유출되기 때문에 정질액에
비해 더 나은 용적 확장 효과를 기대하기 힘들 뿐 아니라 오히려 간질 부종을 더 악화
시킬 가능성이 있다. 아마도 이러한 이유로 많은 임상시험에서 정질액 대 교질액의 용
적 확장 효과가 이론상의 1:3에 훨씬 못 미치는 1:1.3 정도에 그쳤으며, 교질액 사용
이 더 나은 예후를 보여주는 데 실패한 것으로 생각된다.
아직 사람에서 EG의 파괴나 재생의 정도를 정확히 측정할 수 있는 방법이 없기 때
문에 EG가 수액요법에 미치는 영향, 또는 반대로 수액요법이 EG에 미치는 영향에 대
해 임상적 증거는 매우 부족하다. 하지만 심장수술이나 패혈증, 심한 외상 등 중증환
자에서 혈장 내 syndecan-1 등 EG층이 파괴되면서 혈장 내로 유리되었을 것으로 생
각되는 EG 구성성분들의 농도가 높은 것으로 보고되었고 몇몇 연구에서는 높은 EG
구성성분 농도가 나쁜 예후와 관련이 있음을 보여주기도 하였다. EG 파괴를 감소시
키거나 재생을 가속화시킬 수 있는 특별한 약제나 중재 요법이 임상적으로 증명된 바
는 없다. 하지만 많은 실험, 또는 전임상 연구들이 수액 요법에 있어 hypervolemia
를 피하는 것이 중요함을 시사하고 있다. 한편, 실험적으로 정질액이나 합성교질액에
비해 신선동결혈장이나 알부민 용액이 EG 파괴를 감소시키는 효과가 있는 것으로 나
타났으나 아직 임상적 증거가 더 필요한 상황이다.
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최대기 (울산의대)

학력
EDUCATION

경력
C A R E E R

1994 ~ 2000

경희대학교 의학과 학사

2003 ~ 2009

울산대학원 의학과 석사

2009 ~ 2011

울산대학원 의학과 박사

2000년 ~ 2005 서울아산병원 인턴 및 레지던트
2008년 ~ 2010 서울아산병원 임상강사
2010년 ~ 2015 서울아산병원 임상조교수
2015년 ~ 2021 서울아산병원 임상부교수
2021년 ~ 현재

서울아산병원 임상교수
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Goal-directed fluid therapy
in thoracic surgery?
최대기 (울산의대)

Fluid management during thoracic anesthesia remains as a challenge
for the anesthesiologists. The “safe zone” between volume overload (risk of
pulmonary edema) and hypovolemia (potential risk of renal failure) is hard
to determine and narrow. Relationship between perioperative fluid administration and postoperative lung injury has been clearly demonstrated but
lung injury can even occur after the most restrictive management. Although
a “liberal” fluid strategy is out of question for thoracic surgery, evidence on
“restrictive” and “goal-directed” fluid strategies are missing. New monitors
with dynamic parameters can help to evaluate if the patient will respond to
a fluid challenge. However, “volume responsiveness” should not be equated
with volume deficiency, especially in a patient with thoracic epidural catheter.
Fluid management in anesthesia and especially in thoracic anesthesia is
an ongoing debate. It is almost impossible to organize powerful randomized
controlled trials comparing different methods, so that the challenge will
remain. The aim of the research is to enlarge the safety margin of the daily
practice.
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김희영 (부산의대)

학력
EDUCATION

경력
C A R E E R

2007		

부산대학교 의학과 학사

2010		

부산대학교 의학과 석사

2017		

부산대학교 의학과 박사

2012 ~ 2013

부산대학교병원 마취통증의학과 전임의사

2013 ~ 2014

양산부산대학교병원 마취통증의학과 진료교수

2014 ~ 2018

양산부산대학교병원 마취통증의학과 임상조교수

2018. ~ 현재

양산부산대학교병원 마취통증의학과 임상부교수
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How to optimize fluid balance
in pediatric patient?

D e p a r t m e n t of A n e s t h e s i a a n d P a i n M e d i c i n e
P usan Nat ional Univ er sit y Yangsan H ospit al
K im H ee Young, M D, P hD
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• Physiologic differences
• Importance of fluid balance
• How to optimize
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Physiologic differences
• Children are not small adults.

https://sites.google.com/site/childadolescentdevelopment2012/infancy-toddlerhood
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1. Myocardial structure of the heart

•

•

less volume of cellular mass
→ less compliant ventricles

cardiac calcium stores are reduced

https://aneskey.com/neonatal-anesthesia-5
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- Normal Range of Resting Heart Rates and Blood Pressure in Children

Clinical Anesthesia, 8th ed., Ch. 43

928

2. Kidneys
•

markedly diminished renal function in neonates

Miller’s Anesthesia, 8th ed., Ch. 93
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Importance of fluid balance
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1. Perioperative fluid management

•

important challenges in pediatric populations
- hypovolemia
- solutes with inappropriate composition
- exceedingly high rate

• no unequivocal consensus
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2. hypovolemia vs hypervolemia

Vincent et al. Critical Care 2015;19:224.
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• hypervolemia
• fluid extravasation into the interstitial space
- renal ischemia
- worsen myocardial and liver function
- intra-abdominal hypertension
- diffuse intestinal wall edema

• increased morbidity and mortality
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- The pathophysiologic effects of fluid overload on organ systems
Body system

Effect of fluid overload

Clinical manifestation

Central nervous system

Cerebral edema

Impaired cognition
Delirium

Respiratory system

Pulmonary edema
Pleural effusions

Increased work of breathing
Impaired gas exchange
Decreased lung compliance
Increased extravascular lung water

Cardiovascular system Myocardial
edema

Myocardial edema
Pericardial effusions

Impaired contractility
Diastolic dysfunction
Conduction abnormalities

Gastrointestinal system

Gut wall edema
Ascites

Malabsorption
Ileus
Bacterial translocation
Intra-abdominal hypertension

Hepatobiliary system

Hepatic congestion

Cholestasis
Impaired synthetic function

Renal system

Renal interstitial edema
Elevated renal venous pressure

Acute kidney injury
Uremia
Salt and water retention

Skin and musculoskeletal system

Tissue edema
Impaired lymphatic drainage
Deranged microcirculation

Poor wound healing
Pressure ulcers
Wound infection
Clinical Anesthesia, 8th ed., Ch. 43
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How to optimize
• individual vital signs often lack the
specificity and sensitivity.

• Guide ?
- hypovolemia > hypervolemia
- mechanical > spontaneous ventilation
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1. Hypovolemia
• static parameter
- CVP
• functional parameter
- SvO2, lactate
• dynamic parameter
- arterial blood pressure: SPV, SVV, PPV
- plethysmography: PVI
- ultrasound: blood flow peak velocity (Ao, CA), IVC diameter

937

- CA blood flow using the transfontanelle approach

Lee at al. Korean J Anesthesiol 2019 October 72(5): 429-40.
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- IVC ultrasound

https://youtu.be/slbiZGjVU9k
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2. Hypervolemia
• static parameter
- CVP, weight

• dynamic parameter
- arterial blood pressure: SVV, SVI
- ultrasound: blood flow peak velocity (Ao, CA), IVC diameter, B lines

940

- Lung ultrasound

A. Goffi et al. Can J Anesth/J Can Anesth 2018;65:399–416.
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https://radiologyassistant.nl

Claure-Del Granado and Mehta. BMC Nephrology 2016;17:109.
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3. Spontaneous ventilation

943

4. Final goal

Trzeciak et al. Acad Emerg Med. 2008 May ; 15(5): 399–413.
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Take home message

•

know physiologic differences

•

avoid hypovolemia and hypervolemia

•

use dynamic parameter, especially ultrasound
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Thank you.
Any question?
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