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Postoperative Pulmonary Dysfunction in
Adults After Cardiac Surgery With

Cardiopulmonary Bypass: Clinical
Significance and Implications for Practice

Rochelle Wynne, RN, PGDACN (CTh), MEd, MRCNA and Mari Botti, RN,
BA (Melb), GDAP, DipN, PhD, MRCNA
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Preoperative
Chronic obstructive pulmonary disease ™
Obesity "
Age: >60 years,” " >70 years, "' >80 years'
Diabetes”
History of smoking*™
Chronic heart failure’™”
Emergency surgery <1
Previous cardiac surgery™**
Immobility’

\

.




Intraoperative
Respiratory depression™
Neurological injury”
Lung deflation®
Cardiopulmonary bypass™*
Topical cooling™*
Internal mammary artery dissection %"~
Sternotomy incision™*
Increased number of bypass grafts™ ™
Increased duration of cardiopulmonary bypass™*
Lower core temperature’ =




T N——
Postoperative

Respiratory depression associated with nonreversal
of anesthesia’™

Phrenic nerve dysfunction®

Diaphragmatic dysfunction*=**

Pain®"*“

Constant tidal volumes/short shallow respiration®

Reduced compliance®

Reduced vital capacity and functional residual capacity™

Ventilation-perfusion mismatch and physioclogical
shuntis_GZ_“

Fluid imbalance®*' %

Immobility,***" position®®

Chest tubes**

Nasogastric tubes’™

Impaired mucocilliary clearance,” ineffective cough™= "

Pleural effusion®"*"=

Atelectasis™™ ™77

Pulmonary edema*”

Aspiration®
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Practice Advisory for Preanesthesia Evaluation

An Updated Report by the American Society of
Anesthesiologists Task Force on Preanesthesia Evaluation




O Preanesthesia Chest Radiographs
* Clinical characteristics to consider include smoking, recent up- B | 7" P A

per respiratory infection, COPD, and cardiac discase. :

® The Task Force recognizes that chest radiographic ab- 10
normalitics may be higher in such patients but does AkCIger
not believe that extremes of age, smoking, stable KO ns u Ita n:
COPD, stable cardiac disease, or resolved recent up-
per respiratory infection should be considered un- : P u | moner

equivocal indications for chest radiography.

O Preancsthesia Pulmonary Evaluation Other than Chest X-ray fonks lyon
* Preanesthesia pulmonary evaluation other than chest x-ray may .
include consultation with specialists and tests that range from test I eri
noninvasive passive or provocative screening tests (e.g., pulmo- .
nary function tests, spirometry, pulse oxi:cgtry) to Lfvasrvc as- S p Irometre
sessment of pulmonary function (e.g:, arterial blood gas). P u I se
® Ancsthesiologists should balance the risks and costs of these

® Clinical characrteristics to consider include type and in-
vasiveness of the surgical procedure, interval from previ- A KG
ous cvaluation, treated or symptomatic asthma, symp-
tomatic COPD, and scoliosis with restrictive funcrion. ' \
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~
0.3%

Abnormality
detected

Patient without risk factor =)

-

~N
22%
Abnormality
detected
Patient with risk factors
(cardiac or pulmonary diseases) 7

Rucker L, Frye EB, Staten MA. JAMA 1983; 40: 1022.
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Gupta Perioperative Risk Calculators

* Prospective, multicenter data set
« 183 academic and community hospitals

» American College of Surgeons National Surgical Quality Improvement
Program (NSQIP)

» 211,410 patients undergoing major surgery

Surgicalriskcalculator.com

Gupta et al. CHEST 2011: 140(5):1207-1215
Gupta et al. May Clin Proc 2013:88(11):1241-1249
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ASA class

Dependent functional status
Emergency procedure
Preoperative sepsis

Type of surgery
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* Age
ASA class
COPD

Dependent functional status

Preoperative sepsis
Smoking in past year
Type of surgery
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Preoperative Risk Factor Point Value

Table 6. RESPIRATORY FAILURE RISK
INDEX

Type of surgery
Abdominal aortic aneurysm repair

Thoracic

Upper abdominal

Neck

Neurosurgery

Vascular
Age

=80y

70-79 y

60-69 y

50-59 y
Functional status

Totally dependent

Partially dependent
Weight loss > 10% in past 6 months
History of chronic obstructive pulmonary disease
General anesthesia
Impaired sensorium
History of cerebrovascular accident
Blood urea nitrogen level

<2.86 mmol/L (<8 mg/dL)

7.85-10.7 mmol/L (22-30 mg/dL)

=10.7 mmol/L (=30 mg/dL)
Transfusion > 4 units
Emergency surgery
Steroid use for chronic condition
Current smoker within 1 year
Alcohol intake > 2 drinks/d in past 2 weeks

Preoperative Predictor

Type of surgery
Abdominal aortic aneurysm
Thoracic
Neurosurgery, upper abdominal, or peripheral
vascular
Neck
Emergency surgery
Albumin (<30 g/L)
Blood urea nitrogen (>30 mg/dL)
Partially or fully dependent functional status
History of chronic obstructive pulmonary disease
Age (years)
=70
60-69
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Methodology

Patient Population

Date of development

Outcomes

C-statistic

Notable limitations

NSQIP databases, VASQIP database,
Prospective cohorts Prospective cohorts

468,795 patients in 183-211 community &

academic hospitals 316,071 patients in 100 VA hospitals

2007/2008 1995-1999
Respiratory Failure Respiratory Failure
Pneumonia Pneumonia
Resp Failure: 0.897 Resp Failure: 0.834
Pneumonia: 0.855 Pneumonia: 0.817

Veterans, almost no females,
No OSA, asthma, h/o VTE, PFTs Surgeries classified on incision site
and not organ involved




Factor Adjusted odds ratio
score
Age <50vyears

1 0

>80 5.1(1.9-13.3) 16

Preoperative O

1 0

<90% 10.7 (4.1-28.1 24

Respiratory infection in the last month 5.5(2.6-11.5) 17

Preoperative anemia (Hb <10g/dL)

Canet J, Gallart L, Go logy 2010; 113:1338




gy

— S —
_ - ——

” -
/ F .
Factor Adjusted odds ratio Risk score

1

0

Duration of surgery <2 hours 1 0
>3 hours 10.7 (4.1-28.1 24
Emergency surgery
Pulmonary complication rate:
Low riski{1.6%) Moderate risk (13.3)%)

£26 points 26-44 points
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TABLE 2: Specific interventions to reduce the risk for postoperative pulmonary complications (PPCs)

Risk reduction strategy Strength of evidence® Type of complication

Postoperative lung expansion modalities A Atelectasis, pneumonia, bronchitis, severe hypoxemia

Selective postoperative nasogastric B Atelectasis, pneumonia, aspiration

decompression

Short-acting neuromuscular blockade B Atelectasis, pneumonia

Laparoscopic (vs open) operation C Spirometry, atelectasis, pneumonia, overall respiratory
complications

Smoking cessation | Postoperative ventilator support

Intraoperative neuraxial blockade l Pneumonia, postoperative hypoxia, respiratory failure

Postoperative epidural analgesia | Atelectasis, pneumonia, respiratory failure

[mmunonutrition l Overall infectious complications, pneumonia, respiratory
failure

Routine total parenteral or enteral nutrition’ D Atelectasis, pneumonia, empyema, respiratory failure

Right heart catheterization D Pneumonia

*A, good evidence that the strategy reduces the risk for PPCs and benefit outweighs harmy; B, at least fair evidence that the strategy reduces the risk for PPCs
and benefit outweighs harm; C, at least fair evidence that the strategy may reduce the risk for PPCs, but the balance between benefit and harm is too dose o
justify a general recommendation; D, at least fair evidence that the strategy does not reduce the risk for PPCs or harm outweighs benefit; I, evidence of
effectivencess of the strategy to reduce the risk for PPCs is conflicting, of poor quality, lacking, or insufficient or the balance between benefit and harm cannot
be determined.

'Evidence remains uncertain (strength of evidence 1) for severely malnourished patients or when a protracted time of inadequate nutritional intake is
anticipated.

From Lawrence VA, Cornell JE, Smetana GW: Strategies to reduce postoperative pulmonary complications after noncardiothoracic surgery: systematic review for the
American College of Physicians. Ann Intern Med 144:596-608, 2006,
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ARDS BERLIN KRITERLERI

T

SURGICAL CRITICAL CARE

TABLE 6: New acute respiratory distress syndrome “Berlin” definition 2012

Acute respiratory
distress Syndrome (ARDS)

-Timing Within 1 week of 2 known clinical insult or new or worsening respiratory symptoms (New addition, AECC
stated “acute onset” with no definition)

Chest imaging Bilateral opacities on chest radiograph or chest computed tomographic scan (No change from AECC definition)

Origin of edema Respiratory failure not fully explained by cardiac failure or fluid overload (No change from AECC definition, but
removed pulmonary artery wedge pressure criterion from defmition given declining use of PA catheters)

Oxygenation
Mild Pa0,/FiO, ratio 201-300 mm Hg with PEEP or CPAP 2 5 cm H,0 (The term “acute lung injury, ALI" in AECC
definition was removed, and added a minimum level of PEEP)

Moderate Pa0O,/FiQ, ratio 101-200 mm Hg with PEEP 25 cm H,0
Severe PaO,/FiO, ratio € 100 mm Hg with PEEP 2 5 cm H,0

AECC, American-European Consensus Conference; CPAP, continuous positive airway pressure; FiO,, fraction of inspired oxygen; PA, pulmonary artery
catheter; PaQ,, partial pressure of arterial oxygen; PEEP, positive end-expiratory pressure,

‘R{ - J




Sigara y1 biraktir Minimal ve kisa prosedur
AC hastaligini optimize Rejyonel kullanimi

et Uzun etkils NMB den

Enf varsa ertele : kagin

Antibiotik eger lGsye
varsa

Akciger kompliansini
arttirici egzersizler

Akciger FZT
Epidural Agri Onlemi
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Kuvvetli oneriler

An Official American Thoracic Society/European Society of Intensive 4-8 ml/kg PBW
Care Medicine/Society of Critical Care Medicine Clinical Practice
Guideline: Mechanical Ventilation in Adult Patients with Acute
Respiratory Distress Syndrome

Eddy Fan, Lorenzo Del Sorbo, Ewan C. Goligher, Carol L. Hoedgson, Laveena Munshi, Allan J. Walkey,

Nelll K. J. Adhikari, Marcelo B. P. Amato, Richard Branson, Roy G. Brower, Niall D. Ferguson, Ognjen Gajic,
Luciano Gattinoni, Dean Hess, Jordi Mancebo, Maureen O, Meade, Daniel F. McAuley, Antonio Pesenti,

V. Marco Ranieri, Gordon D. Rubenfeid, Eileen Rubin, Maureen Seckel, Arthur S. Slutsky, Daniel Talmor,

B. Taylor Thompson, Hannah Wunsch, Elizabeth Uleryk, Jan Brozek, and Laurent J. Brochard; on behalf of the
American Thoracic Society, European Society of Intensive Care Medicine, and Society of Critical Care Medicine

THIS OFFICAL CUNCAL PRAGTICE OUIDELINE OF THE Aversscan Troraoe Sociery (ATS), Euncpean Sotery o Intensnve Cane Metons (ESICM), ant
Socery oF Camoar Care Menone (SCOM) was apesoven gy tHE ATS, ESICM, ano SCCM, Mascs 2017

Background: This document provides evidence-based than 12 b/d (moderate confidence in effect estimates). For patients with
clinical practice guidelines on the use of mechanical ventilation moderite or severe ARDS, the recommendation is strong against routine
in adult patients with acute respiratory distress syndrome (ARDS).  use of high-frequency oscillatory ventilation (high confidence in effect
estimates) and conditional for higher positive end-expiratory pressure
Methods: A multidisciplinary panel conducted systematic reviews  (moderate confidence in effect estimates) and recruitment maneuvers
and metaanalyses of the relevant research and applied Grading of (low confidence in effect estimates). Additional evidence is necessary to
Recommendations, Assessment, Development, and Evaluation make a definitive recommendation for or against the use of
mc(hodology for dinical recommendations. utnu;uqx]rcn] membrane oxygenation in patients with severe ARDS.

Results: For all patients with ARDS, the recommendation is strong for  Conclusions: The panel formulated and provided the rationale for
mechanical ventilation using lower tidal volumes (4-8 ml/kg predicted  recommendations on selected ventilatory interventions for adult
body weight) and lower inspiratory pressures (plateau pressure < 30 cm  patients with ARDS. Clinicians managing patients with ARDS should
H,0) (moderate confidence in effect estimates). For patients with severe  personalize decisions for their patients, particularly regarding the ECMO ek k t kli
ARDS, the recommendation is strong for prone positioning for more  conditional recommendations in this guideline. € anit gerekil
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ClinicalTrials.gov

Try our beta test site

IMPORTANT: Listing of a study on this site does not reflect endorsement by the National Institutes of Health. Talk with a trusted healthcare
professional before volunteering for a study. Read more...

ART - Alveolar Recruitment for Acute Respiratory Distress Syndrome Trial (ART)

This study is ongoing, but not recruiting participants. ClinicalTrials.gov Identifier:

NCT01374022
Sponsor:

Hospital do Coracao First received: June 13, 2011
Last updated: May 8, 2017
Last verified: May 2017
History of Changes

Information provided by (Responsible Party):
Hospital do Coracao

Full Text View  Tabular View  No Study Results Posted Disclaimer [ How to Read a Study Record
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Table 2

Summary of mechanical ventilation procedures in the ART strategy group»s= ARDSNet strategy group

Procedure

ART strategy: maximum alveolar recruitment
mancuver associated with PEEP titration

ARDSNet strategy

Aldveolar
recruitment
maneuver Yes (see Figure 1) No

-

Ventilation
mode Volume-controlled Volume-controlled

Target
plateau
pressure and
driving

pressure Plateau =30 cmii>O Plateau =30 acniiO

Target tidal
volume 4 to 6 ml/kg of predicted body weight 4 o 6 mi_ kg of predicied Hody wesght

Respiratory

rate and pli
goal S o 35/min, adjusted for pI = 7_30 if possible S o 35/min adjusted for pEH = 7 3530 if possible

- S




I:E ratio

Oxygenation
goals

PaOyp
Sp0O2
PEEP and

FiOy
adjustment

Weaning

1:1 to 1:2; flow 60 L/min; inspiratory pause 0.5 s

60 to 830 mmHg

90 to 95%

PEEP titration 2 cmH20 above PEEP value associated
with maximum compliance. FiO; titration adjusted

according to oxygenation goals

After 24 h with PaO7/FiOp =300 (or stable/ascending)
start weaning from PEEP 2 emH?20 every 8 h. Consider

pressure support ventilation after PEEP < 14 ¢mli70.

Spontancous ventilation test in PS « 5 emH20 and
PEEP ~ 5 emH20. Routine use of NIV immediately
afler extubation is encouraged

.

121 to 1:2: flow 60 L'min: inspiratory pause 0.5 s

55 to 80 mmHp

8% 10 95%

According w0 PEEP/Fi0p combination table

Weaning from PEEP acconding 10 1zble of PEEP
and Fi02 combinations. Consider pressure support

ventilation after PEEP < 14 emi0. Spontancous
ventilation test in PS « 5 ¢cmH20 and PEEP ~ §
cm20. Routine use of NIV immediztely after
extubation is encouraged
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ClinicalTrials.gov

Try our beta test site

IMPORTANT: Listing of a study on this site does not reflect endorsement by the National Institutes of Health. Talk with a trusted healthcare

professional before volunteering for a study. Read more...

Extracorporeal Membrane Oxygenation for Severe Acute Respiratory Distress Syndrome (EOLIA)

This study is currently recruiting participants. (see Contacts and Locations)

Verified December 2016 by Assistance Publique - Hopitaux de Paris

Sponsor:
Assistance Publique - Hopitaux de Paris

Collaborator:
Maquet Cardiopulmonary AG

Information provided by (Responsible Party):
Assistance Publique - Hopitaux de Paris

ClinicalTrials.gov Identifier:
NCT01470703

First received: November 9, 2011
Last updated: March 21, 2017
Last verified: December 2016
History of Changes
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Experimental Treatment Arm

— Venovenous ECMO will be started as rapadly
as possible

- Mechamcal ventilation settings: volume-

assist control mode, F1iO,; 30-60%., PEEP >10

cm H,O, V1 lowered to obtamn a plateau

pressure <20 cm H,O, RR 10-30/mnute or

APRV mode with high pressure level <20 cm

H2O an low pressure level =10 cm H2O

— ECMO weaming accordmng to protocol

.

Control Conventional Treatment Arm

— Conventional management of ARDS
- Ventilatory settings: volume-assist control
mode, V1 6 mlkg of ideal body weight and
PEEP adapted so as not to exceed plateau
pressure of 28-30 cm H,O
— In the case of refractory hypoxerma the usual
adjunctive therapeutics can be used NO,
prone position, HFO ventilatson,
almitnne infusion
— Cross-over option to ECMO possible if
refractory hypoxema defined as Sa0O2 <80%
for =6 hours. despste mandatory use of
recrtment maneuvers, and mhaled
NO/prostacychn and 1f techmically possable a
test of prone positon

- S
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SOLVE bekliyoruz

- -
-

Strategies for Optimal Lung Ventilation in ECMO for ARDS: The SOLVE ARDS Study (SOLVE ARDS)

The recruitment status of this study is unknown. The completion date has passed and the ClinicalTrials gov ldentifier:
status has not been verified in more than two years. NCTO01990456

Veorifiod November 20714 by Eddy Fan, Umniversity of Toronto First received: November 6, 2013
Rocruitmant stotus was: Recruilting Last upcated: November S, 2014
P Last verified: November 2014

History of Changes

University of Toronto

Collaborators:
University Health Network, Toronto
The Physicians' Services Incorporated Foundation

Information provided by (Responsible Party):
Eddy Fan, University of Toronto

Full Text View Tabular View No Study Results Posted Disciaimer Ed How to Read a Study Record

B Purpose

Due to lack of studies on mechanical ventilation strategies in patients with severe Acute Respiratory Distress Syndrome (ARDS) supported with
Veno-Venous Extra-Corporeal Membrane Oxygenation (VV ECMO). ventilator setiings in this patient population are set arbitranily.

In this two-phases prospective, interventional, pilot study we hope to gain physioclogically relevant data on two aspects of mechanical ventilation in
patients with severe ARDS supported with Vv ECMO: (1) the use of tidal ventilation and (2) the level of Positive End-Expiratory Pressure (PEEP).

1 PHASE 1: impact of tidal ventilation on VILI (10 patients) We hypothesized that a CPAF strategy that minimizes end-tidal pulmonary stress
and strain mitigates VILI| comparedad to the current mechanical ventilation practice that employs fidal ventilation in patients with severe ARDS
on ECMO. In this first phase we will test whether agministering a distending inspiratory pressure o produce fidal ventilation is supernior to a
strategy where only continuous positive airway pressure {CPAFP) is applied for veniiiation induced lung injury (VIL1) mitigation. as assessed by
its impact on bictrauma (serum cytokines) and physiologic measurements.

PHASE 2: impact of PEEP on VILI (10 patients) We also hypothesizec that adjusting PEEF 1o maxamize respiratory system compliance
reduces VILI in patients with severe ARDS on ECMO.

B .
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DO! 101186/ 13613-017-0236- O Annals of Intensive Care

RESEARCH Open Access

Dynamic driving pressure associated Qi
mortality in acute respiratory distress syndrome
with extracorporeal membrane oxygenation

Li-Chung Chiu , Han-Chunrg Hu' 7%, Chen-Yiu Hung ., Chin-Hao Chang'. Feng-Chun Tsai®, Cherg-Ta Yarg ' ~,

Chung-Chi Huang' 3, Huang-Pin Wu® and Kuo-Chin Kao -

Abstract

Background: The survival predictors and optirmal rmechancal vont i ator S<ett mgs i1 DAatients with sovere acute respira
tOry distress syndrome (ARDS) undergoing exiracorporesl rmermbrane oxyoenation (ECMO) ace uncertain. This study
was doesigned to investigate the influences of dlinical variaties ana rmechaomnical ventilation settings on the outcormes
for soevere ARDS patients recaeiving ECAO

Methods: We reviewed severe ARDS patients who received COAMD cue 10 refraciory hrypaxermia frorm May 2006 to
COcrober 20115, Serial rmechanical vertilator settings before and after ECNDO oG faciors assocaied with survival wore
anag yroeo,

Results: A 1octal of 158 severe ARDS patients recoived ECANO were finally analyzed. Overall intensive care wunit (ICWL)
rortality was 55,19 After ECMO initiation, tidal volurme, peak insoiratory peessure and dynarmic driving pressure vwere
decreased, while positive end-expiratory pressure levels were relative rmantasned. After SO0 initation, Nnonsurvivors
nad significantly higher dynarmic driving pressure until day 7 Than survivors Cox Droportiona’ hazarss roegrossion
modae! revealed that immunocormprommised hazard ratio 1 557 55 comficdence nmtervwa! (CN) 1.216-3.147. o = 0.00€],
Acute Physiology ard Chromic Health Evaluation (APACHE) VU score (aza~d ratio TO39, 95 O 10057073 o = C.023],
ARDS duration before ECMO (hazard ratio 1.002: 55% O 1.000-7 003 o = 0.025) and maan dynarmic driving pressure
fromm day 1 to 3 on ECMO (hazard ratio 1.070: 955 O 1.026- 7.7 T p = O002) wwore indepoendenly associated withy 18
rmortality.

Conclusions: For sovere ARDS patients receiving ECMO, Irmrmunocormorormised status, ARATHE | score ard the dura
tion of ARDS pefore ECMO initiation were significantly assodiates with iU suryval Higher Symamnic driving proessure
durirg frst 3 days of ECMO support was also independontiy assocated waith increases 10U rmggtality.

Keywords: Driving pressurse, Mechanica! verstilation, ACutle restratory Sisirsss syndrome,

Extracorporeal mermbrane oxyoonation, Cutcorme
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Kaplan—Meier survival curves in patients with secvere acute respiratory distress syndrome (ARDS) on
extracorporcal membrane oxygenation (ECMO). Blue line denotes patients with mean dynamic driving
pressure =21 cm H,O, and green fine denotes patients with mean dynamic dnving pressure >21 ecm H,O
from day 1 to 3 on ECMO. The overall survival rate of patients with dynamic driving pressure <21 cm H,O
was significantly higher than those with dynamic dnving pressure >21 cm H,O (56.1 vs. 33 .39, p = 0.001)
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Metabotyping Patients’ Journeys
Reveals Early Predisposition to

Lung Injury after Cardiac Surgery

Raluca Georgiana Maltesen'2.3.", Bodil Steen Rasmussen?~, Shona Pedersen3*,
Munsoor Ali Hanifa3, Sergey Kucheryavskiy?, Seren Risom Kristensen®* & Reinhard Wimmer?

Cardiovascular disease is the leading cause of death worldwide and patients with severe symptoms
undergo cardiac surgery. Even after uncomplicated surgeries, some patients experience postoperative
complications such as lung injury. We hypothesized that the procedure elicits metabolic activity that
can be related to the disease progression, which is commonly observed two-three days postoperatively.
More than 700 blood samples were collected from 50 patients at nine time points pre-, intra-,

and postoperatively. Dramatic metabolite shifts were observed during and immediately after the
intervention. Prolonged surgical stress was linked to an augmented anaerobic environment. Time
series analysis showed shifts in purine-, nicotinic acid-, tyrosine-, hyaluronic acid-, ketone-, fatty acid,
and lipid metabolism. A characteristic ‘metabolic biosignature’ was identified correlating with the

risk of developing postoperative complications two days before the first clinical signs of lung injury.
Hence, this study demonstrates the link between intra- and postoperative time-dependent metabolite
changes and later postoperative outcome. In addition, the results indicate that metabotyping patients”
journeys early, during or just after the end of surgery, may have potential impact in hospitals forthe
early diagnosis of postoperative lung injury, and for the monitoring of therapeutics targeting disease

progression.
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