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Postoperative pulmonary complications
Risk factors

Anasthesio-induced atelectasis Vascular surgeries Age >65 and <6 ys

Positive fluid balance Thoracic surgery (one lung ventilation) ASA23

Blood tranfusion 4 units or more Upper abdominal surgery COPD

Ventilatory settings (VT/Pplateau) Neurosurgery OSAS

General anesthesia Orofacial and neck surgery Preoperative Sp02

Use of nasogastric tube Emergency surgery CHF

Need for postoperative ventilation Reoperation Respiratory infection within a month
Long-acting muscle relaxants Surgeries 3hr or more Functional dependency

Intravenous vs inhalation anesthesia Open vs laparoscopic Smoker

Mask vs endotracheal tube Family history of asthma/atopy

Alcohol abuse

PH

Weight loss>10%
Albumin <3.5g/dlI
Hb<10g/dI

Impaired sensorium
Abnormal chest x-ray

BMI >27kg/m2

Tusman G et al, Curr Opin Anesthesiol, 2012



Postoperative pulmonary complications

Surgery factors
Point values assigned by each scoring system
PRF risk Pneumonia risk  ARISCAT PPC SLIP UEPI PRF risk
index® [9] index? [8] score [6] [23"] [7%] calculator® [45"]

Cardiac Excluded Excluded 24 19¢ Excluded 1.32
Thoracic 21 14 24 16° 1 1.96
Abdominal aortic aneurism 27 15 32f ] 2.949
Upper abdominal 14 10 15 1 2.64
Neurosurgery 14 8 1 2.08
Neck 11 8 1.11°
Peripheral vascular 14 3 ]
Urology 1.36
Other medium to very high risk surgery 1
Duration of surgery

2-3h 16 Excluded

>3 h 23 Inclusion criteria
Emergency surgery 11 3 8 Excluded 0.56
General anaesthesia 4

Canet J et al, Curr Opin Anesthesiol, 2013



Postoperative pulmonary complications
Incidence-Mortality

Risk incidence >20% in high risk procedures
 19-59% after thoracic surgery

e 16-20% after upper abdominal surgery

* 0-5% after lower abdominal surgery

* Postoperative pulmonary complications mortality 10-25%

Sachdev J G et al, Surg Clin N Am, 2012
Canet J et al, Curr Opin Anesthesiol, 2013



Anesthetic factors Surgical factors Patient factors

Altered respiratory
mechanics
V/Q mismatch
Muscle dysfunction

Postrespiratory
failure

Exacerbation of
preexisting disease

Pneumonia

Tusman G et al, Curr Opin Anesthesiol, 2012



Postoperative respiratory failure

Awakeness
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Loss of tone
Smaller volume
Reduced airway dimensions

Airway closure

Atelectasis

Hedensternia G, Acta Anesthesiol Scan, 2012



Postoperative respiratory failure
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Postoperative respiratory failure

Lung mechanics

lung volume, |
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Reber A et, Anaesthesia, 1998
Hedensternia G et al, Compr Physiolody, 2012



Postoperative respiratory failure
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Postoperative respiratory failure
V/Q relationship
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Postoperative respiratory failure
V/Q relationship
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Postoperative respiratory failure
Atelectasis

IV or inhalation anesthesia
Length of surgery

Type of surgery

Position of patient

Age

Body habitus

Lung disease

Surgical factors

Increased FiO2 : . M

Low V/Q

Anesthetic agents
Duration of surgery
Decreased tidal volume

Duggan M et al, Anesthesiology, 2005



Postoperative respiratory failure
Absorption atelectasis
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Postoperative respiratory failure

Muscle function

’

Wakefulness

Chemoreceptors
(PO,, PCO,, pH)

|

Central respiratory
pattern generator

Anesthetics
Opioids

consciousness
[Sleep, stroke, delirium]

Endogenous impairment of

Negative
pressure
reflex

MNs

MNs

¢

Respiratory pump muscles
Diaphragm
Intercostals

MNs

Respiratory
arousal

Opioids

Anesthetics

¢

) %

Upper airway dilator muscles
Genioglossus, tensor palatine

Sasaki N et al, Anesthesiology, 2013



Postoperative respiratory failure

Muscle function

consciousness

[Sleep, stroke, delirium]

| Drugs affecting | I Endogenous impairment of consciousness

|

Impaired respiratory arousal |

Preoperative morbidities
[Obesity, OSA, age, smoking]

Postoperative
residual
curarization

Systemic
inflammation
Upper Respiratory
airway pump
d"at‘?’ ) muscle Decreased
dyg}ﬂsnc;:ieon dysfunction efficien cl:y of
muscle

contractions
Mechanical injury
(trauma, surgical

Respiratory failure exposure),

Hyperinflation, Pain

. =

Mechanical ventilation ||:>I VIDD I

Dr Ventilation Induced Diaphragmatic Dysfunction
| Increased morbidity and mortality |

Sasaki N et al, Anesthesiology, 2013



Postoperative respiratory failure
ARDS

e 1/3 pts with ARDS (mild-moderate) post-surgery

* Mean incidence after high risk procedures 5-7%

Normal alveolus Injured alveolus during the acute phase
Sloghing of
bronchial epithelium

Inactivated

surfactant

Necrotic or apoptotic
type | cell

Surfactant
layer

Epithelial
basement y
membrane A 5 Red blood cell

Denuded basement

Type | cell
7 membrane

Hyaline membrane
Alveolar

macrophages Cellular Widened
! | debris _* *% ’ edematous
interstitiul

Platelets

\

‘Swollen, injured
endothelial cell
Endothelial

basement
membrane

2 Neutrophils

Fibroblasts  Gap formation

Gajic C et al, Am J Respir Crit Car Med, 2011
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Postoperative respiratory failure

ARDS

First Hit

Patient status
Procedure
(including
anesthetic
technique)

Patient factors
Oxidative stress
Inflammation
Coagulopathy
Capillary leak
Alveolar injury

>

Second Hit

Ventilatory strategy

Fluid intake
Transfusion
Aspiration
Infection

Canet J et al, Curr Opin Crit Care, 2014



Postoperative respiratory failure

ARDS

First Hit

Patient status
Procedure
(including
anesthetic
technique)

Patient factors
Oxidative stress
Inflammation
Coagulopathy
Capillary leak
Alveolar injury

>

Second Hit

Ventilatory strategy

Fluid intake
Transfusion
Aspiration
Infection

Canet J et al, Curr Opin Crit Care, 2014



Postoperative respiratory failure
VILI (Ventilation Induced Lung Injury)

De-recruitment

Low V+
No PEEP

Overdistention

Atelectotrauma

Release of
inflammatory
cytokines

W
\’ Biotrauma
IL-18,IL-6,IL-8,
TNFa
&

Barotrauma
Volutrauma

Release of
inflammatory
cytokines

Sprung J et al, Ventilatory strategies during anesthesia, Cambridge Press, 2010




Postoperative respiratory failure

TRALI (Transfusion Acute Lung Injury)

* ARDS

* During or within 6 hrs of transfusion

* Exclusion clinical diagnosis

5

Number of TRALI

o o
| |

o [$)]
|

FFP

RBC

Platelets | Pooled = Multiple
Pheresis | Platelets Products

Plasma*

Kleinman et al, Transfusion, 2010



Postoperative respiratory failure

TRALI
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= )
\\ \\ HNA-
3a/CTL2-P1

\\\\‘<—<@

Anti-MNA-32 in blood component

1. Donor anti-HNA-32
reacts with HNA-
33/CTL2-P1 on the
surface of primed
neutrophils

Priming and activation---------=-s-vauee--- Endothelial injury
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ROS and enzymes
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2. Antigen-antibody interaction
leads to activation of the PMN
oxidase and agglutination of
PMNs in the pulmonary
vasculature

TRALI

3. Activated PMNs induce endothelial
damage, capillary leakage, and
subsequent edema and lead to
pathological NET formation

Storch E et al, Blood, 2014
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Postoperative pulmonary complications
Prevention - Intraoperative

Surgery parameters [thoracoscopic/laparoscopic procedure, duration]

* Ventilatory parameters [accurate FiO2, avoid atelectotauma (PEEP, recruitment
maneuvres), avoid varotrauma (lung-protective ventilation)]

* Anesthetic parameters [neuroxial/regional/inhaled anesthesia, avoid overuse of
opiates, reversal NM blockage agents]

e Others parameters (fluids, transfusion)

Canet J et al, Curr Opin Crit Care, 2014



Postoperative pulmonary complications
Prevention — Postoperative

Early
mobilization

Adequate pain
control
(epidural/non
opiates)

Methods to prevent
postoperative pulmonary

complications
Physiotherapy

Non invasive
ventilation
(CPAP/BIPAP/
high flow nasal

Pulmonary
rehabilitation

Thompson SL et al, Int Anesthesiol Clin, 2018



Postoperative respiratory failure
Oxygen therapy/Ventilatory Support

INVASIVE

MECHANICAL
VENTILATION

NON INVASIVE MECHANICAL VENTILATION

HIGH FLOW NASAL THERAPY
CONVENTIONAL OXYGEN THERAPY




Continuous Positive Airway Pressure

for Treatment of Postoperative Hypoxemia
A Randomized Controlled Trial
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Control 104 102 ele} fele] a7 a6 a6 95 05
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Squadrone J et al, JAMA, 2005



Effect of Noninvasive Ventilation on Tracheal Reintubation
Among Patients With Hypoxemic Respiratory Failure

Following Abdominal Surgery
A Randomized Clinical Trial
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Jaber S et al, JAMA, 2016




Postoperative respiratory failure
High flow nasal therapy (HFNT)

Heated, humified mixture of air \(({\“
and oxygen
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Postoperative respiratory failure
HFNT

Reintubation rate

HFNC Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Brainard 2017 1 18 2 26 4.4% 0.72[0.07, 7.38]
Chen 2018 7 43 19 45 41.0% 0.39[0.18, 0.82] ——
Corley 2015 0 81 2 74 2.6% 0.18 [0.01, 3.79]
Dhillon 2017 3 46 19 138 17.2% 0.47 [0.15, 1.53] — =
Geng 2017 1 25 9 23 6.0% 010 [0.01, 0.75]
Parke 2013 2 189 o 171 26% 5.06 [0.24, 104.59]
Sun 2017 3 24 8 24 16.4% 0.38[0.11,1.25] |~
#Xu 2018 1 45 7 45 56% 0.14[0.02,1.11]
Yuz2017 1 56 2 54 4.2% 0.458 [0.05, 5.16] p<0.0001
Total (95% CI) 507 600 100.0% 0.38 [0.23, 0.61] Ea—
Total events 19 68 .

Heterogeneity: Tau®= 0.00; Chi*= 6.06, df=8 (F=0.64), F=0%

Testfor overall effect: Z= 3.92 (P = 0.0001) LE A

Favours HFNT

1

10 200

Favours COT

Ju Z et al, Open BMJ, 2019



Postoperative respiratory failure

HFENT

Postoperative pulmonary

complications
M.H, Random, 95% ClI

Experimental Control Risk Ratio

Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% CI
Brainard 2017 1 18 2 26 0.9% 0.72(0.07,7.38]
Dhillon 2017 4 46 12 138 4.1% 1.00[0.34, 2.959)
Futier 2016 58 108 68 112 906% 0.88[0.70,1.11)
Sun 2017 1 24 2 24 0.9% 0.50[0.05,5.15)
Yu 2017 4 56 7 54 3.5% 055(0.17,1.78]
Total (95% CI) 252 354 100.0% 0.87 [0.70, 1.08]
Total events 68 91

Heterogeneity: Tau*= 0.00; Chi*=0.94, df= 4 (P=092); F=0%
Testfor overall effect. Z=1.26 (P=0.21)

*

p=0.21

0.01

]
Favours HENT

0.1 10

100

Favours COT

Hospital mortality

- Experimental Control Risk Ratio
Study or Subgroup  Events  Total EBEvents Total Weight M-H, Random, 95% ClI M-H, Random, 95% CI
Chen 2018 1 43 4 45 23.7% 0.26 [0.03, 2.25) hd
Dhillon 2017 1 46 11 138 26.9% 0.27 [0.04, 2.06) b
Futier 2016 2 108 3 112 35.0% 0.69[0.12, 4.06)
Parke 2013 1 169 1 171 14.4% 1.01 [0.06, 16.05)
Yu 2017 0 56 0 54 Not estimable
p=0.14
Total (95% CI) 422 520 100.0% 0.45 [0.16, 1.29] —aiE—
Total events 5 19
Heterogeneity: Tau*= 0.00; Chi*=1.06, df= 3 (P = 0.79); F= 0% =0 o1 0=1 3 1=0 100*

Testfor overall effect Z=1.49 (P =0.14)

Favours HENT Favours COT

Ju Z et al, Open BMJ, 2019



Postoperative respiratory failure

HFNT
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Postoperative pulmonary complications
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Postoperative pulmonary complications

L * VAP/HAP
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P ‘U,Uaf-lr{f resplraory Respiratory Failure
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* Incidence 0.7-27% in general surgery

* Risk factors: smoking, age>65, severe COPD,
nasogastric tube, diabetes, hypoalbuminemia,
transfusion

* Mortality up to 40%

Chughtai M et al, J Clin Med Res, 2017



Postoperative pulmonary complications

Respiratory Failure




Postoperative pulmonary embolism
Thromboprophylaxis

THROMBOSIS

Vessel wall injury Hypercoagulability

* Increased thrombotic risk for the first 12 weeks after surgery (especially in women)

 Thromboprophylaxis at least 10-14 days after surgery

* High risk patients for VTE extensive duration for 4 weeks

* Extending for up to 5 weeks in orthopedic surgery patients

Quyatt J et al, ACCP Guidelines, Chest, 2012
Sweetland S et al, BMJ, 2009
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High risk for VTE
Caprini score 25

Quyatt J et al, ACCP Guidelines, Chest, 2012
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Postoperative pulmonary embolism
Treatment

* Management dilemma — risk of thrombolysis?

» Recent surgery relative contraindication (except brain or spinal surgery, trauma)
* Major bleeding >50% within 1 week

 Major bleeding 20% in 1-2 weeks

* Significantly reduced bleeding risk 2 weeks after surgery

Quyatt J et al, ACCP Guidelines, Chest, 2012
Condliffe R, Thorax, 2014
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Postoperative respiratory failure

V/Q relationship
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Original Investigation | CARING FOR THE CRITICALLY ILL PATIENT

Effect of Postextubation High-Flow Nasal Cannula
vs Conventional Oxygen Therapy on Reintubation
in Low-Risk Patients

A Randomized Clinical Trial

Hernandez G, JAMA, 2016

JAMA | Original Investigation | CARING FOR THE CRITICALLY ILL PATIENT

Effect of Postextubation High-Flow Nasal Cannula

vs Noninvasive Ventilation on Reintubation

and Postextubation Respiratory Failure in High-Risk Patients
A Randomized Clinical Trial

Hernandez G, JAMA, 2016

High risk patients

APACHE>12
Age>65

HF

COPD

BMI>30

>2 cormobidities
Difficult weaning
MV>7days
Airway patency
Deal of secretions



Post-extubation respiratory failure

15 - 25
.8 p= 0.04 High-flow oxygen therapy
© L 20
A =
. ©
i -
o 101 p
] Conventional therapy O 15
© ]
'g C Noninvasive mechanical ventilation
= -g 104
IIE 5 T — “
) High-flow therapy =
o Q
e o
0 . T |
0 24 48 72 0 . . |
Hours After Extubation 0 24 48 72
. Hours After Extubation
No. at r'SlF No. at risk
C(_}n“e“tlﬂnal therapy 263 244 236 231 High-flow oxygen therapy 290 260 234 223
High-flow therapy 264 256 252 251 Noninvasive mechanical ventilation 314 279 269 253
Hernandez G, JAMA, 2016

Hernandez G, JAMA, 2016






