COMPLICATIONS
OF MECHANICAL
VENTILATION
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» “ AN OPENING MUST BE MADE IN THE TRUNK OF THE TRACHEA, INTO
WHICH A TUBE OF REED OR CANE MUST BE PUT ; YOU WILL THEN
BLOW INTO THIS SO THAT THE LUNG MAY RISE AGAIN.. AND THE HEART
BECOMES STRONG..”

ANREAS VESALIUS 1555A.D




TYPES OF COMPLICATIONS

EARLY OR LATE

COMPLICATIONS DURING AND AFTER INTUBATION
COMPLICATIONS OF VENTILATION
COMPLICATIONS OF OXYGENATION
COMPLICATIONS DUE TO PROLONGED BED REST




]
TABLE B-13 Horoards and Complications of Mechanioaol Venfilation

Conditiamn Examples

Related to positive prassure Barotrauma {pneumotihorand,
ventilation mediastinal air leak, subcutanmnaous air

lealk)

Hypotension, decrease in cardiac
output

Arrhywthimia

Oxygen toxicity

Bronchopleural fistula

Bronchopulmonary dysplasia (in infants

Upper gastrointestimnal hremorrhage

Helated to patient condition Imnfection (due to reduced IMMuUunity)
Physical and psychologic traumma
Multiple organ faillure (may be
preexistimg)

Related to eguipment Ventilator and alarrm malfunction
{(ventilator amnd Ventilator circuit disconnmection
artificial airway) Accidental extubation

Main bronchus intubation

Postintubation stridor

Endotracheal tube lockage

Tissue damage

Atelectasis (due to inadequate tidal
wvolurme)

Related o medical MNMosocomial pneunonia (due To
professionals Cross—contaminaton)
Imnappropriate ventilator settings
Misadventures (due to lapses of
understamnding amd
Communication)




EARLY COMPLICATIONS DURING INTUBATION

» TRAUMA

1. INFECTION

2. BLEEDING

3. SURGICAL EMPHYSEMA
» ARRHYTHMIAS

» BRONCHOSPASM
» ESOPHAGEALINTUBATION
» BRONCHIALINTUBATION
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PREVENTION

CHECK CUFF OF ETT BEFORE ATTEMPTING INTUBATION
INTUBATE UNDER VISION

RAPID SEQUENCE INTUBATION

CHECK TUBE PLACEMENTBY 5 POINT AUSCULTATION
CHECK XRAY POST INTUBATION

START IV FLUIDS BEFORE INTUBATION TO AVOID SUGGEST POSITIVE
PRESSURE INDUCED HYPOTENSION

NEBULISE WITH SHORT ACTING B2 AGONISTS/ SHORT ACTING ANTI
MUSCURANIC AGENTS

ETT SUCTIONING




LATE COMPLICATION OF INTUBATION

CORD ULCERATION OR GRANULOMA FORMATION
SUPERIOR OR RECURRENT NERVE INJURY
TRACHEAL STENOSIS

NASAL OR ORAL ULCERATION

SINUSITIS




COMPLICATIONS OF VENTILATION-IMMEDIATE

» POSITIVE PRESSURE VENTILATION-2>HIGH INTRATHORACIC PRESSURE-
2> COMPRESSION OF PULMONARY VESSELS AND REDUCED VENOUS
OUTPUT-->REDUCED STROKE VOLUME--> REDUCED CARDIAC
OUTPUT-->HYPOTENSION AND REDUCED O2 DELIVERY

» PEEP ALSO INCREASES CVP BUT REDUCES AORTIC PRESSURE AND
CARIDAC OUTPUT

» DEAD SPACE VENTILATION- ANATOMIC OR PHYSIOLOGICAL
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PREVENTION

ANTICIPATE HYPOTENSION

INTRAVASCULAR VOLUME EXPANDERS ( CRYSTALLOIDS AND
COLLOIDS) AND VASOPRESSORS TO MANAGE REDUCTION IN
CARDIAC OUTPUT DUE TO POSITIVE PRESSURE VENTILATION AND PEEP

CUT THE ETT TO REDUCE DEAD SPACE VENTILATION

TIDAL VOLUME SET ON VENTILAOR HAS INDIRECT RELATIONSHIP WITH
THE DEAD SPACE VENTILATION= REDUCED TIDAL VOLUME INCREASED
DEAD SPACE

PHYSIOLOGIC DEAD SPACE CAN BE CALCULATED WITH THE HELP
OFABG




PHYSIOLOGICAL DEAD SPACE

PHYSIOLOGIC DEADSPACETO TIDAL VOLUME RATIO (VD/VT) CAN BE
CALCULATED AS FOLLOWS:

VD/VT=(PACO?2 - PECO2)/PACO?2

PACO2 IS ARTERIAL CARBON DIOXIDE TENSION AND PECO2 IS PCO2
OF A MIXED EXPIRED GAS SAMPLE. THESE TWO SAMPLES ARE
COLLECTED SIMULTANEOUSLY

IN PATIENTS ON MECHANICAL VENTILATION, VD/VTOF LESS THAN 60%
IS CONSIDERED ACCEPTABLE AND THIS VALUE SUGGESTS ADEQUATE
VENTILATORY FUNCTION UPON WEANING FROM MECHANICAL
VENTILATION



COMPLICATIONS OF VENTILATION l

» VENTILATORINDUCED LUNG INJURY - VILI
1. VOLUTRAUMA

2. BAROTRAUMA

3. ATELECTOTRAUMA
4.  BIOTRAUMA

5. OXYGEN TOXICITY

» VENTILATORINDUCED PNEUMONIA- VAP
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VILI

» LUNG DAMAGE CAUSED BY THE APPLICATION OF POSITIVE OR
NEGATIVE PRESSURE TO THE LUNG BY MECHANICAL VENTILATION

» THE DAMAGE IS CHARACTERISED BY

1. INFLAMMATORY CELL INFILTRATES

HY ALINE MEMBRANE

INCREASED VASCULAR PERMEABILITY
PULMONARY EDEMA

= CORS



VOLUTRAUMA

» OVERDISTENSION OF THE NORMAL ALVEOLAR UNITS TO
TRANSPULMONARY PRESSURES ABOVE 30 CMH20 CAUSES BASEMENT
MEMBRANE STRETCH AND STRESS ON INTRACELLULAR JUNCTIONS

» POSITIVE PRESSURE DURING MECHANICAL VENTILATION FOLLOWS THE
PATH OF LEAST RESISTANCE TO RELATIVELY NORMAL ALVEOL],
POTENTIALLY CAUSING ITS OVERDISTENTION

» THIS OVERDISTENSION LEADS TO AN INFLAMMATORY CASCADE THAT

AUGMENTS LUNG INJURY CAUSING ADDITIONAL DAMAGE TO
NORMAL LUNG UNITS



BAROTRAUMA

» LARGE TIDAL VOLUMES AND ELEVATED PEAK PRESSURES LEADING TO
RUPTURE OF ALVEOLI WITH SUBSEQUENT AIR LEAK--> PNEUMOTHORAX

AND PNEUMOMEDIASTINUM

» INCREASED TRANSPULMONARY PRESSURES ABOUT 50 CM H20 WILL
CAUSE BAROTRAUMA

Control 5 min 20 min |




PREVENTION OF VOLUTRAUMA AND
BAROTRAUMA

» PREVENTIONIS BY LUNG PROTECTIVE VENTILATION STRATEGIES LIKE
LOW TV OF 6 TO 8 ML/KG AND BY ADDING PEEP WHICH PREVENTS
ALVEOLAR COLLAPSE DURING END EXPIRATION

» KEEP PLATEAU PRESSURE ( PRESSURE AT THE END OF INSPIRATION) LESS
THAN 30 CM H20



ATELECTOTRAUMA

» LUNG INJURY ASSOCIATED
WITH REPEATED RECRUITMENT
( OPENING UP OF
COLLAPSED ALVEOLI) AND
DECRUITMENT

» LOW END INSPIRATORY
VOLUME INJURY




VENTILATION STRATEGIES TO MINIMISE

ATELECTOTRAUMA AND SHEARING STRESS

VEERVaEY - VvV

HIGHER PEEP- PEEP TO BE SET 2 CM H20O MORE THAN THE LOWER
INFLECTION POINT OF THE PRESSURE VOLUME CURVE

KEEP PEAK PRESSURES LESS THAN 40 CM H20

RESPIRATORY RATE LESS THAN 30 CM H20

RECRUITMENT MANOEUVRES

PRONE POSITIONING- GRAVITATIONAL RECRUITMENT MANOEUVRES
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BIOTRAUMA

» MECHANOTRANSDUCTION- PHYSICALFORCES DETECTED BY THE
CELLS AND CONVERTED INTO BIOCHEMICAL SIGNALS

» MECHANOTRANSDUCTION AND TISSUE DISPRUPTION LEADS TO
UPREGULATION AND RELEASE OF CYTOKINES AND CHEMOKINES WITH
SUBSEQUENT CHEMOATIRACTION AND ACTIVITATION RESULTING IN
PULMONARY AND SYSTEMIC INFLAMMATORY RESPONSE AND
MULTIORGAN DYSFUNCTION

» STRATEGIES TO AMELIORATE IT INCLUDE PROTECTIVE LUNG
VENTILATION STRATEGIES AND USE OF NEUROMUSCULAR AGENTS



BIOTRAUMA

The concept of “Biotrauma™
Mechanical Injury Leads to Inflammation

ARDS Baro-Volu-Atelectrauma

a2
Surfactant — Biotrauma

Depletion

]

Stress Failure
Shear Forces
Overdistension
a2

Cell Trigger Mechanism




Biologic alterations
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OXYG EN TOX' C | TY SHE?UEHC{? Dglﬂmnmtlr}:l:hanges during
DURING MECHANICAL L e —

Exposure
VENTl LAT' O N (> at 1 atm Duration Manifestions
100 =12h Decreased tracheobronchial
clearance; decreased forced
vital capacity; cough; chest
H > pain
F|02 60% lN 72 HOURS =24 h Altered endothelial function

CAUS ES OXYGEN =36h Increased ill’-"l.?-l‘.-r]i:lt'—at'tl.?r']'i:ll
TOX'C'TY%LEAD'NG -I-O FREE oxygen gradient; decreased

carbon monoxide diffusing

RADICAL INJURY AND DIFFUSE e capacity
ALVEOLAR DAMAGE AKIN TO ncreasing alveolar

permeability; pulmonary

ARDS edema; surfactant

inactivation
=60 h Acute respiratory distress
syndrome

OXYGEN SHOULD BE USED 60% 7 days Mild chest discomfort
JUDICIOUSLY AND WITHIN 24 e e 2
HOURS THE FiO2 MUST BE changes in morphometry
BROUGHT TO LESS THAN 60% 24 28% Months  Subdimical pathologicsl

changes; no dinical toxicity
documented
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VENTILATOR ASSOCIATED
PNEUMONIA (VAP)

A SUBSET OF HOSPITAL AQUIRED PNEUMONIA THAT OCCURS AFTER 48 TO
/2 HOURS OF ENDOTRACHEAL INTUBATION

EARLY ONSET- LESS THAN 4 DAYS
LATE ONSET- MORE THAN 4 DAYS

OCCURS IN 10 TO 65% VENTILATED PATIENTS

LONGER THE DURATION OF MV HIGHER THE CHANCES OF DEVELOPING
VAP

MORTALITY DUE TO VAP CAN GO UPTO 76% IN PATIENTS WITH
PSEUDOMONAS OR ACINETOBACTER PNEUMONIA




RISK FACTORS FOR VAP

Ventilator-associated pneumonia
[ndependent risk factors
Ape =DOA Years
COPD/PEEF/pulmonary disease
Coma/impaired consciousness

[ntracranial pressure monitoring
Organ failure

Large volume gastric aspiration
Prior antibiotics

H- blocker 4/ — antacids
Gastric colonization and pH
Season: fall, winter

Ventilator circuit changes 24 vs. 48
Heintubation

Mechanical ventilation >2 days
Tracheostomy

supine head position
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VAP Types

Early Onset VAP Late Onset VAP

« Occurs in the period of 2-5 days - >5 days post intubation
post intubation

« Usually caused by antibiotic-
Pathogens responsible are resistant organisms

susceptible to antibiotic therapy — Pseudomonas aeruginosa,

— Staphylococcus Aureus — Methicillin-resistant

(Meth sensitive) Staphylococcus aureus
Streptococcus preumoniae (MRSA),

Hemophilus influenzae Acinetobacterspecies
Proteus species Enterobacter species
Serratia species Vancomycin-resistant
Klebsella pneurnoniae ernterococcus (VRE)
Escherichia coli




PATHOGENESIS OF VAP

Antimicrobials Contaminated Cross-Colonization
and Respiratory (Hand, Glove)
Other Therapy,

Medications Testing and

Am; esia

Endotracheal Equipment
T | _| Inadequate Device

Disinfection/Sterilization

Tube (ET)
“a Impaired Natural
W Protection/
Clearance System L

y ¥

Contamination/
Colonization
with bacteria Oropharyngeal | Gastric Contaminated-aerosol
Coomzatlon Colonization Ceneration || Contaminated

\ Water, Solutions
. Aspiriation of microorganisms \ / /

into the lungs directly through
t |

!
LUNG DEFENSES Transiocation
?

Bacteremia ARE
OVERCOME

Lungs contaminated
with microorganisms
PNEUMONIA




PATHOGENESIS OF VAP

Healthcare personnel: transmession of staphvyilococa and Gram-negative

bacternia mciuding Pseudomonas sm and Acinetobacter spp
vt P

Feeding tube: aspiration of gastrointestinal tract

[ = R
flora from respiratory tract

venulator device:. introcguction of

Enterobactenaceae/staphylococc: mto airway and
Legonelia spp

l

from bhurmdiher devices




CLINICAL DIAGNOSIS OF VAP

» CLINICAL PULMONARY INFECTION SCORE (CPIS)

SCORE> 6> VAP
» 2-1-2 RULE
1. NEW ONSET OPACITIES ON CXR X 2 DAYS
2. EITHER (1) FEVER OR LEUKOPENIA OR
LEUKOCYTOSIS
3. 2 OFTHE FOLLOWING-
» CHANGE IN ET SECRETIONS
» NEW ONSET DYSPNEA/TACHYPNEA
» BRONCHIAL BREATH SOUNDS OR RALES
» WORSENING GAS EXCHANGE

| Assessed paramete

Temperature
Leukocyte count
Tracheal secretions

Radiographic findings (on chest
radiography, excluding CHF and ARDS)

Culture results (endotracheal aspirate)

Oxygenation status
(defined by PaO2:FiO2)

36.5-38.4 °C

38.5-38.9 °C
<36o0or=z39°C

4.000-11,000/mm3
< 4,000 or> 11,000/mm3
= 500 Band cells

None
Mild/non-purulent
Purulent

No infiltrate
Diffuse/patchy infiltrate
Localized infiltrate

No or mild growth

Moderate or florid growth

Moderate or florid growth AND
pathogen consistent with Gram stain

> 240 or ARDS
< 240 and absence of ARDS

N—=-O N=0O N=0 NnN—=0 N=0o




MICROBIOLOGICAL
DIAGNOSIS OF VAP

Microbiological diagnosis
ATS/IDSA

J ENDOTRACHEAL

ASPIRATE

> 10 4 CFU/ML- BAL
> 103 CFU/ML- PSB h 2&'.’:&%‘.‘:
> 10 5 CFU/ML- ET ASPIRATE

H -BAL

~  -MINI BAL

" _ PROTEECTED |
Ll SPECIMEN
BRUSH




TREATMENT OF VAP

—

~

~ Antibiotic treatment of
VAP )

e —

2 overriding

o principles
. //

- it o ///'/—;—
/~  Adequate \/
initial empiric /
antibiotic
therapy.

Avoiding
unnecessary
antibiotics.

N p
N >
~ . _
\‘-\' /

—_—

(/’ Duration of therapy

.



ANTIBIOTIC PROTOCOL FOR VAP

HAP/VAP: assess risk for MDR pathogens and mortality

Low MDR pathogen risk and High MDR pathogen risk and/or
low mortality risk# >15% mortality risk

No septic shock Septic shock

Single Gram-negative
agent [if active for >90% Dual Gram-pseudomonal
Gram-negative bacteria in coverage
the ICU] +MRSA therapy
+MRSA therapy

Antibiotic monotherapy:

ertapenem, ceftriaxone,

cefotaxime, moxifloxacin
or levofloxacin




ANTIBIOTI

Patients with Mild to Moderate Nosocomial
Pneumonia, No Unusual Risk Factors,
Onset Anytime, or Patients with Severe
MNosocomial Pneumonia with Early Onset*’

Core Organisms

Enteric gram-negative
bacilli

non-Pseudomonas)

Enterobacter spp.
Esc 'I'l.'u'u:l.'.iiu:ll coli
Klebsiella spp.
Protens spp.

Serratia marcesc

W ] 5 by B
FErR OIS PRI MENIae

Methicillin-sensitive
.';. AHFENS
-5‘:7 |'|.'_|" FOOCCHs

PHRELITTOFTMAE

Core Antibiotics

Piperacillin-tazobactam 3.375

gIVg4h

Fiperacillin-tanobactam?® 4.5
gIVgéh

“r
(1

Cefotaxime 1-2gm IV q8h

-
T

Ceftriaxone 1 gIV q 12 h

if allergic to penicillins/
cephalosporins

Clindamycin

pr
T

vancomycin plus
Ciprofloxacin IV

AZirsonam

PROTOCOL FOR VAP

Patients with Mild to Moderate Nosocomial
Pneumonia with Risk Factor, Onset

Anytime*
Core Organisms Plus

Anaerobes

(recent abdominal surgery,
witnessed aspiration

: y T
- | — S
.'l'..lr':""l HOCOCCCHS @UNENS

{ooma, head tranma,
diabetes mellitus, renal
failure

Leggionella spp.

-

[

! aeTHginosa
{prodonged 1CLT stay,
F : !
steroids, antibiotics,

struciural lung disease)

Core Antibiotics Plus

Clindamycin &00 mg IV C

Bh

ar
Fiperacillin-tazobactam
3375 gIV q 6 h (alome

| Vancomyycin
(until methicillin-resistant
5 aureus i5 excluded
T

L

Linezolid

Auoroquinolone
ar

Macrolide

Treat as severe nosocomial
pneumaonia
Table 130-5)

Patients with Severe Nosocomial
Pneumonia with Risk Factors, Onset, or
Patients with Severe Nosocomial
Pneumonia, Late Onset*

Core Organisms Plus:

5 '
Acrnetobacter :H-I."P.

Consider methicillin-

resistant 5. aurens

Therapy

Aminoglycoside (gentamicin,
tobramycin, amikacin)?*
=
Fluoroquinolone plus one of the
following:
Piperacillin-tazobactam 3.375 g
IVqg4h
-
Piperacillin-tazobactam® 4.5 g
Y qb h
=
Imipenem 500 mg IV q & h
=
Meropenem® 1.0 gIVg8h
=
Ceftazidime 2.0 gIV g h
=
Cefepime 1-2gIVg&h
ar
Vancomycin | g IV q 12h
ar

Linezolid 600 mg IViPD g 12 h
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PREVENTION OF VAP

7/ VAP BUNDLES

HEAD ELEVATION 30 TO 45 DEGREES
DAILY SEDATION HOLIDAY

STRESS ULCER PROPHYLAXIS
DVTPROPHYLAXIS

DAILY ORAL CARE WITH CHLORHEXIDINE AND SUBGLOTTIC
SUCTIONING

PRACTICE HAND HYGIENE BY HEALTH CARE PERSONNEL
REPLACE NGT WITH OROGASTRIC TUBE




COMPLICATIONS DUE TO PROLONGED
VENTILATION

» INFECTIONS AND SEPSIS
» BED SORES
» NEUROMUSCULAR WEAKNESS



REFERENCES

» Fishman's Pulmonary Diseases and Disorders- 4 edition, Fishman
A.F, Elias J. A

» Clinical application of Mechanical Ventilation- 4th edition, Chang
DW

» ARDSnet Ventilatory Protocol andAlveolar Hyperinflation.Role of
Positive End-Expiratory Pressure.Am J Respir Crit Care Med Vol 176.
pp /761-767,2007

» ‘Summary of the international clinical guidelines for the
management of hospital-acquired and ventilator-acquired
pneumonia’. Torres et al.ERJ Open Res 2018; 4. 00028-2018



THANK YOU!

An Ounce of Prevenkion is
Worth a Pound of cure |
- Benjamin Franklin -

| — ——



Approximate | ion of Inspired Oxygen
and High-Flow :

w Rate (L/min)  Fyg,
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