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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





EARLY COMPLICATIONS DURING INTUBATION

 TRAUMA 

1. INFECTION

2. BLEEDING

3. SURGICAL EMPHYSEMA

 ARRHYTHMIAS

 BRONCHOSPASM

 ESOPHAGEAL INTUBATION

 BRONCHIAL INTUBATION



PREVENTION

 CHECK CUFF OF ETT BEFORE ATTEMPTING INTUBATION

 INTUBATE UNDER VISION

 RAPID SEQUENCE INTUBATION

 CHECK TUBE PLACEMENT BY 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-→HIGH INTRATHORACIC PRESSURE-
→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





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 DEADSPACE TO TIDAL VOLUME RATIO (VD/VT) CAN BE 

CALCULATED AS FOLLOWS:

 VD/VT =(PACO2 - PECO2)/PACO2

 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/VT OF LESS THAN 60% 
IS CONSIDERED ACCEPTABLE AND THIS VALUE SUGGESTS ADEQUATE 

VENTILATORY FUNCTION UPON WEANING FROM MECHANICAL 
VENTILATION



COMPLICATIONS OF VENTILATION

 VENTILATOR INDUCED LUNG INJURY- VILI

1. VOLUTRAUMA

2. BAROTRAUMA

3. ATELECTOTRAUMA

4. BIOTRAUMA

5. OXYGEN TOXICITY

 VENTILATOR INDUCED PNEUMONIA- VAP



TRANSPULMONARY PRESSURE 



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

2. HYALINE MEMBRANE

3. INCREASED VASCULAR PERMEABILITY

4. PULMONARY EDEMA



VOLUTRAUMA

 OVERDISTENSION OF THE NORMAL ALVEOLAR UNITS TO 

TRANSPULMONARY PRESSURES ABOVE 30 CMH2O CAUSES BASEMENT 
MEMBRANE STRETCH AND STRESS ON INTRACELLULAR JUNCTIONS

 POSITIVE PRESSURE DURING MECHANICAL VENTILATION FOLLOWS THE 

PATH OF LEAST RESISTANCE TO RELATIVELY NORMAL ALVEOLI, 
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



PREVENTION OF VOLUTRAUMA AND 

BAROTRAUMA

 PREVENTION IS 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

 HIGHER PEEP- PEEP TO BE SET 2 CM H2O 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





BIOTRAUMA

 MECHANOTRANSDUCTION- PHYSICAL FORCES DETECTED BY THE 

CELLS AND CONVERTED INTO BIOCHEMICAL SIGNALS

 MECHANOTRANSDUCTION AND TISSUE DISPRUPTION LEADS TO 
UPREGULATION AND RELEASE OF CYTOKINES AND CHEMOKINES WITH 

SUBSEQUENT CHEMOATTRACTION 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





OXYGEN TOXICITY 
DURING MECHANICAL 
VENTILATION

 FiO2 > 60% IN 72 HOURS 

CAUSES OXYGEN 
TOXICITY→LEADING TO FREE 
RADICAL INJURY AND DIFFUSE 

ALVEOLAR DAMAGE AKIN TO 
ARDS

 OXYGEN SHOULD BE USED 

JUDICIOUSLY AND WITHIN 24 
HOURS THE FiO2 MUST BE 
BROUGHT TO LESS THAN 60%



VENTILATOR ASSOCIATED 

PNEUMONIA (VAP)

 A SUBSET OF HOSPITAL AQUIRED PNEUMONIA THAT OCCURS AFTER 48 TO 
72 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



VAP



PATHOGENESIS OF VAP



PATHOGENESIS OF VAP



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 OF THE FOLLOWING-

 CHANGE IN ET SECRETIONS

 NEW ONSET DYSPNEA/ TACHYPNEA

 BRONCHIAL BREATH SOUNDS OR RALES

 WORSENING GAS EXCHANGE



MICROBIOLOGICAL 
DIAGNOSIS OF VAP

 10 4 CFU/ML- BAL

 10 3 CFU/ML- PSB

 10 5 CFU/ML- ET ASPIRATE



TREATMENT OF VAP



ANTIBIOTIC PROTOCOL FOR VAP



ANTIBIOTIC PROTOCOL FOR VAP



PREVENTION OF VAP

 7 VAP BUNDLES

 HEAD ELEVATION 30 TO 45 DEGREES

 DAILY SEDATION HOLIDAY

 STRESS ULCER PROPHYLAXIS

 DVT PROPHYLAXIS

 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
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THANK YOU!
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