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Lung Recruitment Strategies
A New Practical Approach
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Objectives of applying protective lung strategies

A Apply pathophysiologic specific strategy

A Select the most gentle mode consistent with the strategy
A Avoid lung atelecto-trauma

A Avoid oxygen toxicity as well as hypoxemia

A Avoid hemodynamic instability (occurs in both atelectasis and
hyperinflation)



The two management keys of hypoxemic
respiratory failure due to reduced ventilation
capacity (V/Q mismatch and R-L shunt)

A Key No 1:

A Oxygen reduction test to understand the reasonable target
saturation appropriate for the degree of V/Q mismatch and R-L
shunt

A Key No 2:
A Optimized PEEP test to maintain lung recruitment



Step 1: TNE should be done first to exclude:

A Pulmonary hypertension
A HSPDA which should be treated first



STEP TWO
PREASSESSMENT OXYGEN
REDUCTION TEST



Start with Gradual oxygen reduction with pulse
oximetry and NIRS

Preterm infant born at 24 weeks, PMA 30 weeks on HFJV MAP OF 14 and FIO2 0.9

Time (minutes)| FIO2 | SpO2 %| Cerebraloxygen Fractionaloxygen
Saturation (NIRS) | extraction
Normal (6380%) Normal (0.150.33)




CONCERNING THE AMOUNT OF NITROGEN GAS IN
THE TISSUES AND ITS REMOVAL BY BREATHING
ALMOST PURE OXYGEN.

By J. ARGYLL CAMPBELL axp LEONARD HILL.

(From the National Institute for Medical Research, Hampstead.)

A Nitrogen concertation decreased in the more
easily removable nitrogen e.g. grey matter of
brain

A Some antagonistic action might occur such as
constriction of blood vessels to keep out the
oxygen.

J of Physiology 1930



Inspired oxygen partial pressure (bars)
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STEP 3

EVALUATION OF THE MECHANISM OF
HYPOXEMIA

1- VENTILATION: PERFUSION RATIO
2- RL INTRAPULMONARY SHUNT



V-Q mismatch
Low FRC (deecruited lung)

Reference normal lung

PlOZ 630 mmHg

FIO2 0.9




V-Q mismatch

In max optimized
FRC (recruite
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Ventilation portion of the lung
which can not be achieved
with max lung inflated So the
only option to maintain SpO2
within the target is

to replace some of the nitrogen
with oxygen



STEP 4:
LUNG RECRUITMENT (PROTECTIVE)
STRATEGIES



Steps of lung protection
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Optimum PEEP (recruitment) test

Pre recruitment assessment: Post recruitment assessment:
ORT ORT

TNE TNE

LUNG ULTRSOUND LUNG ULTRSOUND

VOLUME GARANTTEE VENTILATION

PEER Compliance| PIP FIO2 SpO2 |[crRTO | FOE




Optimum PEEP (recruitment) test

Pre recruitment assessment: Post recruitment assessment:
ORT ORT

TNE TNE

LUNG ULTRSOUND LUNG ULTRSOUND

PRESSURE CONTROLED VENTILATION

PEER Compliance| TV FIO2 SpO2 |[crRTO | FOE




Differentiate Aerated lung, interstitial and alveolar edema




Lung recruitment by LUS




Assessment of lung hyperinflation
2 main types of echocardiographic low preload

A High right atrial pressure

A Low filling volume

A High intrathoracic
Nressures




The challenging Parenchymal lung diseases

A Heterogeneous lung
diseases

A Severe CLD

A CDH

A Lung hypoplasia
A ARDS



Normal and mechanical ventilation

ZEero

AR

3 dimensional lung expansion
Diaphragm
External intercostal




Clinical tips

The pleural pressure should be always negative

In both normal (negative) or positive pressure ventilation
EXCEPT:

1- Pneumothorax

2- Over distention and lung volume exceeding FRC (70% of TLC)
3- Grunting (valsalva maneuver)



Case scenario

A Preterm 23 weeks, PMA 36 weeks on MV almost since birth
A Currently on HFJV: FIO2 70% after ORT
A PEEP of 14, PIP 33 MAP of 17

A Oxygen histograms: >95(10%), 95-90(20%), 89-85(52%), 84-
80(10%), <80(8 %)

A No other acute systemic issues






Steps of PEEP test
Recruitment of FRC

FiO, < 0.30

Time






Vt (ml)

Determining optimum PEEP

Pressure / Volume loop
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Pressure / Volume loop - Hyperinflation

Vt (ml)

Flat portion of
the volume curve

Paw (cmH,0)




Assess lung recruitment




Time Constant = Compliance * Resistance (NB = 0.12-0.15 s)

Time necessary for the alveolar pressure to reach 63% of the
airway pressure (31 5 time constants to reach 951 99%)
Is an index of how rapidly the lung can empty

Inspiratory time must be 3-5 x time constant

One time constant = 63 % of volume leaves airway
Two =84%

Three =95%

Generally with acute disease like HMD: Longer IT
CLD: shorter IT




Conclusion

A Remember the five golden steps of lung recruitment in HRF:

1.

S S

Start with ECHO to assess pulmonary blood flow
Oxygen reduction test

Assess the mechanism of HRF

Stepwise lung recruitment

Stabilization then weaning at earliest chance to non invasive
ventilation



