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What is lung recruitment?

Lung recruitment (LR) is the use of an increased transient
sustained transpulmonary pressure, in order to open up (recruit)
previously collapsed alveoli and improve oxygenation.

Where did the concept of lung recruitment come
from?

The concept of LR comes up mainly in discussions around
patients with acute respiratory distress syndrome (ARDS), where
it has been shown that there is heterogenicity in the alveoli
filling, with some regions being collapsed therefore not filling
and not taking part in tidal volume ventilation, whilst other areas
are open, and some are even over-distended.2LR has shown both
beneficial and negative effects, thereby making patient selection
as well as timing of recruitment very important.

Recruitment manoeuvres have been shown to be beneficial to
prevent derecruitment during anaesthesia,* during induction of
anaesthesia there is a high incidence of a decrease in functional
residual capacity,® the percentage of lung collapse is variable
but may go as high as 25% in patients who are susceptible.
Table | shows a list of patients that may benefit from LR after
anaesthesia-induced atelectasis.®

Table I: Patients who benefit most from recruitment manoeuvres®

Anaesthesia-induced atelectasis in
Children under 6

Patients under 30 years

Obese patients

Pregnant patients in the third trimester
Laparoscopic surgery

Anaesthesia in Trendelenburg position
Thoracic surgery

Cardiac surgery

Abdominal surgery

How is lung recruitment performed?

There are a few manoeuvres that can be applied in different
ventilation modes that have been described; we will go into how
to do them shortly. Preceding these manoeuvres, it is advised
that the patient should always be sedated or under general

anaesthesia; the use of muscle relaxant is not compulsory;®
and lastly, the patient should be haemodynamically stable. It is
also important to monitor for changes in haemodynamics and
oxygen saturations. An initial and transient fall in one or both
may occur and if the decrease persists, this should prompt the
clinician to stop the manoeuvre.’

Recruitment manoeuvres could previously be delivered in control
modes, pressure/volume control, as well as in the spontaneously
breathing patient.® However, of late, pressure control mode and
gradual increases in positive end-expiratory pressure (PEEP)
seem to be preferred.

In spontaneously breathing patients, continuous positive airway
pressure (CPAP) of 40 cm H,O for 40 seconds was applied, or
CPAP of 35-45 cm H,O for 30 seconds.3® On volume control
mode, a manoeuvre called an extended sigh (e-sigh) manoeuvre
was applied, where the tidal volumes were reduced slowly from
8 to 2 ml/kg, and the PEEP increased from 10-25 cm H,O, in a
gradual manner. Once a PEEP of 25 cm H,0 and tidal volume of
2 ml/kg has been reached, a CPAP level of 30 cm H,0O is applied
for 30 seconds; after this period, the opposite is done till one gets
to baseline settings.’

On a pressure control mode, one may gradually increase the
sustained inflation pressure to 40 cm H,O for 7-8 seconds' or
with the driving pressure set at 15 cm H,0, a gradual increase in
PEEP is applied until a peak pressure of 40 cm H,O. This is then
maintained for 5-10 breaths and then gradually decreased until
ideal PEEP."""2 In order to avoid derecruitment after a manoeuvre,
an appropriate PEEP level should be set.

How do we know the lung recruitment manoeuvre
has worked?

There are direct and indirect methods of assessing if the chosen
lung recruitment manoeuvre has worked. Since more alveoli
are taking part in tidal volume ventilation, the expected result
is an improvement in the patient’s gaseous exchange and lung
mechanics.”* The three markers that have been used to indirectly
measure recruitment are oxygenation, compliance and the
stress index, therefore by simply looking at an arterial blood
gas and the ventilator, one will be able to judge the success
of the recruitment manoeuvre,® but positive changes in these
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three parameters are not always only due to lung recruitment
strategies,’® and are therefore not always reliable markers. For
example, improved oxygenation may be due to a fall in cardiac
output and thereby a fall in the intrapulmonary shunt'® and not
the recruitment of collapsed alveoli.

The direct methods that can be utilised are computed tomog-
raphy (CT) scan and pressure-volume (PV) curves (reference
techniques). CT scan provides images of lung aeration and
recruitment is measured as the amount of non-aerated tissue
at certain pressures that reinflate at higher pressures.’* But this
cannot be done routinely, unlike PV curves which are much
easier to do, and these are plotted by looking at end-expiratory
lung volumes at different PEEP values.'

Other direct measurement tools that have gained popularity
are electrical impedance, ultrasound, and the recruitment-
to-inflation ratio.”® Although electrical impedance has gained
popularity, it is not as easily accessible as the ultrasound
technique.’ When using the ultrasound, four regions are
examined on the left and right side of the chest, namely, the
upper and lower anterior regions, then the lateral and posterior
regions — images may be saved for reference. These regions are
then described as either normal aeration (lung sliding present
with A lines or less than 2 B lines), moderate loss of aeration
(multiple B lines that are well defined), severe loss of aeration
(multiple Blinesthatare coalescent) orlastly, lung consolidation.®
Each region is re-examined on a PEEP of 0, then PEEP of 15 cm
H,O. After examining the changes in each region, an ultrasound
reaeration score is then calculated. This score is correlated with
PEEP-induced lung recruitment and can be quantified with PV
curves.'

The pros and cons of lung recruitment

Recruitment manoeuvres have shown benefits such as improved
oxygenation, adecreaseinthe fraction of inspired oxygen needed
intraoperatively, and decreased postoperative pulmonary
complications.”Although there is no ideal manoeuvre, it
has been noted that some manoeuvres can cause more
haemodynamic compromise than others, in particular those
using high inflation pressures.> Furthermore, lung recruitment
has the potential to cause barotrauma/volutrauma' and it is
absolutely contraindicated in some cases, such as in patients
with brain injuries.’> Table Il shows other contraindications to
recruitment manoeuvres.®

Table II: Contraindications for recruitment manoeuvres®

Patients with severe uncontrolled hypotension
Head trauma

Intracranial hypertension

Open eye surgery

Undrained haemothorax

Bronchospasm

Pulmonary emphysema

Lung bullae

Conclusion

We often encounter patients who have
intraoperatively in anaesthesia, hence LR can be of use in the
theatre setting, but one needs to be cognisant of a few things,
such as a consolidated lung cannot be recruited, a patient already
on a high PEEP level may not benefit from further recruitment,

and over-recruitment will result in over-distention which will

hypoxaemia

worsen the patient’s already poor state.® Therefore, patient
selection remains a key factor in LR. Despite the controversies
surrounding the topic, it still remains an important tool to use in
the appropriate setting.

ORCID

K Mogotsi ' 2" https://orcid.org/0000-0003-1038-1890

References

1. Hodgson C, Goligher EC, Young ME, et al. Recruitment manoeuvers for adults
with acute respiratory syndrome receiving mechanical ventilation. Cochrane
Database Syst Rev. 2016;11(11):CD006667. https://doi.org/10.1002/14651858.
CD006667.pub3.

2. Puybasset L, Cluzel P, Gusman P, et al. Regional distribution of gas and tissue
in acute respiratory syndrome: I. Consequences for lung morphology. Intensive
Care Med. 2000;26(7):857-69. https://doi.org/10.1007/s001340051274.

3. Grasso S, Maseia L, Del Tureo M, et al. Effects of recruiting manoeuvres
in patients with acute respiratory syndrome ventilated with protective
ventilatory strategy. Anaesthesiology 2002;96(4):795-802. https://doi.
0rg/10.1097/00000542-200204000-00005.

4. Takeuchi M, Imanaka H, Tachibana K, et al. Recruitment maneuver
and high positive end-expiratory pressure improve hypoxaemia in
patients after pulmonary thrombendarterectomy for chronic pulmonary
thromboembolism. Crit Care Med. 2005;33(9):2010-4. https://doi.org/10.1097/01.
CCM.0000178174.53373.DA.

5. Garcia-Fernandez J, Romero A, Blanco A, et al. Recruitment manoeuvre
in anaesthesia: How many more excuses are there not to use them. Rev
Esp Anestesiol Reanim. 2018;65(4):209-17. https://doi.org/10.1016/].
redar.2017.12.006.

6. Chacko J, Rani U. Alveolar recruitment maneuvers in acute lung injury/acute
respiratory distress syndrome. Indian J Crit Care Med. 2009:13(1):1-6. https://doi.
0rg/10.4103/0972-5229.53107.

7. De la Osa AM, Garcia-Fernandez J, Llorente-Cantarero FG, et al. Lung recruitment
maneuvers do not cause haemodynamic instability or oxidative stress but
improve oxygenation and lung mechanics in a newborn animal model:
an observational study. Eur J Anaesthesiol. 2014;31(9):457-65. https://doi.
0rg/10.1097/EJA.0000000000000108.

8. Browder RG, Lanken PN, Macintyre N, et al. National heart, lung and
blood institute ARDS Clinical Trials Network. Higher versus lower positive
end-expiratory pressures in patients with the acute respiratory distress
syndrome. N Engl J Med. 2004;351(4):327-36. https://doi.org/10.1056/
NEJMo0a032193.

9. Lim CM, Koh Y, Park W, et al. Mechanistic scheme and effect of “extended
sigh” as a recruitment maneuver in patients with acute respiratory distress
syndrome: a preliminary study. Crit Care Med. 2001;29(6):1255-60. https://doi.
0rg/10.1097/00003246-200106000-00037.

10. Rothen HU, Neumann P, Berglund JE, et al. Dynamics of re-expansion of
atelectasis during general anaesthesia. Br J Anaesth. 1999;82(4):551-6. https://
doi.org/10.1093/bja/82.4.551.

11. Unzueta C, Tusman G, Suarez-Sipmann F, Bohm S, Moral V. Alveolar recruitment
improves ventilation during thoracic surgery: a randomized controlled trial. Br J
Anaesth. 2012;108(3):517-24. https://doi.org/10.1093/bja/aer415.

12. Rzezinski AF, Oliveira GP, Santiago VR, et al. Prolonged recruitment manoeuvre
improves lung function with less ultrastructural damage in experimental mild
acute lung injury. Respir Physiol Neurobiol. 2009;169(3):271-81. https:/doi.
0rg/10.1016/}.resp.2009.10.002.

13. Jonkman A, Ranieri VM, Brochard L. Lung recruitment. Intensive Care Med.
2022;48(7):936-8. https://doi.org/10.1007/500134-022-06715-z.

14. Chiumello D, Marino A, Brioni M, et al. Lung recruitment assessed by respiratory
mechanics and computed tomography in patients with acute respiratory
distress syndrome. What is the relationship? Am J Respir Crit Care Med.
2016;193(11):1254-63 https://doi.org/10.1164/rccm.201507-14130C.

15. Johnson B, Richard JC, Strauss C, et al. Pressure volume curves and compliance
in acute lung injury: evidence of recruitment above the lower inflection point.
Am J Respir Crit Care Med. 1999;159(4 Pt 1):1172-8. https://doi.org/10.1164/
ajrcem.159.4.9801088.

South AfrJ Anaesth Analg 2022; 28(5)Supplement @ http://www.sajaa.co.za


https://orcid.org/0000-0003-1038-1890
https://doi.org/10.1002/14651858.CD006667.pub3
https://doi.org/10.1002/14651858.CD006667.pub3
https://doi.org/10.1007/s001340051274
https://doi.org/10.1097/00000542-200204000-00005
https://doi.org/10.1097/00000542-200204000-00005
https://doi.org/10.1097/01.CCM.0000178174.53373.DA
https://doi.org/10.1097/01.CCM.0000178174.53373.DA
https://doi.org/10.1016/j.redar.2017.12.006
https://doi.org/10.1016/j.redar.2017.12.006
https://doi.org/10.4103/0972-5229.53107
https://doi.org/10.4103/0972-5229.53107
https://doi.org/10.1097/EJA.0000000000000108
https://doi.org/10.1097/EJA.0000000000000108
https://doi.org/10.1056/NEJMoa032193
https://doi.org/10.1056/NEJMoa032193
https://doi.org/10.1097/00003246-200106000-00037
https://doi.org/10.1097/00003246-200106000-00037
https://doi.org/10.1093/bja/82.4.551
https://doi.org/10.1093/bja/82.4.551
https://doi.org/10.1093/bja/aer415
https://doi.org/10.1016/j.resp.2009.10.002
https://doi.org/10.1016/j.resp.2009.10.002
https://doi.org/10.1007/s00134-022-06715-z
https://doi.org/10.1164/rccm.201507-1413OC
https://doi.org/10.1164/ajrccm.159.4.9801088
https://doi.org/10.1164/ajrccm.159.4.9801088

Lung recruitment

16. Bouhemad B, Brisson H, Le-Guen M, et al. Bedside ultrasound assessment of 18. Del Sorbo L, Tonetti T, Ranieri VM. Alveoli recruitment in acute respiratory
positive end-expiratory pressure-induced lung recruitment. Am J Respir Crit Care .
Med. 2011;183(3):341-7. https://doi.org/10.1164/rccm.201003-03690C. distress syndrome: should we open the lung (no matter what) or may accept
17. Hartland BL, Newell TJ, Damico N. Alveolar recruitment manoeuvre under (part of) the lung closed? Intensive Care Med. 2019;45(10):1436-9. https://doi.
general anaesthesia: a systematic review of the literature. Respir Care.
2015;60(4):609-20. https://doi.org/10.4187/respcare.03488. 0rg/10.1007/500134-019-05734-7.

South AfrJ Anaesth Analg 2022; 28(5)Supplement @ http://www.sajaa.co.za


https://doi.org/10.1164/rccm.201003-0369OC
https://doi.org/10.4187/respcare.03488
https://doi.org/10.1007/s00134-019-05734-7
https://doi.org/10.1007/s00134-019-05734-7

