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Mechanická energie umělé plicní ventilace: zbytečný nebo nezbytný parametr?

170  |

ANESTEZIOLOGIE A INTENZIVNÍ MEDICÍNA  /   Anest intenziv Med. 2023;34(4):165-171  /  www.aimjournal.cz

12;21(1):183. doi: 10.1186/s13054-017-1750-x. PMID: 28701178; PMCID: PMC5508674.
6. Peters RM. The energy cost (work) of breathing. Ann Thorac Surg. 1969;7(1):51-67. 
doi:10.1016/S0003-4975(10)66146-2.
7. Paudel R, Trinkle CA, Waters CM, Robinson LE, Cassity E, Sturgill JL, et al. Mechanical 
Power: A New Concept in Mechanical Ventilation. Am J Med Sci. 2021 Dec;362(6):537-545. 
doi: 10.1016/j.amjms.2021. 09. 004. Epub 2021 Sep 28. PMID: 34597688; PMCID: PMC8688297.
8. Gattinoni L, Tonetti T, Cressoni M, Cadringher P, Herrmann P, Moerer O, et al. Ventilator
‑related causes of lung injury: the mechanical power. Intensive Care Med. 2016 
Oct;42(10):1567-1575. doi: 10.1007/s00134-016-4505-2. Epub 2016 Sep 12. PMID: 27620287.
9. Burša F, Oczka D, Jor O, Sklienka P, Frelich M, Stigler J, et al. The Impact of Mechani-
cal Energy Assessment on Mechanical Ventilation: A Comprehensive Review and Practi-
cal Application. Med Sci Monit. 2023 Sep 5;29:e941287. doi: 10.12659/MSM.941287. PMID: 
37669252; PMCID: PMC10492505.
10. Chiumello D, Gotti M, Guanziroli M, Formenti P, Umbrello M, Pasticci I, et al. Bedside calcula-
tion of mechanical power during volume- and pressure‑controlled mechanical ventilation. Crit 
Care. 2020 Jul 11;24(1):417. doi: 10.1186/s13054-020-03116-w. PMID: 32653011; PMCID: PMC7351639.
11. Cairo JM. Pilbeam s Mechanical Ventilation – Physiological and Clinical Applications. Vol 
7th Edition. Elsevier; 2020.
12. Chi Y, He HW, Long Y. Progress of mechanical power in the intensive care unit. Chin Med J 
(Engl). 2020;133(18):2197-2204. doi:10.1097/CM9.0000000000001018.
13. Marini JJ, Rodriguez RM, Lamb V. Bedside estimation of the inspiratory work of breathing 
during mechanical ventilation. Chest. 1986;89(1):56-63. doi:10.1378/CHEST.89. 1. 56.
14. Protti A, Maraffi T, Milesi M, Votta E, Santini A, Pugni P, et al. Role of Strain Rate in the Patho-
genesis of Ventilator‑Induced Lung Edema. Crit Care Med. 2016 Sep;44(9):e838-45. doi: 10.1097/
CCM.0000000000001718. PMID: 27054894.
15. Louis B, Guérin C. Comparison of geometric and algebraic methods to determine me-
chanical power in patients with acute respiratory distress syndrome. Intensive Care Med. 
2019;45(5):738-740. doi:10.1007/S00134-019-05521-4/FIGURES/1.
16. Giosa L, Busana M, Pasticci I, Bonifazi M, Macrì MM, Romitti F, et al. Mechanical power at 
a glance: a simple surrogate for volume‑controlled ventilation. Intensive Care Med Exp. 2019 
Nov 27;7(1):61. doi: 10.1186/s40635-019-0276-8. PMID: 31773328; PMCID: PMC6879677.
17. Cabello B, Mancebo J. Work of breathing. Intensive Care Med. 2006 Sep;32(9):1311-4. doi: 
10.1007/s00134-006-0278-3. Epub 2006 Jul 13. PMID: 16838150.
18. Aşar S, Acicbe Ö, Çukurova Z, Hergünsel GO, Canan E, Çakar N. Bedside dynamic calcu-
lation of mechanical power: A validation study. J Crit Care. 2020;56:167-170. doi:10.1016/J.
JCRC.2019. 12. 027.
19. Chi Y, He H, Long Y. A simple method of mechanical power calculation: using mean airway 
pressure to replace plateau pressure. J Clin Monit Comput. 2021;35(5):1139-1147. doi:10.1007/
S10877-020-00575-Y.
20. Long Y, Su L, Zhang Q, Zhou X, Wang H, Cui N, et al. Elevated Mean Airway Pressure and 
Central Venous Pressure in the First Day of Mechanical Ventilation Indicated Poor Outcome. Crit 
Care Med. 2017 May;45(5):e485-e492. doi: 10.1097/CCM.0000000000002290. PMID: 28244940.
21. Van Der Meijden S, Molenaar M, Somhorst P, Schoe A. Calculating mechanical power for 
pressure‑controlled ventilation. Intensive Care Med. 2019;45:1495-1497. doi:10.1007/s00134-
019-05698-8.
22. Becher T, Van Der Staay M, Schädler D, Frerichs I, Weiler N. Calculation of mechanical 
power for pressure‑controlled ventilation. Intensive Care Med. 2019;45:1321-1323. doi:10.1007/
s00134-019-05636-8.
23. Gattinoni L, Giosa L, Bonifazi M, Pasticci I, Busana M, Macri M, et al. Targeting transpulmonary 
pressure to prevent ventilator‑induced lung injury. Expert Rev Respir Med. 2019 Aug;13(8):737-
746. doi: 10.1080/17476348.2019.1638767. Epub 2019 Jul 5. PMID: 31274034.
24. Carteaux G, Parfait M, Combet M, Haudebourg AF, Tuffet S, Mekontso Dessap A. Patient
‑Self Inflicted Lung Injury: A Practical Review. J Clin Med. 2021 Jun 21;10(12):2738. doi: 10.3390/
jcm10122738. PMID: 34205783; PMCID: PMC8234933.
25. Araos J, Alegria L, Garcia P, Cruces P, Soto D, Erranz B, et al. Near‑Apneic Ventilation Decrea-
ses Lung Injury and Fibroproliferation in an Acute Respiratory Distress Syndrome Model with 
Extracorporeal Membrane Oxygenation. Am J Respir Crit Care Med. 2019 Mar 1;199(5):603-612. 
doi: 10.1164/rccm.201805-0869OC. PMID: 30216736.
26. Xie Y, Wang Y, Liu K, Li X. Correlation analysis between mechanical power, transforming 
growth factor‑β1, and connective tissue growth factor levels in acute respiratory distress syn-
drome patients and their clinical significance in pulmonary structural remodeling. Medicine. 
2019;98(29). doi:10.1097/MD.0000000000016531.
27. Li HH, Wang CW, Chang CH, Huang CC, Hsu HS, Chiu LC. Relationship between Mechani-
cal Ventilation and Histological Fibrosis in Patients with Acute Respiratory Distress Syndrome 
Undergoing Open Lung Biopsy. J Pers Med. 2022;12(3). doi:10.3390/JPM12030474.
28. Parhar KKS, Zjadewicz K, Soo A, Sutton A, Zjadewicz M, Doig L, et al. Epidemiology, Mecha-
nical Power, and 3-Year Outcomes in Acute Respiratory Distress Syndrome Patients Using Stan-
dardized Screening. An Observational Cohort Study. Ann Am Thorac Soc. 2019 Oct;16(10):1263-
1272. doi: 10.1513/AnnalsATS.201812-910OC. PMID: 31247145; PMCID: PMC6812172.
29. Bhalla AK, Klein MJ, Modesto I Alapont V, Emeriaud G, Kneyber MCJ, Medina A, et al; Pe-
diatric Acute Lung Injury and Sepsis Investigators (PALISI) Network. Mechanical power in pe-
diatric acute respiratory distress syndrome: a PARDIE study. Crit Care. 2022 Jan 3;26(1):2. doi: 
10.1186/s13054-021-03853-6. PMID: 34980228; PMCID: PMC8722295.

30. Wu HP, Chu CM, Chuang LP, Lin SW, Leu SW, Chang KW, et al. The Association between 
Mechanical Power and Mortality in Patients with Pneumonia Using Pressure‑Targeted Ven-
tilation. Diagnostics (Basel). 2021 Oct 10;11(10):1862. doi: 10.3390/diagnostics11101862. PMID: 
34679560; PMCID: PMC8534721.
31. Tonna JE, Peltan ID, Brown SM, Grissom CK, Presson AP, Herrick JS, et al. Positive End‑Expiratory 
Pressure and Respiratory Rate Modify the Association of Mechanical Power and Driving Pressure 
With Mortality Among Patients With Acute Respiratory Distress Syndrome. Crit Care Explor. 2021 
Dec 9;3(12):e0583. doi: 10.1097/CCE.0000000000000583. PMID: 34909696; PMCID: PMC8663805.
32. Fariña‑González TF, Núñez‑Reiz A, Yordanov‑Zlatkov V, Latorre J, Calle‑Romero M, Alonso
‑Martinez P, et al. Hourly Analysis of Mechanical Ventilation Parameters in Critically Ill Adult Co-
vid-19 Patients: Association with Mortality. J Intensive Care Med. 2022 Dec;37(12):1606-1613. 
doi: 10.1177/08850666221105423. Epub 2022 May 31. PMID: 35642279; PMCID: PMC9160580.
33. Chiumello D, Froio S, Mistraletti G, Formenti P, Bolgiaghi L, Cammaroto A, et al. Gas ex-
change, specific lung elastance and mechanical power in the early and persistent ARDS. J 
Crit Care. 2020 Feb;55:42-47. doi: 10.1016/j.jcrc.2019. 09. 022. Epub 2019 Oct 22. PMID: 31704618.
34. Das A, Camporota L, Hardman JG, Bates DG. What links ventilator driving pressure with survi-
val in the acute respiratory distress syndrome? A computational study. Respir Res. 2019;20(1). 
doi:10.1186/S12931-019-0990-5.
35. Tonna JE, Peltan I, Brown SM, Herrick JS, Keenan HT; University of Utah Mechanical Power 
Study Group. Mechanical power and driving pressure as predictors of mortality among pati-
ents with ARDS. Intensive Care Med. 2020 Oct;46(10):1941-1943. doi: 10.1007/s00134-020-06130-
2. Epub 2020 Jun 5. PMID: 32504104; PMCID: PMC7273377.
36. van Meenen DMP, Algera AG, Schuijt MTU, Simonis FD, van der Hoeven SM, Neto AS, 
et al; for the NEBULAE; PReVENT; RELAx investigators. Effect of mechanical power on 
mortality in invasively ventilated ICU patients without the acute respiratory distress 
syndrome: An analysis of three randomised clinical trials. Eur J Anaesthesiol. 2023 Jan 
1;40(1):21-28. doi: 10.1097/EJA.0000000000001778. Epub 2022 Nov 18. PMID: 36398740.
37. Chi Y, Zhang Q, Yuan S, Zhao Z, Long Y, He H. Twenty‑four‑hour mechanical power 
variation rate is associated with mortality among critically ill patients with acute re-
spiratory failure: a retrospective cohort study. BMC Pulm Med. 2021;21(1). doi:10.1186/
S12890-021-01691-4.
38. Costa ELV, Slutsky AS, Brochard LJ, Brower R, Serpa‑Neto A, Cavalcanti AB, et al. 
Ventilatory Variables and Mechanical Power in Patients with Acute Respiratory Distre-
ss Syndrome. Am J Respir Crit Care Med. 2021 Aug 1;204(3):303-311. doi: 10.1164/rccm.
202009-3467OC. PMID: 33784486.
39. Urner M, Jüni P, Hansen B, Wettstein MS, Ferguson ND, Fan E. Time‑varying inten-
sity of mechanical ventilation and mortality in patients with acute respiratory failu-
re: a registry‑based, prospective cohort study. Lancet Respir Med. 2020;8(9):905-913. 
doi:10.1016/S2213-2600(20)30325-8.
40. Sentruk E, Ugur S, Celik Y, Cukurova Z, Asar S, Cakar N. The power of mechanical 
ventilation may predict mortality in critically ill patients. Minerva Anestesiol. Published 
online April 2023. doi:10.23736/S0375-9393. 23. 17080-5.
41. Serpa Neto A, Deliberato RO, Johnson AEW, Bos LD, Amorim P, Pereira SM, et al; PRO-
VE Network Investigators. Mechanical power of ventilation is associated with morta-
lity in critically ill patients: an analysis of patients in two observational cohorts. Inten-
sive Care Med. 2018 Nov;44(11):1914-1922. doi: 10.1007/s00134-018-5375-6. Epub 2018 
Oct 5. PMID: 30291378.
42. Azizi BA, Munoz‑Acuna R, Suleiman A, Ahrens E, Redaelli S, Tartler TM, et al. Mecha-
nical power and 30-day mortality in mechanically ventilated, critically ill patients with 
and without Coronavirus Disease-2019: a hospital registry study. J Intensive Care. 2023 
Apr 6;11(1):14. doi: 10.1186/s40560-023-00662-7. PMID: 37024938; PMCID: PMC10077655.
43. Saffaran S, Das A, Laffey JG, Hardman JG, Yehya N, Bates DG. Utility of Driving 
Pressure and Mechanical Power to Guide Protective Ventilator Settings in Two Co-
horts of Adult and Pediatric Patients With Acute Respiratory Distress Syndrome: 
A Computational Investigation. Crit Care Med. 2020 Jul;48(7):1001-1008. doi: 10.1097/
CCM.0000000000004372. PMID: 32574467.
44. Zhang Z, Zheng B, Liu N, Ge H, Hong Y. Mechanical power normalized to predic-
ted body weight as a predictor of mortality in patients with acute respiratory distress 
syndrome. Intensive Care Med. 2019;45(6):856-864. doi:10.1007/S00134-019-05627-9.
45. Silva PL, Ball L, Rocco PRM, Pelosi P. Power to mechanical power to minimi-
ze ventilator‑induced lung injury? Intensive Care Med Exp. 2019;25;7(Suppl 1):38. 
doi:10.1186/s40635-019-0243-4.
46. Zhu Y, Peng W, Zhen S, Jiang X. Mechanical power normalized to predicted body 
weight is associated with mortality in critically ill patients: a cohort study. BMC Ane-
sthesiol. 2021;21(1). doi:10.1186/S12871-021-01497-1.
47. Marini JJ, Gattinoni L, Rocco PRM. Estimating the Damaging Power of High‑Stress 
Ventilation. Respir Care. 2020;65(7):1046-1052. doi:10.4187/RESPCARE.07860.
48. Cressoni M, Gotti M, Chiurazzi C, Massari D, Algieri I, Amini M, et al. Mechanical 
Power and Development of Ventilator‑induced Lung Injury. Anesthesiology. 2016 
May;124(5):1100-8. doi: 10.1097/ALN.0000000000001056. PMID: 26872367.
49. Romitti F, Busana M, Palumbo MM, Bonifazi M, Giosa L, Vassalli F, et al. Mechanical 
power thresholds during mechanical ventilation: An experimental study. Physiol Rep. 
2022 Mar;10(6):e15225. doi: 10.14814/phy2.15225. PMID: 35340133; PMCID: PMC8957661.


