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Evolucion de concepto de proteccion
pulmonar
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Ergotrauma

VENTILATION WITH LOWER TIDAL VOLUMES AS COMPARED WITH
TRADITIONAL TIDAL VOLUMES FOR ACUTE LUNG INJURY
AND THE ACUTE RESPIRATORY DISTRESS SYNDROME
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Ventilacion protectiva

* Ventilacion mecanica es un proceso anti fisiologico
* Injuria generada por ventilacion mecanica - VILI

e VVolutrauma
‘ Biotrauuma

a DAavA+rvrariirnaAa

Pulmon enfermo # pulmon sano

-
Produccion de citoquinas
I
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Volutrauma

e \VVolutrauma = strain = deformacion
e Directamen
* Inversamen
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Barotrauma

e Barotrauma = Stress = Tension
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* Recordar que las mediciones evaluan el sistema respiratorio
* Obesidad, escoliosis, neumoperitoneo

Normal

Pressure

Stress index = 1

Over-distention

Stress index > 1

Tidal recruitment

Stress index < 1

Time

Phs

Ventilador

Sy
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Driving Pressure

SPECIAL ARTICLE

Driving Pressure and Survival in the Acute

Resampling A: Resampling B: Resampling C:
Matched PEEP Matched AP Matched Plateau Pressure
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Atelectrauma

* Lesion ocasionada por apertura y colapso ciclico alveolar

 Se evitaria con PEEP ideal -> mejor complacencia
* Menor colapso, menor sobredistension

L N
i \/ \/ E
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Configuracién de parametros

bt — <4

of
sts

cartd A,

Servicio de Anestesia, SARTD — CHGUV Sesion de formacidén continuada
Reanimacion y

Tratamiento del Dolor

Valencia, 27 de mayo de 2025



Volumen

HHHHHHHHHHHHHHH
IIIIIIIIIIIIIIIIIIIII

Tidal Volume and Positive End-expiratory Pressure and
Postoperative Hypoxemia during General Anesthesia: A
Single-center Multiple Crossover Factorial Cluster Trial

N= 727 received N= 635 received N=799 received N=699 received
TV=6ml/kg TV=6ml/kg TV=10ml/kg TV=10ml/kg
PEEP=5cmH,0 PEEP=8cmH,0 PEEP=5cmH,0 PEEP=8cmH,0

* Cirugia traumatoldgica
* 2860 pacientes

* Sin diferencias en SaFi o
complicaciones
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September 1, 2020

Effect of Intraoperative Low Tidal Volume vs
Conventional Tidal Volume on Postoperative
Pulmonary Complications in Patients
Undergoing Major Surgery

A Randomized Clinical Trial

ORIGINAL ARTICLE

A Trial of Intraoperative Low-Tidal-Volume
Ventilation in Abdominal Surgery

e Cirugia abdominal
* 1200 pacientes

* 6 ml/kg vs 10 ml/kg
* PEEP5cm H20

 Sin diferencias en aparicion de
complicaciones

e Cirugia abdominal (20% laparoscdpica)
* 400 pacientes

* Protectivo (6 —8 ml/kg + 5— 6 PEEP) vs
no protectivo (10 — 12 ml/kg + O PEEP)

* Aumento de complicaciones
respiratorias en el grupo no protectivo

Servicio de Anesiesia, SARTD — CHGUV Sesion de formacidon continuada
o o Ar .
e o " Valencia, 27 de mayo de 2025

IIIIIIIIIIIIIIIIIIIII




cartd A,

Servicio de Anestesia,
Reanimacion y Tratamiento del Dolor
HOSPITAL GENERAL UNIVERSITARIO VALENCIA

Trusted evidence.
ocnrane | o decel
= H nharme: CISIONS.
9 Li hra l'}.r‘ Better health. Cochrane Database of Systematic Reviews

[Intervention Review]

Intraoperative use of low volume ventilation to decrease postoperative
mortality, mechanical ventilation, lengths of stay and lung injury in
adults without acute lung injury

Joanne Guayl33 Edward A Ochroch?, Sandra Koppd

 Metaanalisis 19 estudios
e 6—8ml/kgvs 10-12 ml/kg

e Calidad de evidencia moderada

 Menor incidencia de complicaciones
respiratorios en grupo 6 — 8 ml/kg
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* Presion alveolar al final de la inspiracion

* Anestesia general genera perdida de tono diafragmatico

* Gradiente positivo respecto a presion pleural

J, retorno venoso

I postcarga ventriculo derecho
Hipotension
cartd A,
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PEEP ideal

Mejor complacencia
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High versus low positive end-expiratory pressure during general
anaesthesia for open abdominal surgery (PROVHILO trial): a
multicentre randomised controlled trial

* Cirugia abdominal (20% laparoscépica)
* 900 pacientes

8 ml/kg

* PEEP 2sin MRvs 12 cmH20 + MR

» Sin diferencias en aparicion de
complicaciones pulmonares. Mayor
hipotesion intraoperatoria con PEEP alta
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Intervention Control Log RR Weight
Study Yes No Yes No with 95% CI (%)
Overall PPCs
H i H 1+ - H 1 Gao2023 i 22 7 16 o | -<95[-3.96, 0.07] 162
Effects of mc_llwduallzed_ positive enq expiraj c*»= ' 2 7 = i i
pressure on intraoperative oxygenation and | wzx s w0 = ~=] ~031210, 00y 519
= I I- = = | Yong 2021 10 20 15 15 | -0.41[-1.03, 0.21] 17.08
postoperative pulmonary complications In P{ 2. o 20 o 2 ! 000[-085, 388 0.4
- 3 3 Zhou 2021 { 4 3 8 - <01[ 222, 1.20]) 134
requiring pneumoperitoneum with Trendelel ;"7 | 7 © * ws! b b e
position: a systematic review and meta-anal| reecoereiy =0 p0s27 . 050084, -0.16
Results: We included 14 studies (1121 patients) that employed different individualized PEEP strategies. (
groups, individualized PEEP groups exhibited a significantly improved intraoperative PaOx/Fi0; (MD =56.9 Hypoxacmia
[33.98-79.06], P < 0.001) and reduced incidence of PPCs (log RR= —0.50, 95% Cl: [-0.84 to —0.16], P| Gao 2023 1 22 7 46 —— -1.95[-3.96, 0.07) 162
PEEP reduced driving pressure while improving respiratory compliance. Intraoperative vasopressor consur]  Kim 2023 4 174 7 178 - -0.52[-173, 069] 447
between both groups. The weighted mean PEEP in the individual PEEP groups was 13.2 cmH,0 [95% Cl, 1| Yong 2021 6 24 11 19 & -0.61[-1.46, 0.25] €95
indicated that one individualized PEEP strategy is superior to others. Annop2020 0 22 2 20 1 -1.61[-459, 1.37] €74
Conclusions: Individualized PEEP seems to work positively for lung protection in the Trendelenburg posi] Heterogeneity: I = 0%, P=0.590 L 4 0.77 [-1.41, -0.12)
pneumoperitoneum in patients undergoing general anesthesia.
Atelectasis
Kim 2023 16 162 29 156 = -0.56[-1.13, 0.02] 19.87
Yong 2021 6 24 5 25 ] 0.18[-0.89, 1.26] 569
Liu 2020 0 44 4 39 -222[-511, 067] C78
Zhou 2021 0 29 3 23 - -2.05(-4.97, 0.87) C.77
Heterogeneity: I = 25%, P=0.258 L3 0.52[-1.25, 0.21]
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Resultados post operatorios

Intraoperative protective mechanical ventilation and risk
of postoperative respiratory complications: hospital based
registry study

Karnim Ladha,’ Marcos F Vidal Melo,! Duncan | McLean,! Jonathan P Wanderer

RESPIRATION AND THE AIRWAY

Impact of ventilation strategies on pulmonary and cardiovascular
complications in patients undergoing general anaesthesia for
elective surgery: a systematic review and meta-analysis

Stephanie D Grabitz,' Tobias Kurth, ' * Matthias Eikermann'®

cONNN nacinntac
complications rarely analyse their consequences on the quality CONCLUSIONS

of life of patients, which 15 a fundamental outcome In anaes- Intraoperative protective ventilation was associated
thesia a“dlmt?ns“"e care researclh‘ B diat 1 . with a decreased risk of postoperative respiratory
In concluslon, our meta-analysils suggests that low tida complications. A PEEP of 5 cmH,0 and a plateau
volume and low driving pressure-guided PEEP ventilation - -
- — - pressure of 16 cmH,0 or less were identified as
strategies could help reduce the incidence of postoperative . : . ]
protective mechanical ventilator settings. These

pulmonary complications. Optimal intraoperative mechanical . i -
ventilation is not fully elucidated, and further studies are findings suggest that protective thresholds differ for

needed to investigate the influence of different ventilation intraoperative ventilation in patients with normal
strategies on postoperative pulmonary complications, car- lungs compared with those used for patients with
diovascular complications, and mortality. acute lung injury.

carid » y -
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Ventilacion mecanica en obesos g

 Aumento de presion pleural
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* Mayor colapso
¢ CRF

Optimized ventilation strategy
for surgery on patients with
obesity from the perspective
of lung protection: A

network meta-analysis

Conclusions: This research suggests that VCV+PEEPind+RM is the optimal
ventilation strategy for patients with obesity and is more effective in increasing
PaO,/FiO,, improving lung compliance, and among the five ventilation
strategies for postoperative atelectasis, VCV+highPEEP+RM had the greatest
potential to reduce atelectasis caused by inflammation.

Although the results of the present study have shown that
VCV+highPEEP+RM has the greatest potential to reduce
postoperative atelectasis, no statistically significant differences
were found in the incidence of postoperative atelectasis between
VCV+highPEEP+RM and VCV+lowPEEP. This result may be

SARTD — CHGUYV Sesion de formacion continuada
Valencia, 27 de mayo de 2025



Maniobras de reclutamiento

 Episodios cortos de elevacion de presion en via aérea para superar
presion critica de apertura

* Se recomiendan maniobras de ascenso gradual na muv nralangadag

Primary Outcome Measures

Overall, subjects in the alveolar recruitment maneuver

i ] - _ o s ] ) j L groups experienced a higher intraoperative P, . greater
Alveolar Recruitment Maneuvers Under General Anesthesia: e i
A Systematic Review of the Literature -

Secondary Outcome Measures
Benjamin . Hasrtland BN, Timothy J Newell BN, and Nicole Damico MSNA CENA

Overall, there were no significant differences in the rate
of postoperative pulmonary complications. postoperative
e - SRR S L S SR S R S S SRS

PERIOPERATIVE MEDICINE: CLINICAL SCIENCE

ngh Positive End'explratory Pressure (PEEP) with High PEEP with recruitment maneuvers demonstrated a moderate reduction in the probability of
Recruitment Maneuvers versus Low PEEP during General postoperative pulmonary complication occurrence, with a high posterior probability of benefit

Conclusions:

Anesthesia for Surgery. A Bayesian Individual Patient observed consistently across various prior beliefs, [sElglaNET\IE T Tl Qe EVA{Y LSRN RT3 Te YT 414
. . . . . laparoscopy.
<ar] Data Meta-analysis of Three Randomized Clinical Trials . a
Servicio de Anestesia, TR CITOuU VeS| m
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Cirugia toracica

* Suelen requerir ventilacion unipulmonar
* Pacientes con patologia respiratoria previa
* Importante cantidad de complicaciones respiratorias post operatorias

piratoria previa
Morbilidad anestésica
Morbilidad post quirurgica

Servicio de Anestesia, SARTD - CHGUV SESIOI’\ de fOrmaCIén COntlnuada
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Systematic Review & Oxygenation (no difference) Compliance (no difference)

Meta Analysis Pa0O2:-15.64 [-88.53 — 57.26] mmHg; P= .67  +2.03 [-5.22 — 9.27] mL/cmH20; P = .58
PF Ratio: + 14.71 [7.83 — 37.24]; P= .20 o

Tidal volume during 1-lung ventilation: A systematic é*
review and meta-analysis e Length of Stay (rodiference) ¥ Pulmonary Complications

3603 total patients —0.42 [-1.60 — 0.77] days; P= .49 odds ratio 0.40 [0.29 — 0.57]; P < .0001

Tidal Volume

Low Vs Conventional
(6mL/kg) (8mL/kg)

Tidal volumes < 6mlL/kg during one-lung ventilation do not worsen oxygenation
nor compliance, and reduce postoperative pulmonary complications.

Individualized positive end-expiratory pressure
(PEEP) during one-lung ventilation for prevention
of postoperative pulmonary complications in
patients undergoing thoracic surgery

A meta-analysis

Result: Eight studies examining 849 patients wera included in this review. The rate of postoperative pulmonary complications was
reduced in the individualized PEEP group with a risk ratio of 0.52 (95% CI:0.37-0.73; P=.0001). The partial pressure of arteral
axygen during the OLV in the individualized PEEP group was higher with a mean difference 34.20mm Hg (95% Cl: 8.92-59.48;
FP=.0004). Similary, the individualized PEEP group had a higher axygenation index, MD: 49.07mmHg, [95% CI: 27.21-70.92;

P<.0001).
Conclusions: Individualized PEEP setting during one-lung ventilation in patients undergoing thoracic surgery was associated with
cartd A fewer postoperative pulmonary complications and better perioperative axygenation.

Servicio de Anestesia,
Reanimacion y
Tratamiento del Dolor
HOSPITAL GENERAL
UNIVERSITARIO VALENCIA



Fraccion inspirada de oxigeno

Original contribution

Comparison of low and high inspiratory
oxygen fraction added to lung-protective
ventilation on postoperative pulmonary
complications after abdominal surgery: A
randomized controlled trial

Conclusions

Among patients undergoing abdominal surgery under general anesthesia, an

intraoperative lung-protective ventilation strategy with 30% FiO, compared with 80%
[0 2 iTa B Lo e (FTWR i [ o e e (S e X0 B4 5 &5 And the use of 30% FiO, resulted in less severe

Ansesthesiologica

REVIEW ARTICLE QIELD scandinavics

Fraction of inspired oxygen during general anesthesia
for non-cardiac surgery: Systematic review and meta-analysis

Conclusions: In adults undergoing general anesthesia for non-cardiac surgery, a high
FiO, did not improve outcomes including surgical site infections, length of stay, or

mortality. However, the certainty of the evidence was assessed as low.

H@YBYE ET AL
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DELD Stinainarics = Ml

Number of trials Events/Total (%) Heterogeneity Odds Ratio (95% CI)
High FiO, Low Fi0, (%))

Short-term mortality 12 73/6183 (1.2) 58/6152 (0.9) a8 1.27 (0.90, 1.79) I L i
Long-term mortality 6 421/3283 (12.8) 405/3249 (12.5) 66 1.04 (0.90, 1.21) —eo—
Surgical site infection 21 623/7168 (8.7)  675/7100 (9.5) 38 0.91 (0.81, 1.02) —e—
Anastomotic leakage 5 49/3687 (1.3) 62/3660 (1.7) 0 0.78 (0.54, 1.14)} > |
Wound dehiscence 2 49/2015 (1.7)  45/2871 (1.6) 53 1.07 (0.71, 1.62) I L |
Reoperation 5 130/1083 (12.0) 1231105 (114) &4 1.00 (0.84, 1.43) ——e—
Atelectasis 10 560/5229 (10.7) 505/5165 (9.8) 86 1.1 (0.98, 1.27) —e—
Pneumonia 9 135/4841 (2.8) 146/4786 (3.1) a4 0.92 (0.72,1.17) —e——
Myocardial injury 9 145/3411 (4.3)  154/3454 (4.5) 38 0.94(0.73, 1.20) ——

05 06 0708091 1.25 15 175 2
0Odds Ratio

Favours FiOy 80% Favours FiO; 30%




Non-intubated spontaneous ventilation in video-assisted
thoracoscopic surgery: a meta-analysis

mulative meta-analysis. Subgroup analyses of different thoracic diseases and study types were examined. Twenty-seven studies including
2537 patients were included in the analysis. A total of 1283 patients underwent non-intubated VATS; intubated VATS was performed on
the other 1254 patients. Overall, the non-intubated VATS group had fewer postoperative overall complications [odds ratios (OR) 0.505;

P <0.001]; shorter postoperative fasting times [standardized mean difference (SMD) -2.653; P < 0.001]; shorter hospital stays (SMD -0.581;
P <0.001); shorter operative times (SMD -0.174; P=0.041); shorter anaesthesia times (SMD -0.710; P<0.001) and a lower mortality rate
(OR 0.123; P=0.020). Non-intubated VATS may be a safe and feasible alternative to intubated VATS and provide a more rapid postopera-

Mavyor dificultad para anestesista Mavyor dificultad para cirujano
- Manejo de hipoxemia - Adherencias, enfisema
- Nivel adecuado de sedacion - Pulmoén moviéndose
- Requerimiento de epidural - Reflejo tusigeno (Opcion bloqueo X)
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Perspectivas futuras: mechanical power

2 =
Power,0098-RR-{AV* .| L. E_+ rr. X LE)
2 60-1-E

MP (J/min) = 0.098 @ 05)

PERIOPERATIVE MEDICINE: CLINICAL SCIENCE

Mechanical Power during General Anesthesia and
Postoperative Respiratory Failure: A Multicenter
Retrospective Cohort Study

Santer, Peter M.D., D.Phil.; Wachtendorf, Luca ). cand.med.; Suleiman, Aiman M.D., M.Sc.; Houle, Timothy T. Ph.D.;
Fassbender, Philipp M.D.; Costa, Eduardo L. M.D.; Talmor, Daniel M.D., M.P.H.; Eikermann, Matthias M.D., Ph.D.;
Baedorf-Kassis, Elias M.D.; Schaefer, Maximilian S. M.D.

.&“,J+AV-PEEP}

| R e R R R ] P anmp e

¢ Patients experiencing reintubation wﬂhm ? days after surgery had
a higher median mechanical power (7.67 [5.64 to 10.11] vs. 6.62
[4.62 to 9.10] J/min; P < 0.001)

e For each 5-J/min rise in intraoperative mechanical power, the
Qﬂl‘l‘d/\ / adjusted risk of reintubation was 31% higher
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Inteligencia artificial
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Artificial Intelligence for Mechanical Ventilation:
A Transformative Shift in Critical Care

Giovanni Misseril®), Matteo Piattoli |2}, Giuseppe Cuttone |2}, Cesare Gregoretti
and Elena Giovanna Bignami

RESPIRATION AND THE AIRWAY
Artificial intelligence for mechanical ventilation: systematic review
of design, reporting standards, and bias

Jack Gallifant*’, Joe Zhang*', Maria del Pilar Arias Lopez™', Tingting Zhu", Luigi Camporota",
Leo A. Celi*’*" and Federico Formenti*

Integration

e . = —
% I * Sospechoso) ™ (&

data
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Conclusiones

* Las intervenciones ventilatorias tienen un fundamento fisiolégico con
impacto a nivel cardio pulmonar

* Extrapolar datos de pacientes con patologia pulmonar aguda a
pacientes en quirdfano no es adecuado

e Configuracion personalizada al paciente, no solo al pulmodn

* No existe un consenso definido de configuracion de ventilacion
mecanica intraoperatoria

cartd A, . ., :
” | SARTD — CHGUV Sesion de formacidén continuada

Servicio de Anestesia,

Heanirr]acién y .

Tratamiento del Dolor Valencia, 27 de mayo de 2025
|||||||||||||||||||||




Bibliografia

cartd A\,

Servicio de Anestesia,
Reanimacion y
Tratamiento del Dolor
HOSPITAL GENERAL
UNIVER SITARIO VALEN CIA

Heines, S.J.H.; Becher, T.H.; van der Horst, I.C.C.; Bergmans, D.C.J.J. Clinical Applicability of Electrical
Impedance Tomography in Patient-Tailored Ventilation: A Narrative Review. Tomography 2023, 9, 1903-1932.

Turan, Alparslan M.D. Esa, Wael Ali Sakr M.D., Ph.D.; Rivas, Eva M.D.; Wang, Jiayi M.D.; Bakal, Omer M.D.;
Stamper, Samantha M.D.; Farag, Ehab M.D.; Maheswari, Kamal M.D., M.P.H.; Mao, Guangmei Ph.D.; Ruetzler,
Kurt M.D.; Sessler, Daniel I. M.D.; for the Ventilation-PEEP Trial Group. Tidal Volume and Positive End-
exp|ratory Pressure and Postoperatlve Hypoxemia during General Anesthesia: A Singlecenter Multiple
Crossover Factorial Cluster Trial. Anesthesiology 137(4):p 406-417, October 2022.

The PROVE Network Investigators Clinical Trial Network of the European Society of Anaesthesiology. High
versus low positive end-expiratory pressure during general anaesthesia for open abdominal surgery
(PROVHILO trial): a multicentre randomised controlled trial. Lancet. 2014 August 09; 384(9942): 495-503

GuayJ, OchrochEA, KoppS. Intraoperative use of low volume ventilation to decrease postoperative mortality,
mechanical ventilation, lengths of stay and lung injury in adults without acute lung injury. Cochrane Database of
Systematic Reviews 2018, Issue 7. Art. No.: CD011151.

Amato et al. Driving Pressure and Survival in the Acute Respiratory Distress SyndromeN Engl J Med
2015;372:747-55.

Futier et al. A Trial of Intraoperative Low-Tidal-Volume Ventilation in Abdominal Surgery. N Engl J Med
2013;369:428-37.



https://journals.lww.com/anesthesiology/toc/2022/10000
https://journals.lww.com/anesthesiology/toc/2022/10000
https://journals.lww.com/anesthesiology/toc/2022/10000

cartd A\,

Servicio de Anestesia,
Reanimacion y
Tratamiento del Dolor
HOSPITAL GENERAL
UNIVERSITARIO VALENCIA

Mazzinari, Guido Ph.D.1; Zampieri, Fernando G. M.D., Ph.D.2; Ball, Lorenzo M.D., Ph.D.3; Campos, Niklas S. M.D.4;
Bluth, Thomas M.D.5; Hemmes, Sabrine N. T. M.D., Ph.D.6:; Ferrando, Carlos M.D., Ph.D.7: Librero, Julian M.D.8; Soro,
Marina M.D., Ph.D.9; Pelosi, Paolo M.D.10; Gama de Abreu, Marcelo M.D., Ph.D.11; Schultz, Marcus J. M.D., Ph.D.12;
Serpa Neto, Ary M.D., M.Sc., Ph.D.13; for REPEAT on behalf of the PROVHILO, iPROVE, and PROBESE investigators
and the PROVE Network investigators. High Positive End-expiratory Pressure (PEEP) with Recruitment Maneuvers
versus Low PEEP during General Anesthesia for Surgery: A Bayesian Individual Patient Data Meta-analysis of Three
Randomized Clinical Trials. Anesthesiology 142(1):p 72-97, January 2025. | DOI: 10.1097/ALN.0000000000005170

Gao et al. Effects of individualized positive end-expiratory pressure on intraoperative oxygenation and postoperative
pulmonary complications in patients requiring pneumoperitoneum with Trendelenburg position: a systematic review and
meta-analysis. International Journal of Surgery 111(1):p 1386-1396, January 2025.

Karim Ladha, Marcos F Vidal Melo, Duncan J McLean, Jonathan P Wanderer, Stephanie D Grabitz, Tobias Kurth,
Matthias Eikerman. Intraoperative protective mechanical ventilation and risk of postoperative respiratory complications:
hospital based registry study. BMJ 2015;351:h3646

Wang J, Zeng J, Zhang C, Zheng W, Huang X, Zhao N, Duan G and Yu C. Optimized ventilation strategy for surgery on
patients with obesity from the perspective of lung protection: A network meta-analysis. Front. Immunol. 13:1032783
(2022).

Peel et al. Tidal volume during 1-lung ventilation: A systematic review and meta-analysis The Journal of Thoracic and
Cardiovascular Surgery ¢ Volume 163, Number 4.

WenY, Liang H, Qiu G, Liu Z, Liu J, Ying W et al. Non-intubated spontaneous ventilation in video-assisted
thoracoscopic surgery: a meta-analysis. Eur J Cardiothorac Surg 2020;57:428-37.


https://journals.lww.com/international-journal-of-surgery/toc/2025/01000
https://journals.lww.com/international-journal-of-surgery/toc/2025/01000
https://journals.lww.com/international-journal-of-surgery/toc/2025/01000

