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Disclosures
•
•

I, nor my spouse, have any financial obligations to this
lecture to disclose.
Any medical equipment shown in this lecture are
simply to provide examples and not to promote any
specific company or product.
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Objectives
1. Review modes of ventilation utilized in the operating
room, briefly
2. Review history of lung protective ventilation and how
it became to be utilized in the OR
3. Discuss use of lung protective ventilation in the
operating room to prevent post-operative pulmonary
complications
4. Discuss driving pressure, and its increasing evidence
as a marker for pulmonary damage
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Modes of Ventilation
•
•
•
•

Most commonly used modes in OR include volume
control and pressure control
Machines are becoming more sophisticated
Have modes available that weren’t common except in
the ICU setting
Many machines have settings for Bi-Vent, Pressure
Support
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Pro/Con of Volume vs.
Pressure Control
•

Many times, which is used is determined by provider
preference
Volume Control

Pressure Control

Advantages: precise tidal volume
control, more accurate minute
ventilation

Advantages: maintain low airway
pressure when desired, control peak
pressures

Disadvantages:
volutrauma,barotrauma variable
pressure, leaks result in volume loss

Disadvantages: variable volumes
delivered, barotrauma and
volutrauma if settings too high
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Other Options
•

•

•

Pressure Regulated Volume Control (PRVC)
• A little of both worlds
• Ventilator uses previous pressure requirements to
deliver tidal volumes
• Can set limits for alarms-avoid barotrauma
Synchronized Intermittent Mandatory Ventilation (SIMV)
• Allows patient triggered breaths
• Gives breath if patient does not initiate
Pressure Support
• Per definition of the ASA, requires spontaneous
ventilation
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Why can MV be bad?
•

•
•
•
•

Un-natural method of breathing
• Lose the natural movement of diaphragm, elastic
recoil of lungs and chest wall
Air flow into lungs is heterogenous
Collapse of airways occurs in nearly 100% of patients
undergoing GA
Expose alveoli to excessive shear stress
• Typically with excessive volume, pressure, or both
Can cause short term and long term problems
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Effects of Anesthesia
•

•

•
•

Decrease in functional residual capacity
• Decrease in muscle tone
• Decrease in lung compliance
• Increased closing capacity
Type of surgery can increase atelectasis
• Thoracic and cardiac highest rates
• Abdominal surgery
Everyone develops atelectasis!
Supine position augments airflow during mechanical
ventilation
• Non-dependent areas preferentially ventilated
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Atelectasis

Magnusson L, Spahn DR. “New Concepts of Atelectasis During
Anesthesia”. Br J Anaesth 2003; 91: 61‐72
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Mechanical Injury of Airway
Units
•

Can be caused by either excess volume or pressure

•

Both lead to damage at the cellular level
• Causes release of inflammatory mediators
• Increased macrophage activity
• Capillary leak

•

What’s better? Volume (prevent atelectasis) vs PEEP (risk
overdistention)

•

Volutrauma shown to directly activate monocytes in the pulmonary
system causing systemic cytokine release
• PEEP shown to have protective effect as it preserved cell-cell
and cell-matrix junctions in the lung

10

Non-Protective Ventilation
•

Typically tidal volumes of > 8 ml/kg PBW
• Typically 10-15 ml/kg PBW in review of the literature

•

Zero PEEP

•

High TV can lead to high peak and plateau pressures

•

Shown in healthy patients to cause increase in inflammatory markers

•

Ventilator induced lung injury can be induced with this strategy
• High TV causes overdistention of aerated lung (volutrauma)
• No PEEP allows airway collapse, leads to atelectasis. Can then
perpetuate with repeated opening and closing during MV
(atelectrauma)
• High airway pressure can cause barotrauma
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From: Perioperative Positive Pressure Ventilation:An Integrated Approach to Improve Pulmonary Care
Anesthes. 2014;121(2):400-408. doi:10.1097/ALN.0000000000000335

Figure Legend:
The biotrauma hypothesis of ventilator-induced lung injury. IL = interleukin; PEEP = positive end-expiratory pressure; Pplat =
plateau pressure; TNF = tumor necrosis factor; VT = tidal volume.

Date of download: 3/22/2019

Copyright © 2019 American Society of Anesthesiologists. All rights reserved.
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Other Effects of Atelectasis
•

Reduces surfactant production

•

Increases shunt, leads to hypoxia potentially
• Increased FiO2 may worsen atelectasis due to resorption
behind closed airways

•

Nidus for development of infection

•

Possible cause for non-invasive or invasive ventilation
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So What????
•

Is it really a big deal?

•

My patient doesn’t have lung disease. It shouldn’t matter.
Right?

•

How can I improve the outcome(s) for my patient?
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Post-op Pulmonary
Complications
•

Varying levels of severity

•

Post op hypoxia/hypercarbia

•

Pneumonia

•

Need for supplemental O2 for prolonged period

•

Atelectasis

•

Non-invasive or invasive mechanical ventilation
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Risk Factors for PPC

Guldner et al. “Intraoperative Protective Mechanical Ventilation for Prevention of
Postoperative Pulmonary Complications”. Anesthesiology, Sept. 2015, 123(3), 691‐713.
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Acute Respiratory
Distress Syndrome
•

Most severe form of lung dysfunction and most dreaded post
operative pulmonary complication
• Very uncommon, incidence around 0.2% in postoperative
period

•

Levels from mild to severe.

•

Grading depends upon P/F ratio

•

Has high morbidity and mortality. Mortality still around 50%
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Acute Respiratory
Distress Syndrome
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ARDSNet Protocol
•

ARDSNet trial showed that lung protective strategies resulted in
improved outcomes for patients with ARDS

•

LPV defined as 4-6 ml/kg PBW

•

PEEP levels at moderate to high levels. Depend upon FiO2

•

Goal is to limit peak and plateau pressure

•

Reduce mechanical strain on ventilated areas. “Baby lung”
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ARDS
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LPV without ARDS?
•

Due to results of ARDSNet, ICU ventilation strategies changed
• Push towards using lower TV, higher PEEP
• TV of 6-8 ml/kg PBW

•

Question if LPV would be beneficial in OR setting
• Most patients without lung issues in OR setting

•

Any improvement or reduction in PPC?

•

Culture change needed

21
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LPV for OR
•

Any benefit to using LPV vs high TV with ZEEP
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IMPROVE Trial
•

Compared LPV (6-8 ml/kg + PEEP + recruitment) vs traditional
mechanical ventilation (TV >10 ml/kg and no PEEP)

•

Patients at risk for pulmonary complications

•

Abdominal surgery patients

•

Statistically significant reduction in need for invasive ventilation
and drastic reduction in other PPC
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IMPROVE Trial
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• Similar study to IMPROVE trial
• Used recruitment maneuvers as well
• Significant reduction in need for supplemental O2 and CXR changes up
to 5 days post operatively
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Driving Pressure
• Why is this important?
• Driving pressure directly
related to VILI, even in
healthy lungs
• Increased incidence of
development of ARDS
• Similar findings found by
Blum et al reviewing
over 50K cases
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Driving Pressure
•

Driving pressure = Crs/TV or Pplat – PEEP

•

Patients with driving pressure under 15 cmH20 had better
outcomes and less time on mechanical ventilation

•

Does this correlate to the OR patient?

27

9

4/24/2019

Driving Pressure in OR
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Driving Pressure
•

Neto et al. showed that driving pressure intraoperatively was
significantly associated with PPC

•

Meta-analysis of 17 randomized control trials, 2250 patients

•

Wide variety of cases

•

More predictive than any other ventilation variable studied
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Neto et al. ”Association between driving pressure and development of post operative pulmonary
complications in patients undergoing mechanical ventilation for general anesthesia: a meta‐analysis of
individual patient data”. Lancet Respir Med. 2016; 4:272‐80.
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Table 2. Intraoperative data
Low volume with
8 cm H2O PEEP
(n=20)

Low volume with 8 cm
H2O PEEP and recruitment (n=21)

580 [490-600]

380 [330-460]

440 [340-470]

<0.0001

9.19 [9.06-9.26]

6.93 [6.65-7.07]

7.01 [6.89-7.1]

<0.0001

2 [2-2]

8 [8-8]

8 [8-8]

<0.0001

8 [8-9]

<0.0001

High volume
with ZEEP
(n=22)
Tidal volume, median [IQR], ml
Tidal volume, median [IQR], ml/kg of predicted body weight

P Value

PEEP, median [IQR], cm H2O
Baseline

1.5 [1-2]

8 [8-8]

Baseline

14 [13-17]

16 [15-17]

16 [16-17]

End of surgery

End of surgery

14 [12-17]

16 [16-17]

15 [15-17]

0.03

12.5 [11-15]

14.5 [14-15.5]

15 [15-16]

0.003

13 [11-16]

15 [15-16]

14 [13-16]

11.50 [9-14]

9 [8-10.50]

9 [7-12]

0.04

8.64±2.57

6.8±1.96

7.43±2.31

0.004

Peak, median [IQR], cm H2O
0.03

Plateau pressure, median [IQR], cm H2O
Baseline
End of surgery

0.01

Raw, cm H2O/(L·s)
Baseline median [IQR],
End of surgery, (mean ± SD)
PETCO2, mmHg
33 [32-35]

0.65

34.6±2.74

34.33±2.5

0.005

3.32 [2.67-3.77]

3.45 [2.50-3.62]

0.46

Duration of surgery, median [IQR], h

2.48 [2-3.25]

3.09 [2.59-3.71]

3 [2.15-3.47]

0.22

Duration of extubation, median [IQR], min

Baseline, median [IQR]

15.50 [12-19]

18.50 [14.50-22.50]

20 [16-24]

0.11

End of surgery, (mean ± SD)
Duration of mechanical ventilation, median [IQR], h

32.50 [30-37]
31.86±3.36
2.87 [2.25-3.25]

35 [31.50-36.50]

IQR = interquartile range.

Pi et al. “Low tidal volume with PEEP and recruitment expedite the recovery
of pulmonary function”. Int J Clin Exp Pathol 2015;8(11):14305‐14314
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Does PEEP Matter?
•

With low tidal volumes and moderate levels of PEEP (6-10 cmH20) these
studies suggested that PEEP was the protective factor

•

PROVHILO trial looked into LPV with either high PEEP (10-12 cmH20) or
low PEEP (0-2 cmH20)

•

No outcome difference between the groups after 5 hospital days

•

Low PEEP group had higher incidence rescue therapy for hypoxemia
(increase in PEEP + recruitment)

•

Patients receiving low TV and low PEEP found to have increased 30 day
mortality
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iPROVE Trial

•

Looked at open lung approach to optimize PEEP intra and post operatively

•

Patients without significant lung issues

•

Abdominal surgery procedures

•

4 arms of the trial: OLA + individualized CPAP during and after, OLA + standardized CPAP
during and after, standard LPV + CPAP 5 cmH20 during and after, and standard LPV + O2
therapy after surgery

33

11

4/24/2019

34

iPROVE Results

35

iPROVE
•

Standard ventilation + CPAP and standard ventilation + O2
therapy groups both required rescue maneuvers intraoperatively
due to hypoxemia

•

Overall had increased incidence of pulmonary complications in
standard groups compared to OLA groups

•

Study overall shows no significant difference in outcomes as
primary outcome was total complications postoperatively
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What about One Lung Ventilation?
•

Patients at high risk for pulmonary complications
• Direct surgical insult
• Pre-existing lung disease
• Very painful incisions
• Large inflammatory response due to surgery and
mechanical ventilation

•

LPV has been shown to reduce PPC in this patient population

37
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RULobectomy - ARDS
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Driving Pressure in OLV
•

Randomized trial comparing LPV versus driving pressure
guided ventilation

•

Studied due to still high rates of pulmonary complications in
this population despite LPV

•

PEEP maintained at 5 cmH20 for LPV group after
recruitment maneuver in lateral position

•

Driving pressure group had PEEP determined after
calculating driving pressure at varying levels of PEEP from 210 cmH20.
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From: Driving Pressure during Thoracic Surgery:A Randomized Clinical Trial
Anesthes. 2019;130(3):385-393. doi:10.1097/ALN.0000000000002600

Figure Legend:
The onset and frequency of lung lesions. *Chi-square test for comparing variables, P < 0.05. ARDS, acute respiratory distress
syndrome; D, driving pressure group; P, protective ventilation group; POD 1, postoperative day 1; POD 2, postoperative day 2; POD
3, postoperative day 3.

Date of download: 3/28/2019

Copyright © 2019 American Society of Anesthesiologists. All rights reserved.
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Driving Pressure
•

PEEP of 5 in LPV group and ideal PEEP of 3 in driving pressure
group

•

Lower PEEP in driving pressure group thought to be due to intrinsic
PEEP that occurs during OLV and lateral position

•

Driving pressure difference of 10 cmH20 in LPV vs 9 cmH20 in
driving pressure group
• Does a difference of 1 cmH20 make a difference?
• Mortality risk increases 3.4% for each elevation of driving
pressure by 1 point
• Incidence of PPC increases with increase in driving pressure
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Conclusions
•

LPV can and will prevent postoperative pulmonary complications
• Reduce morbidity and mortality
• Reduce costs for hospital and patient

•

6-8 ml/kg PBW for TV

•

PEEP can vary in amount used but studies recommend it decreases PPC
• Studies looking further into “individualized” PEEP ongoing
• Levels of 6-10 cmH20 recommended

•

Driving pressure may be the parameter to watch

•

More research is needed! Need more RCTs. PROTHOR coming soon.
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