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PUL_03 Measure
• The percentage of cases with PEEP (as defined by PEEP greater than
or equal to 2 cm H20).
• PUL 03 determine if PEEP was administered and analyzes distribution
of PEEP levels:
•
•
•
•

No PEEP (<2 cm H2O)
Low PEEP (2-4 cm H2O)
Moderate PEEP (≥ 4 to < 8 cm H2O)
High PEEP (≥8 cm H2O)

PUL-03 Measure
• Inclusions

• Patients undergoing endotracheal intubation.

• Exclusions

• ASA 5 and 6 cases.
• Patients <20kg.
• Cases in which patients are mechanically ventilated for less than 45
cumulative minutes.
• One lung ventilation.

Literature Review on PEEP
• Since the last review of PUL-03 in 2018, the guidelines for ventilation
parameters have not changed:
• Tidal volume (VT) should be maintained between 4 and 8 ml/kg of PBW
• Plateau pressure < 28 cm H2O
• Driving pressure (Plateau Pressure - PEEP) < 15 cm H2O

• PEEP has a positive impact on post-op pulmonary complications (PPCs),
but there are no established guidelines for PEEP.
• Exception: moderate-severe ARDS, in which “high” levels of PEEP are
recommended.

Standardizing PEEP?
• PEEP is unique to each individual patient, however methods of determining individual PEEP have
limitations.
• Electrical Impedance Tomography (assesses lung recruitment)
• Not currently available in the US.

• Esophageal manometry (measures transpulmonary pressure)
• Too Invasive?

• Measurement of dynamic compliance (change in volume divided by change in pressure)
• Time consuming
• Requires Open Lung Tool software

Literature Review on PEEP

Literature Review on PEEP- Study #1

Literature Review on PEEP- Study #1
• Randomized Control Trial at 30 hospitals.
• 900 patients enrolled:

• Open abdominal surgery under GA using lung protective ventilation (8
cc/kg).

• Enrollment restricted to individuals with intermediate
or high risk of PPC.
• ARISCAT score ( 26-44 Intermediate or >44 High)
• Patient were allocated into two groups:

• High level of PEEP (12 cm H2O) with recruitment
maneuvers (higher PEEP group).
• Low level of PEEP (≤2 cm H2O) without recruitment
maneuvers (lower PEEP group).

Literature Review on PEEP- Study #1
• Results:
•
•
•
•

PPCs were reported in 174 (40%) of 445 patients in the higher PEEP group.
PPCs were reported in 172 (39%) of 449 patients in the lower PEEP group.
Relative risk 1·01; 95% CI 0·86-1·20; p=0·86.
Patients in the higher PEEP group developed intraoperative hypotension and needed more
vasoactive drugs.

• Conclusions
• High level of PEEP and recruitment maneuvers does not reduce the incidence of PPCs.

• Limitations:

• Compared PEEP <2 cm H20 vs >12 cm H20.
• Patients not included in study: 1). Laparoscopic surgical candidates 2). Morbidly obese
patients.

Literature Review on PEEP

Literature Review on PEEP- Study #2
• Prospective, multicenter RCT trial in 21 teaching hospitals.
• 1,012 healthy patients scheduled for laparoscopic and open abdominal
surgery.
• Patients were randomly assigned to four arms.
• Lung protective ventilation was used in each arm.
• Each arm evaluated different intra-op and post-op ventilatory lung strategies.

• First study in which the ventilatory strategy was continuously customized
to the patient, intra and post-operatively.
• Open Lung PEEP utilized: level of PEEP that prevents end expiratory collapse.

Literature Review on PEEP- Study #2

• Primary outcome: pulmonary and systemic complications during the first 7
postoperative days.
• List of post-operative pulmonary complications (PPCS) included the following:
•
•
•
•
•
•
•
•
•
•

Aspiration
Pneumonitis/Pneumonia
Atelectasis
Bronchospasm
Dyspnea
Pleural effusion
Hypoxemia
Pneumothorax
ARDS
Need for re-intubation.

Literature Review on PEEP- Study #2
Arms of Study:

• Arm 1: Open Lung Approach (OLA) and iCPAP- individualized PEEP calculated using dynamic
compliance (Cdyn) after a recruitment maneuver, CPAP if SPO2 < 96%.
• Arm 2: Open Lung Approach (OLA) and CPAP- individualized PEEP calculated using dynamic
compliance (Cdyn) after a recruitment maneuver, CPAP regardless of SP02.
• Arm 3: Standard Intraoperative Ventilation (STD) + CPAP: LPV + fixed PEEP of 5 cm H20 without
recruitment maneuver, CPAP regardless of SP02.
• Arm 4: Standard Intraoperative Ventilation (STD) + FM 02: LPV + fixed PEEP of 5 cm H20 without
recruitment maneuver/supplemental 02 via face mask.

Literature Review on PEEP- Study #2

• Results

• Risk of pulmonary and systemic complications did not statistically differ for patients in the CPAP
groups vs the standard ventilation/FM-02 group:
• OLA–iCPAP (110 [46%] of 241, p=0·25])
• OLA–CPAP (111 [47%] of 238, p=0·35])
• STD–CPAP groups (118 [48%] of 244, p=0·65])
• STD–O2 group (125 [51%] of 244).
• PEEP levels:
• OLA arms ~10 cm H20
• STD arms ~5.4-5.6 cm H20.

• Intraoperatively, PEEP was increased in 69 (14%) of patients in the STD groups because of
hypoxemia.
• None of the patients required rescue maneuvers.

• Conclusion
• In patients who have major abdominal surgery, the different perioperative OLAs tested in this
study did not reduce the risk of PPCs.

Literature Review on PEEP

Literature Review on PEEP- Study #3
• Small single centered trial with 40 patients.
• 20 laparoscopic surgery.
• 20 open abdominal surgery.

• Patients were randomized to two treatment groups.
• PEEP > 4 cm H20.
• Electrical Impedance Tomography (EIT) monitoring- applied after
recruitment maneuvers and targeted at minimizing lung collapse and
hyper-distension.

• Lung protective ventilation (LPV) was utilized in both arms.
• Study Method:
• Patients were extubated without changing selected PEEP or Fi02 while
under anesthesia.
• CT scan obtained 30-60 minutes post-extubation.

• Primary outcome: identify if EIT guided PEEP produced the
best compromise between atelectasis and hyper-distension.

Literature Review on PEEP- Study #3-Results
• EIT–guided PEEP varied markedly across individuals (median, 12 cm H2O;
range, 6 to 16 cm H2O; 95% CI, 10–14).
• Compared with PEEP of 4 cm H2O, patients randomized to the EIT–guided
strategy had the following:
• Less postoperative atelectasis (P = 0.017)
• Lower intraoperative driving pressures (P < 0.001)
• Higher intraoperative oxygenation (P < 0.001), while presenting equivalent hemodynamics (P =
0.821)
• No other post-operative pulmonary complications were recorded.

Literature Review on PEEP- Study #3-Results
• Conclusion:

• PEEP requirements vary widely among patients receiving LPV during abdominal
surgery.
• Individualized PEEP could reduce post-operative atelectasis while improving
intraoperative oxygenation and driving pressures.

• Limitation:

• EIT currently not available in the USA

PUL-03 Revision?
• Appropriateness of rationale

• PEEP requirements vary widely among patients receiving LPV.
• While the above studies demonstrate the efficacy of PEEP, the current literature is
inconclusive regarding PEEP standardization.
• Is it possible to study driving pressure and its correlation with PPCs?

• Evaluation of inclusion/exclusion criteria
• Nothing needs to be added or removed.

• Evaluation of definition of successful or flagged cases

• The median PEEP of > 2 cm H20 is still appropriate.
• The latest literature advocates for individualized PEEP, and thus there is no reason to
increase this threshold.
• Goal should be to keep an eye on literature and encourage further discussion.

Thank you!
• Questions/Comments?
• Contact info: jkileny@a4anes.net

