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submitted to a coronary artery bypass graft surgery
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Abstract

Background: The PEEP-ZEEP technique is previously described as a lung inflation through a positive pressure
enhancement at the end of expiration (PEEP), followed by rapid lung deflation with an abrupt reduction in the
PEEP to 0 cmH2O (ZEEP), associated to a manual bilateral thoracic compression.

Aim: To analyze PEEP-ZEEP technique’s repercussions on the cardio-respiratory system in immediate postoperative
artery graft bypass patients.

Methods: 15 patients submitted to a coronary artery bypass graft surgery (CABG) were enrolled prospectively,
before, 10 minutes and 30 minutes after the technique. Patients were curarized, intubated, and mechanically
ventilated. To perform PEEP-ZEEP technique, saline solution was instilled into their orotracheal tube than the
patient was reconnected to the ventilator. Afterwards, the PEEP was increased to 15 cmH2O throughout 5
ventilatory cycles and than the PEEP was rapidly reduced to 0 cmH2O along with manual bilateral thoracic
compression. At the end of the procedure, tracheal suction was accomplished.

Results: The inspiratory peak and plateau pressures increased during the procedure (p < 0.001) compared with
other pressures during the assessment periods; however, they were within lung safe limits. The expiratory flow
before the procedure were 33 ± 7.87 L/min, increasing significantly during the procedure to 60 ± 6.54 L/min (p <
0.001), diminishing to 35 ± 8.17 L/min at 10 minutes and to 36 ± 8.48 L/min at 30 minutes. Hemodynamic and
oxygenation variables were not altered.

Conclusion: The PEEP-ZEEP technique seems to be safe, without alterations on hemodynamic variables, produces
elevated expiratory flow and seems to be an alternative technique for the removal of bronchial secretions in
patients submitted to a CABG.

Keywords: physical therapy modalities, respiratory mechanics, artificial respiration, pulmonary gas exchange, cardio-
vascular surgical procedures

Background
To carry out cardiovascular surgeries, patients must be
anesthetized, curarized, intubated, and be put under
mechanical ventilatory assistance. After surgery, patients
are taken to the intensive care unit (ICU) for monitoring
hemodynamic instability, arrhythmias and bleeding,
among other complications of the surgical procedure [1].

The most common cardiovascular postoperative com-
plications are related to extracorporeal circulation (ECC)
and its inflammatory reaction. It is well known that ECC
affects the lungs causing alveolar edema and atelectasis,
which can lead the patient to a longer period of mechani-
cal ventilation [2]. Longer periods of endotracheal intu-
bation impair mucociliary transport and make necessary
the use of airway clearance techniques [3].
Tracheal suctioning is one of the most used methods

for removing secretions from airways and its classical
procedure consists of disconnection from mechanical
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ventilation, followed by insertion of a suction catheter
into the trachea for tracheal suctioning under negative
pressure [4]. Nevertheless, in some cases, tracheal suction
is insufficient for a complete secretion removal due to an
increased secretion volume and/or viscosity. In this case,
extra techniques for removing secretions, in special the
ones that promote an expiratory airflow increase are indi-
cated [5].
Based on the idea of increasing expiratory airflow to

remove secretion, a technique named PEEP-ZEEP has
been previously proposed [6]. This technique consists in
imposing a gradual positive end-expiratory pressure on
the respiratory system (PEEP) until 15 cmH2O followed
by an abrupt PEEP reduction to 0 cmH2O (ZEEP), in
association with a manual bilateral thoracic compression
to potentiate the increase of expiratory airflow. Despite
this, the cardiorespiratory repercussions have never been
studied.
The aim of this study was to analyze the repercussion

of PEEP-ZEEP technique on the cardiorespiratory sys-
tem and evaluate its safety in patients submitted to a
coronary artery bypass graft surgery (CABG).

Method
Study population
Fifteen patients (11 men, 60 ± 8 years) in their first cardiac
surgery were prospectively included in this study per-
formed in a tertiary cardiology hospital (Heart Institute
(InCor), University of Sao Paulo-Medical School, Sao
Paulo, Brazil). Patients did not have pulmonary disease and
all subjects underwent a CABG with extracorporeal circu-
lation (Table 1). Patients who needed extracorporeal circu-
lation more than 120 minutes, who showed hemodynamic
instability (mean arterial pressure (MAP < 60 mmHg)) or
the needed intra-aortic balloon assistance were excluded
from this study. Were also excluded patients who showed
SpO2 lower than 92% during the initial assessment.

Study design and cardiorespiratory measurements
This study began 30 minutes after patient’s arrival at the
postoperative intensive care unit. The patients were

evaluated at 3 different moments: before the PEEP-ZEEP
technique, 10 minutes and 30 minutes after the PEEP-
ZEEP technique (Figure 1).
Heart rate (HR) and MAP (66-Hewlett Packard™ and

Biomonitor7-BESE™) were used to evaluate the hemody-
namic status. Patient’s oxygenation was evaluated by per-
ipheral saturation (SpO2). End-tidal carbon dioxide
(ETCO2) and respiratory mechanics (peak inflation pres-
sure (PIP), plateau pressure (Pplateau), inspiratory flow
(Vinsp), expiratory flow (Vexp), inspiratory resistance
(Rawinsp), expiratory resistance (Rawexp) and total static
lung compliance (Cst)) were measured by a respiratory
monitor CO2SMO™ DX8100™-Dixtal™.
Before PEEP-ZEEP technique, patients were in a supine

position, sedated with propophol (1 to 3 mg/kg/weight)
and curarized with atracurium bezylate (0.3 to 0.5 mg/kg/
weight). Patients were in use of a mean arterial pressure
catheter and were intubated and mechanically ventilated
with Veolar™ or Amadeus™ (Hamilton Medical™, Swit-
zerland) in an assisted/controlled (A/C) mode, with a tidal
volume of 6 mL/kg/weight, respiratory rate of 12 bpm,
PEEP of 5 cmH2O and fraction of inspired oxygen of 1.0.

PEEP-ZEEP technique
Initially, the SpO2 was checked and then, patients were
disconnected from the mechanical ventilator for the instil-
lation of 3 mL of normal saline solution through the oro-
tracheal tube, followed by reconnection to the mechanical
ventilator. In sequence, PEEP was elevated to 15 cmH2O
and the peak inspiratory pressure was limited to 40
cmH2O for security reasons throughout 5 respiratory
cycles. After the fifth respiratory cycle, the PEEP was
abruptly reduced to 0 cmH2O (ZEEP) in association with
manual bilateral thoracic compression (Figure 1). There-
after, patients were disconnected from the mechanical
ventilator and tracheal suction was performed with a 12F
suction catheter-EMBRAMED™. After removing the suc-
tion catheter, patients were connected to the mechanical
ventilator without any changing in the initial parameters.
The values of PIP, Pplateau, Vinsp, and Vexp were regis-

tered during the five respiratory cycles. Manual bilateral
thoracic compression was performed and registered at the
5th respiratory cycle for evaluate the PEEP-ZEEP techni-
que’s mechanism of action. All the measures were stored
in a microcomputer equipped with Analysis Plus™ soft-
ware (Figure 2).
This protocol was approved by an Ethical Committee

and all patients provided informed consent during the
preoperative period.

Statistical analysis
Descriptive analyses are presented as mean and standard
deviation. When the variables along the time were nor-
mally distributed, One-way analysis of variance for

Table 1 Patient’s characteristics.

Patients - PEEP ZEEP technique

Age (years) 60 ± 9

Weight (kg) 73 ± 13

Height (cm) 166 ± 9

Body mass index (Kg/m2) 27 ± 4

ECC (minutes) 90 ± 23

Homoglobin (g/dL) 10.66 ± 1.34

Hematocrit (%) 32.21 ± 4.1

ECC: Extracorporeal circulation. Values are presented as mean and standard
deviation.
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repeated measures (ANOVA ONE-WAY RM) was used.
Friedman Repeated Measures Analysis of Variance was
used when variables were out of normality. Post-hoc Tur-
key test was also used, considering the significance level as
p < 0.05.
Data were analyzed using the Statistical Package for

Social Sciences™ for Windows™, 11.5 (SPSS Inc, Chi-
cago, IL). Statistical significance was defined as p < 0.05.

Results
Hemodynamic variables and SpO2 did not vary signifi-
cantly before, 10 and 30 minutes after the PEEP-ZEEP
technique (Table 2). The PIP was not different before, 10
minutes and 30 minutes after PEEP-ZEEP technique (p =
0.116) either. The PIP on the fifth respiratory cycle was 29
± 3 cmH2O, and it was different between the previous
values (p < 0.001) (Figure 3). The Pplateau also did not
vary significantly before, 10 and 30 minutes after the
PEEP-ZEEP technique. The Pplateau on the fifth

respiratory cycle was 26 ± 3 cmH2O, greater than the
other values (p < 0.001) (Figure 4).
The inspiratory flow did not show difference before, at

the fifth respiratory cycle, 10 minutes and 30 minutes
after PEEP-ZEEP technique (p = 0.314).
The expiratory flow showed difference before the pro-

cedure (37 ± 11 L/min), at 10 minutes (38 ± 10 L/min)
and at 30 minutes (39 ± 10 L/min) (p = 0.043). At the
time of deflation, the expiratory flow reached 64 ± 9 L/
min, with a significant statistical difference (p < 0.001)
(Figures 3 and 4).
The inspiratory and expiratory resistance and static

compliance parameters indicated slight oscillations, how-
ever with no significant statistical difference (table 2).

Discussion
The main find of this study was that the PEEP-ZEEP tech-
nique was safe and did not cause significant alterations in
hemodynamic variables, represented by HR and MAP.

 

ICU: Intensive Care Unit; MV: mechanical ventilation; MAP: mean arterial pressure; MCC: manual chest 

compression. 

Assessed for elegibility (n=15)

Excluded (n=0)

Discontinued (n=0)
SpO2 <92% / MAP<60mmHg

Analysed 
(n=15)

Arrival ICU
MV: tidal volume of 6 mL/kg

12rpm, PEEP 5cmH2O 
FiO2 100%

Analysis of the
cardiorespiratory variables

Disconnection MV
Instillation 3ml 

normal saline solution

Reconnection MV
PEEP 15 cmH2O

5 ventilatory cycles
PEEP 0 cmH2O + MCC

Tracheal suction

Before 10min 30min

Analysis of the
cardiorespiratory variables

Figure 1 Patient’s flow and study design.
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This safety may be related to the short period of pressuri-
zation (PEEP), as well as the given myocardial protection,
immediately after the surgery, by the administration of
inotropic and vasoactive drugs.
Initially, PEEP used was 5 cmH2O, which created a

mean peak inspiratory pressure of 16 cmH2O. As it was
increased 10 cmH2O to the initial PEEP (a total of 15
cmH2O), we maintained our patients’ pressures within
the safety limit recommended by a consensus/guideline
of Mechanical Ventilation [7], even during the PEEP-
ZEEP technique when a maximum peak pressure of 29
cmH2O was observed. This same pattern of change was
observed on Pplateau.
As the airway pressurization was performed with PEEP

at 15 cmH2O during 5 respiratory cycles because there
was an expectation of a better gas redistribution and
alveolar stabilization. Former studies suggest that PEEP
values lower than 15 cmH2O, applied with similar char-
acteristics as this protocol, were not enough to reopen
collapsed areas [8,9]. With the airway pressurization at

15 cmH2O, an increase in functional residual capacity
occurs, leading to a reduction in airway resistance and
possibly helping on secretion removal [10,11].
During the study protocol, SpO2 and ETCO2 remained

unaltered and it could be explained due to the fact that
these patients had no previous pulmonary disease. More-
over our data are in accordance with the study by Kinloch
[12] and Ackerman [13] who showed that the saline solu-
tion instillation did not alter PaO2 values.
In PEEP-ZEEP technique performed in this study, the

significant increase in expiratory flow at the moment that
PEEP was declined to zero was very evident. The sudden
airway depressurization, associated with manual bilateral
thoracic compression, as a part of PEEP-ZEEP technique,
generated an increase in the exhaled tidal volume in a
short expiratory time. This expiratory flow and exhaled
tidal volume increase are in agreement with the hypoth-
esis that the PEEP-ZEEP technique simulates the cough-
ing mechanism.
It seems that one of the advantages of PEEP-ZEEP tech-

nique is the ability to simulate the cough, preventing early
ventilator disconnection as seen in other techniques as
bag squeezing. In bag squeezing technique, the peak
inspiratory pressure depends on the size of the resuscitator
in use, the operator’s ability and differences equipment
features that may vary in a significant form [14,15], what
can expose patients to exponential risks. A positive benefit
that PEEP-ZEEP technique has over other techniques is
the peak inspiratory pressure control, providing safety to
the patient.
In this study, values for inspiratory/expiratory resis-

tance and static compliance were in agreement with the
acceptable limits for intubated and mechanically venti-
lated patients, what could be influenced by the profile of
the studied patients who did no show previous

1 2 3 4 5

Figure 2 Flow and pressure curves recorded during the PEEP-ZEEP technique, in circles, the moment of depressurization associated
with manual bilateral thoracic compression.

Table 2 Mean values and standard deviation of mean
before, 10 and 30 minutes after PEEP-ZEEP technique

Before after 10 min after 30 min p

MAP (mmHg) 80 ± 12 82 ± 12 85 ± 18 0.749

HR (bpm) 97 ± 18 96 ± 16 97 ± 20 0.205

SpO2 (%) 97 ± 1 98 ± 2 98 ± 1 0.552

ETCO2 (mmHg) 37 ± 8 39 ± 9 40 ± 11 0.080

Rawinsp (cmH2O.s.L
-1) 8 ± 2 8 ± 4 7 ± 3 0.197

Rawexp (cmH2O.s.L
-1) 8 ± 2 8 ± 2 8 ± 2 0.977

Cst (mL/cmH2O) 46 ± 11 46 ± 13 44 ± 12 0.396

MAP: Mean arterial pressure; HR: heart rate; SpO2: peripheral oxygen
saturation; ETCO2: end-tidal carbon dioxide; Rawinsp: inspiratory resistance;
Rawexp: expiratory resistance; Cst: total static lung compliance. Values are
presented as mean and standard deviation.
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pulmonary alterations and underwent only few hours of
mechanical ventilation.
The protocol was initiated 30 minutes after the patients

were brought to the ICU as their ventilatory support lasted
for less than 6 hours. These considerations, associated
with the normal airway resistance, can justify the small
amount of bronchial secretion removed with PEEP-ZEEP
technique in this study. It is necessary to emphasize that
the amount of bronchial secretion removed was not the
aim of this study.
Our data show that the standardized PEEP-ZEEP tech-

nique did not produce significant alterations in hemody-
namic and oxygenation parameters. However, it is
known that pressurization at 15 cmH2O for a period
over 15 minutes can alter the heart rate in patients sub-
mitted to cardiac surgery [11]. The differential in the

present study was the short period of pressurization,
approximately 25 seconds, what could have influenced
the lack on hemodynamic alterations.

Study limitation
This study is limited by the number of patients and by the
fact that they did not show a great amount of secretion on
respiratory system. Despite this, the amount of removed
secretion was not the main endpoint of this study. A study
comparing different techniques of secretion removal is
required to understand the real benefits of PEEP-ZEEP
technique in relation to other techniques.

Conclusion
The PEEP-ZEEP technique seems to be safe, without
alterations on hemodynamic variables, produces elevated

Insp. flow: Inspiratory flow; Exp. flow: expiratory flow.  
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Figure 4 Flows before, at the 5 cycles, 10 and 30 minutes after the procedure.

PIP: Peak inspiratory pressure; Pplateau: plateau pressure. 

10

15

20

25

30

35

Pre 1th

Cycle

2th

Cycle

3th

Cycle

4th

Cycle

5th

Cycle

10

min.

30

min.

PIP

Pplateau

P 
(c

m
H

2O
)

*
p<0.001

Figure 3 Pressures before, at the 5 cycles, 10 and 30 minutes after the procedure.
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expiratory flow and seems to be an alternative technique
for the removal of bronchial secretions in patients sub-
mitted to a CABG.

Author details
1Physiotherapy Division, Heart Institute (InCor), University of Sao Paulo
Medical School, Sao Paulo, Brazil. 2Laboratório de Insuficiência Cardíaca e
Transplante, Heart Institute (InCor), University of Sao Paulo Medical School,
Sao Paulo, Brazil. 3Anesthesiology Division, Heart Institute (InCor), University
of Sao Paulo Medical School, Sao Paulo, Brazil.

Authors’ contributions
MVHR, MIZF, VOC and JOCAJ participated in the design and coordination of
the study, MVHR participated in the data collection, MVHR, MIZF and VOC
revised the manuscript, MVHR and VOC performed the statistical analysis.
VOC, MVHR and MIZF participated in the writing. All authors read and
approved the final version of the manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 28 February 2011 Accepted: 13 September 2011
Published: 13 September 2011

References
1. Nalysnyk L, Fahrbach K, Reynolds MW, Zhao SZ, Ross S: Adverse events in

coronary artery bypass graft (CABG) trials: a systemic review and
analysis. Heart 2003, 89:767-72.

2. Rumsfeld JS, MaWhinney S, McCarthy M Jr, Shroyer AL, VillaNueva CB,
O’Brein M, et al: Health-related quality of life as a predictor of mortality
following coronary artery bypass graft surgery. Participants of the
Department of Veterans Affairs Cooperative Study Group on Processes,
Structures, and Outcomes of Care in Cardiac Surgery. JAMA 1999,
281:1298-303.

3. Bostick J, Wendelgass TS: Normal saline instillation as part of the
suctioning procedure: Effects on PaO2 and amount of secretions. Heart
Lung 1987, 16:532-37.

4. Thompson SR: Bronchial catheterization. Am J Surg 1936, 31:260.
5. Kim CS, Iglesias AJ, Rodriguez CR: Mucus transport by two-phase gas-

liquid flow mechanism during periodic flow. American Review of
Respiratory Disease 1985, 131:A373.

6. Santos FRA, Schneider Júnior LC, Forgiarini Junior LA, Veronezi J: Effects of
manual rib-cage compression versus PEEP-ZEEP maneuver on
respiratory system compliance and oxygenation in patients receiving
mechanical ventilation. Rev Bras Ter Intensiva 2009, 21:155-161.

7. Slutsky AS: Consensus conference on mechanical ventilation–January 28-
30, 1993 at Northbrook, Illinois, USA. Part 2. Intensive Care Med 1994,
20:150-62.

8. Valta P, Takala J, Eissa NT, Milic-Emili J: Effects of PEEP on respiratory
mechanics after open heart surgery. Chest 1992, 102:227-33.

9. Claxton BA, Morgan P, McKeague H, Mulpur A, Berridge J: Alveolar
recruitment strategy improves arterial oxygenation after
cardiopulmonary bypass. Anaesthesia 2003, 58:111-6.

10. D’Angelo E, Calderini E, Tabola M, Bono D, Milic-Emili J: Effect of PEEP on
respiratory mechanics in anesthetized paralyzed humans. J Appl Physiol
1992, 73:1736-42.

11. Auler JOC Jr, Carmona MJC, Barbas CV, Saldiva PHN, Malbouisson LMS: The
effects of positive end expiration pressure on respiratory system
mechanics and hemodynamics in postoperative cardiac surgery
patients. Braz J Med Biol Res 2000, 33:31-42.

12. Kinloch D: Instillation of normal saline during endotracheal suctioning:
effects on mixed venous oxygen saturation. Am J Crit Care 1999, 8:231-42.

13. Ackerman MH: Instillation of normal saline before suctioning in patients
with pulmonary infection: A prospective randomized controlled trial. Am
J Crit Care 1998, 7:261-6.

14. King D, Morrell A: A survey on manual hyperinflation as a physiotherapy
technique in intensive care units. Physiotherapy 1992, 78:747-50.

15. Wayne PR: To bag or not to bag? Manual hyperinflation in intensive
care. Inten Crit Care Nurs 1998, 8:239-43.

doi:10.1186/1749-8090-6-108
Cite this article as: Herbst-Rodrigues et al.: PEEP-ZEEP technique:
cardiorespiratory repercussions in mechanically ventilated patients
submitted to a coronary artery bypass graft surgery. Journal of
Cardiothoracic Surgery 2011 6:108.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Herbst-Rodrigues et al. Journal of Cardiothoracic Surgery 2011, 6:108
http://www.cardiothoracicsurgery.org/content/6/1/108

Page 6 of 6

http://www.ncbi.nlm.nih.gov/pubmed/12807853?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12807853?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12807853?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10208145?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10208145?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10208145?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10208145?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3308779?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3308779?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3308779?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8201097?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8201097?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1623758?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1623758?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12562405?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12562405?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12562405?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1474045?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1474045?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10625872?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10625872?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10625872?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10625872?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10392222?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10392222?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9656040?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9656040?dopt=Abstract

	Abstract
	Background
	Aim
	Methods
	Results
	Conclusion

	Background
	Method
	Study population
	Study design and cardiorespiratory measurements
	PEEP-ZEEP technique
	Statistical analysis

	Results
	Discussion
	Study limitation

	Conclusion
	Author details
	Authors' contributions
	Competing interests
	References

