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Abstract
In view of the broad variety of diseases, lung protective ventilation 
with low tidal volumes and high positive end expiratory pressure 
are common during anesthesia. However, positive end expiratory 
pressure titration can decrease cardiac output because of the 
decrease in systemic venous return to the right side of the heart. 
As a result of this heart-lung interaction, PEEP titration can 
influence hemodynamic indices. Eight mechanically ventilated 
dogs undergoing hemodynamic monitorization as pulse pressure 
variation, central venous pressure and echocardiography 
variables were evaluated before and after PEEP administration. 
An increase in pulse pressure variation (23%) and central venous 
pressure (24,6%) were observed after PEEP administration. 
However, PEEP administration did not influence stroke volume 
and cardiac output. Hemodynamic indices are subject to 
changes after PEEP titration, which could misguide fluid therapy. 
In ventilated dogs a positive end expiratory pressure titration of 
5 cmH20 can increase both pulse pressure variation and central 
venous pressure.

Introduction
Due to a wide variety of diseases and comorbidities, different 
ventilation strategies are reported to be a common procedure 
during anesthesia [1]. Lung protective ventilation with low tidal 
volumes and high positive end expiratory pressure (PEEP) can 
be combined to minimize ventilator-associated lung injury [2,3]. 
Nowadays, PEEP is recommended in a variety of circumstances 
such as to maintain the recruited ARDS lung, in the obese patient, 
trendelenburg position and also depending on the anesthesia 
duration. However, this maneuver can decrease cardiac output 
(CO) and consequently impairing oxygen delivery [4-8].
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PEEP induces decrease in CO mainly because of the 
decrease in systemic venous return to the right side of the 
heart, secondary to the increase of pleural pressure [4-6]. 
An increase in after load, of the right ventricle, caused by 
an increase in transpulmonary pressure is also involved 
[1,5]. As well as the decrease in the left ventricular 
compliance due to a leftward shift of the interventricular 
septum [4,5]. Together those factors contribute to a 
reduced stroke volume from the RV, which consequently 
will decrease end-diastolic volume of the left atrium and 
therefore CO of the left ventricle [4-8]. 

As a result of this complex heart-lung interaction, it is 
important to considerate that mechanical ventilation 
parameters as tidal volume and PEEP influence 
hemodynamic indices of fluid responsiveness [1,4]. 
Heart rate, arrhythmias, spontaneous breathing, as well 
as drugs such as dexmedetomidine are also know to 
influence dynamic indices of fluid responsiveness [7,9-
11]. 

Among the different hemodynamic indices of fluid 
responsiveness, pulse pressure variation (PPV) is an 
indices in which PEEP may influence similarly to an 
increase of transpulmonary pressure [12-17].

In Medicine, pulse pressure variation was validated across 
several studies in which tidal volume was maintained at 
6-8ml/kg [18-20]. In dogs, a value of 8-10 ml/kg of tidal 
volume with 3 cmH2O of PEEP allowed PPV to guide fluid 
therapy in hypotensive dogs successfully [19]. However, 
few studies have addressed the effects of higher levels of 
PEEP in PPV, CVP or stroke volume and cardiac output in 
dogs [5,6,14,21].

Therefore, the aim of this study was to evaluate the 
effect of 5 cmH2O of PEEP on pulse pressure variation 
and echocardiographic parameters in mechanically 
ventilated dogs.  

Methods 
This was a prospective trial conducted at the Veterinary 
Hospital of the University of São Paulo. The protocol 
was approved by the Animal Care and Use Committee 

at our institution (1453/2008) and a written consent was 
obtained for each patient.

Patients
Eight mechanically ventilated female dogs with at least 
1 year of age, body weight above 30 kg undergoing 
ovariohysterectomy, were included in this study. Patients 
with cardiac arrhythmias, tricuspid insufficiency and 
increase in intra-abdominal or intra-thoracic pressure 
suspected by clinical context and examination, were 
excluded. 

Monitorization
Patients were pre medicated with tramadol (4 mg kg-1), 
intramuscularly. Animals were prepared and presented 
to the surgical room for venous catheterization and ECG 
placement. Anesthetic induction was titrated to effect with 
propofol (3-5 mg kg-1) and maintenance with isoflurane 
(expired fraction 1.0 to 1.4%) and oxygen (FiO2 60-70 
%) both titrated by an anesthetic gas monitor (Poet IQ2 
CRITCARE Systems USA). During surgery fentanyl bolus 
of 3 μg kg-1 was administered followed by continuous 
rate infusion of 0.2 μg kg min-1. Simultaneously, 
atropina 0.03 mg kg-1was administered intramuscularly. 
Neuromuscular block induced by rocuronium at 0.6 mg 
kg-1was performed to maintain the volume controlled 
ventilation (Fabius Tiro - Drager).   A tidal volume of 10 ml 
kg-1, inspiratory to expiratory ratio of 1:2, respiratory rate 
adjusted according to end tidal carbon dioxide (ETCO2 
30 – 40 mmHg). PEEP was settled in 5 mmHg and peak 
pressure in this group adjusted until 15 mmHg in order to 
maintain the same driven pressure.   

Ventilation parameters were monitored with the 
ventilometer of the multiparameter monitor (Dixtal 
DX 2020, São Paulo, Brazil) along with an anesthetic 
gas monitor. Patient’s temperature was controlled 
with thermal mattress and monitored by esophageal 
temperature sensor. Blood pressures were achieved 
by both arterial catheterization and central venous 
catheterization, placed in the dorsal pedal artery and 
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internal jugular vein, respectively, and monitored using 
the same multiparameter monitor (Dixtal DX 2020, São 
Paulo, Brazil).

Experimental procedure
After anesthesia stabilization, data were recorded before 
PEEP administration (Baseline), 10 minutes after 5 cmH2O 
PEEP (PEEP5) and 5 minutes after the fluid challenge (FC). 
Alveolar recruitment maneuver was performed before 
the PEEP administration using inspiratory pressure of 30 
cmH2O during 10 sec for 3 consecutive times with 10 
sec among then. Fluid challenge consisted of 10 ml kg-1 
in 10 min of lactate Ringer’s solution by an infusion pump 
(Digicare, FL, USA). Hemodynamic and echocardiography 
variables were recorded in all moments, as well as arterial 
blood samples (Figure 1).

PPV was obtained by the blood pressure signal, by means 
of the PPV module of the multi-parametric data collection 
system ((Dixtal DX 2020, São Paulo, Brazil). This machine 
is equipped with a ventilometer and an automatic 
PPV data collection system, which synchronizes both 
parameters that are displayed in real time. Data was 
recorded only after assuring that a sinusoid rhythmus 
was present, lack of spontaneous breathing, tidal volume 
of 10 ml kg-1.

Echocardiography examination was performed by a single 

experienced evaluator (GG) and data were recorded three 
times. Echocardiography parameters included velocity 
time integral (VTI), right ventricular outflow track (RVOT), 
Trans-Aortic peak velocity and mean pressure gradient, 
stroke volume (SV = VTI x RVOT), cardiac output (CO = SV 
x HR and cardiac index (CI = CO / body surface). 

Statistical analysis
For the comparison among time points, t student test 
was performed. Variance analysis was used to compare 
moments before and after fluid challenge, and Tukey’s 
test if necessary. Statistically significant were considered 
when p < 0.05. All statistical analyses were performed 
with the SPSS 20.0 software program (SPSS, Chicago, IL, 
USA).

Results   

Eight female dogs were enrolled in this study, with 
average age of 17.4 months and 24 kg of body weight. 
Mixed-breed (53%) was the most common race, followed 
by Rottweiler (20%) and Labrador (13,3%).

There was no significant increase on heart rate among 
the time points. Blood pressure increased significantly 
from PEEP5 to FC and central venous pressure also 
significantly increased after PEEP administration (Table 
1). Respiratory rate significantly increased, however it 
was adjusted to maintain CO2 values.

An incremental PEEP of 5 cm H2O significantly increased 
PPV by 23%, and after fluid challenge PPV significantly 
decrease 53% (Figure 2,3).

Central venous pressure increased significantly at PEEP 
of 5 cmH2O (p < 0.05) and decreases after fluid challenge. 

Regarding echocardiographic values, PEEP administration 
did not influence SV, CO and CI from baseline to PEEP5 
(Figure 4) whereas all echocardiographic measurements 
increased after the fluid challenge. 

Figure 1: Flowchart of the experimental procedure 
used in the study. PPV: Pulse Pressure Variation; ECO: 
Ecocardiography índices; RM: Recruitment Maneuver; 

PEEP: Positive End-Expiratory Pressure; FC: Fluid 
Challenge (10 mL.kg-10 in 10 minutes)



Page 4/7

Copyright  Lucas A. Gonçalves

Citation: Luciana M. Moreno, Denise T. Fantoni, Aline M. Ambrosio, Denise A. Otsuki, Guilherme T. Goldfeder, Lucas A. Gonçalves, Marco AA Pereira. (2017). 
Effects of Positive End-Expiratory Pressure on Hemodynamic Indices J Med Surg. 2017. 2(1): 1003.

 

Discussion 
The results of the present study support the hypothesis 
that PEEP titration during mechanical ventilation may 
alter hemodynamic indices. Our results suggest that 
a PEEP titration of 5 cmH2O is associated with about 
3.2 % raise in PPV. This increase on PPV after PEEP 
titration can possibly misguide the fluid therapy, meaning 
that the standard value of 15% observed by Fantoni et 
al(2017)in dogs that distinguish responders from non-
responders will probably increase according to the PEEP 
value [21]. Several human studies have demonstrated 
that PEEP titration can influence PPV and other dynamic 
indices[1,7,12-14]. According to Smith et al (2012)a PEEP 
titration of ≥ 8 cmH2O in mechanically ventilated patients 

with a tidal volume of 9 ml/kg may overestimate PPV 
values [12]. Another study with mechanically ventilated 
patients, observed a significant increase on PPV at 10 
cmH2O PEEP [13]. In general, most studies in human 
medicine and some animal studies refers a relatively 
increase of PPV after PEEP titration of ≥ 5 cmH2O [12,13].

CVP are often used as an indicator of blood volume and 
cardiac preload in both operating room and intensive 
care unit. However, many studies in Human Medicine 
have questioned it use regardless fluid responsiveness 
[22]. And currently guidelines suggest that CVP should 
no longer be routinely used for guide fluid therapy [22]. 
Yet, some studies with animals have demonstrated 
some relationship between CVP and intravascular 
volume [18,19,20]. PEEP titration on dogs undergoing 

Figure 2: Mean and standard deviation of pulse pressure 
variation after PEEP titration *P<0,05 and after fluid 

challenge§P<0,05.

Figure 3: Mean and standard deviation of central venous 
pressure after PEEP titration *P<0,05 and after fluid 

challenge §P<0,05.

Table 1: Effects of PEEP and fluid challenge on 
hemodynamic parameters.

Abbreviations: HR = heart rate; SP = systolic pressure; PEEP5 
= positive end expiratory pressure 5 cmH2O; AFC = after fluid 
challenge. Values are means ± SD. * p < 0.05.

Characteristics Baseline PEEP5 FC

Group PEEP

    HR beats/min 100 ± 20 98 ± 23 107 ± 13

   SAP mm Hg 95 ± 20 92 ± 20
110 ± 18*

PVC 4,9 ± 2,47 6,5 ± 2,73 6 ± 2,83
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mechanical ventilation can also affect CVP by impairing 
venous return after an increasing in pleural pressure 
[23,24]. A PEEP titration of 5 cmH2O in our study was 
associated with an increase of 1.8 cmH2O in CVP. One 
study with mechanically ventilated patients undergoing 
PEEP titration of 0, 5 and 10 cmH2O showed an increase 
in CVP of 11, 12 and 14 cm H2O, respectively [25]. Yang et 
al. (2012) observed a 1 cmH2Oincrease in CVP after every 
increase of 0, 38 cmH20 in PEEP. Finding a likely cutoff 
value of CVP after PEEP changes is an area of interest 
for critical ill management [26]. However, even in Human 
Medicine there is no accurate formula based on PEEP 
level for adjusting CVP in patients under mechanical 
ventilation [26].

Even though CO and SV did not decrease after PEEP 
titration, cardiovascular effects induced by PEEP were 
previously evaluated in several studies [4-6,8,14,16,25]. 
A decrease of 50% in CO was observed by Pizov et al 
(1996) in mechanically ventilated dogs during 15 cmH2O 
PEEP [15]. Another study observed a decreased in SV 
of 7,4% when PEEP was targeted to5 cmH2O and a 
decrease of 24% with a PEEP titration of 10 cmH2O [16]. 
Additionally, some author’s refers that it is unusual to see 
clinically important changes in right ventricle after load 
with a PEEP of less than 10 cm H2O [25]. Therefore, the 

transient decrease in CO, in our study, during the PEEP 
titration could be explained by the relative value of PEEP 
used in this study. The increased pleural pressure were 
probably not sufficient to impair cardiac filling and cardiac 
performance. The study from William et al, (1989) with 
mechanically ventilated dogs also observed a transient 
decrease in CO during 5 cmH2O of PEEP [16]. We must 
take into consideration that the transient value of PEEP 
used in this study can improve oxygenation during 
anesthesia, and several studies have found correlation 
with oxygenation and PEEP administration [2,3,27].

One might consider that this study results are 
predictable. Yet, we decided to initially study changes 
on hemodynamic indices in normotensive patients just 
to verify the influence of this maneuver in the heart-
lung interaction. Indeed in humans, Michard et al (1999) 
verified that the same negative effects on mean cardiac 
output values induced by positive ventilation are seen 
after PEEP titration, and strongly correlated with PPV 
and CVP [13]. Pizov and colleagues (1996) also observed 
a greater systolic pressure variation in dogs who had 
a significant decreased in cardiac output after PEEP 
titration, confirming this heart-lung interaction [15].

However, is important to considerate that even in 
normotensive cases hemodynamic indices are subject to 
changes if PEEP or tidal volume is altered. Consequently, 
cutoffs values have to be established in different scenarios 
or when standardized ventilation parameters are used. In 
a previous study with mechanically ventilated dogs, when 
a PEEP titration of 3 cmH20 was applied the cutoff value 
of PPV was 15% [21]. Which probably indicates that an 
increasing of PEEP will increase even further PPV cutoff 
values.

DPP on ZEEP and the PEEP-induced decrease in CI. 

This study had some limitations, first due to the 
healthy population without hemodynamic instability, a 
comparison between normotensive and hypotensive 
with PEEP could not be made. 

Conclusion

Figure 4: Mean and standard deviation of stroke volume 
(ml) and cardiac output (l/min).There were no significant 

decease after PEEP administration *P>0,05.After fluid 



Page 6/7

Copyright  Lucas A. Gonçalves

Citation: Luciana M. Moreno, Denise T. Fantoni, Aline M. Ambrosio, Denise A. Otsuki, Guilherme T. Goldfeder, Lucas A. Gonçalves, Marco AA Pereira. (2017). 
Effects of Positive End-Expiratory Pressure on Hemodynamic Indices J Med Surg. 2017. 2(1): 1003.

In conclusion, positive end expiratory pressure titration 
of 5 cmH20 in normotensive mechanical ventilated dogs 
can increased PPV and PVC.
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