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A b s t r a c t

Introduction: Pulmonary complications have a major impact on the morbidi-
ty and mortality of critically ill patients with multiple trauma. Intraoperative 
protective ventilation with low tidal volume may prevent lung injury and 
infection, whereas the role of positive end-expiratory pressure (PEEP) levels 
is unclear. The aim of this study was to evaluate the influence of different 
intraoperative PEEP levels on incidence of pulmonary complications after 
emergency trauma surgery. 
Material and methods: We retrospectively analysed data of multiple trauma 
patients who underwent emergency surgery within 24 h after injury in our 
level I trauma centre (n = 86). On the basis of their intraoperative PEEP level, 
patients were divided into a  low PEEP group with a PEEP of < 8 mbar and 
a high PEEP group with a PEEP of 8 mbar or higher. 
Results: Besides differences in body mass index and preoperative oxygen-
ation, there were no differences in patients’ baseline data. There was a sig-
nificant difference between incidence of pneumonia within 7 days after 
trauma surgery, with an incidence 26.7% in the low PEEP group and 7.3% in 
the high PEEP group (p = 0.02). The low PEEP group had higher pulmonary 
infection scores at days 3 and 5 after surgery. Oxygenation was better in the 
higher PEEP group postoperatively. There was no difference with respect to 
the incidence of acute respiratory distress syndrome, the mortality up until 
hospital discharge or haemodynamic parameters between groups. 
Conclusions: Higher PEEP levels were associated with perioperative im-
provement of oxygenation and a  lower incidence of pneumonia, without 
impairment of haemodynamics. Additional studies should be initiated to 
confirm these observations.
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Introduction

Multiple trauma is a major cause of death and disability in the de-
veloped and developing world [1]. While early trauma mortality is de-
creasing, secondary inflammatory organ dysfunction is one of the major 
issues in trauma critical care [2]. Pulmonary failure arises in up to 20% 
of all severely injured patients [3]. Several risk factors such as severity of 
injury and multiple surgery are associated with pulmonary dysfunction 
after major trauma [4]. In addition, the quality of mechanical ventilation 
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during intensive care treatment has an influence 
on the pulmonary outcome of critically ill patients 
[5]. Several studies have demonstrated that intra-
operative ventilation also influences the incidence 
of postoperative pulmonary complications [6], 
especially pneumonia [7] after elective abdom-
inal surgery. High tidal volume ventilation can 
overstretch the lung and may be associated with 
subsequent pulmonary injury. The role of intraop-
erative positive end-expiratory pressure (PEEP) is 
currently a matter of debate. Higher perioperative 
PEEP levels may improve oxygenation and reduce 
the incidence of pneumonia and other pulmonary 
complications by prevention of cyclic opening and 
closing of dependent lung areas [8]. Accordingly, 
ventilation with low PEEP ventilation during sur-
gery was shown to increase mortality in a  large 
database analysis [9]. On the other hand, exper-
imental and clinical data revealed that higher 
PEEP levels may lead to alveolar overdistension, 
impair cardiac output and increase pulmonary 
inflammation [10]. The importance of periopera-
tive mechanical ventilator settings is evolving, but 
there are insufficient data about which group of 
patients may or may not benefit from a  certain 
ventilator strategy. 

The aim of our current study was to evaluate 
the association of different intraoperative PEEP 
levels with the incidence of pneumonia and oth-
er postoperative pulmonary complications in the 
acute perioperative phase of severely injured pa-
tients.

Material and methods

Study design

The Ethics Committee of the Hannover Medical 
School approved the study protocol and waived the 
need for ethical approval due to the retrospective 
design and anonymization of data (No. 1867-2013). 
We retrospectively analysed the electronic records 
of all severely injured patients admitted to our level I 
trauma centre between June 2010 and November 
2013. We included all adult multiply injured pa-
tients who underwent emergency surgery within 
the first 24 h after injury that had a duration of sur-
gery of more than 90 min in our analysis. Multiple 
injury was defined by an Injury Severity Score (ISS) 
> 16 with trauma to more than 1 body region. We 
excluded patients with an ISS < 16 or with a severe 
injury (ISS > 16) to only one body region. Further-
more, we excluded multiple trauma patients who 
had no surgery within 24 h after injury, who had 
short procedures with an operating time shorter 
than 90 min or who had surgery outside our trau-
ma centre and were secondarily transferred to our 
centre. Patients with missing data regarding their 
body height, intraoperative anaesthetic manage-

ment and/or postoperative intensive care manage-
ment were also excluded.

Patients’ characteristics

For characterisation and comparative purposes 
of the study population we assessed known risk 
factors for pulmonary complications, such as gen-
der, age, GCS at scene, base excess on admission, 
ISS and Abbreviated Injury Scale (AIS) score for 
the chest region. Furthermore, we calculated the 
Lung Organ Failure Score (LOFS) for each patient. 
This score predicts severe pulmonary complica-
tions in multiple trauma patients including chest 
trauma and was calculated from the Trauma Reg-
istry data (German Trauma Society) of more than 
30 000 patients [4].

Intraoperative data

Intraoperatively collected data included: dura-
tion of emergency surgery (minutes), transfusion 
of packed red blood cells and fresh frozen plas-
ma (units), infused crystalloid and colloid volume 
(ml), vasopressor use, sedation (total intravenous 
or balanced anaesthesia), tidal volume (ml), respi-
ratory frequency (breaths per minute), peak air-
way pressure and PEEP level (mbar). On the basis 
of intraoperative PEEP level, patients were divided 
into a low PEEP group with a PEEP of < 8 mbar and 
a high PEEP group with a PEEP of 8 mbar or high-
er. The PEEP cut-off was determined before data 
acquisition and analysis. 

Postoperative data

Postoperatively assessed data comprised venti-
lator settings, e.g. PEEP, tidal volume, plateau pres-
sure, respiratory rate and fraction of inspired oxygen 
(FiO

2) on postoperative day (POD) 1, 3 and 5 after 
intensive care unit (ICU) admission at 12:00 a.m.

Outcome

Our primary outcome of interest was the inci-
dence of clinically diagnosed pneumonia within  
7 days after emergency surgery according to crite-
ria as described by Johanson [11]. 

Pneumonia was clinically suspected upon the 
presence of new or progressive pulmonary infil-
trates on chest radiographs plus two or more of 
the following criteria: 1) fever ≥ 38.5°C or hypo-
thermia < 36°C, 2) leukocytosis ≥ 12000 WBC/
mm3 or leukopenia < 4000 WBC/mm3, 3) purulent 
sputum, 4) worsening gas exchange.

We calculated the modified Clinical Pulmonary 
Infection Score (CPIS) as described by Pelosi et al. 
(mCPIS) from clinically available data on POD 1,  
3 and 5 after emergency surgery [12, 13]. Further-
more, the incidence of acute respiratory distress 
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syndrome according to the Berlin definition and 
the mortality up until discharge from hospital 
were documented. We calculated the Horowitz 
indices (PF ratio) from the first blood gas analy-
sis after arrival at the ICU and on POD 1, 3 and 
5 at 12:00 a.m. after surgery as a parameter for 
oxygenation. We assessed need for vasopressors, 
amount of fluid therapy, perioperative lactate lev-
els and postoperative creatinine levels as surro-
gate parameters for possible impairment of circu-
lation by higher PEEP levels.

Statistical analysis

Variables related to patients’ characteristics, 
intra- and postoperative data and outcome were 
reported. All continuous data are expressed as 

means ± SD unless stated otherwise. Variance 
analysis by repeated measures procedures (Green-
house-Geisser ε method) were used for statistical 
analysis. Interactions between groups were tested 
by the Mann-Whitney U  test, Kruskal-Wallis test 
and χ2 test. P-value < 0.05 was considered as sta-
tistically significant (two-sided). Statistics were 
carried out using the IBM SPSS Statistics software 
tool (Version 21.0, IBM Corp., Armonk, NY, USA). 

Results

A total of 382 patients were screened for this 
study. Out of these, 86 patients met the inclusion 
criteria and entered the final analysis (Figure 1). 
There were no significant differences concerning 
patients’ characteristics between groups besides 
a significant difference in body weight and base-
line oxygenation (Table I). Most patients under-
went endotracheal intubation in a  pre-clinical 
setting (70.6%). There was no significant differ-
ence in pre-clinical intubation rate between study 
groups (Table I). All patients received periopera-
tive antibiotic prophylaxis with a 2nd generation 
cephalosporin (in the case of a  known allergy, 
clindamycin) according to a  local standard oper-
ating procedure.

During general anaesthesia for emergency sur-
gery, aside from airway pressure settings due to dif-
ferent PEEP groups (low PEEP vs. high PEEP), there 
were no significant differences in duration of sur-
gery, parameters of fluid resuscitation and volume 
management, vasopressor use, maintenance of an-
aesthesia or tidal volume (Table II). There was a sig-
nificant difference in tidal volume per kg of predict-
ed body weight intraoperatively. Tidal volume per 
kg of predicted body weight was 8.4 ±1.2 ml in the 

Figure 1. Flow diagram

Assessed for eligibility (n = 382)
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• �Not meeting inclusion 
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• �Excluded due to missing 

data (n = 29)
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(Retrospective) 
analysis

+

“Low” PEEP (n = 45) “High” PEEP (n = 41)

Table I. Patients’ characteristics on admission to emergency department (< 24 h before surgery)

Parameter Low PEEP group
 (n = 45)

High PEEP group
(n = 41)

P-value

Sex (male/female) 34/11 34/7 0.40

Age [years] 42.8 ±18.7 38.1 ±16.5 0.22

BMI [kg/m2] 25 ±4 29 ±7 0.04

Base excess [mmol/l] –4.0 ±4.2 –3.6 ±4.0 0.78

Lactate [mmol/l] 2.7 ±2.2 3.0 ±1.9 0.29

Creatinine [μmol/l] 90.7 ±32.4 93.2 ±33.6 0.77

LOFS 16 ±3 17 ±3 0.41

ISS 27 ±9 29 ±9 0.26

AISThorax 3 ±1 3 ±1 0.38

GCS 11 ±4 11 ±5 0.97

Pre-clinical intubation (%) 61.4 80.5 0.55

Data expressed as mean ± SD. BMI – body mass index, LOFS – lung organ failure score, ISS – injury severity score, AIS – abbreviated injury 
score, GCS – Glasgow Coma Scale at scene, low PEEP group: < 8 mbar, high PEEP group: ≥ 8 mbar.
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low PEEP group and 7.8 ±0.9 ml in the high PEEP 
group. Postoperative respiratory data assessed as 
median values calculated from parameters on POD 
1, 3 and 5 after ICU admission revealed no signifi-
cant differences except airway pressures (PIP, PEEP) 
between groups as well (Table III).

Postoperative respiratory status and other out-
come parameters are reported in Table IV. Compar-
ing the incidence of early onset pneumonia within 
the first 7 days after initiation of mechanical venti-
lation within the low and the high PEEP group, we 
found a significant differences (26.7% vs. 7.3%; p < 
0.05). On POD 3 and 5, the mCPIS were significant-
ly lower in the high PEEP group (POD 3: 1 ±1; POD 
5: 2 ±1) as compared to the low PEEP group (POD 
3: 1 ±1 vs. 3 ±2, p ≤ 0.001; POD 5: 2 ±1 vs. 3 ±2, 

p = 0.006) (Table IV). There were no differences in 
postoperative lactate or creatinine levels.

Oxygenation as expressed by the PF ratio was 
significantly better in the high PEEP group prior to 
admission to the intensive care unit (postopera-
tive PF ratio [mm Hg]: 414 ±136 vs. 345 ±124; p = 
0.02). On POD 1, 3 and 5 no significant differences 
could be identified for PF ratio between groups 
and the incidence of acute respiratory distress 
syndrome. Early mortality during hospital stay did 
not differ between groups either (Table IV).

Discussion

In this retrospective analysis higher intraopera-
tive PEEP levels of 8 mbar and higher were associ-
ated with significantly improved oxygenation after 

Table II. Intraoperative data

Parameter Low PEEP group
 (n = 45)

High PEEP group
 (n = 41)

P-value

Duration of surgery [min] 188 ±78 218 ±105 0.35

PRBCs 7 ±10 7 ±8 0.35

FFP 5 ±8 5 ±6 0.27

Crystalloids [ml] 1699 ±1126 2233 ±1558 0.12

HES [ml] 420 ±417 647 ±617 0.11

Gelantine [ml] 409 ±684 450 ±783 0.98

TIVA (y/n) 5/25 3/23 0.59

Vasopressors (%) 90.7 97.6 NS

VT [ml] 584.2 ±94.8 573 ±92.7 0.41

VT/PBW [ml/kg] 8.4 ±1.2 7.8 ±1.2 0.014

RR [l/min] 13.6 ±2.5 15.7 ±3.2 0.002

PIP [mbar] 20.2 ±5.3 24.3 ±3.9 < 0.001

PEEP [mbar] 5.1 ±1.1 10.4 ±1.9 < 0.001

FiO2 0.63 ±0.23 0.6 ±0.26 0.44

PRBC – packed red blood cells, FFP – fresh frozen plasma, HES – hydroxyethyl starch, TIVA – total intravenous anaesthesia, V
T
 – tidal 

volume, PBW – predicted body weight, RR – respiratory rate, PIP – peak inspiratory pressure, PEEP – positive end-expiratory pressure, FiO
2 

– fraction of inspired oxygen, low PEEP group: < 8 mbar, high PEEP group: ≥ 8 mbar.

Table III. Mechanical ventilation during ICU stay (median data from POD 1, 3 and 5)

Parameter Low PEEP group
 (n = 45)

High PEEP group 
(n = 41)

P-value

VT [ml] 624.3 ±113.1 667.7 ±112.8 0.16

VT/PBW [ml/kg] 9.1 ±1.9 9.1 ±1.5 0.96

RR [1/min] 15.1 ±2.1 16.4 ±3.1 0.11

PIP [mbar] 22.8 ±4.7 25.3 ±3.3 0.002

PEEP [mbar] 8.7 ±2.2 9.2 ±2.1 0.004

FiO2 0.35 ±0.10 0.35 ±0.08 0.88

Data expressed as mean ± SD. POD – postoperative day, V
T
 – tidal volume, PBW – predicted body weight, RR – respiratory rate, PIP – peak 

inspiratory pressure, PEEP – positive end-expiratory pressure, FiO
2
 – fraction of inspired oxygen; low PEEP group: < 8 mbar, high PEEP 

group: ≥ 8 mbar.
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emergency surgery. Furthermore, the overall inci-
dence of clinically diagnosed pneumonia as well 
as mCPIS scores on POD 3 and 5 was significantly 
lower in this group. There was no difference in the 
incidence of acute respiratory distress syndrome 
(ARDS) and mortality up until discharge between 
groups. There was a significant difference in body 
mass index (BMI) and in baseline oxygenation be-
tween groups. We found no further differences in 
baseline data, including known prehospital and 
clinical risk factors for pulmonary complications 
and the Lung Organ Failure Score. Severity of injury 
was high in both groups as indicated by a medi-
an ISS above 25, and both groups had a mean AIS 
for the chest region of 3, indicating severe chest 
injury. Thus, both groups were at significant risk 
of severe pulmonary organ dysfunction with an 
estimated rate around 15% as predicted by me-
dian LOFS of 16 and 17 points, respectively. There 
was a statistically significant difference in intraop-
erative tidal volume and respiratory rate between 

groups. But the clinical significance of the rather 
small difference between groups with a tidal vol-
ume of 8.4 ±1.2 ml in the low PEEP group and 7.8 
±0.9  ml in the high PEEP cannot be determined. 
Although even small increases of tidal volume be-
yond 6  ml may be associated with an increased 
risk of mortality in patients with ARDS [14], the op-
timal size of intraoperative tidal volume is current-
ly a matter of debate. Most expert reviews suggest 
an intraoperative tidal volume of approximately 
6–8 ml/kg [15–17], but in contrast to that a large 
data analysis showed the lowest mortality in pa-
tients ventilated with 8–10 ml/kg [9]. Incidences of 
pneumonia, ARDS and mortality in our study were 
comparable to those reported in the literature [18]. 
There were no differences in intraoperative vaso-
pressor use, perioperative blood pressures, lactate 
levels or postoperative creatinine levels before or 
after surgery between groups.

The rationale for ventilation with moderate or 
higher PEEP levels is to keep open recruited lung 

Table IV. Outcome parameters

Parameter Low PEEP group
 (n = 45)

High PEEP group
 (n = 41)

P-value

Pneumonia (% within 7 days) 26.7 7.3 0.02

mCPIS (AU):

POD 1 2 ±2 1 ±1 0.44

POD 3 3 ±2 1 ±1 < 0.001

POD 5 3 ±2 2 ±1 0.006

PF ratio [mm Hg]:

Postoperative 345 ±124 414 ±136 0.02

POD 1 342 ±108 361 ±103 0.49

POD 3 367 ±128 360 ±115 0.87

POD 5 343 ±110 360 ±87 0.37

Lactate [mmol/l]:

Postoperative 3.4 ±2.4 3.3 ±2.1 0.67

POD 1 2.2 ±1.8 2.3 ±2.1 0.95

POD 3 1.1 ±0.7 1.2 ±1 0.88

POD 5 0.9 ±0.3 0.9 ±0.5 0.61

Creatinine [µmol/l]:

POD 1 93.1 ±32.6 97.3 ±53.4 0.49

POD 3 86.9 ±43.6 96.4 ±66.0 0.87

POD 5 73.9 ±27.9 95.6 ±77.9 0.22

ARDS (%) 22.2 24.4 0.87

Mortality (%) 6.7 7.3 0.22

Absolute data expressed as mean ± SD. mCPIS – modified Clinical Pulmonary Infection Score, PF – ratio Horowitz index, ARDS – acute 
respiratory distress syndrome, low PEEP group: < 8 mbar, high PEEP group: ≥ 8 mbar.
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areas, improve perioperative oxygenation, limit 
cyclic opening and closing of dependent lung ar-
eas and possibly prevent pleural effusions [19]. 
On the other hand, some authors propose venti-
lation with minimal or even no PEEP especially in 
haemodynamically unstable patients to prevent 
further impairment of circulation and to limit al-
veolar overdistension. Cut-off values for low and 
high PEEP values are not well defined in the liter-
ature, and values vary between studies. We pre-
determined a cut-off value of 8 mbar before data 
extraction, comparable to a  multifaceted bundle 
strategy for perioperative ventilation published by 
Futier et al. [15]. Several strategies for setting of 
perioperative PEEP either derived from measure-
ments of pulmonary mechanics, patient-specific 
oxygenation or independent from patient-specific 
measurements have been discussed in the litera-
ture. Due to the retrospective design of this study, 
the rationale for the different PEEP levels used in 
the studied patients cannot be determined. How-
ever, PEEP groups in our study had a significant dif-
ference with regards to body weight and preoper-
ative oxygenation. Higher body weight might have 
led to the lower preoperative oxygenation values 
(as indicated by PF ratio), which were, although 
significantly different, still higher than 300 mm Hg 
in both groups. Both higher BMI and lower base-
line oxygenation may have caused the different 
PEEP selection. However, overweight is not only 
a  risk factor for cardiovascular disease [20] but 
also an independent risk factor for perioperative 
pneumonia, possibly by increased lung derecruit-
ment, in polytrauma and non-trauma patients [21, 
22]. It is also associated with an increased risk for 
single as well as multiple organ dysfunction and 
mortality after trauma [23, 24]. Despite those 
increased risks associated with overweight and 
obesity, in our study the group with higher PEEP 
(and also the higher BMI) had a significantly lower 
incidence of pneumonia and better oxygenation.

Oxygenation as indicated by PF ratio is a  fre-
quently used surrogate parameter for pulmonary 
outcome and lung recruitment in experimental 
and clinical studies. Nonetheless, several studies 
have raised concern that an improvement in ox-
ygenation does not positively correlate with an 
improved outcome [25]. Furthermore, data with 
respect to the association of high PEEP ventilation 
and oxygenation are contradictory. While some 
authors found improved oxygenation and venti-
lation distribution with higher PEEP, other stud-
ies suggested no change in oxygenation and an 
increase of lung inflammation possibly associat-
ed with pulmonary complications [26, 27]. It has 
been shown in CT studies of ARDS patients that 
oxygenation correlates well with the area of open 
lung [28]. In our study, higher PEEP levels were 

associated with better postoperative oxygenation 
despite lower baseline oxygenation before sur-
gery. Although the higher PEEP group might need 
higher PEEP levels to keep the lung recruited be-
cause of higher body weight and possibly stiffer 
chest walls, the difference in postoperative oxy-
genation suggests better lung recruitment in pa-
tients with higher PEEP levels after surgery.

Lung derecruitment is not only associated with 
ventilator induced lung injury, but atelectasis and 
inactivation of surfactant are also associated with 
increased risk of pneumonia, which frequently 
occurs in multiple trauma patients. Diagnosis is 
often difficult due to a systemic inflammatory re-
sponse syndrome (SIRS) and lung contusion after 
severe trauma. We used a common clinical defini-
tion of pneumonia and calculated a modified CPI 
score (mCPIS). The original score, as described by 
Pugin et al. [12] and often used in pulmonary re-
search, was found to be imprecise in differentiat-
ing systemic inflammatory response syndrome in 
trauma patients from pneumonia [29]. The mod-
ified score we used in this study was validated 
in patients with traumatic brain injury, although 
the same limitations may exist in multiple trauma 
patients [13]. Results in the literature are conflict-
ing with regards to the value of higher PEEP lev-
els in prevention of pneumonia. However, a study 
using PEEP in postoperative ventilation showed 
a  reduction in ventilator-associated pneumonia 
(VAP) incidence comparable in size to our study 
[30]. Moreover, a  recent randomized controlled 
trial demonstrated reduction in the incidence of 
pneumonia after elective surgery using protective 
intraoperative ventilation with high PEEP, but it 
was unclear whether this effect was due to low 
tidal volume or the higher PEEP of 10  mbar [6]. 
Several authors have suggested that a lower rate 
of microaspiration due to higher PEEP levels could 
reduce VAP incidence when used during inten-
sive care ventilation. In our study, both groups 
were ventilated with higher PEEP levels postoper-
atively (> 7 mbar). This fact suggests that other 
mechanisms may play an important role in pre-
vention of VAP. In a recently published analysis of 
ventilatory data during general surgery of almost 
30 000 patients, the use of low PEEP was associ-
ated with increased mortality despite protective 
tidal volumes [9]. These data may suggest that 
low tidal volume ventilation with inadequate low 
PEEP increases atelectrauma and may contribute 
to lung injury. Adversely, the previously published 
PROVHILO study proposed a low tidal volume ven-
tilation with low PEEP during general anaesthesia 
for open abdominal surgery [31]. High PEEP levels 
of 12 mbar were associated with haemodynam-
ic compromise and increased vasopressor use 
without a difference in postoperative pulmonary 



Thomas Stueber, Jan Karsten, Nikolas Voigt, Michaela Wilhelmi

402� Arch Med Sci 2, March / 2017

complications. In our study, higher PEEP was not 
associated with increased use of intraoperative 
vasopressors or fluids. Furthermore, our patients 
had severe thoracic trauma, and thus may have 
a benefit from high PEEP. There was no difference 
in postoperative lactate levels, which indicates no 
differences in organ perfusion between groups.

We found no difference in the incidence of 
ARDS between groups. Remarkably, in our study 
both PEEP groups had higher tidal volumes intra-
operatively and both groups had a high incidence 
of chest trauma with a median AIS for the chest 
region of 3. These facts and the small sample size 
may have superimposed preventive effects of 
PEEP on incidence of ARDS.

Important limitations of this study are due to the 
retrospective design of our analysis. At first, there 
is no feasible evidence why the various PEEP lev-
els were chosen by the anaesthetist in the theatre. 
Although we assessed several known pulmonary 
risk factors, confounding by unknown factors is 
possible. To minimize the risk of confounding, we 
calculated for all patients the LOFS, which is a pul-
monary risk predicting score focusing on multiple 
trauma patients. Moreover, all studied patients 
were treated in a small specialized ICU with 8 beds, 
leading to standardised postoperative trauma care. 
Nevertheless, the results of this study are difficult 
to generalise due to the highly selected study pop-
ulation. Strict inclusion criteria selected only those 
patients with the highest risk of pulmonary compli-
cations in the early stage of injury. We believe that 
only interventions in the early stage of injury are 
suitable for reduction of pulmonary complications. 
Furthermore, the signal of harm may be difficult to 
detect due to the small sample size.

In conclusion, higher intraoperative PEEP levels 
were associated with better oxygenation and re-
duced incidence of pulmonary complications after 
major trauma surgery in polytraumatized patients 
with severe chest injury without impairment of 
haemodynamic parameters. However, the mech-
anisms of protection remain unclear, and further 
experimental and randomized controlled trials 
should elucidate mechanisms and the influence 
of PEEP ventilation on outcome after multiple 
trauma.
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