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The Effect of Positive End-expiratory pressure (PEEP) on Postoperative
Pulmonary Complications and Mortality in Major Abdominal Cancer Surgery

ABSTRACT

Objectives: Postoperative pulmonary complications (PPCs) significantly contribute to morbidity and
mortality, particularly in patients undergoing major abdominal cancer surgery. Bronchospasm, atelec-
tasis, pneumonia, and respiratory failure occur more frequently in cancer patients due to immunosup-
pression, reduced physiological reserves, and surgical complexity. Positive end-expiratory pressure
(PEEP) is used during mechanical ventilation to reduce atelectasis and improve lung compliance;
however, its effect on PPCs and mortality remains unclear. This study aims to investigate the relation-
ship between PEEP levels, PPC occurrence, and their impact on mortality rates.

Methods: In this retrospective study, 410 patients who underwent major abdominal cancer surgery
between January 2019 and December 2020 were analyzed. Patients were divided into two groups
based on intraoperative PEEP levels: Group 1 (0-5 cm H20 PEEP) and Group 2 (6 cm H20 and above).
Patient demographics, including age, sex, ASA scores, duration of surgery, body mass index (BMI),
administered PEEP values, ARISCAT scores, as well as preoperative SpO2 and hemoglobin levels were
documented, and their association with PPC was analyzed using appropriate statistical methods.

Results: The overall PPC rate was found to be 12%, with a significantly higher incidence in Group 2
(23%) compared to Group 1 (9%) (p<0.05). However, no significant difference in 30-day mortality was
observed between the two groups (p>0.05). Additionally, co morbidities and preoperative pulmonary
dysfunction were strongly associated with an increased risk of PPCs.

Conclusion: Although lung-protective strategies like low tidal volume and PEEP are commonly recom-
mended, the findings indicate that higher PEEP levels might be linked to a higher incidence of PPCs,
possibly due to hemodynamic instability. However, no definitive correlation between PEEP levels and
mortality was observed. Individualized PEEP settings may be critical in minimizing the risk of PPCs
and improving outcomes in major abdominal cancer surgeries.

Keywords: Mortality, patient outcomes, positive end-expiratory pressure (PEEP), postoperative pulmo-
nary complications

Postoperative pulmonary complications (PPCs) refer to respiratory system issues that
arise after surgical procedures. These complications are a major contributor to both
morbidity and mortality, with incidence rates reported in the literature as high as 19%
(1,2). PPC encompasses many conditions, including bronchospasm, atelectasis, exacerba-
tions of chronic lung diseases, infections (such as bronchitis and pneumonia), prolonged
mechanical ventilation, and respiratory failure. Major abdominal cancer surgeries are quite
common, and the rate of PPC development in these patients is higher than in the general
population. The primary reasons for this increased risk include the immunosuppressive
effects of cancer and its treatment processes, decreased physiological reserves, and the
lengthy and complication-prone nature of such operations.

Efforts to reduce the risk of postoperative pulmonary complications (PPC) typically begin in
the preoperative period. PPC risk factors are examined under two main categories: Preop-
erative and intraoperative periods. Preoperative risk factors encompass elements related
to medical history, including age, body weight, American Society of Anesthesiologists (ASA)
status, functional dependency, hypoalbuminemia, chronic kidney disease, congestive heart
failure, chronic obstructive pulmonary disease (COPD), asthma, interstitial lung disease,
pulmonary hypertension, and obstructive sleep apnea (OSA) (3). Intraoperative risk factors
encompass variables such as the type of surgical procedure, the length of the operation,
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ventilation settings, the volume of fluids administered, and postop-
erative pain management. These factors can result in unexpected
admissions to the intensive care unit, extended hospital stays, and
heightened morbidity and mortality rates.

Therefore, lung-protective ventilation during the perioperative
period is critical for accelerating patient recovery and prevent-
ing pulmonary complications. Pulmonary protective ventilation,
including intraoperative low tidal volume (6-8 mL/kg) and posi-
tive end-expiratory pressure (PEEP), has been found beneficial in
all intubated patients under general anesthesia (4). Clinical stud-
ies have demonstrated that a PEEP level of 10 cm H,0 prevents
atelectasis, increases compliance,and improves lung function with-
out increasing alveolar dead space (5,6). However, the PEEP level
should be adjusted according to the individual characteristics of
each patient and the surgical context.

In this study, we analyzed the relationship between intraoperative
PEEP values (0-5 cm H,0 and 26 cm H,0) and the development
of postoperative pulmonary complications (PPC) and mortality in
patients who underwent major abdominal cancer surgery.

METHODS

Following the approval of the ethics committee (2024-04/48),
patients who underwent major abdominal cancer surgery under
general anesthesia in the general operating room of SBU Dr. AY.
Oncology Training and Research Hospital between January 2019
and December 2020 were retrospectively reviewed and included in
the study. The patients’ data were recorded by retrieving informa-
tion from intraoperative anesthesia monitoring and postoperative
follow-up forms. All patients were selected from those receiving
lung-protective ventilation, with tidal volumes set between 5-7
mL/kg, ensuring a standardized approach to mechanical ventila-
tion. Based on the applied PEEP values, the patients were divided
into two groups: Group | consisted of patients who received 0-5
cm H,0 PEEP, while Group Il comprised patients who received 6 cm
H,0 or higher PEEP.

Inclusion Criteria

e Age 18 or older

¢ Undergoing major abdominal cancer surgery

¢ Planned to receive general anesthesia

e ASA (American Society of Anesthesiologists) physical status
classification between 1 and 4

e Elective surgery

Exclusion Criteria and Data Collection

Patients with acute or chronic respiratory failure, patients who
were intubated before surgery, those with severe cardiac disease,
and hemodynamic instability were excluded from the study. The
patients’ age, gender, ASA scores, duration of surgery, body mass
index (BMI), applied PEEP values, Ariscat scores, preoperative
Sp0,, and hemoglobin levels were recorded from the anesthesia
forms. Postoperative follow-up forms and computerized records
were reviewed to collect data on postoperative pulmonary com-
plications (PPCs) and 30-day mortality. PPCs were defined based
on new findings occurring within the first five days after surgery.
The European Perioperative Clinical Outcome Definitions (EPCO)
were used as the basis for this definition (7). Respiratory failure,
airway infections, aspiration pneumonia, pleural effusion, pneu-
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mothorax, atelectasis, bronchoconstriction, pneumonia, acute
respiratory distress syndrome (ARDS), and pulmonary embolism
were documented as postoperative pulmonary complications
(PPCs).

Statistical Analysis

The data were analyzed using SPSS version 22. The normality dis-
tributions of the data were tested with the Kolmogorov-Smirnov
and Shapiro-Wilk tests, after which appropriate analyses were con-
ducted. The patients’ demographic data were evaluated for simi-
larity using the Mann-Whitney U and chi-square tests. Differences
between the groups were investigated using the Student’s t-test.
The chi-square test (Fisher’s exact test) was employed to assess
significant differences between the groups, with a p-value of <0.05
considered to indicate statistical significance.

RESULTS

A total of 410 patients were included in the study based on a
retrospective data review. The patients were categorized as 0-5
PEEP (Group 1, 320 patients) and PEEP 26 (Group 2, 90 patients).
There were no significant differences between the groups regard-
ing age, gender, ASA scores, Ariscat scores, duration of surgery,
preoperative SpO, values, or preoperative hemoglobin levels
(p>0.05). A significant difference in body mass index (BMI) was
observed between the groups (p<0.05), with 18% of patients in
Group 2 having a BMI of 35 or above, compared to only 5% in
Group 1 (Table 1).

Postoperative pulmonary complications within the first five days
after surgery were recorded in 51 (12%) of 410 patients.A chi-square
test was performed to examine the relationship between PEEP
levels and the incidence of PPC. The analysis revealed a significant
association between the patients’ PEEP levels and the occurrence
of PPC (p<0.001). Additionally, Cramer’s V test results indicated a
moderate correlation between the two variables (r=0.375, p<0.001).
Based on frequency and percentage distributions, a higher inci-
dence of PPCs was observed in the high PEEP group (23% com-
pared to 9%) (Table 2).

The relationship between preoperative dyspnea and PPC showed
strong significance, as well as a positive correlation between
the two variables (Spearman rho=0.273, p<0.05) (Table 3). Addi-
tionally, a weak positive correlation was observed between
comorbidities and PPC (Spearman rho=0.180, p<0.05) (Table 4).
We found that patients with comorbidities developed PPC at a
higher rate.

The analysis of postoperative pulmonary complications (PPC) in
relation to the surgical technique (open vs. laparoscopic) and the
levels of PEEP (0-5 cm H,0 vs. 26 cm H,0) revealed no statistically
significant differences between the groups (Table 5,p>0.05). Specif-
ically,among patients who underwent open surgery, PPCs occurred
in 10% of those receiving low PEEP (0-5 c¢cm H,0), compared to
27% in the high PEEP group (26 cm H,0). Similarly, in laparoscopic
surgeries, PPCs were observed in 7% of the low PEEP group and
15% in the high PEEP group.

The 30-day mortality rate in our patients was 3.4% (14 patients),
with 64% of these patients in the low PEEP group and 36% in the
PEEP 26 group. However, no significant differences were identified
between the two groups (p>0.05) (Table 6).
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Table 1. Demographic data

n, (mean) (SS) Group 1 Group 2 p
(0-5 PEEP) (3) (1.3) (6 and above PEEP) (7) (0.4)
n=320 n=90
Age, mean (SD), years 60 (12) 61 (12) 0.789*
Gender, n (%)
Male 177 (45) 48 (53) 0.739*
Female 143 (55) 42 (47)
BMI, mean (%) 0.000+
0-20 35 (11) 7(8)
21-35 269 (84) 67 (74)
>35 16 (5) 16 (18)
ASA Score, n (%) 0.073"
1 12 (4) 1(1)
2 154 (48) 40 (40)
3 143 (45) 45 (50)
4 11 (3) 8(9)
Ariscat Score, mean (SS) 35 (15) 37 (14) 0.410*
Surgery Duration, n (%) 0.313"
<2 hours 37 (12) 8(9)
2-3 hours 185 (58) 47 (52)
3 hours and over 98 (30) 35 (39)
Preoperative SPO, (SS) 94 (3) 94 (3) 0.642"
Hemoglobin, mean (SS), g/dl 12.4 (2.2) 12.6 (2.1) 0.609"
Operation type, n (%) 0.821+
Open Surgery 220 (69) 63 (70)
Laparoscopic 100 (31) 27 (30)

*Mann-Whitney U; *Chi-square; n: number of patients, data presented as n (%) and mean (standard deviation); PEEP: Positive End-expiratory pressure; American
Society of Anesthesiologists; BMI: Body mass index.

Table 2. Postoperative pulmonary complications rate between groups

Grup 1 Grup 2 Total p
0-5 PEEP PEEP26
PPC Yes n (%) 30 (9) 21 (23) 51 (12) 0.001*
No n (%) 290 (91) 69 (77) 359 (88)
Total n (%) 320 (100) 90(100) 410 (100)

*Chi-square; PEEP: Positive End-expiratory pressure; PPC: Postoperative pulmonary complications.

Table 3. Relationship between patients’ pulmonary functions and postoperative pulmonary complications

PPC Total p
Yes No
No dyspnea,n (%) 31 (10) 293 (90) 324 (100) 0.000*
Dyspnea on Exertion, n (%) 16 (20) 64 (80) 80 (100)
Dyspnea at rest, n (%) 2 (66) 1(34) 3 (100)
Dyspnea all the time, n (%) 2 (66) 1(34) 3 (100)
Total, n (%) 51 (14) 359 (86) 410 (100)

* Fisher’s exact test.
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Table 4. Relationship between postoperative pulmonary complications and comorbidities

Comorbidities PPC Total p
Yes No

No ilness, n (%) 12 (7) 172 (93) 184 0.001*

Hypertension, n (%) 13 (14) 80 (86) 93

Coronary Artery Disease, n (%) 3(10) 26 (90) 29

Asthma, n (%) 1(5) 19 (95) 20

Chronic Obstructive Pulmonary Disease, n (%) 11 (42) 15 (58) 26

Diabetes, n (%) 9 (21) 34 (79) 43

Kidney Disease, n (%) 0 (0) 2 (100) 2

Psychological Disease, n (%) 0 (0) 3 (100) 3

Neurological Disease, n (%) 2 (25) 6 (75) 8

Hematological Disease, n (%) 0 (0) 2 (100) 2

Total, n (%) 51 (12) 359 (88) 410

*Chi-square

Table 5. Relationship between PPCs and surgical technique in patients with low PEEP (0-5) and high PEEP (26)

Operation Type Low PEEP (0-5) High PEEP (26)
PPC Total p PPC Total p
Yes No Yes No
Open,n (%) 23 (10) 197 (90) 220 (100) 0.326* 17 (27) 46 (73) 63(100) 0.211*
Laparoscopic, n (%) 7(7) 93 (93) 100 (100) 4 (15) 23 (85) 27(100)
Total, n (%) 30 (9) 290 (91) 320 (100) 21 (23) 69 (67) 90(100)

*Chi-square; PEEP: Positive End-expiratory pressure; PPC: Postoperative pulmonary complications.

Table 6. Relationship between mortality and PEEP

Mortality Grup 1 Grup 2 Total p
0-5 PEEP PEEP26

Yes, n (%) 9 (64) 5 (36) 14 (100) 0.172*

No, n (%) 311 (78) 85 (22) 396 (100)

Total, n (%) 320 (78) 90 (22) 410 (100)

*Fisher’s exact test; PEEP: Positive End-expiratory pressure.

DISCUSSION

Postoperative pulmonary complications are undesirable events that
occur more frequently than cardiac complications and significantly
increase mortality and morbidity. Numerous studies have reported
the incidence of PPC following cancer surgery to be between 20%
and 69% (8-11). Our study includes a retrospective analysis of 410
patients who underwent major abdominal cancer surgery between
2019 and 2020.The overall incidence of PPCin our study was found
to be 12%, with a higher occurrence of PPC in the high PEEP group
(23% compared to 9%).

The assessment of mechanical ventilation strategies following
general anesthesia is of paramount importance for anesthesiol-
ogists to minimize postoperative complications (12). Mechanical
ventilation and general anesthesia under neuromuscular block-
ade can lead to changes in pulmonary physiology, reductions in

lung volume, and atelectasis, resulting in impaired intraoperative
pulmonary mechanics and gas exchange (13). The role of a pro-
tective intraoperative ventilation strategy is to maintain func-
tional residual capacity (FRC) and to keep the patient’s lungs open
by adjusting appropriate tidal volume settings and optimal PEEP
levels. In this study, a higher incidence of postoperative pulmonary
complications (PPC) was observed in the group with elevated PEEP
levels. Although low PEEP or inadequate PEEP is considered a risk
factor for PPC, there are studies in the literature that report varying
results regarding this issue (14,15).

Additionally, a separate study compared intermittent high PEEP
with low PEEP and observed a significantly higher incidence of PPC
in the low PEEP group (4). There are numerous conflicting studies
in the literature on this topic. A large-scale randomized controlled
double-blind trial found no significant difference in the rates of
PPC between low and high PEEP groups within five postoperative
days following open abdominal surgery under general anesthesia
(15). Notably, two-thirds of the patient population in that study
consisted of cancer patients. The results of this multicenter study,
conducted with a group partially similar to ours, also indicated no
significant relationship between PEEP levels and PPC in cancer
patients.

Bluth et al. (14) found no significant difference in PPC between low
and high PEEP in obese patients with a BMI of 35 or higher under-
going non-cardiac abdominal surgery. In our study, we found that
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the occurrence of PPCs was more frequent in the high PEEP group
than in the low PEEP group in obese patients with a BMI of 35
or higher. A meta-analysis involving approximately 4,000 patients
also reported findings similar to ours, indicating a higher occur-
rence of PPC in the high PEEP group (16). These results may be
attributed to the increased incidence of hypotension and the side
effects associated with a greater use of vasoactive medications in
the high PEEP group.

Our findings showed a significant relationship between preoper-
ative dyspnea and postoperative pulmonary complications (PPC),
with a positive correlation. This suggests that patients experienc-
ing breathing difficulties before surgery are more likely to develop
complications afterward. This is consistent with previous studies,
which also highlight the risk posed by pre-existing respiratory
issues. Patients with reduced lung function may struggle during
recovery because their respiratory system is already compromised
(17,18). This underlines how important it is to thoroughly assess a
patient’s breathing before surgery, especially for those undergoing
major procedures like abdominal or thoracic surgery. By tailoring
ventilation strategies to the patient’s needs—such as adjusting
PEEP levels—we can help reduce the risk of these complications
and improve recovery outcomes (19,20).

The presence of comorbidities in patients is a significant risk factor
for the development of PPC. In our study, a notable significance
was found between PPC and comorbidities. It was observed that
77% of the patients who developed PPC had pre-existing comor-
bidities prior to the operation. Those with an ASA score of Il or
higher, or those diagnosed with chronic obstructive pulmonary dis-
ease (COPD), congestive heart failure, or chronic liver disease, are
considered independent risk factors for PPC (21,22).

The selection of PEEP levels should be based on patient charac-
teristics, surgical site, patient positioning, and hemodynamic status
(23). In our study, the relationship between surgical technique and
PPCs was examined separately for patients in the low and high
PEEP groups; however, no significant results were found. In a
meta-analysis conducted by Campos et al. (16), no association was
found between PEEP levels and PPCs in patients undergoing open
surgery, while high PEEP was associated with a reduced incidence
of PPC only in patients undergoing laparoscopic surgery. The for-
mation of atelectasis and ventilation/perfusion mismatch has been
linked to impaired pulmonary function in patients undergoing lap-
aroscopic surgery under general anesthesia. Additionally, during
laparoscopy, the use of pneumoperitoneum with carbon dioxide
can accelerate atelectasis development and decrease respiratory
compliance, leading to postoperative pulmonary complications.
Clinical studies indicate that PEEP plays a crucial role in reducing
atelectasis, enhancing lung compliance,and maintaining end-expi-
ratory lung volume (EELV) without increasing dead space. Although
results in the literature predominantly indicate that higher PEEP
levels are associated with a lower incidence of PPC, many studies
support the opposite view. The arbitrary selection of PEEP levels in
different patient populations and surgical types may contribute to
the variability in these results (24).

Mortality is increased in both the short and long term in patients
who develop a PPC (10). In our study, no significant relationship
was found between the PEEP levels and 30-day mortality. Although
there was no statistically significant difference, the 30-day mor-
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tality was half that in the high PEEP group. Similarly, a multicenter
study yielded comparable results (4). Additionally, a meta-analysis
also concluded that PEEP levels did not have a significant impact
on mortality, aligning with our findings (25).

Hong et al. (26) demonstrated significantly increased bronchiolar
inflammatory markers in pigs exposed to high PEEP levels in com-
parison to the low PEEP group after 8 hours of low-volume ven-
tilation without surgery, suggesting that lung injury might result
from high PEEP. The use of intraoperative high levels of PEEP may
prevent the development of lung atelectasis, homogenize ventila-
tion,and minimize the repetitive opening and closing of lung units,
which could mitigate the development of pulmonary complica-
tions. However, the use of high levels of PEEP can also have adverse
effects, including increased static stress and strain, inflammation,
impaired hemodynamics, and decreased lung lymphatic drainage.

CONCLUSION

As a result, it has been determined that high PEEP levels do not
reduce postoperative complications but rather increase them in
patients undergoing major abdominal cancer surgery. Additionally,
no significant relationship has been found between PEEP levels
and 30-day mortality. These findings highlight the need for careful
evaluation of mechanical ventilation strategies and indicate that
PEEP applications may not always be effective in improving sur-
gical patients’ outcomes. Future studies should comprehensively
investigate the effects of PEEP applications, considering different
patient populations and surgical techniques.
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