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Abstract

Objective: The objective of the study was to examine the superiority of postoperative noninvasive pressure techniques over
each other in terms of pulmonary function tests (PFTs), arterial blood gas tests, and lung complication development in pa-
tients undergoing major abdominal surgery.

Material and Methods: In total, 45 patients aged between 20 and 80 years, with ASA (American Society of Anesthesiologists) I-Il,
and undergoing major abdominal surgery were equally and prospectively randomized into three groups in terms of the use of post-
operative control (Group A), continuous positive airway pressure (Group B), and noninvasive pressure support ventilation (Group
Q). Preoperatively and at postoperative hour 0, hour 6, and hour 24, hemodynamic and arterial blood gas test data were recorded.
Additionally, PFTs and chest radiography were performed using pre- and postoperative techniques.

Results: A statistically significant difference was found between the systolic and diastolic blood pressures at postoperative
hour 6 among the groups in our study. However, when arterial CO, pressures at postoperative hour 6 in the groups were
compared, they were determined to be higher in Group A than in Groups B and C. In groups of patients with and without
the development of atelectasis, significant differences were found in terms of age, operation time, and duration of intensive
care stay and hospital stay.

Conclusion: Postoperative noninvasive pressure techniques yielded better results in preventing the development of atelec-
tasis than control techniques. However, we believe that assessment with arterial blood gas tests and PFTs is also important for
preventing and predicting the development of atelectasis as well as considering a patient’s age, smoking history, operation
time, and duration of intensive care stay.
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postoperative hospitalization, prolonged mechani-
cal ventilation, and acute respiratory distress syn-
drome (2-6). Various pulmonary physiotherapy

Introduction

Pulmonary complications resulting from surgical

interventions are important causes of mortality and
morbidity (1-5). The incidence of postoperative pul-
monary complication development varies from 6%
to 80% (3-8). The most important respiratory com-
plications include atelectasis, pneumonia, acute
bronchitis, bronchospasm, pulmonary thrombo-
embolism, pleural fluid, pneumothorax, prolonged

practices are used to avoid the development of pul-
monary complications and to treat these complica-
tions (2-7). There are few well-planned studies in this
regard, and study data are conflicting (4-11). In the
present study, we aimed to examine superiority of
the postoperative noninvasive pressure techniques
noninvasive pressure support ventilation (NIPSV)
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and continuous positive airway pressure (CPAP) over each other in terms
of pulmonary function tests (PFTs), arterial blood gas tests, and lung
complication development in patients undergoing major abdominal
surgery.

Material and Methods

Subjects

In this study, 45 patients aged between 20 and 80 years, with ASA I,
and undergoing major abdominal surgery (stomach, liver, pancreas, co-
lon, and small intestine surgery) were assessed. The trial was approved
by an independent ethics committee (Tirkiye Yiksek ihtisas Training
and Research Hospital) and was conducted in accordance with the prin-
ciples of the Declaration of Helsinki. All patients with their parents or
legally acceptable representatives provided written informed consent.
After obtaining written informed consent, the patients were prospec-
tively equally randomized into three groups in terms of the use of con-
trol, CPAP, and NIPSV using the envelope method (Figure 1).

Patients who had a psychiatric disorder or maxillofacial anatomic de-
fect hindering the operation, required emergency surgery, had a body
mass index higher than 30 kg/m? had preoperative and postoperative
hemodynamic instability, had myocardial infarction or had undergone
cardiac surgery within the last 6 months, and had a cardiac and pul-
monary disease were excluded from the study. Moreover, patients who
experienced postoperative hemodynamic disturbances, chest pain, and
changes in consciousness; cannot tolerate the operation; or develop
surgical area complications (bleeding, anastomotic leakage, and ileus)
were excluded from the study.

Assessment

Preoperative arterial blood gas measurement, direct posteroanterior
chest radiography, and PFTs were performed. After peripheral vascular
access in the operation room, noninvasive blood pressure, electrocar-
diograph, and peripheral O, saturation (SpO,) were monitored and the
values were recorded. Anesthesia was induced using 3-5 mg/kg thio-
pental (Pental, LE Ulagay, Istanbul, Turkiye), 0.6 mg/kg rocuronium (Es-
meron, Organon, Netherlands), and 0.5 pg/kg fentany! (Fentanyl, John-
son & Jonhson, Belgium); female patients were intubated using 7-7.5,
and male patients were intubated using 8-8.5 mm inner diameter sizes
of endotracheal intubation tube. Before the operation, patients un-
derwent arteria radialis cannulation for invasive arterial blood pressure
and blood gas monitoring. During the operation, the patients were
put on a mechanical ventilator and maintained on volume controlled
ventilation with a tidal volume of 8-10 mL/kg and respiration frequen-
cy of <10-14/min (end-tidal CO,, 25-35 mmHg; pCO,, 35-45 mmHg;

| Assessed for eligibility (n=62)

Excluded (n=17)
Not meeting criteria (n=12)
Refused to participate (n=5)

Control (n=15) | | cPAP(=15) | | NIPsV(n=15) |

Figure 1. Participant flowsheet.
CPAP: continuous positive airway pressure; NIPSV: noninvasive pressure support
ventilation

peak inspiratory pulmonary pressure, <30 cm H,0) using 50% O, and
50% air and minimum alveolar concentration (MAC) 1.3 sevoflurane
(Sevorane, Baxter, Australia) as the inhalation agent. Upon the com-
pletion of surgery, 0.02-0.04 mg/kg neostigmine (Neostigmine, Adeka,
Samsun, Tirkiye) and 0.01-0.02 mg/kg atropine (Atropin sulfat, Galen,
istanbul, Turkiye) were administered to reverse the neuromuscular
block. When a patient’s spontaneous ventilation tidal volume was >5
mL/kg " the respiratory rate was less than 30/min, SpO, was more than
90%, end-tidal CO, was below 60 mmHg, and rapid shallow breath-
ing index (respiratory frequency/tidal volume) was <105, the patient
was extubated. For postoperative analgesia, patient-controlled anal-
gesia was initiated using intravenous meperidine HCl (Aldolan, Liba,
istanbul, Tirkiye) during surgical fascia closure and the visual analog
scale was set at <4. When patients were transferred to the recovery
room, no ventilation was performed (Group A) for 4 h starting from
hour 2 after randomization, while CPAP 7.5 cm H,O was given (Group
B) and NIPSV (Group C) providing ventilation with a tidal volume of
8-10 mL/kg, breathing rate below 25, and SpO, above 90%. Preopera-
tively and at postoperative hour 0, hour 6, and hour 24, hemodynamic
and arterial blood gas test data were recorded. In addition, PFTs were
repeated preoperatively and at postoperative hour 6 and hour 24, and
results were compared with chest radiographs preoperatively and at
postoperative hour 24. While chest radiographs were evaluated in the
Radiology Department, atelectasis and other pathological symptoms
were recorded. Operation duration, smoking status, postoperative
lung complications, recovery, and duration of intensive care and hos-
pital stay were recorded.

Statistical Analysis

Results were recorded on a computer, and the Statistical Package for
Social Science (SPSS) software for Windows 17 (SPSS Inc.; Chicago, IL,
USA) was used. Results are presented as meanzstandard deviation.
The chi-square test was used in cross tables. The age, operation time,
duration of intensive care and hospital stay, PFT parameters, arterial
blood gas parameters, hemodynamic symptoms, and average pulse
oximetry findings in the groups were recorded; ANOVA was performed
for parametric data, and the Kruskal-Wallis test was performed for non-
parametric data. A p-value of <0.05 was considered statistically signifi-
cant. When post hoc power analysis was performed using the values
obtained at the end of our study, the power of the study was found to
be 0.8 in case there are 15 patients in each group and an alpha value
of 0.05 was considered.

Results

In total, 45 patients, 16 females (35%) and 29 males (65%), with a mean
age of 48.2+12.4 years were included in the study. The patients were
randomized into three groups. There was no difference among the
groups in terms of distribution by gender. Among the groups, no sta-
tistically significant difference could be found in terms of durations of
hospital stay, intensive care stay, and operation (Table 1). Among the
groups, no statistically significant difference was found in terms of the
development of atelectasis and the effect of gender and smoking on
the development of atelectasis. A statistically significant difference was
found between Groups A and B between systolic and diastolic blood
pressures at postoperative hour 6 (Table 2).

Among the three groups, there was no difference in terms of average
heart rate, forced vital capacity, forced expiratory value in 1's (FEV), peak
expiratory flow (PEF), and forced expiratory flow (FEF) 25-75% from PFTs;
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pH in blood gas tests; arterial O, pressure; and SpO, values at all time
points. However, when the arterial CO, pressure at postoperative hour
6 in the three groups was compared, it was determined to be higher in
Group A than in the other two groups; this difference was statistically
significant (Table 3).

Among 45 patients, atelectasis was observed in 9 patients; considering
distribution by groups, there were 4 patients in Group A, 2 in Group B,
and 3 in Group C. No statistically significant difference was determined
in terms of the development of atelectasis among patients in the groups

Table 1. Demographic characteristics

GroupA GroupB GroupC P
Gender (F/M) 7/8 4/11 5/10
Age (years) (mean+SD) 4744133 49+113 495+129 0.89
Operation time (h)
(mean+SD) 3.5+0.8 3.8+0.8 3609 0514
Intensive care stay (h)
(mean+SD) 10.1+7.7 88429  827+22 0.9
Hospital stay (days)
(mean+SD) 56+1.9 57+19 54+1.2 0.87

Group A: control group; Group B: CPAP group; Group C: NIPSV group
F: female; M: male; SD: standard deviation; CPAP: continuous positive airway
pressure; NIPSV: noninvasive pressure support ventilation

(p=0.659). No statistically significant difference was determined in terms
of the development of atelectasis related to smoking among patients
in the groups (p=0.659). In groups of patients with and without the de-
velopment of atelectasis, statistically significant differences were found
in terms of age, operation time, and duration of intensive care stay and
hospital stay (Table 4).

When all patients were evaluated in terms of the development of atel-
ectasis, the percentage values of FEV, at postoperative hour 24 in pa-
tients without the development of atelectasis (75.8+8.3) was found to
be higher than in the group of patients with the development of atel-
ectasis (66.8+6.8); this difference was statistically significant (p<0.001).
The preoperative values and postoperative PEF values at hours 6 and
24(89.5+7.2,65+7.4,and 74+6.7, respectively) and the preoperative and
postoperative FEF 25-75% values at hours 6 and 24 (89.9+6.4, 65.3+6.4,
and 74.346.9, respectively) of the patients without the development of
atelectasis were found to be higher than the preoperative and postop-
erative PEF and FEF 25-75% values at hours 6 and 24 in the group of
patients with the development of atelectasis (82.7+5.7, 57.4+3.3, and
65.4+7.5, respectively vs. 79.6£5.2, 57.8+3.2, and 64.8+6, respectively);
this difference was statistically significant (p<0.001). The PaO, values in
blood gas test results and pH values on performing pulse oximetry pre-
operatively and at postoperative hours 0, 6, and 24 in patients without
the development of atelectasis were found to be higher than those in
patients with the development of atelectasis; this difference was statisti-
cally significant (Table 5).

Table 2. Distribution of systolic and diastolic blood pressures among the groups

Variables®

Group A Group B Group C P

Blood pressure T0 126.63£14.471 133.53£19.390 128.60+16.088 0.507

Systolic (mmHg) T 14307411423 148216410 14140416418 046
12 128.00£14.036 143.07£13.812 136.93+£11.003 0.011
T3 124.27£14.754 130.60£17.033 129.33+£9.529 0474

Blood pressure (mmHg) TO 74.27+10450 78.33+9.940 76.67+7.403 0.495

Diastolic (mmHg) TI 8288777 86.816.805 83736933 0327
12 75.67+9.969 85.00+6.655 80.73+4.436 0.007
T3 74.33+8.829 76.27£8.713 77.44+5598 0.558

Group A; control group; Group B: CPAP group; Group C: NIPSV group

“Values: mean=SD

T0: preoperatively; T1: postoperative hour 0; T2: postoperative hour 6; T3: postoperative hour 24

CPAP: continuous positive airway pressure; NIPSV: noninvasive pressure support ventilation

Table 3. Distribution of blood gas values among the groups

Variables® Group A Group B Group C P

PaCO, T0 30.93+2.520 32.75+2.622 31.8+2.731 0.18
1 346+2.261 35.53+1.727 35.13+£1.302 0.37
T2 32.93+2.434 30.07+1.624 30.4£1.298 0.012
T3 329342434 326711676 32.47+1.598 0.805

Group A: control group; Group B: CPAP group; Group C: NIPSV group
“Values: mean+SD

TO: preoperatively; T1: postoperative hour 0; T2: postoperative hour 6; T3: postoperative hour 24

CPAP: continuous positive airway pressure; NIPSV: noninvasive pressure suppo

rt ventilation
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Table 4. Factors affecting the development of atelectasis

Atelectasis
Variables® Yes (n=9) No (n=36) P
Age (years) 615459 454+114 0.00
Operation time (h) 4.240.71 3.5+0.88 0.026
Intensive care stay (h) 13.8£84 78125 0.00
Hospital stay (days) 75415 5+1.3 0.00
“Values: mean+SD
Table 5. Relationship of atelectasis with other parameters
Variables® Atelectasis Total Mean SD p
Saturation T0 No 36 9742 1663 0.001
Yes 9 9444 2297
T1 No 36 9467 2318 0.001
Yes 9 91.89 2088
T2 No 36 9717 1859 0.003
Yes 9 9489 1.764
T3 No 36 9622 1588 0.001
Yes 9 9344 1424
PaO, T0 No 36 9375 6.026 0.001
Yes 9 8633 5315
T1 No 36 8742 4854 0.001
Yes 9 8167 4243
T2 No 36 9325 6500 002
Yes 9 8756  4.640
T3 No 36 8925 4358 001
Yes 9 8500 4500
PaCO, T0 No 36 3139 2555 003
Yes 9 3356 2555
T1 No 36 3500 1639 0520
Yes 9 3544 2455
T2 No 36 3075 2034 031
Yes 9 3133 1658
T3 No 36 3233 1757 001
Yes 9 3411 1.900
pH T0 No 36 74252 0.02400 O0.11
Yes 9 74100 0.02828
T1 No 36 73981 0.02040 0.05
Yes 9 73833 0.01658
T2 No 36 74239 0.02032 002
Yes 9 74067 0.01000
T3 No 36 74142 001697 0.02
Yes 9 73979 0.02204

TO: preoperatively; T1: postoperative hour 0; T2: postoperative hour 6; T3:

postoperative hour 24
SD: standard deviation

Discussion

Pulmonary complications following major abdominal surgery are im-
portant causes of mortality and morbidity. During anesthesia induction,
pulmonary complications still pose a problem, despite advances in sur-
gical practices and postoperative care (3, 4). The incidence of postop-
erative pulmonary complication development seen varies widely and
depends on the type of surgery and risk factors (2-7). Various pulmo-
nary physiotherapy practices are frequently used to treat these com-
plications and prevent their development. The superiority of different
techniques over each other remains controversial in the literature (2-9).
In these studies, it was determined that pre- and postoperative pulmo-
nary physiotherapy practices are effective in patients with a high risk of
developing complications (4-8). In the present study, no difference was
found in terms of the development of atelectasis, although CPAP and
NIPSV yielded better results in some postoperative pulmonary functions
than the control technique.

In our study, while the averages of arterial O, saturation at postoperative
hour 6 were significantly low in the Group A than the B and C Groups,
the averages of arterial CO, pressure at postoperative hour 6 were ob-
served to be significantly higher. At postoperative days 1 and 2, it was
observed that the PaO, value was better in the PEEP and CPAP groups
than in the control group in a study (12). In another study, the superiori-
ties of noninvasive mechanical ventilation techniques were compared
in stable chronic obstructive pulmonary disease (COPD) patients, and
while CPAP was administered at different pressures in a group, CPAP and
NIPSV were administered at low pressures to patients in the other group.
In conclusion, PaO, and PCO, values were found to be better in each
group than the baseline values (13). In the literature, there are several
publications indicating that noninvasive pressure techniques further
improve arterial blood gases and decrease PCO, and increase PaO, val-
ues (8-12). Our study also supports these statements, and the blood gas
values of the patients in the CPAP and NIPSV groups were better than
those of the patients in the control group.

Of the 45 patients in total, 9 developed atelectasis, and no statistically
significant difference was found in terms of the frequency of the devel-
opment of atelectasis by group. The results differ from those in similar
studies present in the literature. In a study by Carlsson et al. (14) CPAP
was given to 13 of 24 patients and only O, was given to 11 patients for
4 h on the postoperative first day, and atelectasis was detected in 10
of 13 patients in the CPAP group and 10 of 11 patients in O, group. We
believe that the frequency of the development of atelectasis is higher
than that in our study because the patient population in this study (15)
has a higher average age, which is an important risk factor in terms
of postoperative pulmonary complication development. In a study by
Stock et al. (15) atelectasis was found in 5 of 23 patients in the CPAP
group and in 8 of 20 patients in the control group, and the frequency
of the development of atelectasis following CPAP was similar to that
in our patients.

In previously conducted studies, although a large number of pa-
tients who smoked had normal PFT results or demonstrated minimal
changes, most smokers had mucus hypersecretion or deterioration
in mucociliary clearance. It is known that patients who smoke have
difficulties in clearing secretions that accumulate on the airways dur-
ing the postoperative period, causing the frequency of atelectasis and
bronchopneumonia to increase (16, 17). In a study conducted by Stolz
et al. (18) the development of postlobectomy atelectasis was retro-
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spectively investigated in 412 patients undergoing pulmonary lobec-
tomy; a statistically significant difference could not be found, although
smoking and the frequency of the development of atelectasis were
higher than non-smokers. In our study, smoking frequency was higher
in patients developing atelectasis, even though there was no signifi-
cant difference when the postoperative development of atelectasis
was analyzed between smokers and non-smokers. Hence, we believe
that quitting smoking before undergoing an operation will prevent
the development of this complication.

We observed that the operation times are longer in patients develop-
ing atelectasis than in those not developing atelectasis. In a study that
investigated postoperative pulmonary complication development with
regard to operation times in patients with COPD undergoing surgery,
Kroenke et al. (19) found that the postoperative pulmonary compli-
cation rate increases in patients with an operation time longer than
3.5 h. In a study, the postoperative pneumonia frequency was found
to be 5 times higher in patients undergoing surgeries exceeding 4 h
than in those undergoing surgeries less than 2 h (20). In the literature,
the relationship between patients having an operation time exceeding
3-4 h and postoperative pulmonary complication development was sig-
nificant (19-22). We believe that performing postoperative respiratory
physiotherapy in patients with longer operation times would cause few
pulmonary complications.

In our study, significant differences were found in the postoperative de-
velopment of atelectasis in terms of FEV,, PEF, and FEF 25-75% values. In
a prospective study on patients undergoing upper abdominal surgery,
Kocabas et al. (23) showed that the incidence of respiratory complica-
tions was higher in patients with low preoperative PFTs. The relationship
between PFTs and pulmonary complication development is not clear
in the literature; however, it is known that FEV1 values lower than 70%
are risk factors for pulmonary complication development (9, 24). We re-
vealed that spirometry values are good indicators of the development
of postoperative pulmonary complications; this finding supports those
present in most studies in the literature.

In our study, significant differences were found in terms of arterial O,
saturation and arterial O, pressure, arterial CO, pressure, and arterial
blood pH values with the development of atelectasis. In a study con-
ducted by Fuso et al. (25) the authors revealed a more frequent pul-
monary complication patients in which low preoperative PaO, values
and emphasized that it is important in the prediction of pulmonary
complication development. We believe that the assessment of arte-
rial blood gas results is an important indicator of the development of
atelectasis.

We believe that a few limitation of this study are worthy of discussion.
Patients were monitored from the postoperative period to the time of
discharge. Accordingly, we obtained information on early postoperative
complications. If the patients were followed up for a longer period, the
development of long-term complications could have been reported.
Another limitation is that the power of our study is limited due to the
size of the sample.

Conclusion

We showed that postoperative noninvasive pressure techniques yielded
better results in terms of blood gas values and in terms of preventing
the development of atelectasis than the control technique. However,
we believe that assessment with arterial blood gas and PFTs is also im-

portant in preventing and predicting the development of atelectasis
that a patient’s age, smoking history, operation time, and duration of
intensive care stay. Further studies with a larger number of subjects and
longer follow-up periods are needed.
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