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Abstract:

Background and Aims: Laparoscopic surgery is a minimally invasive surgery which is getting popularity
nowadays for its varied benefits. Pneumoperitoneum being an integral part of laparoscopic surgery, alters the
respiratory and cardiovascular mechanics. Positive End Expiratory Pressure (PEEP) after pneumoperitoneum
might counteract those adverse physiological changes. The aim of the study was to assess Lung compliance,
airway pressures and hemodynamics after pneumoperitoneum induction and after giving PEEP.

Material and Methods: This is a prospective observational study done on 121 patients undergoing laparoscopic
abdominal surgery. Parameters observed were Lung Compliance (LC), Peak and Plateau airway pressure, Heart
Rate (HR) and Mean Arterial Pressure (MAP) after intubation (int), 5 minutes after pneumoperitoneum induction
(pnm) and 5 minutes after giving PEEP of 5 cm H2O. Statistical analysis plan was done and p-value<0.05 was
takes as significant.

Results: Mean value of LCpnm is decreased than LCint(LCint- 35.19 £+ 5.423 ml/cmH20 vsLCpnm- 27.05 = 5.234
ml/emH20) and incresed significantly after application of PEEP (LCpum- 27.05 + 5.234 ml/cmH20 vs LCprgp-
30.75 + 5.514 ml/cmH>0, p< 0.0001). Mean Peak airway pressureint is 18.18+ 2.443 cm H»>O, mean Peak airway
pressurepnm is 18.826+ 2.654 cm H>O (Increased) and mean Peak airway pressurepeep is 21.80+ 2.845 cm H2O
(Increased). Likewise mean Plateau airway pressureint is 11.07+ 2.549 cm H20, mean plateau airway pressurepnm
is 11.71+ 2.51 cm H>O (Increased) and mean plateaupeep is 15.107+ 2.738 cm H20O (Increased).

Conclusions: PEEP applied after pneumoperitoneum improves LC without any adverse effect on airway pressure.
Keywords: Pneumoperitoneum, Laparoscopic Surgery, Positive End Expiratory Pressure, Lung Compliance,
Peak airway pressure, Plateau airway pressure.
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Background:

Laparoscopic procedures have many advantages
over conventional surgeries [1-4]. However, the
effect of pneumoperitoneum is deleterious resulting
in intraoperative atelectasis causing reduced Lung
Compliance [5-11].

Lung protective ventilation using PEEP were
studied multiple times to minimize ventilator
induced lung injury (VILI) [31-39].

In previous studies, there are controversies
regarding PEEP in preventing postoperative
atelectasis ~ versus causing intraoperative
hemodynamic instability. [12,2,9,14].

This study was done to observe the effect of PEEP
on respiratory mechanics in laparoscopic abdominal
surgery using GE-Carestation 620 in order to
provide evidence for clinical practice and further
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research. Special emphasis was placed on evaluation
of airway pressure and lung compliance. [15-22]

Materials and methods:

This prospective, clinical and observational study
was approved by the institutional Ethical
Committee. As there was scarcity in similar study in
this topic, we have performed a pilot study on 10
patients undergoing laparoscopic = abdominal
surgery. We have enrolled the patients for pilot
study according to study inclusion and exclusion
criteria. From the pilot study result, the study sample
size i.e. 121 has been calculated from the following
formula [23]:

Sample size (N)= 2(Z1-0/2)*(SD)*/L*
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Where, Z1-a/2= Standard normal deviate = 1.96
(considering confidence level 95%)

SD= the expected standard deviation of the study
variable in target population

Mean difference of lung compliance in the patients
in pilot study was calculated and it was found to be
6.71+1.98.

Le=Lung compliance

L= Precision (we take the precision of our study to
be 0.5)

Written informed consent was obtained from all 121
adult patients enrolled in the study. We enrolled 18-
60 years old ASA- I and II patients posted for
laparoscopic abdominal surgery. Patient with known
cardiac or pulmonary disease, obesity [defines as
BMI>30 kg m2] and patient with Unfavourable
hemodynamic parameters after pneumoperitoneum
are excluded from the study. Patients’ current
medication reviewed and optimization of the drug
therapy was achieved. Upon arriving in Operation
Theatre, Patients was positioned supine and
monitors were attached as per ASA guideline for
checking heart rate, electrocardiogram tracing, non
invasive blood pressure, pulse oxymetry and
temperature. After checking the preanaesthesia
check list, preoxygenation with 100% oxygen was
done to the patients for 3 minutes. After
administration ~ of  Fentanyl(2mcg/kg)  and
Midazolam(0.05mg/kg), anaesthesia was induced
with Propofol (2- 3mg/kg). Following confirmation
of adequate mask ventilation,
Atracurium(0.5mg/kg) was administered as Muscle
relaxant. After 3 minutes, laryngoscopy and
endotracheal intubation was performed with
appropriate  endotracheal tube sizes. During
induction and throughout the procedure, oxygen
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saturation, end tidal CO2 were monitored.
Hemodynamic stress response in terms of Heart rate,
Systolic blood pressure, Diastolic blood pressure,
Mean arterial blood pressure were noted just after
intubation. Briefly all patients were set to ventilator
support in GE carestation model no-620 with
volume controlled mode of ventilation with
following parameter- Tidal Volume-( predicted
body weight *6-8), Respiratory rate-12/min.
Inspiratory:Expiratory-1:2; Tpause-5%, PEEP-Ocm
H20. The predicted body weight was calculated as
49.9+0.91 x [height (cm)—152.4]. Sevoflurane
was provided in titrated dose along with oxygen and
N20 with an inspiratory oxygen fraction set at 0.4 as
needed to maintain the SpO2 >95%. Standardised
fluid management was performed in patients using a
crystalloid solution (Lactated Ringer’s solution;) at
a rate of 20 mL kg'! h™! immediately before the
anaesthetic induction and until the patient was
placed in Trendelenburg position, followed by
5kg ! h'! until the end of the surgery. Before the
pneumoperitoneum introduction, lung compliance,
peak and plateau airway pressure were noted as
shown in the GE workstation monitor. 5 minutes
after establishing pneumoperitoneum i.e. abdominal
carbon di-oxide inflation to obtain intraabdominal
pressure of 12 mm of Hg and proper positioning, if
the patient is hemodynamically stable(i.e., mean
arterial pressure>65 mmHg and heart rate>50
beat), lung compliance, peak and plateau airway
pressure were noted along with other variables.
PEEP of 5cm of H»O is added. 5 minutes after
adding the PEEP lung compliance, peak and plateau
airway pressure and hemodynamic profile were
noted(fig-1). At the end of surgery, residual
neuromuscular blockade were reversed with
neostigmine  0.05mg/kg and  glycopyrrolate
0.01mg/kg and extubation were done, when patients
were fully awake and breathing spontaneously.

International Journal of Pharmaceutical and Clinical Research

1501



International Journal of Pharmaceutical and Clinical Research

e-ISSN: 0975-1556, p-ISSN:2820-2643

Figure 1: Showing Lung Compliance- 39 ml/cm H>O and Ppeak- 16 cm H:O just after intubation; (B)
showing Lung Compliance- 29 ml/cm H>O and Ppeak- 20 cm H:O after pneumoperitoneum; (C) showing
lung compliance- 31 ml/cm Hz0 and Ppeak- 23 cm H:O after applying PEEP

For statistical analysis data were entered into a
Microsoft excel spreadsheet and then analyzed by
SPSS (version 27.0; SPSS Inc., Chicago, IL, USA)
and GraphPad Prism version 5. Data had been
summarized as

mean and standard deviation for numerical variables
and count and percentages for categorical variables.
P value <0.05 was considered as statistically

significant.

Results

Table 1: Demographic data and ASA distribution

Age(years) Mean+SD 37.75£9.4

BMI Mean+SD 20.52+1.8

Sex(no) Male 47
Female 74

It was found that mean difference of Lung
compliance after intubation was 35.190 with 95%
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confidence interval [34.21-36.17, P <0.0001]; after
pneumoperitoneum it was 27.050 with 95%
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confidence interval [26.11-27.99, P < 0.0001] and
after PEEP was 30.752 with 95% confidence
interval [29.76-31.74, P < 0.0001].

Mean difference of Peak airway pressure after
intubation was 18.182 [17.74-18.62, P < 0.0001];
after pneumoperitoneum it was 18.826 [18.35—
19.30, P < 0.0001] and after PEEP was 21.802 with
95% confidence interval [21.29-22.31, P <0.0001].
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Mean value of Platue pressure after intubation was
11.066 [10.61-11.52, P < 0.0001],; after
pneumoperitoneum it was 11.711 [11.26-12.16, P <
0.0001] and after PEEP it was 15.107 with 95%
confidence interval [14.61-15.60, P < 0.0001].(Fig-
2)
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Figure 2: Distribution of mean Lung Compliance, Peak And Plateau Airway pressure after intubation,
after pneumoperitoneum and after PEEP
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Figure 3: Difference of mean HR After intubation, HR After pneumo and HR after PEEP

It was seen that mean difference of HR after intubation was 83.876 [82.17—85.59], after pneumoperitoneum it was
85.074 [83.83—-86.32] and after applying PEEP it was 85.545 with 95% confidence interval [84.49-86.60](Fig-3).
Changes in heart rate showed significant difference after pneumoperitoneum and after applying PEEP.
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Figure 4: Difference of mean MAP after intubation, after pneumoperitoneum and after PEEP

Likewise, It was documented that mean difference
of MAP after intubation was 86.636[85.31-87.96],
after pneumoperitoneum it was 90.025[88.60—
91.45] and after application of PEEP it was 93.884
with 95% confidence interval [92.90-94.87](Fig-4).

Both pneumoperitoneum and application of PEEP
showed significant difference in changes in MAP.

Discussion

Changes on lung physiology after peritoneal
insufflation is attributed to splinting of diaphragm
and reduced chest wall movement.With combined
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effect of anaesthesia, it additionally causes
disturbances in pulmonary gas exchange,
development of atelectasis in basal alveoli,
associated with reduction of FRC, due to altered
intrathoracic volume, decreased inspiratory muscle
tone and increased abdominal pressure[12-18]

Trendelenburg position (Patient positioned supine,
15-30 degree incline with the feet elevated above
the head), influences the abdominal pressure
through gravity, causes reduction in lung
compliance and an elevated airway resistance
(RAW), thus may result in additional loss of FRC
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and further changes in the respiratory system
mechanics [19,20].

Positive pressure controlled ventilation is a major
risk for ventilator-induced lung injury(VILI) [21-
23].General anaesthesia again makes the patient
more vulnerable to VILI, mostly because anaesthetic
induction and muscle relaxation decreases the end
expiratory lung volume (EELV) by 9-25% in adults
[24-28]. Cyclic opening and collapsing of alveoli are
being one of the primary mechanisms of VILI during
anaesthesia.

Positive end-expiratory pressure (PEEP) can be
defined as the application of positive pressure to the
airway at the end of expiration. PEEP improves
pulmonary oxygen exchange through [9,29,30]:

i.  Prevention of the collapse of small bronchiole
and alveoli

ii.  Redistribution of pulmonary blood flow

iii. Increased Functional Residual Capacity (FRC)
iv. Improves pulmonary compliance

v. Improves ventilation perfusion abnormalities

Work of breathing of the respiratory system is
completely depentanton  pressure needed to
overcome airway resistance, elastic forces and
impedance. This way, a betterment of Resistance
System Compliance (CRS) indicates lower elastic
work pressures and, therefore, a more favorable
dynamic pressure/volume curve (P/V curve) [40-
42].

Multiple previous studies have suggested high
driving pressures (AP) i.e. the difference between
Plateau pressure and PEEP have been associated
with postoperative pulmonary complications [43-
46].

In a previous study by Bergesio R et al [47], which

was conducted on children undergoing abdominal
laparoscopic surgery, it was seen that the changes of
respiratory mechanics has been manifested as
increased peak airway pressure (Paw) during
pneumoperitoneum. Similar changes has also been
observed in this study. This finding indicates that
pneumoperitoneum in laparoscopic abdominal
surgery results in a significant decrease in
respiratory compliance and Functional residual
capacity which might cause a decrease in arterial
oxygenation. Lower arterial oxygenation is
detrimental in patients with poor respiratory reserve
or prior lung disease.

With this background knowledge we have included
patients with healthy lung in our study so that if the
result is satisfactory further study can be planned.
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A good enough PEEP or optimal PEEP is where
oxygenation is maximum and there is minimum end
expiratory atelectais.

A study by Ostberg E et al [48] in 2015 showed that
an isolated PEEP without any recruitment maneuver
resulted in significant reduction in atelectasis as seen
in intraoperative and postoperative computed
tomography. As guided by this finding, we have
obsereved if there is any improvement in lung
mechanics while using PEEP during laparoscopic
surgery. It has been seen in previous literature PEEP
of less than 10 cm H2O is seldom associated with
hemodynamic instability in absence of intravascular
volume depletion. So, we have used PEEP of 5 cm
of H20 to observe any effect on lung mechanics.

This study was conducted for a period of January,
2020 to January, 2021.

Mean BMI of the study population in this study was
20.52+ 1.803.

In a study conducted by Tomescu DR et al [49] on
50 patients undergoing Robot Assisted surgery, it
had been proved that obesity with BMI of more that
30 kg/m? causes significant decrease in lung
compliance after induction of anaesthesia.This was
the reason we excluded patients with BMI of more
than 30 kg/m? as that would cause a confounding
effect in the result of the study.

It was found that, mean value of HR, SBP, DBP and
MAP all increased after pneumoperitoneum and
after applying PEEP [P <0.0001], even though those
are not beyond 20 percentile of baseline vital
parameters.

From the collected data, it was deducted that the
mean Lung compliance after intubation was 35.19+
5.423, after pneumoperitoneumwas 27.05+ 5.234
and after applying PEEP increased t030.75+ 5.514.
So, the lung compliance measured by GE
Carestation 620 shows an increment while applying
PEEP as it was seen in a study by Spaeth J et al [50]
in their study in 2016.

The mean Peak airway pressure after intubation was
18.18+ 2.443. Pneumoperitoneum increased it
t018.83+ 2.654. Also the further application of
PEEP increased the value to 21.80+ 2.845.

Mean level of Plateue airway pressure after
intubation was 11.07+ 2.549. After
pneumoperitoneumthe Plateau pressure was 11.71+
2.511. The application of PEEP increases the mean
Plateaue pressure to 15.114 2.738.

So in this study, we found that pneumoperitoneum
worsens lung compliance and increases airway
pressure and applying PEEP can restore the lung
compliance in a value nearing baseline value. But
applying PEEP also worsens airway pressure which
is not found to be detrimental to patient as the airway
pressure never exceeds 30 cm H2O and it never
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