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Original Article

Background: It is well documented that pressure-controlled ventilation (PCV) improves oxygenation and ventilation compared 
to volume-controlled ventilation and reduces peak airway pressure in gynecological laparoscopy. PCV with moderately inversed 
inspiratory–expiratory (I: E) ratio can successfully recruit collapsed alveoli and has been proved to be beneficial in intensive 
care. We tested the hypothesis that altering the I: E ratio to 1.5:1 in PCV improves ventilation during gynecological laparoscopy 
using laryngeal mask airway (LMA).
Objective: To study pressure-controlled inverse ratio ventilation (PCIRV) with I: E ratio 1.5:1 as against PCV with I: E ratio 
1:2 in gynecological laparoscopy with LMA using noninvasive parameters.
Materials and Methods: Intraoperative hemodynamics and side-stream spirometry recordings were noted in 20 consecutive 
patients undergoing major gynecological laparoscopy with LMA. Flexible LMA or LMA supreme were used depending on normal 
body mass index (BMI) or high BMI, respectively.
Results: Reversing the I: E ratio to 1.5:1 increased the tidal volume, mean airway pressures, and dynamic lung compliance 
significantly, all indicating better oxygenation at comparable peak airway pressures as against PCV with I: E ratio 1:2. There 
was no change in the end-tidal carbon dioxide. There was no auto-positive end expiratory pressure (PEEP) or change in the 
hemodynamics.
Conclusion: Reversal of I: E ratio with PCV can be beneficially used with LMA in laparoscopy.
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Introduction

Laparoscopy is associated with decreased functional 
residual capacity and increase in the peak airway pressure. 
Gynecological laparoscopy usually requires lithotomy and 
Trendelenburg position demanding additional ventilatory 
adjustments to maintain oxygenation and normocarbia.[1,2]

Laryngeal mask airway (LMA) has been used in gynecological 
laparoscopy.[2] It reduces intubation and extubation response, 

gives better oxygen saturations at extubation, and reduces 
postoperative morbidity and analgesia requirement. LMA 
supreme, because of its better sealing pressure, is used in 
patients where ventilatory pressures are expected to be higher 
than normal.[3] Use of pressure-controlled ventilation (PCV) 
with LMA has proved to be beneficial in adult as well 
as pediatric surgeries.[4,5] It reduces peak airway pressure 
and delivers a better tidal volume at comparable airway 
pressures. [5] The improvement in ventilation during PCV 
is thought to be due to altered flow pattern that improves 
alveolar gas distribution and not merely due to reduction 
of air leaks.[6] Inverse ratio ventilation (IRV) has been 
extensively used in intensive care units, postoperative cardiac 
surgeries,[7,8] and there are also reports of it being used 
in lower abdominal surgeries.[9] Longer inspiratory times 
improve the gas flow to the alveoli of slow time constants, 
thereby improving oxygenation in Acute Respiratory Distress 
Syndrome patients.[10]

Increase in the mean airway pressure, a typical feature of IRV 
that recruits collapsed alveoli, could thus improve ventilation 
during laparoscopy. We tested this hypothesis in this study.
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Materials and Methods

20 consecutive patients between 18 and 60 years, American 
Society of Anesthesiologists class 1–3, scheduled for 
elective major gynecological laparoscopy with expected 
duration of surgery more than 45 min, were included in the 
study after written informed consent and ethic committee 
approval. Exclusion criteria were patients with history of 
gastroesophageal reflux disease, known allergy to any of the 
drugs used during the study, and patients with predicted 
difficult airway. Patients were premedicated with ranitidine 
150 mg, metoclopramide 10 mg, and clonidine 100 mcg 
orally 1 h prior to surgery. After preoxygenation, anesthesia 
was induced with 1 mg midazolam, fentanyl 3 mcg/kg, and 
propofol 2–2.5 mg/kg intravenous (IV). Neuromuscular 
blockade was achieved with atracurium 0.6 mg/kg IV as a 
bolus and maintained intraoperatively with 0.12 mg/kg IV 
top-ups. Size 4 flexible LMAs were used for patients with 
a body mass index (BMI) less than 30 (18), while LMA 
supreme size 3 was used for patients with BMI more than 
30 (2). The cuff was inflated with air until effective seal was 
obtained to the maximum 30 cc when there was no audible 
or palpable leak. Volume-controlled ventilation (VCV) was 
initiated with tidal volume 8 ml/kg body weight (Aestiva, GE/
Datex-Ohmeda). Respiratory rate was adjusted (8–10) to 
maintain end-tidal carbon dioxide (EtCO2) between 34 and 
37 mmHg. inspiratory–expiratory (I: E) ratio was kept 1:2. 
Maintenance of anesthesia was with 50% nitrous oxide with 
isoflurane 1%–1.5% in oxygen. Intraoperative monitoring 
included side-stream spirometry, noninvasive blood pressure, 
pulse oximetry, end-tidal carbon dioxide, 5-lead EKG, gas 
monitoring, and entropy. Anesthesia was supplemented by 
IV propofol infusion 2 mg/kg/h to stabilize entropy between 
35 and 50. After pneumoperitoneum ventilation was changed 
to PCV with positive end expiratory pressure (PEEP) of 
5 cm of H2O with I:E ratio 1:2. After 30 min readings were 
recorded. I: E ratio was now changed to 1.5:1 on the mode 
PCV (with IRV) [PCIRV] and PEEP of 5 cm of H2O 
continued. Readings were taken after 10 min of PCIRV.

At the conclusion of surgery residual neuromuscular blockade 
was reversed with neostigmine 0.05 mg/kg and glycopyrrolate 
0.008 mg/kg. Patient was allowed to breath spontaneously on 
the LMA and it was removed when entropy was beyond 80 
with return of protective reflexes.

Any presence of oropharyngeal leak, hypotension, bradycardia, 
auto-PEEP was noted. Hemodynamic, spirometry, EtCO2, 
and pulse oximeter recordings were noted as per the following 
schedule:
a)	 baseline VCV, prior to peritoneal insufflation with carbon 

dioxide,

b)	 on VCV with PEEP of 5 cm of H2O after reaching the 
desired intra-abdominal pressure (15 mm of Hg) with 
patient in Trendelenburg and lithotomy position,

c)	 After 30 min of PCV with I: E = 1:2,
d)	 10 min after PCIRV with I: E = 1.5: 1

Choosing compliance loops not disturbed by surgical 
manipulation or intraperitoneal suction ensured the quality 
of the recordings. A trained technician blinded to the study 
protocol recorded the readings.

All the measurements were done using a side-stream spirometry 
device (D-liteTM flow sensor of S/5TM Anesthesia Monitor, 
Datex-Ohmeda), which continuously computes flow and pressure 
readings derived via a pressure sensor system, attached between 
the airway tube and the Y-piece. Spirometry readings included 
peak, plateau, mean airway pressures, airway compliance, 
PEEP, and airway resistance along with pressure-volume loop 
and flow–time graph. Hemodynamic monitoring included heart 
rate and noninvasive blood pressure. Stomach grading was done 
after the first trocar insertion and also just prior to deflation of 
pneumoperitoneum by the surgeon blinded to the ventilatory 
protocol. The reading was considered 0 when stomach was 
not visualized and 10 when it was obstructing surgical view.[11]

Statistical analysis was done using paired t-test and results 
were obtained at 95% confidence limit (SPSS version 15.0). 
Significance was defined at p ≤ 0.05. Data were presented 
as mean (SD). The main variable in the study, the mean 
airway pressure, was having a standard deviation of 1.2 from 
the pilot study done on 10 patients. A priori power analysis 
using two-sided analysis with an a error of 0.05 and a power 
of 0.8 showed that 20 patients were needed for the study.

Results

All 20 patients were adult females with an average age 
(39.3 years ± 7.87) and BMI (24.38 ± 4.42 kg/m2) 
[Table1]. The mean duration of surgery was 77 ± 32.6 min. 
The peak and plateau pressures after pneumoperitoneum 
during PCV were 26.5 ± 3.88 and 26.25 ± 3.8 cm of 
H2O, respectively) and during PCIRV 26.4 ± 3.66 and 
26.2 ± 3.5 cm of H2O, respectively [Figure 1] and were 
statistically similar. However, the mean airway pressure 
(PAW) during PCV (12.1 ± 1.25 cm of H2O) was lower 
than PCIRV (17.3 ± 2.08 cm of H2O) (P = 0.000) 
[Figure 2]. Tidal volume on PCIRV (502 ± 47.19 ml) was 
significantly higher as compared to PCV (457 ± 39.35 ml) 
(P = 0.00) [Figure 3]. The dynamic compliance on PCIRV 
(23.7 ± 4.19 ml/cm H2O) was also significantly higher than 
PCV (21.45 ± 3.73 ml/cm H2O). There was no significant 
difference in the EtCO2 values during PCV and PCIRV 
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(35.5 ± 1.8 and 34.85 ± 2.5, respectively). Mean oxygen 
saturation observed in this study though higher in PCIRV 
(99.10 ± 0.78) than in PCV (98.65 ± 1.08) (P = 0.009) 
was not statistically significant. The heart rate and mean arterial 
pressure in PCV and PCIRV were not significantly different 
from each other (P = 0.57 and P = 0.435, respectively). No 
oropharyngeal leak was observed and there was no change in 
the stomach grading.

Discussion

Our study comparing PCV with I: E ratio 1:2 and PCIRV 
with I:E ratio 1.5:1. Higher PAW and tidal volume (TV) 
was observed in PCIRV as compared to PCV. These 
differences were seen despite peak and plateau pressures 
being similar in both types of ventilation. The higher tidal 
volume in PCIRV possibly resulted from the decelerating 
flow of PCV combined with optimally inversed I:E ratio 
which sustained the inspiratory pressure for a longer time. 
This facilitated ventilation of the slow recruiting alveoli. 
Increased alveolar oxygenation during PCV has been 
attributed to the increase in the PAW.[6] Higher PAW 
achieved by moderate prolongation of the I/E ratio with 
optimum extrinsic PEEP improves ventilation in the intensive 
care units and trauma patients. [10,12] Benefits of IRV, though 
well known to postoperative care units, have not been studied 
in laparoscopy so far. IRV increases dynamic lung compliance 
and also improves oxygen saturation. With increasing I:E 
ratios, one may encounter auto-PEEP, circulatory collapse, 

and barotrauma.[12,13] On the contrary, moderate reversal 
of I:E ratio to 1.5:1 not only improves the PAW, the key 
determinant of alveolar ventilation, but also allows sufficient 
time for expiration and avoids generation of auto-PEEP. This 

Table 1: Spirometry and hemodynamics in pressure-
controlled ventilation (PCV) and pressure-controlled 
inverse ratio ventilation (PCIRV), expressed as mean (SD)

Spirometry/
hemodynamics

PCV PCIRV P value sig

N = 20
Peak pressure 
(cm of H2O)

26.5 ± 3.88 26.4 ± 3.66 0.57 ns

Plateau pressure 
(cm of H2O)

26.25 ± 3.8 26.2 ± 3.5 0.804 ns

Mean pressure 
(cm of H2O)

12.1 ± 1.25 17.3 ± 2.08 0 s

Compliance 
(ml/cm of H2O)

21.45 ± 3.73 23.1 ± 4.19 0.001 s

PEEP (cm of H2O) 4.9 ± 0.3 4.95 ± 0.22 0.33 ns
Raw (cm of H2O L-1 s-1) 15.35 ± 2.49 14.65 ± 2.62 0.002 s
Tidal Volume (ml) 457 ± 39.35 502 ± 47.19 0 s
End-tidal CO2 
(mm of Hg)

35.5 ± 1.8 34.85 ± 2.5 0.199 ns

Mean arterial pressure 
(mm of Hg)

108.7 ± 9.09 107.3 ± 10.8 0.435 ns

HR (beats per minute) 66.45 ± 9.09 65.75 ± 8.49 0.57 ns
SpO2 (percent) 98.65 ± 1.08 99.10 ± 0.78 0.009 s

PCV - Pressure-controlled ventilation; PCIRV - Pressure-controlled inverse ratio 
ventilation; s - Significant; ns - Not significant

Figure 1: Comparison of Peak Airway Pressures during PCV (peak 3)and 
PCIRV(peak4) X axis- no. of patients, Y- axis- airway pressure in cm of H2O

Figure 2: Comparison of Mean Airway Pressures during PCV(mean3) and 
PCIRV(mean4) X axis- no. of patients, Y axis- airway pressures in cm of H2O

Figure 3: Comparison of Tidal volumes during PCV(TV3) and PCIRV(TV4). 
Xaxis- no of patients, Y-axis- tidal volume in ml
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mode of ventilation does not find any mention in laparoscopy 
so far in literature.

Every 100 ml increase in the tidal volume reduces PaCO2 
on average by 5.3 mm Hg in normal-weight patients and by 
3.6 mmHg in morbidly obese patients.[14] In our study, the tidal 
volume in PCIRV (502 ± 47.19 ml) is significantly higher than 
that in PCV (457 ± 39.35 ml) (P = 0.00) but determining 
the exact fall in the PCO2 was beyond the scope of the study. 
Llorens et al. found that only changing the inspiratory pressures 
and the ratio of inspiratory time to total time without much 
changing the minute ventilation was enough to compensate the 
changing lung mechanics during gynecological laparoscopy.[15]

We found no evidence of intrinsic PEEP. Vasopressors were 
not needed and grading of stomach view did not change. 
Achieving best tidal volume at a given oropharyngeal leak 
pressure can be challenging at times for the anesthetists who 
are using LMA for gynecological laparoscopy. Changing the 
I: E ratio to 1.5:1 proves beneficial in such situations.

The limitation of our study is that it is the study of limited data 
from 20 female patients; invasive monitoring with arterial blood 
gas sampling was not performed and it is a single blinded study. 
The mean duration of surgery in our study was 77 ± 32.6 min. 
Since this type of ventilation has not been tested before 
using LMA, we limited its usage to 10 min. We found no 
contraindication for using the LMA for longer durations.

Conclusion

PCIRV with I: E ratio 1.5:1 can be an effective mode of 
ventilation in major gynecological laparoscopy using LMA. 
It is an unconventional mode of ventilation in laparoscopy and 
can be used when conventional methods seem inadequate to 
achieve the set tidal volume at a given peak airway pressure, 
like in the case of moderately obese patients. It delivers better 
tidal volume compared to either PCV or VCV with I: E 
ratio 1:2. It is associated with the rise in the PAW, oxygen 
saturation, and dynamic lung compliance, which are the 
indicators of better alveolar ventilation.
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