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The effects of pneumoperitoneum and patient position on the perfusion
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Objective: Limited data are available on the use of the perfusion index (PI) and the pleth variability index (PVI) during laparoscopic
bariatric surgery. We investigated the effects of pneumoperitoneum and the reverse Trendelenburg position on these indices.

Materials and Methods: PI, PV, heart rate (HR), blood pressure, SpO, and ventilation parameters were recorded before anaesthesia
induction (T0), 5 min after endotracheal intubation (T1), immediately before surgery, after the patient had been in the reverse
Trendelenburg position for 5 min (T2), after inflating the abdomen with CO, in reverse Trendelenburg (T3), after the abdomen had

been deflated (T4) and 5 min after extubation (T5).

Results: General anaesthesia induced an increase in the PI (P<.001), and a decrease in the PVI (P=.002). The PI and PVI values were
not affected during T2 or T3. Pneumoperitoneum caused an increase in mean arterial pressure (MAP) and a decrease in HR. PVI and
MAP decreased during T4, but the PI and HR remained unchanged. PVI, HR and MAP increased during T5.

Conclusion: Our data suggest that the reverse Trendelenburg position and pneumoperitoneum did not affect the PI or PVI values,
whereas deflation decreased the PVI in morbidly obese patients under general anaesthesia.
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1. INTRODUCTION

The prevalence rates of overweight and obesity are increasing
worldwide, such that anaesthesiologists are encountering
morbidly obese patients more frequently than before. Obesity
produces a variety of hemodynamic, respiratory and metabolic
changes that predispose patients to serious perioperative
complications [1-4]. Hemodynamic monitoring and optimal
fluid therapy are the cornerstones of therapy to improve
outcomes and allow patients to tolerate the surgical procedure
(5]

The perfusion index (PI) is defined as the pulsatile and non-
pulsatile tissue ratio of absorbed light. The pleth variability
index (PVI) is a completely non-invasive index that can be
used to automatically and continuously monitor variations in
the PI during the respiratory cycle, and thus has the ability to
predict fluid responsiveness, and facilitate fluid management,
via dynamic variables. Optimising tissue and organ perfusion
through goal-directed fluid therapy based on dynamic
predictors of fluid responsiveness improves clinical outcomes
[6,7]. However, there are limitations and drawbacks to the PI and

PVI that restrict their use depending on the patient’s position,
pneumoperitoneum and use of norepinephrine, for example [8-
11]. The effects of these variables have mainly been assessed in
healthy individuals and non-morbidly obese patients undergoing
laparoscopy [10,12]. Moreover, few studies have used the PI and
PVIto predict fluid responsiveness during laparoscopic bariatric
surgery [7]. To facilitate patient management and improve
outcomes, anaesthetists must understand the advantages and
limitations associated with the use of hemodynamic parameters
to guide perioperative care in obese patients.

Therefore, we investigated the effects of pneumoperitoneum
and the reverse Trendelenburg position on the PI and PVI in
patients undergoing laparoscopic bariatric surgery.

2. MATERIALS and METHODS

The Clinical Research Ethical Committee of Marmara
University, School of Medicine approved this study ( protocol no:
09.2018.737). Written informed consent was obtained from 70
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patients at two hospitals, who were enrolled in this prospective
observational cohort study from June 2018 to December 2019
and scheduled for elective laparoscopic bariatric surgery. The
inclusion criteria were American Society of Anesthesiologists
(ASA) grade II-III, age > 18 years and body mass index (BMI)
> 35 kg/m”’.

The exclusion criteria were a history of uncompensated cardiac
disease (cardiac ejection fraction < 30%, arrhythmias), severe
respiratory disease (mechanical ventilation > 8 ml/kg tidal
volume) and chronic renal dysfunction.

Three patients were excluded due to conversion to open
surgery, or because their PVI values could not be obtained for
technical reasons, such that 67 patients were included in the
final analysis.

Anaesthetic procedure and monitoring

After an overnight fast, received no premedication. Following
preoxygenation, anaesthesia was induced with propofol (2-
2.5 mg/kg) based on the adjusted body weight, remifentanil
(1 pg/kg) was administered based on adjusted body weight,
and rocuronium (0.6-1.2 mg/kg) was administered based on
total body weight; through endotracheal intubation, patients
were maintained on desflurane and remifentanil according to
clinical observations. Ventilation was adjusted to a tidal volume
of 8-10 ml/kg based on ideal body weight, with an I:E ratio of
1:2 and positive end-expiratory pressure (PEEP) of 5 cmH,O.
Respiration frequency and other ventilation parameters were
used to guide maintenance of normocapnia (PaCO,: 35-45
mmHg) during the perioperative period. Heart rate (HR),
non-invasive blood pressure, peripheral oxygen saturation,
capnography, inhaled gas concentration and temperature were
continuously monitored in all patients. The PI and PVI values
were measured using a Masimo Radical 7 pulse oximeter probe
(Masimo Radical 7; Masimo Corp., Irvine, CA, USA) attached
to the right ring finger.

Study protocol

ThePIand PVIvalues were obtained immediately beforeinducing
anaesthesia (T0) and after baseline hemodynamic variables
were obtained. The hemodynamic and mechanical ventilation
parameters were obtained 5 min after endotracheal intubation
(T1). Immediately before surgery, the patient’s position was
changed to the reverse Trendelenburg position (head-up tilt to
~25°), all parameters were recorded after a 5-min stabilisation
period (T2), and surgery commenced. Hemodynamic and
ventilation parameters were measured at 3-5 min intervals after
inflating the abdomen with CO, (12-15 mmHg, as measured by
the insufflator) (T3), at the end of surgery when the abdomen was
deflated (T4) and 5 min after extubation (T5) (Figure 1). The PI,
PVI, hemodynamic parameters (HR, blood pressure and SpO,)
and ventilation parameters (EtCO,, tidal volume, PEEP and
peak airway pressure [Ppeak]) were recorded at each time point.
In addition, demographic characteristics, volume of bleeding,
volume of fluid administered, anaesthesia and operating times,
and reverse Trendelenburg angle were recorded.
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Figure 1. Illustration of the protocol ofthe study. TO: before endotracheal
intubation; T1: 5 min after endotracheal intubation; T2: 5 min after
reverse Trendelenburg; T3: 5 min after pneumoperitoneum; T4: after
the termination of pneumoperitoneum; T5: 5 min after endotracheal
extubation.

Statistical analysis

The required sample size was determined based on the data
of Siswojo et al. [13]. The minimum number of samples
required to determine a 2% change in the PVI values was
determined to be 67, with an alpha of 0.05 and power of 0.90.
However, we enrolled 70 patients considering the possibility
of dropouts. The descriptive characteristics are expressed as
frequencies and percentages for categorical variables, and
as means, standard deviations and medians for numerical
variables. Skewness and kurtosis values were used to assess
the normality of the data. The parameters were analysed
by repeated measures-analysis of variance (ANOVA). The
Friedman rank-sum test was used to analyse parameters
that did not meet the ANOVA assumptions. The Wilcoxon
rank-sum test was used for post-hoc analysis. Because
the reliability of the dynamic parameters would decrease
during spontaneous breathing, comparisons of the T1-T4
measurements were made under mechanical ventilation and
general anaesthesia; the TO, T1 and T5 measurements were
also compared to determine the effect of general anaesthesia
on the parameters. The data were analysed using R software
(3.6.2; (R Development Core Team, Vienna, Austria). A
p-value < .05 was considered significant.

3. RESULTS

Data for the demographic characteristics (age, gender, BMI,
weight, height and ASA score), duration of anaesthesia
and surgery, pneumoperitoneum, and angle of the reverse
Trendelenburg position are presented in Table I, along with
the volume of intraoperative fluid therapy (crystalloids and
colloids), surgical bleeding and urine output data.

The results of the interventions are presented in Table II.
General anaesthesia (T1) induced an increase in the PI
(P< .001), and decreases in the PVI (P= .002) and mean
arterial pressure (MAP) (P < .001). A decrease in MAP
(P = .004) was seen in the reverse Trendelenburg position
(T2) but the PI (P = .788) and PVI (P = .131) values
were unaffected. Neither the PI nor the PVI changed
significantly after pneumoperitoneum (T3) (P = .078 and
P = .397, respectively). Neither the PI nor the PVI changed
significantly after pneumoperitoneum (T3) (P = .078 and

P =.397, respectively).
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Table . Distribution of the study population in terms of demographics and baseline characteristics

Age (years)

Gender (M/F)

BMI (kg/m?)

Weight (kg)

Height (cm)

ASA score II/111

Duration of anaesthesia (min)
Duration of surgery (min)

Duration of pneumoperitoneum (min)
The angle of reverse Trendelenburg (°)
Intraoperative crystalloids (ml)
Intraoperative colloids (ml)

Bleeding (ml)

Urine output (ml)

n Mean + SD
39.2+109
12/55
46.7 £ 6.0
125.8 £20.6
1639 +8.1
44 /23
1622 £47.4
122.8 £45.8
102.1 £42.6
245143
1534 + 418
7 450 + 84
80 £ 86
246 + 140

ASA: American Society of Anaesthesiologists physical status, BMI: body mass index, n: number of patients

Table II. Values of perfusion index (PI), pleth variability index (PVI), heart rate (HR), mean arterial blood pressure (MAP), arterial oxygen saturation
measured using a pulse oximeter (SpO2), end-tidal pressure of CO2 (EtCO2), peak airway pressures (Ppeak), positive end-expiratory pressure
(PEEP), and tidal volumes at six time points

Parameters
PI, % 212 +1.58 4.32+2.38 4.60 +2.74 3.64+2.29 3.24+252 2.58 £2.36 <.001
PVI, % 20.76 + 8.83 15.76 + 6.65 15.15 +9.36 14.80 £ 6.74 12.33 £ 6.99 17.70 £7.12 <.001
HR, beats/min 84.73 + 14.00 85.15+13.40 83.06 +13.44 7291 +£12.99 69.26 +12.35 92.36 + 16.07 <.001
MAP, mmHg 97.64 + 14.34 86.59 + 18.00 76.62 +14.22 86.74 + 16.36 78.65 +11.20 101.65 + 14.71 <.001
Sp0,, % 98.74 + 1.77 98.77 + 1.54 98.12 £2.00 97.76 £ 1.79 98.79 £ 1.35 97.60 + 3.32 <.001
EtCO,, mmHg 34.23 £ 4.47 32.66 £ 3.70 34.91 +3.47 37.97 £3.13 <.001
Ppeak, cmH,0 25.98 £5.27 25.02 £ 4.61 31.02 + 4.47 27.12 £ 4.24 <.001
PEEP, cmH,0 6.02 +1.43 6.82 £1.97 8.06 +2.05 8.80 £2.38 <.001
Tidal Volume, ml 511.77 £58.10 519.32 +52.02 517.32 £ 54.16 514.60 + 54.25 .988

Data are presented as the mean + standard deviation. T0: before endotracheal intubation; T1: 5 min after endotracheal intubation; T2: 5 min after reverse Trendelenburg;
T3: 5 min after pneumoperitoneum; T4: after the termination of pneumoperitoneum; T5: 5 min after endotracheal extubation, when appropriate

Pneumoperitoneum caused an increase in MAP (P = .001)
and a decrease in HR (P = .013). The PVI (P = .028) and
MAP (P = .007) decreased, whereas the PI (P=.788) and
HR (P = .960) were unchanged, after pneumoperitoneum
compared to the start (T3) and termination (T4) periods. A
significant decrease in the PVI was observed after release of
the pneumoperitoneum (T4) compared to T1 (P = .003) but
the PI (P=.078) remained unchanged (Figures 2 and 3). After
extubation of the trachea (T5), the PVI (P < .001), HR (P <
.001) and MAP (P < .001) increased, but the PI (P = .078)
did not change significantly. Significant differences were
observed in the SpO, values measured at T3 (P < .001) and
T5 (P =.014) compared to the preoperative value (T0). EtCO,

increased gradually towards the end of the operation after
inflating the abdomen with CO,. A significant difference in the
EtCO2 was detected after deflation (T4) (P <.001) compared
to the other time periods (T1-T3). Pneumoperitoneum
(T3) caused an increase in Ppeak (P = .001) and PEEP (P
=.001). After deflation (T4), Ppeak decreased slightly (P =
.090), but PEEP (P = .001) remained high, compared to the
other time periods (T1 and T2). No significant difference in
tidal volume was observed during the intraoperative period
(P = .988). Mean tidal volume per ideal body weight of all
patients was calculated to be 9.3 + 1.6 ml/kg. A tidal volume
> 8 mL/kg increased the reliability of the measured dynamic
parameters.
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Figure 2.The values of perfusion index (PI) at six time points.** p < 0.001, ns: no significant difference between time points.
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Figure 3. The values of pleth variability index (PVI) at six time points. * p < 0.05, ** p < 0.001, ns: no significant difference between time points.
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4. DISCUSSION

The main findings of our study are that the reverse
Trendelenburg position and pneumoperitoneum did not affect
the PVI or PI, whereas deflation decreased the PVI, but not the
PL In addition, the PI increased, and the PVI decreased, under
general anaesthesia. Therefore, the PI and PVI can be used to
guide laparoscopic bariatric surgery in patients under general
anaesthesia, but not under conditions of deflation.

Our findings are consistent with an observational study, in
which general anaesthesia was induced using anaesthetic agents
and opioid analgesics increased the PI, but decreased the PVI
[14]. These results are similar to those of our recently published
article on laparoscopic cholecystectomy [9]. Administration
of general anaesthetic agents and opioid analgesics causes
significant changes in peripheral vascular physiology and
sympathetic tone. After inducing general anaesthesia, an
increase in the PI and a decrease in the PVI reflect peripheral
vasodilation and decreased sympathetic tone [14]. In addition,
respiratory parameters (tidal volume, ventilation rate and type
[spontaneous or controlled]) also affect the PI and PVI [14-
16]. The decrease in PI and increase in PVI seen during the
postoperative period may be related to variations in respiration
during spontaneous ventilation, residual effects of intravenous
or volatile anaesthetic agents and opioid analgesics, or increased
sympathetic activity due to postoperative pain [16]. Therefore,
we assumed that the hemodynamic parameters measured 5 min
after endotracheal intubation (T1) could be used as baseline
values when evaluating the effects of patient position and
pneumoperitoneum on the PI and PVI.

The reverse Trendelenburg position can cause hemodynamic
changes due to venous pooling, which can in turn lead to severe
hypotension [17]. These physiological effects are similar to
those associated with the seated position [17]. Bapteste et al.,
evaluated the utility of the PPV and PVI for predicting fluid
responsiveness during general anaesthesia in the sitting position
[18]. They demonstrated that, when measured with a finger
sensor, the PVI was unable to predict fluid responsiveness in the
sitting position. However, when measured with an ear sensor,
the PVI predicted fluid responsiveness with a sensitivity of 83%
and specificity of 91% [18]. We recorded the PVI using a finger
sensor; our findings in the reverse Trendelenburg position
might have been different if we had used an ear sensor.

Tapar et al,, tested changes in the PI after patients were switched
from the supine to the reverse Trendelenburg position (head-up
tilt to 45°). They reported that the reverse Trendelenburg
position decreased the PI significantly, which was explained by
the decrease in venous return and increase in systemic vascular
resistance [8]. In our hospital, the reverse Trendelenburg angle
used during bariatric surgery is approximately 25°. In the present
study, the reverse Trendelenburg position induced a decrease in
MAP, but the PI and PVI values did not change; these findings
were associated with the angle of the reverse Trendelenburg
position and use of general anaesthesia. Tapar at al. used a
head-up tilt of 45° in awake participants, whereas in our patients

the mean angle was 24.5 + 4.3° under general anaesthesia; this
may explain the discrepant results [8].

Intra-abdominal pressure is increased to 10-15 mmHg by
CO, insufflation in patients undergoing laparoscopic bariatric
surgery. Pneumoperitoneum can induce haemodynamic
changes, which are expressed as decreases in stroke volume,
cardiac output and venous return, and an increase in systemic
vascular resistance [19]. Dynamic parameters, such as the PVI
and stroke volume variation (SVV), may also be affected by
changes in intra-abdominal pressure. Several animal and clinical
studies have investigated the effects of pneumoperitoneum and/
or intra-abdominal pressure on dynamic parameters [10,20-
23]. These experimental studies showed that the PPV and SVV
were affected by increased intra-abdominal pressure, but neither
the PPV nor SVV predicted fluid responsiveness [20]. When a
threshold value is used, higher than normal intra-abdominal
pressure may be indicative of fluid responsiveness [21]. The
results of Hoiseth et al. [22] and Lui et al. [23] showed that the
PVI increases and the PI decreases after pneumoperitoneum.
Furthermore, the SVV increases, according to Liu et al. [23],
although Hoiseth et al. found that SVV was unchanged after
pneumoperitoneum [22]. Wajima et al.[10] reported that
pneumoperitoneum did not change the PVI, but decreased
the PI and increased the SVV. These discrepancies regarding
the effects of pneumoperitoneum may be related to differences
in study design. For example, the anaesthesia methods
(general anaesthesia or combined epidural), anaesthetic drugs
(midazolam, propofol, rocuronium or cisatracurium) and
opioids (remifentanil or fentanyl) used differed among studies,
as did the patient characteristics (height and weight), mechanical
ventilation strategies (tidal volume or PEEP). In our study, the
PVI did not change after the pneumoperitoneum, similar to
the results of Wajima et al. They suggested that the most likely
mechanism underlying this outcome was that remifentanil and
epidural analgesia block noxious stimuli and sympathetic activity
in the fingertips [10]. We only administered remifentanil as an
opioid to our patients; epidural anaesthesia was not used, which
blocks sympathetic activity and vasoconstriction resulting from
pneumoperitoneum or surgery. Hoiseth et al. [12] and Lui et al.
[23] used fentanyl to maintain general anaesthesia. In our study,
the PI tended to decrease after pneumoperitoneum. In the study
of Wajima et al. [10], the PI decreased significantly, while MAP
was unchanged, after pneumoperitoneum, whereas in our study
the PI tended to decrease after pneumoperitoneum, while MAP
increased significantly and the HR decreased. The reason for
the discrepant results is unclear, but we assume that it relates to
differences in patient characteristics, and to the fact that we did
not administer epidural analgesia. Unlike these previous three
studies, our patients were morbidly obese; the various metabolic
and neurohormonal changes commonly associated with morbid
obesity may have contributed to the abnormalities in cardiac
morphology and function [24].

In the present study, the PVI and MAP decreased, but the PI

and HR were unchanged, after the pneumoperitoneum was
released. We believe that this may be the result of the attenuation
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of sympathetic activity caused by increased intra-abdominal
pressure.

Our study had some limitations. First, the study cohort
consisted of morbidly obese patients (mean BMI = 46.7 kg/m?),
and it is well known that intra-abdominal pressure is correlated
with BMI [25]. Moreover, the intra-abdominal pressure was
uniformly assumed to be 0 mmHg before pneumoperitoneum,
because the actual values were unknown. However, we believe
that repeated-measures design overcame this limitation. The
second limitation of our study was that intra-abdominal
pressure was induced by CO, insufflation over a short period of
time, which might differ from the actual conditions secondary
to intra-abdominal hypertension in critical patients. Changes in
the PI and PVI with increased intra-abdominal pressure must be
determined in further studies.

In conclusion, our data suggest that the reverse Trendelenburg
position and pneumoperitoneum did not alter the PI or PVI,
whereas deflation decreased the PVI, but did not change the
PI, in morbidly obese patients under general anaesthesia.
Furthermore, we reconfirmed that the PI increased, while the
PVI decreased, under general anaesthesia. Thus, the PI and PVI
were both useful as hemodynamic parameters in patients under
general anaesthesia for laparoscopic bariatric surgery, where a
dose of remifentanil sufficient to block noxious stimuli was used
except after release of the pneumoperitoneum.
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