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Abstract

Introduction The Endoluminal Functional Lumen Imaging Probe (Endoflip) can be used to provide objective measure-
ments of the gastroesophageal junction during fundoplication, and recent publications have suggested that this device could
improve surgical outcomes. However, the impact of operative variables has not been clearly reported. The aim of this study
is to determine the effect of these variables on functional lumen imaging probe (FLIP) measurements.

Methods Following implementation of a standardized operative FLIP protocol, all data were collected prospectively and
entered into a quality database. This database was queried for patients undergoing hiatal hernia repair and fundoplication.
The protocol utilized various balloon volumes (30 and 40 ml), patient positions (flat and reverse Trendelenburg) and amounts
of insufflation (15 mmHg pneumoperitoneum and no pneumoperitoneum).

Results Between August 2018 and February 2020, 97 fundoplications were performed by a single surgeon. Multivariable
analysis without interactions demonstrated that a 40 ml volume fill resulted in significantly higher minimum diameter (Dmin),
cross-sectional area (CSA), intra-balloon pressure (IBP) and distensibility index (DI) compared to a 30 ml volume fill
(» <0.001). While reverse Trendelenburg positioning resulted in a significantly higher Dmin, IBP and CSA compared to the
flat position (all p <0.05), there was little impact of positioning on DI. Lastly, pneumoperitoneum significantly increased IBP
(p<0.001) but did not affect Dmin (p =0.697) or CSA (p=0.757), which resulted in a significant decrease in DI (p <0.001)
when compared to measurements without pneumoperitoneum. Multivariable analysis allowing for interactions demonstrated
significant two-way interactions between balloon volume and pneumoperitoneum (p =0.047), as well as patient position
and pneumoperitoneum (p < 0.001).

Conclusion Surgeons should consider balloon volume and the presence or absence of pneumoperitoneum when interpreting
distensibility during or after fundoplication. Additionally, we suggest a formal standardized protocol for FLIP measurements
to utilize a 40 ml volume fill in reverse Trendelenburg without pneumoperitoneum.
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For decades, surgeons have been striving to perfect the  fundoplication. Among these attempts is a general desire to
gold-standard operation to treat reflux: the laparoscopic  use scientific, objective data to improve the artistry that is
a large component of foregut surgery. The intra-operative
collection of data, capable of influencing the procedure
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pretation of the data [1-5]. This is particularly detrimental as
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recent literature has suggested that the FLIP could be used
to improve patient outcomes after fundoplication [1, 2, 4].

The FLIP is a balloon-based catheter that uses imped-
ance planimetry technology to evaluate the geometry of
any sphincter in response to volume-controlled distention.
The balloon can be filled with various volumes of a spe-
cially formulated saline solution, and the minimum diam-
eter (Dmin), cross-sectional area (CSA) and distensibility
index (DI) of any sphincter in the gastrointestinal (GI)
tract can be measured. While the FLIP has been widely
used in the gastroenterology literature, there are several
variables present in the operating room during laparo-
scopic surgery that complicates usage of FLIP technology.
The effect of FLIP balloon volume, patient positioning
and presence or absence of pneumoperitoneum has not
been clearly defined, and this has prevented the develop-
ment of a standardized intra-operative protocol. For exam-
ple, while Ilczyszyn et al. found that pneumoperitoneum
decreased DI, Nathanson et al. found that pneumoperito-
neum increased DI, and both of these studies are limited
by small sample sizes [5, 6].

This study aims to determine whether balloon volume
fill, patient position and pneumoperitoneum affect FLIP
measurements during laparoscopic surgery. By perform-
ing FLIP evaluation in a variety of different conditions, we
aim to determine how FLIP measurements are impacted by
these variables. This will aid interpretation of FLIP data and
creation of a protocol in which collection and analysis of
future data could be more scientifically sound. We hypoth-
esize that balloon volume and pneumoperitoneum will affect
FLIP measurements, specifically distensibility, while patient
positioning will have no effect.

Materials and methods
Data collection

Once appropriate institutional review board approval was
obtained, we performed a query on a prospectively main-
tained quality gastroesophageal (GE) database for all
patients undergoing fundoplication after institution of a
standardized FLIP protocol. Due to the quality nature of
the database, consent for participation is not required at our
institution; HIPAA compliance was maintained throughout
the study. Any patient presenting with a GE chief complaint
is added to the database. Utilizing the electronic medical
record, research associates collect pre-operative (e.g., age,
BMLI, presenting symptoms) and intra-operative (e.g., opera-
tive length, mesh use) data, and any missing information is
clarified with the attending surgeon in a timely manner.
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Endoluminal functional lumen imaging probe
(endoflip)

The FLIP catheter is 240 cm long, with an outer diameter
of 3 mm. At the distal end is a balloon, and housed within
the balloon are 17 impedance planimetry sensors along
with excitation electrodes at either end of the balloon. The
excitation electrodes emit a constant low current through
an electrical field, created by a specially formulated saline
solution of known conductivity. Using the voltage drop
between sensors and leveraging Ohm’s law, the cross-sec-
tional area between each pair of sensors can be measured.
Additionally, a solid-state pressure transducer at the distal
end of the catheter measures intra-bag pressure; divid-
ing CSA by intra-bag pressure provides the distensibility
index (DI).

Operative protocol

All operations were performed by a single surgeon (MBU)
in a standardized fashion. After induction of general anes-
thesia and establishment of pneumoperitoneum (15 mmHg),
the crus was dissected and if present, the hiatal hernia was
reduced. Dissection was complete once there was at least
3 cm of intra-abdominal esophagus. A cruroplasty was
then performed with three permanent, interrupted posterior
sutures. The repair was buttressed with absorbable mesh in
cases of paraesophageal hernia or very large crural defects.
Fundoplications were then performed over a traditional bou-
gie or the FLIP balloon at the discretion of the surgeon. Any
patient with esophageal dysmotility underwent a partial fun-
doplication, as did patients with normal motility and normal
FLIP measurements following hernia reduction. Any patient
with normal esophageal motility and abnormal FLIP meas-
urements following hernia reduction underwent a complete
(Nissen) fundoplication.

Intra-operative FLIP protocol

A standardized intra-operative FLIP protocol was instituted
in August 2018 using an Endoflip 1.0 unit and an 8§ cm
catheter (EF-325). FLIP evaluation was performed in the
operating room by one of four research fellows (BS, MA,
HW or ZC). For each case, the catheter pre-check process
was complete and pressure was referenced to atmospheric
pressure. FLIP evaluation was performed at the following
timepoints throughout the operation:

1. After intubation—"“Initial” measurement
2. After crural dissection and/or hernia reduction
3. After cruroplasty
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4. After fundoplication and removal of bougie—*“Final”
measurement

For each measurement, the catheter was placed tran-
sorally and advanced into the stomach. The balloon was
inflated to 20 ml, then slowly withdrawn until an hourglass
shape was seen on the FLIP monitor. The balloon was then
inflated to 30 ml and left in place for 30 s to allow for sta-
bilization. Minimum diameter (Dmin), cross-sectional area
(CSA), intra-balloon pressure (IBP) and distensibility index
(DI) were then recorded with the following parameters:

Insufflated, reverse Trendelenburg, 30 ml volume fill
Insufflated, reverse Trendelenburg, 40 ml volume fill
Insufflated, flat, 40 ml volume fill

Insufflated, flat, 30 ml volume fill

Desufflated, flat, 30 ml volume fill

Desufflated, flat, 40 ml volume fill

Desufflated, reverse Trendelenburg, 40 ml volume fill
Desufflated, reverse Trendelenburg, 30 ml volume fill

® NNk WL =

If the FLIP catheter was unable to be passed due to a par-
aesophageal hernia, initial measurements were not obtained
and the first set of FLIP measurements were obtained after
the hernia was completely reduced.

Statistical analysis

Patient demographics, operative details and FLIP measure-
ments were summarized using mean + standard deviation
or frequency with percentage. Multivariable mixed-effects
linear regression with random intercepts was used to assess
differences in FLIP measurements between intra-operative
variables, while controlling for age, BMI, sex, timepoint in
operation, hernia type, presence of mesh, fundoplication
type and re-do operations. Main effects models (without
interactions), in addition to models allowing for two- and
three-way interactions between intra-operative variables,
were analyzed. All statistical analysis was performed using
SAS 9.3 (SAS Institute, Cary, NC) with two-tailed tests and
a significance level of p <0.05.

Results
Patient demographics

Between August 2018 and February 2020, 97 patients under-
went laparoscopic fundoplication and intra-operative FLIP
evaluation following a standardized protocol. Patient demo-
graphics and intra-operative details are shown in Table 1.
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Table 1 Patient demographics and operative details
Total patients N=97
Age at surgery [Mean +SD] 66+13
BMI [Mean +SD] 29.4+45
Male [N (%)] 34 (35.1)
OR time, minutes [Mean + SD] 132+33
Hernia type

No Hernia [N (%)] 7(7.2)

Type 1 Hiatal Hernia [N (%)] 32 (33.0)

Paraesophageal Hernia [N (%)] 58 (59.8)

Mesh used [N (%)] 60 (61.9)
Fundoplication type

Nissen [N (%)] 30 (30.9)

Toupet [N (%)] 67 (69.1)
Wrap creation

Bougie used [N (%)] 23 (27.4)

FLIP used [N (%)] 74 (73.6)

Re-do Fundoplication [N (%)] 3@3.1)

BMI body mass index, OR operating room, FLIP functional lumen
imaging probe

FLIP measurements change between individual
operative steps

A summary of the FLIP measurements obtained during sur-
gery are shown in Table 2. A visual representation of the
changes in FLIP measurements are displayed in Fig. 1. All
differences from one timepoint to the next were statistically
significant for Dmin, IBP, CSA and DI (all p <0.05). In gen-
eral, Dmin, CSA and DI all increase after hernia reduction,
then decrease with crural closure. The opposite is seen with
IBP, in which the pressure drops following hernia reduction,
then increases after crural closure. Following fundoplica-
tion, Dmin, CSA, IBP and DI all increase slightly.

In 15 out of 58 (25.9%) paraesophageal hernia cases,
initial measurements were unable to be performed due to
inability to pass the FLIP catheter. Other situations in which
initial measurements could not be obtained were as follows:
Hemodynamic instability following induction and intuba-
tion, FLIP unit in use in another procedure, prolonged delay
to case start or surgeon preference.

Distensibility is significantly affected by balloon
volume and pneumoperitoneum

Multivariable analysis to compare the effect of intra-opera-
tive variables without interactions demonstrated that patient
positioning had a significant effect on Dmin, IBP and CSA,
but no overall effect on DI (Table 3). On the other hand, a
40 ml volume fill increased all FLIP measurements, including
DI, compared to a 30 ml volume fill. Lastly, the presence of
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Table 2 Summary of functional lumen imaging probe measurements

Position
Flat Reverse trendelenburg
Volume fill
30 ml 40 ml 30 ml 40 ml
Insuffiated?
No Yes No Yes No Yes No Yes
Timepoint ~ Measurement Mean +SD Mean +SD Mean +SD Mean+SD Mean +SD Mean +SD Mean+SD Mean +SD
Initial meas- N 3 1 3 2 2 2 3 4
r;ﬁ?;tal Dmin (mm)  8.23+0.40 9.40+0.00 9.77+2.03 12.85+1.77 8.85+1.06 7.65+3.89 10.40+1.65 11.10+3.10
hernia) IBP (mmHg) 28.60+15.28 18.50+0.00 42.10+19.10 31.70+1.27 25.65+12.09 25.15+7.71 34.33+12.19 36.73+£7.56
CSA (mm?)  51.33+2.31 69.00+0.00 77.00+30.12 130.5+34.65 62.50+14.85 51.50+£45.96 86.00+26.00 102.5 £58.04
DI (mm?% 2.20+0.95 3.70+0.00 223+1.34 4.15+1.20 290+1.98 2.45+2.62 2.67+0.96 3.08+2.33
mmHg)
Initial meas- N 10 2 11 2 6 17 8 20
r;‘;‘;:fil Dmin (mm)  10.66+3.51 9.90+4.67 13.39+£2.95 12.90+4.38 11.00+1.84 11.82+2.89 13.26+1.54 13.42+2.75
Hiatal IBP (mmHg) 25.57+8.74 20.65 +4.60 36.74+14.33 34.00+9.62 25.65+5.08 27.55+7.78 35.65+8.18 39.84+11.50
Hernia) CSA (mm?)  98.00+65.39 85.50+72.83 147.4+66.41 138.5+88.39 97.33 +£34.40 115.9+53.40 139.8 +32.31 144.3+61.62
DI (mm?% 4.39+3091 4.65+4.60 4.67+2.87 4.60+3.96 4.08+2.30 4.68+3.07 4.05+1.20 4.17+2.56
mmHg)
Initial meas- N 15 2 15 4 11 28 13 29
;‘;Z‘r‘;zm Dmin (mm)  9.93 +4.02 10.75+0.07 13.52+3.80 13.85+1.20 8.28+2.61 9.61+2.97 11.88+2.86 12.88+2.98
sophageal IBP (mmHg) 21.29+5.25 19.60+7.07 33.39+10.80 26.78 +5.58 22.95+8.65 23.77+6.92 32.94+9.22 36.40+11.60
hernia) CSA (mm?)  79.62+69.38 90.50+2.12 154.3 +82.52 151.5+25.09 58.82+34.45 79.14 +48.53 116.9+56.31 137.3+61.69
DI (mm?% 4.15+3.00 495+191 4.86+2.75 5.80+1.32 2.66+1.67 3.40+2.12 3.60+1.58 4.00+1.67
mmHg)
Hernia N 34 60 57 64 29 89 80 93
l.leduc— Dmin (mm)  10.95+2.27 11.27+£2.00 13.50+2.52 14.33+2.13 11.64+2.51 11.00+2.53 13.84+£2.59 1426 +£2.34
ton IBP (mmHg) 18.21+3.66 21.24+3.80 25.69+7.47 29.54+6.97 17.46 +4.17 24.03 +5.56 24.72+7.44 33.28+7.68
CSA (mm?)  97.97+38.18 102.8 +£35.99 148.2+54.39 164.6+47.94 111.1+£46.07 100.1 +44.37 154.4+61.02 164.0+50.67
DI (mm?% 5.57+2.46 4.98+1.96 6.42+3.54 5.95+2.37 6.60+3.08 4.34+2.09 6.81+3.03 5.20+2.05
mmHg)
Crural N 53 62 64 64 52 95 86 97
Closure Dmin (mm) 7.61+1.76 7.52+1.70 9.98+2.13 10.03+1.92 8.04+2.01 7.23+1.63 10.27+2.09 10.00+1.93
IBP (mmHg) 19.84+4.77 24.46+4.65 31.50+6.99 38.15+6.64 18.94+3.92 29.80+5.77 31.01+6.18 42.99+7.67
CSA (mm?)  47.83+21.72 46.47 +£20.44 81.77+34.39 81.75+31.45 53.90+26.19 42.83+19.74 86.19+33.11 81.42+31.16
DI (mm?% 248+1.17 1.93+0.84 2.71+1.31 2.20+0.94 2.87+1.36 1.49+0.72 2.85+1.23 1.94+0.83
mmHg)
Fundoplica- N 64 65 67 65 68 95 95 95
tion Dmin (mm)  9.31+1.93 9.06+1.81 11.45+2.01 11.49+1.84 9.43+1.88 9.19+2.00 11.88+2.33 11.81£1.92
IBP (mmHg) 21.10+4.57 26.29+4.60 34.74+6.82 40.96+7.14 21.98+4.80 29.89+6.41 34.43+7.76 44.32+8.71
CSA (mm?)  71.05+28.73 66.89 +25.28 107.3+£37.31 106.2+32.71 72.42+27.56 69.52+28.74 115.1+42.85 112.4 +35.60
DI (mm?% 3.48+1.43 2.62+1.07 3.17+1.25 2.66+0.94 3.38+1.38 2.41+1.10 337+1.26 2.59+£0.91
mmHg)

Dmin minimum diameter, /BP intra-balloon pressure, CSA cross-sectional area, DI distensibility index

pneumoperitoneum did not affect Dmin or CSA, but signifi-
cantly increased IBP, resulting in an overall decrease of DI.

FLIP measurements are more consistent
when obtained without pneumoperitoneum

When allowing for interactions, multivariable analy-
sis indicated that there was no significant interaction
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between patient position and balloon volume and no
significant three-way interaction. However, the effects
of both patient position (p <0.001) and balloon volume
(p=0.047) on DI differed by the presence or absence of
pneumoperitoneum. Measurements taken with pneumop-
eritoneum showed that DI was higher with flat positioning
compared to RT (b=0.28 +0.10 mm?*mmHg, p =0.004)
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Fig. 1 Visual representation of the changes in Functional Lumen Imaging Probe measurements throughout the course of the operation

Fundoplication

Fundoplication

Table 3 Multivariable analysis
of intra-operative variables flat

Reverse trendelenburg vs.

40 ml vs. 30 ml volume fill

Pneumoperitoneum vs. no

. . . pneumoperitoneum
without interactions
Estimate SE  p value Estimate SE  p value Estimate SE  p value
Dmin (mm) 0.18 0.08 0.031%* 2.62 0.08 <0.001* 0.03 0.08 0.697
IBP (mmHg) 1.04 0.27 <0.001* 1191 0.25 <0.001* 7.05 0.25 <0.001*
CSA (mm?) 3.27 1.58 0.039%* 44.42 148 <0.001* 0.46 1.49 0.757
DI (mm¥mmHg) 0.01 0.07 0.938 0.32 0.07 <0.001* —0.85 0.07 <0.001*

Mixed modeling controlling for age, BMI, sex, timepoint in operation, hernia type, presence of mesh, fun-
doplication type and re-do operations

Dmin minimum diameter, /BP intra-balloon pressure, CSA cross-sectional area, DI distensibility index

*p <0.05

and 40 ml volume fill compared to 30 ml (b =0.40+0.09
mm?*/mmHg, p <0.001). Without pneumoperitoneum,
DI was slightly higher with RT positioning compared
to flat (b=0.21£0.10 mmz/mmHg, p=0.039) and DI
was similar for 40 ml volume fill compared to 30 ml
(b=0.16+0.11 mm*/mmHg, p=0.123). Figure 2 visu-
alizes these findings by summarizing all measurements
obtained after cruroplasty. Insufflated measurements are
systematically higher for flat positioning and 40 ml volume
fill, however, desufflated measurements are fairly similar

regardless of position and fill.

Discussion

This is the first study to look specifically at intra-operative
variables that affect FLIP measurements and to evaluate their
potential interactions. The evidence provided in this study
shows that while balloon volume and pneumoperitoneum
have a significant effect on FLIP distensibility, patient posi-
tioning had little overall effect. Additionally, FLIP measure-
ments obtained without pneumoperitoneum seem to be more
consistent than those obtained with pneumoperitoneum.
While patient position did not appear to have a sig-
nificant overall effect on distensibility (Table 3), measure-
ments recorded in RT resulted in higher Dmin, IBP and
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Fig.2 Summary of mean
distensibility measurements
obtained after cruroplasty. Mean
insufflated measurements range
from 1.49 to 2.20 mm%mmHg.

w

All pairwise comparisons

are significantly different (all
p<0.001), except 30 ml flat vs.
40 ml reverse Trendelenburg
(RT) (p=0.998). Mean desuf-
flated measurements range from
2.48 to 2.85 mm*mmHg. All
pairwise comparisons are statis-

—_

tically different (all p<0.001),
except 30 ml flat vs. 40 ml flat
(p=0.400) and 30 ml RT vs.
40 ml RT (p=0.225)

Distensibility (mm?*mmHg) at Crural Closure
[\

30ml 40ml
Flat

Insufflated

Cross-Sectional Area

Distensibility =
Intra-Balloon Pressure

Fig.3 Formula to calculate distensibility index

CSA. Since distensibility is calculated by dividing CSA
by IBP, it is likely that the proportional increase in these
parameters resulted in minimal change of the DI. Alterna-
tively, when examining interactions between patient posi-
tion and pneumoperitoneum, we demonstrated that when
desufflated, RT positioning resulted in higher DI than flat,
but when insufflated, RT positioning resulted in lower DI
than flat. These opposing effects may also explain why
there is no overall significant difference in DI with posi-
tional changes (Fig. 3).

Keeping in mind that DI is calculated by dividing CSA
by IBP, the interaction seen between insufflation and posi-
tioning is not surprising. As demonstrated by the multivari-
able analysis, the presence of pneumoperitoneum results
in a significant increase of IBP but no change in the CSA.
The external pressure of pneumoperitoneum is high enough
to transfer into the balloon to increase IBP, but not strong
enough to force an increase of Dmin or CSA, and the result
is a significant decrease in DI. Because the FLIP balloon is
infinitely compliant, in RT, more of the balloon’s fluid is
displaced distally and subject to the pressure of pneumo-
peritoneum, resulting in a lower DI. Conversely, without
pneumoperitoneum, there is no external pressure on the
intra-abdominal portion of the FLIP balloon, resulting in a
higher DI due to the smaller denominator.

The interaction between insufflation and balloon volume
can be similarly explained by the external pressure of pneu-
moperitoneum on the FLIP balloon. When desufflated, the
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30ml 40ml 30ml 40ml 30ml 40ml

RT Flat RT
Desufflated

increased balloon volume results in a proportional increase
in CSA and IBP since there is no external pressure created
by pneumoperitoneum. This minimizes the change in DI
between 30 and 40 ml volume fill. However, when insuf-
flated, the increased balloon volume results in a proportion-
ally larger increase in CSA compared to IBP, resulting in a
larger DI at 40 ml versus 30 ml volume fill.

At first glance, our findings seem to contradict those of
Nathanson et al., who completed FLIP evaluation on 50
healthy patients undergoing laparoscopic surgery for a non-
gastroesophageal complaint [6]. They found that pneumop-
eritoneum alone resulted in an increase in DI and attributed
this to the upward displacement of the diaphragm exerting
traction on the hiatal crura and gastroesophageal junction
(GEJ). Interestingly, when looking at only our initial meas-
urements (prior to dissection), pneumoperitoneum also
appears to generally result in an increase in DI; however,
at all subsequent time points, pneumoperitoneum results in
a decrease in DI (Fig. 1). This suggests that it is feasible
that upward traction of the diaphragm as a result of pneu-
moperitoneum causes an increase in DI, however, once the
hiatus is dissected and the crura freed from the attachments
to the esophagus, this effect no longer exists and the impact
of pneumoperitoneum is the opposite. A study by Teitel-
baum et al. supports this hypothesis, as they saw a significant
increase in DI after release of pneumoperitoneum following
laparoscopic Heller myotomy [7]. That being said, Ilczyszyn
et al. performed FLIP evaluation during laparoscopic Nissen
fundoplication and found a significant decrease in initial DI
with pneumoperitoneum alone, however, their sample size
was small with only 17 patients [5].

As a result of our findings, we would recommend a stand-
ardized intra-operative FLIP protocol during hiatal her-
nia repair and fundoplication to consist of measurements
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recorded in reverse Trendelenburg, 40 ml volume fill and
without pneumoperitoneum. While positioning did not
appear to have a large effect on DI, obtaining measurements
in RT would minimize the need for position change during
the operation and decrease time required to obtain measure-
ments. And although 40 ml volume fill results in an increase
in all FLIP measurements as compared to a 30 ml volume,
GE]J distention only occurs when the more compliant ends
of the balloon are first filled to capacity, allowing IBP to
increase with added volume [8]. Therefore, we feel a 40 ml
volume fill will provide more consistently reliable measure-
ments. Lastly, measurements obtained without pneumop-
eritoneum are more consistent and less affected by patient
position or balloon volume compared to those obtained with
pneumoperitoneum. Additionally, this also allows for intra-
operative FLIP evaluation to be comparable to FLIP data
reported in the gastroenterology literature.

There are several limitations to our study. As demon-
strated in Table 2, not every patient had a FLIP measurement
recorded during every step of the operation. This may have
been due to catheter malfunction, case duration, research fel-
low availability, surgeon preference or anesthesiologist pref-
erence. This is particularly relevant to the “Initial Measure-
ments” in which the sample sizes are small. We have found
that the initial measurements, especially in patients with large
paraesophageal hernias, are not always reliable and do not
affect our intra-operative decision making. For this reason,
the initial measurements are not always collected. Despite
this, our sample size remains relatively large in most cases
and mixed-effects modeling with random intercepts accounts
for missing data. Additionally, we did not specifically exam-
ine the effect of anesthesia on FLIP measurements, however,
prior studies have suggested that there is no effect on general
anesthesia and distensibility measurements [6, 9].

Conclusion

There is potential for the FLIP to enhance anti-reflux sur-
gery and improve patient outcomes, however, its adoption
is hampered by a lack of standardization regarding its use in
the operation room as well as a poor understanding regarding
the effect of intra-operative variables on FLIP measurements.
Our study demonstrates that balloon volume and pneumop-
eritoneum have significant effects on distensibility and that
we should consider a standardized intra-operative FLIP pro-
tocol for obtaining measurements with a 40 ml volume bal-
loon with patients in reverse Trendelenburg and no pneumo-
peritoneum. Utilizing this standardized protocol will enhance
future research by allowing data to be pooled and to allow for
meaningful comparisons across studies.
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