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The impact of standard and low-pressure pneumoperitoneum
on hydration in obese females undergoing laparoscopic
cholecystectomy
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Abstract

Introduction: Disturbances in hydration status can increase the frequency of post-operative pain, nausea and vomiting (PONV),
complicate the wound healing process and thus, increase the period of hospitalization, especially in overweight and obese patients.
Aim of the research: To assess the impact of the standard and low-pressure pneumoperitoneum on hydration status of obese
female patients undergoing laparoscopic cholecystectomy in the early post-operative period.

Material and methods: The study included 52 female individuals with asymptomatic cholelithiasis who underwent lap-
aroscopic cholecystectomy. Patients were assigned to three groups according to the body mass index and value of intra-
abdominal pressure. Evaluation of the hydration status was performed at three time points: point 0 — before the operation,
point 24 — 24 hour after the surgery, and point 48 — 48 hours after the surgery.

Results: A higher total body water (TBW) and dehydration was observed in obese compared to normal weight patients in the time
point 24 and 48. Extracellular water (ECW) was significantly higher in obese compared to normal weight patients in the time stud-
ied time point. Intracellular water ICW) and ECW/ICW did not differ significantly between the studied groups in the studied time.
Conclusions: Obesity alters the hydration status. Values of carbon-dioxide pneumoperitoneum pressure used during short
duration laparoscopic surgery did not have an influence on the hydration status of the obese female patients.

Streszczenie

Wprowadzenie: Zaburzenia stanu nawodnienia moga zwiekszy¢ czesto$¢ nudnoéci i wymiotéw pooperacyjnych, zaburzy¢
proces gojenia ran, a przez to wydtuzy¢ okres hospitalizacji, szczegdlnie w grupie pacjentéw z nadwaga i otytych.

Cel pracy: Ocena wptywu standardowo- i niskoci$nieniowej odmy otrzewnowej na stan nawodnienia we wczesnym okresie
pooperacyjnym w grupie otytych kobiet poddanych laparoskopowej cholecystektomii.

Materiat i metody: Badanie przeprowadzono w grupie 52 kobiet z bezobjawowa kamica pecherzyka zéiciowego podda-
nych laparoskopowej cholecystektomii. Pacjentki zostaty podzielone na trzy grupy w zaleznosci od wskaznika masy ciata
i warto$ci ci$nienia odmy otrzewnowej. Ocena stanu nawodnienia zostata przeprowadzona w trzech punktach czasowych:
punkt 0 — przed zabiegiem chirurgicznym, punkt 24. — w 24. godzinie pooperacyjnej, i punkt 48. - w 48. godzinie pooperacyjnej.
Wyniki: Wyzsza wielkos¢ catkowitej wody ustroju i nizsza warto$¢ stanu nawodnienia zaobserwowano w grupie pacjentek
otytych w poréwnaniu z grupa pacjentek z normalna masa ciata w punkcie 24. i 48. Wielko$¢ przestrzeni wodnej zewnatrz-
komorkowej (extracellular water — ECW) byla istotnie statystycznie wieksza w grupie pacjentek otytych w poréwnaniu
z grupa pacjentek z normalna masa ciala w trzech badanych punktach. Wielko$¢ przestrzeni wodnej wewnatrzkomoérkowej
(intracellular water - ICW) i stosunek ECW/ICW nie réznity sie istotnie statystycznie pomiedzy badanymi grupami pacjentek
w badanych punktach czasowych.

Whioski: Otyto$¢ wptywa na stan nawodnienia. Warto$¢ cisnienia odmy otrzewnowej podczas krétkiego zabiegu laparo-
skopowego nie wptywa na stan nawodnienia otytych pacjentek.
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Introduction

Obesity, according to the World Health Organi-
zation, has become one of the leading epidemic dis-
eases in the world [1, 2]. Obesity influences the course
of the post-operative period, which was reported to
be more complicated and more commonly included
occurrences of respiratory complications, wound in-
fection with dehiscence, venous thrombus, and pul-
monary embolism [3, 4].

Laparoscopic cholecystectomy is one of the most
commonly used surgical procedures performed in
Surgical Departments worldwide [5]. The pneumo-
peritoneum may cause deterioration of cardiovascu-
lar and respiratory systems and perfusion decrease
of abdominal viscera, and is considered as a funda-
mental risk factor for post-operative nausea and vom-
iting, which occurs in approximately 25-30% of pa-
tients, especially in obese females undergoing laparo-
scopic procedures [6-9].

Hydration status is one of the most important fac-
tors that influence the course of the early post-opera-
tive period. Disturbances of the hydration status can
increase the frequency of postoperative pain, nausea
and vomiting (PONV), complicate the wound heal-
ing process in the mechanism of decreased cardiac
output, tissue perfusion and thus, increase the period
of hospitalization [10, 11]. These complications may
be present especially in overweight and obese pa-
tients, in whom an excessive amount of adipose tissue
results in changes in the fat-free mass, and the total
and extracellular amount of body water [12, 13].

Aim of the research

The aim of the study was to assess the impact
of obesity, the standard and low-pressure carbon diox-
ide pneumoperitoneum on hydration status of obese
female patients undergoing laparoscopic cholecystec-
tomy in the early postoperative period.

Material and methods

The study included 52 female individuals with
asymptomatic cholelithiasis, confirmed by an ul-
trasound examination, treated in the Department
of General, Oncological and Minimally Invasive Sur-
gery of the 1% Military Clinical Hospital with the Out-
patient Clinic in Lublin, Poland. All patients were
informed about the aims of the study and written con-
sent was obtained from each patient. The study was
approved by the Ethical Committee at the Medical
University of Lublin (decision No: KE-0254/247/2012).

Patients with acute inflammation of the gallblad-
der, diabetes, thyroid and autoimmune disease, aller-
gies, past surgical procedures in the abdominopelvic
cavity, and with cases of ectopic pregnancies were ex-
cluded from the study.
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All patients underwent laparoscopic cholecystecto-
my using a standard four-trocar technique. Carbon di-
oxide pneumoperitoneum was obtained with a veress
needle. In the standard pressure group, intra-abdomi-
nal pressure of 12-14 mmHg was maintained through-
out the procedure, whereas in patients from the second
group pressure of 6-8 mmHg was applied to perform
surgery. The general anesthesia method was the same
for both groups. Anatomic recognition of Calot’s tri-
angle was performed in each case. The cystic duct and
cystic artery were clipped and cut. The gallbladder was
removed in a medical protector through an incision
below the umbilicus. A histopathological examination
of collected tissues did not reveal any malignancies.

Patients were assigned to three groups according to
the body mass index (BMI) and value of intra-abdomi-
nal pressure. Patients undergoing laparoscopic surgery
using the standard value of intra-abdominal pressure
(12-14 mmHg) with BMI < 25 kg/m? were enrolled
in group N, while patients with BMI > 30 kg/m?were
classified to group OS. Patients with BMI > 30 kg/m?
and undergoing laparoscopic surgery, with low-pres-
sure (6—8 mmHg) pneumoperitoneum were enrolled to
group OL.

Evaluation of the hydration status was performed
at three time points: point 0 — before the surgical
procedure, point 24 — 24 hours after the beginning
of the procedure, and point 48 — 48 hours after the be-
ginning of the procedure. The following parameters
indicating the state of hydration of patients were de-
termined in each case: total body water (TBW), extra-
cellular water (ECW), intracellular water (ICW), ECW/
ICW ratio, and state of overhydration (OH).

Evaluation of the hydration status was performed
at three time points: time point 0 — before the surgical
procedure, time point 24 — 24 hours after the beginning
of the surgery, and time point 48 — 48 hours after the be-
ginning of the surgery. Changes of measured param-
eters were evaluated in three time periods. Period 0-24:
value at 24 hours after the beginning of the surgery to
the value before the surgery, period 24-48: value at 48
hours after the beginning of the surgery to the value at
24 hours after the beginning of the surgery, and period
0-48: value at 48 hours after the beginning of the sur-
gery to the value before the surgery. TBW, ECW, ICW,
and fluid volume excess were measured by whole-body
BIA using a body composition monitor (BCM, Fresenius
Medical Care, Bad Homburg, Germany). Prior to ex-
aminations, patients’ blood pressure and heart rate were
measured. Electrode pairs were placed on the wrist,
proximally to the metacarpophalangeal joints, and on
the ankle, proximally to the transverse metatarsal arch
on the dorsal side of the foot, for current injection and
voltage measurement. Bioimpedance was measured at
50 frequencies, ranging from 5 kHz to 1 MHz in supine
body position. The data was achieved after approximate-
ly 1 minute and then subjected to statistical analysis.
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The Kolmogorov-Smirnov test was performed to
check the normal distribution of data. Normally dis-
tributed parametric data were presented as means and
standard deviations (SD), while non-parametric data
were presented as median and min-max values. Differ-
ences between groups were analyzed using student’s
unpaired t-test for variables with normal distribution
and Mann-Whitney U test for non-parametric vari-
ables. Differences from baseline within each group
were evaluated with the Wilcoxon match-pairs signed
ranks test. Correlation between data was performed
using the Spearman’s rank correlation tests. Differenc-
es of p < 0.05 were considered to be significant. Statisti-
cal analysis was performed using 16.0 SPSS software.

Results
Patients’ characteristics

Patients’ characteristics are presented in Table 1.

Significantly higher BMI and abdominal circum-
ferences at the level of umbilicus and ASIS were ob-
served in group OS in comparison to group N. There
were no differences between groups OL and OS with
respect to BMI.

Before the surgery, each patient was assessed ac-
cording to the ASA scale with no significant differences
between groups. Additionally, there were no differenc-
es in hematological (hemoglobin, HCT, PLT) and bio-
chemical parameters (AST, ALT, bilirubin, creatinine)
examined before and after the surgery. The median
body temperature and white blood count (WBC) was
similar (normal ranges) in both groups during the post-
operative time.

Table 1. Patients’ characteristics

There was no significant difference in duration
of surgery when the three groups were compared.
The median duration of surgery was 47.50 minutes in
group N, and 50 minutes in group OS and OL.

Total body water

TBW was significantly higher in group OS in com-
parison to group N before and 24 hours after the op-
eration (p = 0.002 and p = 0.007, respectively). There
were no significant differences in TBW amount be-
tween groups OL and OS in the studied time points.
This is presented in Table 2.

TBW decreased significantly (p < 0.05) in the 24" post-
operative hour compared to the TBW in the 48" hour af-
ter surgery (period 24-48) in group OL. In the group
N and OS, there was no significant change in the TBW
in the studied time periods.

TBW elevated in the studied time points was cor-
related in each group with the patients” age and BMI
values. Significant negative (r = —0.713; p = 0.009) cor-
relation between the TBW in the 24™ post-operative
hour and the age of patients was observed. A signifi-
cant positive correlation between TBW and BMI values
was observed in group OS in the 24" hour after sur-
gery and in group OL in the 48" hour after surgery (for
group OS: r = 0.535, p = 0.018; for group OL: r = 0.477,
p =0.033).

Extracellular water

ECW was significantly higher in group OS in
comparison to group N in the studied time points
(p < 0.001 - time point 0; p = 0.001 — time point 24;

Factor Group n Median Min-Max
Age (years) N 12 45.00 18.00-60.00
oS 20 54.00 27.00-65.00
oL 20 55.00 25.00-65.00
BMI (kg/m?)* N 12 22.55 19.33-24.09
oS 20 33.36 30.01-39.33
oL 20 32.21 30.15-34.71
Waist circumference at the level N 12 79.00 46.00-93.00
of the umbilicus (cm)*
0S 20 105.50 80.00-120.00
oL 20 93.50 85.00-106.00
Waist circumference at the level N 12 96.50 50.00-103.00
of the ASIS (cm)*
oS 20 111.00 99.00-128.00
oL 20 110.50 92.00-118.00

n — number of patients, ASIS — anterior superior iliac spine

*— statistically significant difference in Mann Whitney U-test group N vs. OS
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Table 2. Median of patients’ total body water (TBW) in groups N, OS, and OL before surgery, 24, and 48 hours after the sur-

gery
Factor Group N Group OS Group OL
Median Median Median
Min-max Min-max Min-max
() () ()
TBW 28.25 33.90 30.70
Time point 0* 25.00-33.70 28.50-50.20 28.10-40.90
TBW 28.70 33.00 31.80
Time point 24* 25.40-33.70 28.00-42.20 26.20-38.00
TBW 28.75 31.60 30.90
Time point 48 24.50-35.70 28.00-43.50 27.50-36.40

Min-max — range of values

*— statistically significant difference in Mann-Whitney U test group N vs. OS

Table 3. Median of patients’ extracellular water (ECW) in groups N, OS, and OL before surgery, 24, and 48 hours after the

surgery
Factor Group N Group OS Group OL
Median Median Median
Min-max Min-max Min-max
® () ®
ECW 12.40 14.95 15.30
Time point 0* 10.90-15.50 12.80-19.40 12.80-17.70
ECW 13.15 14.80 15.80
Time point 24* 11.50-15.00 13.40-19.70 13.90-18.40
ECW 12.80 14.50 15.50
Time point 48* 11.00-15.40 13.00-19.00 13.70-18.60

Min-max — range of values

* — statistically significant difference in Mann Whitney U-test group N vs. OS

p = 0.002 - time point 48). No significant differences
in the amount of ECW were observed between groups
OS and OL. Results are presented in Table 3.

ECW increased significantly (p < 0.05) in the 24®"
post-operative hour in comparison to the ECW before
surgery (period 0-24) in groups N and OL. Addition-
ally, in time period 24-48, there was a significant
(p < 0.05) ECW decrease in group OS and OL.

Correlation between ECW and the patients’ age
and BMI values showed significant negative correla-
tions between ECW evaluated in the studied time
points and patient’s age in group N (time point 0:
r = =0.596, p = 0.041; time point 24: r = -0.577,
p = 0.049; time point 48 r = -0.658, p = 0.02). ECW
positively correlated with the patients’ BMI in
the three studied time points (time point 0: 7 = 0.809,
p < 0.001; time point 24: r = 0.720, p = 0.001; time
point 48: r = 0.786, p < 0.001) in group OS. In group
OL, positive correlation (r = 0.473, p = 0.035) was ob-
served between ECW and patients’ BMI in the time
point 48.

Intracellular water

No significant differences in ICW were observed
between groups OS and N as well as between groups
OL and OS in the studied time points. Results are pre-
sented in Table 4.

No changes in the ICW amount in the studied
time periods were observed in the studied groups.

A significant negative (r = -0.620, p = 0.031) cor-
relation between ICW, evaluated in the time point 24,
and patients’” BMI was observed in group N. There
were no significant correlations between ICW and pa-
tients’ age and BMI values in the studied time point in
group OS and OL.

Extracellular water/intracellular water ratio

The ratio of ECW/ICW did not differ significantly
between group OS and N, and OL and OS in the stud-
ied time points (Table 5). However, tendency to higher
ECW/ICW was observed in group OS in comparison
to group N in the three studied time periods.
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Table 4. Median of patients’ intracellular water (ICW) in groups N, OS, and OL before surgery, 24, and 48 hours after the sur-

gery

Factor Group N Group OS Group OL
Median Median Median
Min-max Min-max Min-max

() () ()

ICW 16.00 18.10 17.55

Time point O 14.30-21.90 14.80-31.40 14.10-25.40

ICW 15.40 17.40 17.65

Time point 24 13.70-19.30 14.20-27.80 13.30-21.80

ICW 15.30 17.20 17.50

Time point 48 12.90-24.50 14.20-27.80 15.20-20.30

Min-max — range of values

Table 5. Median of patients’ extracellular water (ECW)/intracellular water (ICW) in groups N, OS, and OL before surgery,

24, and 48 hours after the surgery

Factor

ECW/ICW
Time point O

ECW/ICW
Time point 24

ECWICW
Time point 48

Group N Group OS Group OL
Median Median Median
Min-max Min-max Min-max
® () ()
0.77 0.87 0.85
0.54-0.90 0.01-1.01 0.66-1.09
0.84 0.91 0.88
0.63-0.93 0.49-1.02 0.72-1.12
0.81 0.89 0.88
0.46-0.93 0.52-1.02 0.77-1.04

Min-max — range of values

Table 6. Median of patients’ overhydration (OH) in groups N, OS, and OL before surgery, 24, and 48 hours after the

surgery
Factor Group N Group OS Group OL
Median Median Median
Min-max Min-max Min-max
0 -() 0
OH -0.65 -1.15 -1.40
Time point O -4.00-1.00 —-7.20-0.60 -5.40-0.60
OH 0.20 -1.40 -0.85
Time point 24* -1.80-1.10 —-6.50-0.80 —-3.40-1.00
OH 0.15 -1.30 -1.10
Time point 48* -5.60-1.30 —-6.80-0.60 -3.00-0.80

Min-max — range of values

*— statistically significant difference in Mann Whitney U-test group N vs. OS

There was a significant (p
of ECW/ICW ratio in the time period 0-24 in group
N. No significant changes were observed in group OS

and OL in the studied time periods.
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ECW/ICW ratio correlates positively (r = 0.639,
p = 0.025) with patient’s BMI values in the time point
24 in group N. No significant correlations were ob-

served in group OS and OL.



Overhydration status

Overhydration status (OH) was significantly high-
er in the 24™ and 48" hour after the surgery (p = 0.009
- time point 24; p = 0.012 - time point 48) in group N
in comparison to group OS. There were no statistical-
ly significant differences in the OH between the pa-
tients of group OL and OS at the studied time points.
This is presented in Table 6.

A significant increase of OH in the 24™ post-
operative hour compared to the state before operation
(period 0—24) was observed in group N, while a signif-
icant decrease in the same time period was observed
in group OL. In group OS, there was no change of OH
in the studied time periods.

Correlation between the OH and the patients’ age
and BMI values did not show significant correlations
in the studied groups in the investigated time points.

The total fluid administration within the first
24 hours after the surgery in group N was 2,500 ml
(range, 1,500-3,500 ml), in group OS 2,625 ml (range,
2500-3500 ml), and in group OL was 2,500 ml (range,
1,000-3500 ml). During the next 24 hours, none
of the patients required fluid administration.

Discussion

The determination of the body water amount
and its distribution between the extracellular and in-
tracellular compartments allows for the assessment
of the body water balance as well as its disturbances [14].
The TBW and ICW is lower in women than in men and
decreases along with age [15, 16]. Changes in the hy-
dration status were observed in obese patients in
whom the development of adipose tissue deposit was
accompanied by the increase of the ECW, compared
to the ICW [7]. From a clinical point of view, the hy-
dration status is a major factor for the applicability
of appropriate treatment and the inclusion of drugs
regulating the state of overhydration or dehydration
[18]. Knowledge of the optimum state of hydration
is particularly important in patients with diagnosed
chronic kidney disease to stratify prognosis, evaluate
an effective treatment, and to appropriately qualify
patients for renal replacement therapy [19]. Hydra-
tion status affects the course of the early post-oper-
ative period and its balance helps to reduce incidents
of PONYV, especially in patients operated with the use
of a laparoscopic technique, and improves wound
healing as well as shortenes the period of hospitaliza-
tion [10, 20, 21].

In the presented study, we evaluated the TBW,
ECW, and ICW, ECW/ICW ratio as well as the state
of OH in obese patients (group OS) compared to pa-
tients with normal weight (group N), who underwent
laparoscopic cholecystectomy with standard intra-
abdominal pressure, and evaluated differences be-
tween obese female patients undergoing laparoscopic

tukasz Pietrzyk, Marta Denisow-Pietrzyk, Anna Torres, Kamil Torres

surgery with creation of standard (group OS) and
low intra-abdominal pressure (OL group) in the three
time points: before surgery and in the 24" and 48"
hour after surgery.

A higher TBW was observed in obese patients
compared to patients with normal weight before sur-
gery, in the 24™ and 48" hour after surgery. TBW did
not differ significantly between groups OS and OL in
any of the studied time points.

Similar results of a higher TBW in obese women
compared to women with normal body weight were
obtained by Sartolio et al. [22]. The results, indicat-
ing a higher TBW in obese patients were received
by Resende et al., studying a group of people aged
10-19 [23]. Higher TBW in obese women compared
to women of normal weight was also described in
the study of Silva et al., who examined a population
of 371 women [24].

The TBW varies with age; its decrease begins in
middle-aged men and especially after the age of 60
in women [25, 26]. The mean TBW decrease between
the age of 20 and 80 is about 4 and 6 liters, respec-
tively, in men and women [27, 28]. In our study in
the time point 24, we observed TBW decrease with
the patients’ age in group N, what can confirm de-
scribed above correlations. This change may result
from the reduction of intracellular water and body
cell mass during the aging process [25, 26].

In our study, ECW was significantly higher in
group OS as compared to group N before surgery,
in the 24™, and 48" hour after surgery. There was
no difference in the ECW between obese female pa-
tients operated on using two different values of intra-
abdominal pressure in the studied time points.
A higher ECW in obese women compared to women
of normal weight has been described in a study by
Waki et al. [29]. Silva et al. described a further increase
of ECW accompanying weight gain [24]. This data
correlates with the results obtained in our study, in
which a positive correlation was observed between
ECW and the patient’s BMI values in the three studied
time points in group OS. These findings may indicate
an increase of the extracellular compartment in obese
patients, thus increasing the ECW, which in turn in-
creases the TBW in obesity.

In our study, ICW did not differ significantly be-
tween groups OS and N, and between groups OS and
OL in the studied time points. However, there are
reports suggesting higher ICW in obese women com-
pared to women with normal body weight [29].

In our study, neither TBW nor ECW or ICW did
not differ significantly between obese female pa-
tients who underwent laparoscopic procedures with
two different pneumoperitoneum pressures (group
OS vs. OL). These observations may be explained
by the fact that the standard value of the insufflated
gas is not enough to cause the changes in the fluids
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compartments. It can be suggested that differences
between pressure values used in our study were too
low and thus, no changes were reported. Additional-
ly, it may result from the short duration of pneumo-
peritoneum during laparoscopic cholecystectomies
in our study, not enough to influence the patients’
hydration status.

Obesity is characterized by an increase in fat mass
and increased fat-free mass, and thus enlarged extra-
cellular water compartment compared with the intra-
cellular water compartment. This can be explained by
a high ECW/ICW ratio of the adipose tissue [17, 30].

In our study, there was no difference in the ECW/
ICW ratio between obese patients from group OS and
normal weight patients in the studied time points. Ad-
ditionally, there was no difference in the ECW/ICW
ratio between both obese patients’ groups OS and OL.
Different results compared to those obtained in our
study were described by Waki et al., who reported
a higher ECW/ICW ratio in obese women compared
to women of normal weight [29]. A higher ICW/ECW
ratio has also been described by Mazariegos et al. in
obese patients classified to surgical treatment of obe-
sity, as compared to patients with normal body weight
[30, 31]. It may suggest that the significant differences,
which were not observed in our study can be visible
when the difference of BMI values is higher than ob-
served among patients enrolled to our research.

Surgical interventions, even with usage of mini-
mally invasive techniques, cause the stress-induced
release of aldosterone, antidiuretic hormone as well
as activation of the renin-angiotensin system, which
leads to sodium and water retention. Furthermore,
the release of inflammatory mediators in response to
surgical trauma may result in SIRS, increased capil-
lary permeability, and water shift from intravascular
compartment into the interstitial space [32, 33]. Peri-
pheral and visceral edema, usually seen after major
abdominal surgeries and liberal fluid administration,
also in trauma patients, is a manifestation of increased
capillary permeability and overhydration [34-36].

In our study, higher dehydration in group OS
in the 24" and 48" hour after surgery, compared to
group N was reported. In both OL and OS there was
no difference in the state of overhydration. Our obser-
vations are similar to the observations by Leonea et al.
who reported that obese patients undergoing bariatric
surgery are relatively more dehydrated compared to
those who have never been obese [37]. It can be ex-
plained by the fact that the excess amount of adipose
tissue has no capacity to store water. Therefore, larger
deficiency of water occurs in obese individuals [29].

Conclusions

To conclude, it can be stated that obesity alters
the hydration status. Obese female patients are char-
acterized by the higher TBW and ECW in comparison
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to normal weighted females who undergo short-term
laparoscopic surgery. Values of carbon-dioxide pneu-
moperitoneum pressure used during laparoscopic
cholecystectomy did not have an influence on the hy-
dration status of the obese female patients. Thus, low-
pressure pneumoperitoneum does not seem to offer
advantages over standard-pressure pneumoperito-
neum in measured parameters of hydration status.
However, we plan to extend our study on a group
of patients, where the time of carbon dioxide pneu-
moperitoneum exposure will be longer. We expect
that our results would put a new insight into the in-
fluence of the pneumoperitoneum on the hydration
status and therefore, on the proper fluid management
and the course of the early post-operative period.
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