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Abstract Obesity is considered to be the leading meta-

bolic disease in the world. The coincidence of postop-

erative complications is higher in obese individuals;

thus, laparoscopic techniques due to their minimally

invasive character became a standard in the surgical

treatment of obesity. The proper function of peritoneal

tissue is essential for the response to surgical trauma.

Therefore, understanding the alterations of peritoneal

tissue of obese individuals might explain the increased

number of postoperative complications observed in obese

patients. The study aimed to assess whether the stability

of peritoneum is altered in obese patients and whether it

corresponds to early postoperative complications in

obese patients. Samples of parietal peritoneal tissue were

collected at the beginning of the laparoscopic cholecys-

tectomy from 80 patients. Differential scanning

calorimetry was performed on samples defrosted at room

temperature. Patients were divided into three groups

according to the BMI value. For statistical analysis,

ANOVA, Chi-square, Student’s t test, and correlations

with Pearson test were used. Significantly lower DH and

higher Tm were in patients in whom intraperitoneal

adhesions were reported. Lower DH was reported in

samples obtained from patients with temperature above

37 �C in the first 24 h postoperatively. Enthalpy of

thermal transition (DH) in peritoneum obtained from

parous was significantly lower in comparison with the

samples from nullipara. It can be concluded that DSC

parameters correlated with parameters related to the

early postoperative period. Occurrence of adhesions was

reported more frequently in the group of obese and

overweight individuals and correlated with lower change

in enthalpy of collagen denaturation.
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Introduction

Obesity is considered to be the most prominent metabolic

disease in the world. Because the occurrence of postoper-

ative complications is significantly higher in obese indi-

viduals, laparoscopic surgical techniques have become a

standard in the surgical treatment of obesity due to their

minimally invasive nature. Additionally, adequately func-

tioning peritoneal tissue is essential for the proper response

to surgical trauma. It is possible that an understanding of

alterations of peritoneal tissue in obese individuals may

explain the increased number of postoperative complica-

tions observed in obese patients [1–3].

The peritoneal basal network is primarily formed by

collagen. The overall status of the collagen structure and its

interactions with the surrounding molecules are necessary
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for the physiological physical status of the tissue and the

response to surgery.

Differential scanning calorimetry (DSC), an experi-

mental thermoanalytical technique, has been used to

examine the integrity of collagen-based structures [4–7].

The DSC method has proven to be a valuable tool in

assessing the role of collagen in structural alterations of

several cardiovascular and musculoskeletal diseases

[8–11]. Our previous study showed that DSC was the

appropriate method for investigation of subtle changes in

physicochemical conditions of peritoneum using tissues

obtained during surgical procedures [12].

Aim

The study aimed to assess the presence of alteration in the

stability of peritoneum in obese patients and its subsequent

correlation with early postoperative complications in obese

patients.

Materials and methods

Eighty patients operated on due to cholelithiasis at the

General and Oncological Surgery Department of the District

Specialist Hospital in Lublin, Poland, were enrolled in this

study. Patients were informed about the aim of the study and

signed written consent forms prior to the study. The Ethical

Committee of the Medical University of Lublin in Poland

approved the study (decision no KE-0254/240/2008).

Cholelithiasis was confirmed by ultrasound examination

in every patient. Patients with symptoms of inflammation

(clinical or biochemical) were excluded from the study.

Exclusion criteria also included acute cholecystitis due to

gallbladder stones, diabetes, connective tissue disorders,

and previous surgical interventions. The presence of vari-

cose veins, cigarette smoking, and parity was recorded.

All patients underwent scheduled laparoscopic chole-

cystectomy performed in a standard four-trocar technique,

using standard values (12–14 mmHg) of carbon dioxide

pneumoperitoneum. The same team of surgeons operated

on all the patients. Samples of peritoneal tissue from the

parietal peritoneum (about 2.5 cm2) were collected at the

beginning of surgery. The presence of intraperitoneal

adhesions was reported during the surgery and classified

according to Coccolini et al. [13]. No complications were

reported during the surgeries, and no malignancies were

reported in the pathological examination of the removed

gallbladders.

During the early postoperative period, body temperature

was taken and the intensity of postoperative pain was

measured by visual analogue scale (VAS). On the third day

after the surgery, analgesic administration during the first

24 postoperative hours, occurrence of postoperative nausea

and vomiting (PONV), and WBC levels were assessed.

The samples of peritoneum collected during surgery

were immersed in 0.9% NaCl and frozen to -16 �C. Dif-

ferential scanning calorimetry (Q200 calorimeter, TA

Instruments) was performed on samples defrosted at room

temperature. Hermetic aluminum pans with 5–7 mg of

peritoneal tissue were filled with 10–20 ll of saline and

scanned from 40 to 85 �C at heating rate 5 �C min-1. A

pan filled with 0.9% NaCl was used as a reference. From

curves recorded during measurement, the initial tempera-

ture of transition (the onset temperature, Ton) that could

indicate the temperature of protein denaturation, the peak

temperature of transition (Tm) corresponding to the tem-

perature of protein denaturation, and the energy absorbed

by the sample during transition were determined using

software integrated with the calorimeter. Change in

enthalpy (DH) during the process was expressed as energy

of transition for one gram of dry mass from the sample.

The dry mass from the sample was measured following the

calorimetry and the 24-hour drying period. This was done

at room temperature in an exsicator.

Patients were divided into three groups according to

BMI (body mass index) values: Group N (normal weight

patients, BMI values less or equal 25 kg m-2) consisted of

18 patients (male/female M:F = 1:17). Group H (over-

weight patients, BMI values between 25 and 30 kg m-2)

consisted of 27 patients (M:F = 7:20), and group O (obese

patients, with BMI values equal or above 30 kg m-2)

consisted of 35 patients (M:F = 6:29).

Differences between the study groups were accessed

using the ANOVA test with Tuckey’s post hoc analysis,

Student’s t test, Chi-square test, and correlations with

Pearson test. The results were presented as mean ± stan-

dard deviation (SD) and percentages. Data were analyzed

using SPSS Statistics version 16 software, with p value of

less than of 0.05 considered to be significant.

Results

The patients’ mean demographic and clinical data are

presented in Table 1. Statistically significant differences

were observed regarding BMI values. Before the surgery,

each patient was assessed according to the ASA scale with

no significant differences between groups.

The calorimetric parameters of the peritoneum in the

three studied groups are presented in Table 2. No signifi-

cant differences of DSC parameters were observed between

the studied groups. Additionally, calorimetric parameters

were analyzed in terms of correlation with gender and BMI

values, but no significant results were found.
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In total, 11.4% of patients reported cigarette smoking.

Statistical analysis of the calorimetric parameters did not

show any significant differences between smoking and

non-smoking patients. The mean length of smoking was

27 ± 8.72 years, and the mean number of cigarettes

smoked daily was 17.4 ± 10.19.

Additionally, the calorimetric parameters were compared

between parous and nulliparous patients. Enthalpy of ther-

mal transition (DH) in the samples of peritoneum obtained

from parous was significantly (p = 0.004) lower in com-

parison with the samples from nullipara (18.57 ± 6.26 vs.

29.95 ± 11.30 J g-1). No significant differences were

observed when calorimetric parameters of the peritoneum

were compared between pre- and postmenopausal patients

in respective BMI groups and when only postmenopausal

patients were analyzed in regard to BMI group.

Varicose veins were reported in 20% of the total pop-

ulation. No influence of this clinical feature and calori-

metric parameter was observed.

The evaluation of adhesions revealed a presence of

intraperitoneal adhesions in 39% (n = 31) of the studied

population. Statistical analysis of calorimetric parameters

showed significantly (p = 0.035) lower changes in

enthalpy (DH) in patients in whom intraperitoneal adhe-

sions were reported during surgery in comparison with

those without adhesions (16.56 ± 5.32 vs.

20.02 ± 7.27 J g-1). The results are presented in Fig. 1.

The temperature of thermal transition (Tm) was higher in

patients with intraperitoneal adhesions than in patients

without them; however, there were no significant differ-

ences (68.25 ± 0.93 vs. 67.81 ± 1.12 �C).

Considering BMI values, intraperitoneal adhesions were

present in 28% (n = 5) of patients in group N, and 37%

(n = 10) in group H and 46% (n = 16) in group O.

According to the Peritoneal Adhesion Index (PAI), filmy

adhesions (grade score 1) were observed in group N while

strong adhesions (grade score 2) were reported in group H

and O. Within the BMI groups, there were no significant

differences in calorimetric parameters between patients

with or without adhesions. Among the patients with

Table 1 Patient’s characteristics

Total population Group N Group H Group O

Male/female 14:66 1:17 7:20 6:29

Mean SD Mean SD Mean SD Mean SD

Age/year 55.0 12.3 49.2 14.9 53.2 13.1 59.3 8.5

BMI/kg m-2*,# 28.5 5.0 22.2 1.6 27.3 2.0 32.7 3.7

Duration of surgery/min# 45.7 13.4 44.3 13.8 40.7 10.6 50.3 13.9

Duration of hospitalization/day 4.3 1.0 4.1 1.1 3.9 0.6 4.6 1.2

* statistically significant difference group N versus H (ANOVA with Tuckey’s posttest)

# statistically significant difference group H versus O (ANOVA with Tuckey’s posttest)

Table 2 Calorimetric parameters of the peritoneum in the three studied groups

Total

population

Group N Group H Group O

Mean SD Mean SD Mean SD Mean SD

Ton/oC 65.37 1.18 65.21 1.3 65.40 0.86 65.42 1.34

Tm/oC 68.02 1.08 67.72 1.00 68.18 0.90 68.07 1.22

DH/J g-1 18.72 6.95 22.03 8.71 17.37 5.88 18.25 6.53

No Yes

Intraperitoneal adhesions

10.00

20.00

30.00

40.00

Δ
H

/J
 g

–1

Total population

Fig. 1 Change in enthalpy of thermal transition (DH) of a sample of

peritoneum in total population of patients; p = 0.035
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adhesions, no differences of studied DSC parameters were

observed.

33.8% of patients had body temperature above 37 �C in

the first 24 h postoperatively. Results of DSC analysis

showed that enthalpy of thermal transition (DH) in samples

of peritoneum obtained from these patients was signifi-

cantly (p = 0.029) lower (16.15 ± 5.25 vs. 20.04 ±

7.28 J g-1) than in samples from patients with normal

body temperature. Results are presented in Fig. 2.

Temperature above 37 �C was observed more often in

patients from group O (42.9%) than in patients in group N

(20%) and H (30.4%); however, the differences were not

significant (v2).

DSC data obtained from the three BMI groups were

analyzed separately (Fig. 3). A significantly higher

(p = 0.009) temperature of thermal transition (Tm) of

peritoneum was observed in tissue collected from patients

in group H with elevated postoperative temperature in

comparison with those with normal body temperature

(68.83 ± 0.65 vs. 67.78 ± 0.79 �C). In group N and O, no

significant differences were observed.

Intensity of the postoperative pain was assessed in the

24th postoperative hour using the visual analogue scale

(VAS), in which 0 indicates no pain, and 10 indicates the

most severe pain. No significant differences were observed

between BMI groups. The highest values (5.10 ± 0.74 cm)

of postoperative pain were reported in the normal weight

group, while the lowest pain was reported in the obese

patients (3.90 ± 1.91 cm). In group H, it was

4.56 ± 1.234 cm. There was a significant correlation

between patient BMI values and the value of postoperative

pain, which indicates the decrease in pain together with an

increase in BMI values (p = 0.035; r = -0.363). There

was no significant correlation between postoperative pain

and calorimetric parameters. In total, 47.5% of patients

reported higher (more than 5 cm on VAS) postoperative

pain in the first 24 h after surgery. There were no signifi-

cant differences in calorimetric parameters between

patients reporting postoperative pain in comparison with

patients who did not. Postoperative pain was reported with

the frequency of 58.8, 38.9, and 46.9% in group N, H, and

O, respectively. No differences between the groups were

observed. Within the BMI groups, calorimetric parameters

did not differ significantly between patients who experi-

enced and who did not experience postoperative pain.

There were also no statistically significant differences in

calorimetric parameters between BMI groups when only

patients reporting postoperative pain were analyzed.

Analgesics were administered to more than 90% of

patients in all three studied groups, and the mean

Group N Group H Group O

W
B

C
 [x

10
3  

μL
–1

]

2.00

4.00

6.00

8.00

10.00

12.00

Fig. 4 WBCs level in day before hospital discharge in three study

groups: p = 0.365 group N versus H, p = 0.166 group H versus O,

p = 0.007 group N versus O

Below 37 °C Above 37 °C

Postoperative temperature

10.00

20.00

30.00

40.00

Δ
H

/J
 g

–1

Total population

Fig. 2 Enthalpy of thermal transition (DH) of peritoneum samples in

total patients population in regard to postoperative temperature;

p = 0.029

Below 37 °C Above 37 °C

Postoperative temperature

65.00

66.00

67.00

68.00

69.00

70.00

T
m

/°
C

Group N
Group H
Group O

Fig. 3 Peak temperature of thermal transition (Tm) of peritoneum in

three study groups in regard to the postoperative temperature:

p = 0.828 for group N, p = 0.009 for group H, p = 0.704 for group O
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analgesics amount was approximately the same. There was

a significant correlation between the BMI values and the

amount of analgesics in group O, indicating a corre-

sponding increase in analgesics amount alongside

increased patient BMI values (p = 0.029; r = 0.386).

However, the correlation between BMI values and the

amount of analgesics in the total population was

insignificant.

There were no statistically significant correlations

between calorimetric parameters and amount of adminis-

tered analgesics in any group.

WBC levels were also analyzed on the day before hos-

pital discharge. It was observed that the WBC levels dif-

fered (p = 0.008, ANOVA) between BMI groups (Fig. 4).

It was significantly (p = 0.007) higher in group O

(7.33 ± 2.26 9 103 lL-1) in comparison with group N

(5.62 ± 0.95 9 103 lL-1). In group H, the mean WBC

level was 6.42 ± 1.07 9 103 lL-1.

On the day of discharge, WBC levels correlated sig-

nificantly (p\ 0.001; r = 0.45) with patient BMI, indi-

cating that the WBC levels increased along with the

increase in BMI values. There were no significant corre-

lations between WBC levels and calorimetric parameters in

the study groups.

We did not observe any significant differences between

wound healing and DSC parameters. Wound healing was

assessed twice, during the first 24 postoperative hours and

on the day of hospital discharge. There was only one case

in group H in which the wound margins revealed symp-

toms of wound contamination. In all other cases, the pro-

cess of wound healing was physiological. On the 4th day of

hospitalization, there were 2 cases (11%) in group N and 5

(14%) in group O where improper wound healing was

reported. At both time periods, no significant differences

were observed between groups in the wound healing pro-

cess. There were no significant differences between

calorimetric parameters and the type of wound healing

processes in the total population or in each group

separately.

Discussion

The metabolic activity of adipose tissue includes the

secretion of proinflammatory cytokines that include, e.g.,

IL-6 and TNF-a. This process, described as metaflamma-

tion, can influence the course of the postoperative period

by impairing the inflammatory response to surgical trauma

[14–16]. In addition, obese patients undergoing laparo-

scopic procedures may develop postoperative complica-

tions more often due to the parallel release of inflammatory

and angiogenic cytokines from peritoneal and adipose tis-

sue. Liu and Hou described changes in peritoneal tissue

30 min after the beginning of the surgery [17]. In our

previous study, we did not reveal any changes between

samples collected at the beginning and end of the pneu-

moperitoneum with a mean duration of 42 min. However,

the prevalence of enthalpy of collagen denaturation in

samples collected at the end of surgery tends to decrease

with increased pneumoperitoneum duration [18].

The mechanism of activation of the inflammatory

reaction within the peritoneal tissue in obese individuals

undergoing laparoscopic surgery remains unclear. Thus, an

attempt to evaluate the peritoneal tissue obtained from the

obese patients undergoing laparoscopic cholecystectomy

was performed in this study using the DSC method.

Heat-induced denaturation of proteins is well under-

stood; however, the heat denaturation of structural proteins

within whole tissues remains an area of active research.

DSC was described as a sensitive method for evaluation of

collagen structure [5, 6, 19, 20]. The stability of peritoneal

tissue can influence the activation of inflammatory and

angiogenic reactions due to surgical stress. In our study,

samples of peritoneal tissue were obtained during the sur-

gery. DSC results showed an irreversible endothermic

process starting above 60 �C with the peak temperature of

thermal transition ranging from 65 to 70 �C. Such thermal

activity can be attributed to denaturation of collagen, which

is the main structural protein of peritoneal tissue. The

process of thermal activation of collagen involves the

rupture of hydrogen bonds coupling the three a-chains and

a rearrangement of the triple helix into a random chain

configuration [4, 5, 21]. In our samples, the denaturation

endotherm was followed by an equilibrium state adequate

to the new configuration of the protein molecules at tem-

peratures just above 70 �C. Similar values of denaturation

temperatures are reported for samples from other collagen-

based tissues [8, 10, 22, 23]. Thermal stability of collagen

molecules reflects the overall condition of the structure,

cross-links in the collagen network, and its interactions

with the surrounding molecules [4, 21, 24–26]. Parameters

of thermal transition of collagen in tissues were shown to

be sensitive to the number of cross-links as well as to the

level of hydration of collagen molecules [21–24, 27, 28].

However, differences in enthalpy of transition for tissue

samples may also reflect different amounts of collagen

molecules in relation to other, non-collagenous compo-

nents of the sample.

Obese individuals have increased intra-abdominal

pressure, which can influence the condition of the peri-

toneal tissue. The evaluation of calorimetric parameters did

not reveal differences between groups, but a trend toward

increasing denaturation temperature and lower enthalpy of

denaturation with increasing BMI was observed. Decreased

enthalpy of the denaturation process accompanied by rising

denaturation temperature was reported to result from
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gradual dehydration of collagen [27, 28]. In obese indi-

viduals, the increased intra-abdominal pressure might alter

the flow of lymph and blood of venous and arterial vessels

located in the basal lamina of the peritoneal tissue. This

phenomenon can lead to postoperative complications

including prolonged wound healing and a higher occur-

rence of adhesions [22, 24]. As DSC results have been

proven to be very sensitive to the level of collagen

hydration, we plan to evaluate more samples of peritoneal

tissue from obese patients that might reveal these

differences.

In our study, a significantly lower change in enthalpy

(DH) of collagen denaturation was found in samples from

patients in whom intraperitoneal adhesions were reported

during surgery in comparison with those without adhe-

sions. Intraperitoneal adhesions constitute a common

complication after abdominal surgeries [29, 30]. Carbon

dioxide pneumoperitoneum affects the intraperitoneal

environment and was described as a factor, which in

standard conditions during short time laparoscopy, influ-

ences the peritoneum and promotes the formation of

adhesions. However, heating the gas may limit this process

[31–34]. Molinas et al. [35] studied mice peritoneum and

observed that an increased formation of adhesions corre-

lates with the duration and pressure of pneumoperitoneum.

Additionally, abdominal adhesions were reported more

often in obese individuals. These phenomena might suggest

alterations in the peritoneal tissue of obese individuals,

which can be caused by the metabolic activity of fat tissue

as well as increased intra-abdominal pressure. In our study,

a higher number of intraperitoneal adhesions were

observed in obese patients and are similar to the results of

the Weibel and Majno study who examined cadavers and

concluded that adhesions are more frequent in females and

that the incidence increases with higher body mass [36].

Alterations of the collagen structure found in peri-

toneum might be connected with other deficits of the

connective tissue in different regions of the body and the

higher occurrence of hernias and varicose veins [37–39].

Additionally, obesity is a well-known factor influencing

venous blood flow from lower limbs and increases the risk

of varicose veins, especially in women [40–44]. In our

study, varicose veins were observed more frequently in

obese patients. However, our study did not reveal any

relation between calorimetric parameters and the occur-

rence of varicose veins.

Differences in the occurrence of increased body tem-

perature and improper wound healing were not observed in

the compared groups within early postoperative period. In

our study, obese patients were characterized by higher

WBC count in comparison with normal and overweighed

individuals. Additionally, increase in WBC count at the

day of hospital discharge accompanied the increase in

patients’ BMI value. Our observations correlate with the

epidemiological studies indicating the increase in WBC

count in individuals with higher fat storage what probably

is the result of obesity-driven inflammation [45, 46].

Obese individuals are more likely to experience pain in

comparison with normal-weighted counterparts [47, 48].

However, results of our study showed no significant dif-

ferences in postoperative pain value between BMI groups.

On the other hand, significant positive correlation was

found between the BMI values and the amount of anal-

gesics in obese patients. It may suggest a complex and

multidirectional mechanism of postoperative pain devel-

opment. In our previous study, significantly lower onset

temperatures (To) and denaturation temperatures (Tm) were

observed in the peritoneal samples obtained from patients

who underwent plastic repair of inguinal hernias, in com-

parison with samples from patients who underwent

laparoscopic cholecystectomy or who were operated on

due to rectal cancer [12]. Such results may suggest a lower

physical stability of collagen molecules, which has an

impact on the occurrence of hernias. Thus, the coexistence

of excessive adipose tissue and collagen structure changes

may result in a lower pain threshold and a subsequent

increase in the postoperative analgesics intake [37, 38].

In our study, no differences between original BMI

groups and studied calorimetric parameters were reported.

Therefore, we decided to extend our analysis to other

parameters that might suggest changes in the status of

collagen within the peritoneum. The structure of connec-

tive tissue in pregnancy might be altered [49–51]. Collagen

fiber disruption and a decrease in collagen cross-linking

may be associated with softening of the uterine cervix

[52–54]. Higher hydration and collagen extractability was

reported by other authors in parous women [53, 54].

Moreover, increased collagen extractability was reported to

be associated with cervical insufficiency. A weaker colla-

gen network was described in correlation with increased

parity [53, 55]. Pinherio et al. studied the architecture of

collagen fibers in the pubic symphysis and ligaments in

pregnant mice and observed a disrupted helical arrange-

ment of the collagen fibers, which can explain the

remodeling of these structures at the end of pregnancy [56].

Collagen type I and III is a structural component of artic-

ular ligaments [57, 58]. The laxity of ligaments was

described to be altered in parous women [59]. Relaxin,

estrogen, and progesterone, which have receptors on liga-

ments and which have increased levels during pregnancy,

may influence the status of connective tissue [60, 61].

In our study, an interesting part of the enthalpy of col-

lagen thermal transition finding was reported. In samples

obtained from parous patients, the thermal transition of

collagen was lower in comparison with the samples from

nulliparous patients. This finding requires future study and
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might be correlated with changes in collagen tissue after

pregnancy reported by other authors, but not in peritoneal

tissue [49–61].

Conclusions

The DSC parameters evaluated in our study correlated with

parameters related to the early postoperative period.

However, we did not observe differences between the

evaluated DSC parameters and BMI values, gender, or age.

The occurrence of adhesions was reported more frequently

in the group of obese and overweight individuals and

correlated with a lower change in enthalpy of collagen

denaturation that might suggest weaker binding properties

of proteins in peritoneal tissue. This phenomenon can

influence the process of wound healing.

Despite the fact that the presented study has limited

direct clinical implication, it can explain the postoperative

pathophysiology of the peritoneal tissue and influence of

excessive adipose tissue that may have a direct influence on

the early postoperative period and occurrence of postop-

erative pain. The authors intend to experiment on broader

peritoneal tissue samples and other bioclinical parameters.
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