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Introduction
The intraperitoneal fat metabolism increases in the initial 

postoperative period. This is probably due to changes in 
carbohydrate metabolism, increased insulin resistance and an 
increased energy demand makes a switch from aerob to anaerob 
utilization, it will be a lack of glucose when lactate is produced 
in the anaerob situation. Which means that the energy lost from 
carbohydrate metabolism needs to be covered and this by a larger 
combustion of amino acids and free fatty acids. Triglyceride 
complexes consisting of a glycerol molecule bonded with 3 free 
fatty acids (FFA) there after the complex becomes cleaved by the 
enzyme hormone sensitive lipase to the glycerol molecule which is 
converted to glucose and the 3 FFAs enter via the cell’s mitochondria 
in Kreb’s cycle and Coenzyme A for energy production in the form 
of ATP [1]. In modern postoperative treatment, ERAS is currently 
used in many clinics worldwide, the concept being based on 
increased energy utilization through aerobic cell metabolism and  

 
thereby reduced glycolysis, proteolysis and lipolysis. As part of it, 
post-operative epidural anesthesia is used with local anesthesia, 
as a component, which has shown less lipolysis in studies [2]. 
Intraperitoneal microdialysis has been introduced as a method 
for early diagnosis of surgical complications. An increased lactate 
/ pyruvate ratio, increased lactate and decreased glycerol are 
findings noted before a surgical complication has become manifest. 
Decreasing glycerol levels in surgical complications have been 
interpreted as an increased energy requirement and increased 
consumption, although increased inflammation cannot be excluded 
as part of this phenomenon [3-7]. Epidural anesthesia studies 
have been conducted to demonstrate lower levels of glycerol 
subcutaneously and in plasma in patients who had postoperative 
epidural anesthesia with local anesthesia as a constituent of the 
epidural catheter. It has been interpreted as reduced postoperative 
lipolysis in epidural anesthesia [8-11]. This study was improved of 
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Abstract 
Objective: The introduction of epidural anesthesia in the first postoperative days has shown in previous studies not only better pain relief but 

also lower postoperative metabolism and inflammation in these patients. It has certainly not been possible to establish the mechanisms behind this.

Methods: 14 patients with epidural anesthesia were compared with 6 patients without epidural anesthesia after major gastrointestinal surgery. 
Metabolic microdialysis measurements were used subcutaneously and intraperitoneally for comparison. The assays were glucose, pyruvate, lactate 
and glycerol.

Results: The results showed significantly lower glycerol levels in patients with post-operative pain relief with epidural catheters both 
intraperitoneally and subcutaneously. No differences could be detected in analyzes of glucose, pyruvate and lactate, but differences in glycerol 
could be detected. Intraperitoneally with epidural catheter median glycerol value was 97.5 vs 152 µmol / L for patients without epidural catheter. 
Subcutaneous median was 245 µmol / L in patients with epidural catheter vs 336 in patients without. Higher glycerol values were observed 
subcutaneously compared to intraperitoneal.

Conclusion: Probably the higher glycerol levels seen subcutaneously are due to greater fat content in subcutaneous tissue. We interpret the 
lower glycerol levels seen in postoperative pain relief in patients with epidural catheters, both subcutaneously and intraperitoneally as a sign that 
the hormone-induced initiation of lipolysis is controlled by neurogenic mechanisms of the autonomic nervous system.
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the local ethical committee. None of the authors had any disclosures 
and the study was financially supported by Nyckelfonden Örebro 
Sweden.

Patients and Methods
Twenty patients were included in the study, 14 patients with 

epidural anesthesia, 9 men and 5 women, median age 71 years 
(range 51-86). 6 patients without epidural anesthesia, 1 male and 
5 women, median age 68 years (range 50-89). Epidural anesthesia 
was applied preoperatively between the intervertebral spaces Th 
VII-VIII and L I-II. The samples were taken and analyzed immediately 
every second hour with microdialysis equipment during the first 
two postoperative days. The samples analyzed were glucose, 
pyruvate, lactate and glycerol. Microdialysis: The microdialysis 
catheter is a 0.9 mm thin concentric dual lumen plastic tube with a 
30 mm semipermeable tubular membrane (cut at 20,000 Daltons) 
at its distal end. An M-dialysis 62-gastrointestinal catheter with 
210 mm axis and 30 mm membrane was used in the abdominal 
cavity. Physiological perfusion fluid T1 (M-dialysis AB, Stockholm, 
Sweden) was pumped at a rate of 0.3 µl / min from an M-dialysis 106 
microdialysis pump (M-dialysis AB, Stockholm, Sweden) through the 
outer tube of the catheter and flowed under the membrane where 
the exchange between the intraperitoneal fluid and the perfusion 
fluid occurred. At the tip, the liquid entered the tube through a 
small hole, flowing backwards and finally collected in a microvial. 
The perfusate equilibrates with molecules in the intraperitoneal 
fluid. Thus, microdialysis monitors substances from the blood 
as well as substances derived from cell metabolism. A microvial 
with the microdialysis sample takes 7 minutes to be analyzed for 
glucose, pyruvate, lactate and glycerol. The lactate / pyruvate ratio 
was calculated in the analyzer (M-dialys AB, Stockholm, Sweden). 
Statistical analysis: Samples took every second hour, the median 
value of each patient and analysis for 48 hours were compared.

Results

Intraperitoneal analysis

Figure 1A: Intraperitoneal glucose, SEM.

Glucose: The epidural group has an initial postoperative value 
of 6 mmol / L which rises to 9 during the study. Median value 7.24. 
Non epidural group starts at 7.8 following the epidural group in 

parallel and the final value is 9.2. Median value 8.75 (p = 0.232) 
(Figure 1A).

Pyruvate: In the epidural group, the first analysis 165 mmol / L 
is a slight even increase during the study to 220. Median value 197. 
Non epidural group starts at 240, which drops during the first 30 
hours, and then increases to the starting level. Median value 180 (p 
= 0.710) (Figure 2A). 

Figure 2A: Intraperitoneal pyruvate, SEM.

Lactate: In the epidural group, throughout the study, small 
variations with values around 3 mmol / L are observed. Median 
2.58. In the non epidural group, a starting value of 3 is seen as the 
epidural group, but it increases to 5 after 12 hours, then drops 
rapidly to 3 and then follows the epidural group’s values during the 
remaining study period. Median 1.88 (p = 0.837) (Figure 3A).

Figure 3A: Intraperitoneal Lactate, SEM.

Figure 4A: Intraperitoneal glycerol, SEM.
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Glycerol: Epidural group starts at 105 µmol / L, decreasing 
values observed for 20 hours to 67, then rising values during the 
study to 120. Median value 97.5. In the non-epidural group, the 
start value 190 which increases slightly for 12 hours to 220, after 
which lowered values are recorded to the final value 155. Median 
value 152 (p = 0.0432) (Figure 4A).

Subcutaneous assays

Glucose: In the epidural group, rising values from 5.1 mmol / 
L to 8.4 over 24 hours are observed, then values decreased to 7.3 at 
the end of the study. Median value 6.74. In the non-epidural group, 
the starting value is 5.6, which rises for 16 hours to 10.5, then drops 
to 9.2 after 48 hours. Median value 7.14 (p = 0.794) (Figure 1B).

Figure 1B: Subcutaneous glucose, SEM.

Pyruvate: The epidural group’s initial value is 136 and slowly 
continuously rising values to 188 mmol / L during the study. 
Median value 147. In the non epidural group, the first value is 218 
and constant levels are seen where the final value is 226. Median 
value 152 (p = 0.792) (Figure 2B).

Figure 2B: Subcutaneous pyruvate, SEM.

Figure 3B: Subcutaneous lactate, SEM.

Lactate: The epidural group starts at 1.5 mmol / L, very slightly 
increasing values during the study to 1.9. Median 1.23. Non epidural 
group, starting on 2.0 in the next almost constant values and the 
final value is 2.1. Median 1.36 (p = 0.826) (Figure 3B).

Glycerol: The epidural group starts at 294 µmol / L, drops for 
12 hours to 154, after which an increase to 274 is seen at the end 
of the study. Median value 245. The non-epidural group starts at 
241 and rises to 496 after 40 hours, after which decreasing values 
are seen and the final value is 414. Median value 336 (p = 0.0124) 
(Figure 4B).

Figure 4B: Subcutaneous glycerol, SEM.

Discussion
Metabolism in the intraperitoneal space has previously been 

investigated and shown to be a generator in shock and organ 
failure development. Its importance arises from hypoxia probably 
based on the small intestine triggers an inflammatory reaction 
and spreads further through the body’s cascade system [12, 13]. 
In gastrointestinal surgery, the importance of the intraperitoneal 
cavity with increasing lactate and lactate / pyruvate ratio has 
been demonstrated, as evidence of hypoxia / ischemia early in the 
course of patients who later develop anastomotic leakage3 [14-17]. 
Measurements of intraperitoneal glycerol have been performed 
in studies of this patient group and have shown decreasing levels 
in patients who later develop anastomosis leakage and a possible 
explanation for this was an increased consumption [18, 19].

Glycerol release has been used in previous studies as a marker 
for detecting lipolysis in studies of the effects of epidural anesthesia 
on lipolysis in the postoperative course [9]. Subcutaneous and 
plasma analyzes of glycerol have shown higher levels in patients 
who do not have postoperative epidural catheters following 
gastrointestinal surgery [8]. Studies have also shown that local 
anesthetics as part of the epidural catheter have the ability to 
reduce lipolysis but pure morphine in the epidural catheter 
lacks this ability [8-10]. The results suggest that the autonomic 
nervous system mediates hormone release of lipolysis-initiating 
hormones [8]. The intraperitoneal metabolism in previous studies 
has been shown to be higher than the subcutaneous and one has 
assessed the higher subcutaneous lipolysis to be an expression for 
releasing glycerol and FFA and covering the need for the higher 
intraperitoneal energy requirement postoperatively [15, 20, 21]. 
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The subcutaneous microdialysis catheter was located under 
the right of the fifth thoracic dermatome. We cannot correlate 
the results to the level that epidural anesthesia has taken but 
the insert level is between Th VII-VIII and L I-II. The results 
shown in this study show no significant differences between the 
groups of the three metabolites, glucose, pyruvate and lactate, 
neither intraperitoneally nor subcutaneously. However, glycerol 
differed significantly between groups, both intraperitoneally and 
subcutaneously. Postoperative epiduralkateters with bipuvacain 
and morphine decrease in this study the intraperitoneal lipolysis 
as well as the subcutaneous corresponding LV dermatometry, but 

in this study, a secondary intraperitoneal metabolism with less 
risk of intestinal hypoxia cannot be demonstrated. The results also 
suggest that lipolysis is mediated not only subcutaneously but also 
intraperitoneally through the autonomic nervous system. Routine 
combination of Morphine and Bipuvacaine is used in the epidural 
catheters in major gastrointestinal surgery at our clinic and has 
been done in this study as well. The patient group without epidural 
declined epidural catheter or that an epidural catheter could not be 
given. Limitations in this study are the small size of the study and 
that groups were not randomized (Figure 5).

Figure 5: Intraperitoneal glycerol, epidural and non-epidural, p= 0.0432.
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