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Abstract

Background Minimizing peritoneal tissue injury during

abdominal surgery has the benefit of reducing postopera-

tive inflammatory response, pain, and adhesion formation.

Ultrasonic dissection seems to reduce tissue damage. This

study aimed to compare electrocautery and ultrasonic dis-

section in terms of peritoneal tissue ischemia measured by

microdialysis.

Methods In this study, 18 Wistar rats underwent a median

laparotomy and had a peritoneal microdialysis catheter

implanted in the left lateral sidewall. The animals were

randomly assigned to receive two standard peritoneal

incisions parallel to the catheter by either ultrasonic dis-

section or electrocautery. After the operation, samples of

microdialysis dialysate were taken every 2 h until 72 h

postoperatively for measurements of pyruvate, lactate,

glucose, and glycerol, and ratios were calculated.

Results The mean lactate–pyruvate ratio (LPR), lactate–

glucose ratio (LGR), and glycerol concentration were sig-

nificantly higher in the electrocautery group than in the

ultrasonic dissection group until respectively 34, 48, and

48 h after surgery. The mean areas under the curve (AUC)

of LPR, LGR, and glycerol concentration also were higher

in the electrocautery group than in the ultrasonic dissection

group (4,387 vs. 1,639, P = 0.011; 59 vs. 21, P = 0.008;

7,438 vs. 4,169, P = 0.008, respectively).

Conclusion Electrosurgery causes more ischemic perito-

neal tissue damage than ultrasonic dissection.

Keywords Adhesions � Electrocautery � Ischemia �
Microdialysis � Ultrasonic dissection

Peritoneal tissue ischemia resulting from dissection, elec-

trocautery, sutures, carbon dioxide (CO2) insufflation (in

laparoscopy), and retraction by instruments seems

unavoidable in abdominal surgery. Ischemia induces an

inflammatory response of the peritoneum, which is asso-

ciated with postoperative pain, abdominal distension, and

adhesion formation [1].

A good surgical technique is advocated to minimize

tissue damage and peritoneal ischemia. The type of dis-

section device used during surgery may have an impact on

the degree of ischemic damage. Recent reports suggest that

ultrasonic dissection is superior to electrocautery (e.g.,

causing less deep tissue injury and less profound ischemia).

The data in these reports are derived predominantly from

vascular and thoracic surgery studies showing less endo-

thelial injury and vasospasm [2, 3]. Despite the wide usage

of electrocautery and ultrasonic dissection in laparoscopic

and open abdominal surgery, little is known about their

impact on peritoneal ischemia or about related early and

long-term postoperative outcomes [4].

Microdialysis is capable of continuously monitoring

extracellular space chemistry, avoiding serial tissue sam-

pling. In the past, it was predominantly used in neurointen-

sive care monitoring of cerebral ischemia and in metabolic

control. Currently, microdialysis is more widely applied to

include early detection of visceral ischemia after abdominal

surgery [5]. It proves to be a simple and reliable technique for

continuous monitoring of tissue responses to injury.

The current study aimed to assess the extent of ischemic

peritoneal damage as determined by microdialysis in
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animals undergoing surgery with either electrocautery or

ultrasonic dissection.

Materials and methods

Animals

This study used 18 male Wistar rats weighing 250 to 300 g

(Harlan BV, Horst, The Netherlands). The animals were

acclimated to laboratory conditions with day–night cycles

of 12 h for 1 week before commencement of experiments.

The rats were housed under standard conditions in filter-

topped cages, 2 rats per cage before surgery and 1 rat per

cage after surgery, with free access to animal chow (Hope

Farms, Woerden, The Netherlands) and water.

The study was approved by and conducted in accor-

dance with the guidelines of the Animal Ethics Review

Committee of the Faculty of Medicine, Radboud Univer-

sity Nijmegen, The Netherlands.

Study design

The 18 rats were randomly assigned to a group undergoing

either peritoneal tissue incision with ultrasonic dissection

(UD group, n = 9) or electrocautery (EC group, n = 9).

Peritoneal microdialysis was performed for 72 h after

surgery, and 2-h samples were obtained to determine

metabolic and ischemic parameters. The rats were killed

3 days after surgery to check the position of the catheters.

Surgical procedure

The animals were fasted overnight and anesthetized using

isofluorane, nitrous oxide, and oxygen. Procedures were

performed under sterile conditions. After shaving and dis-

infection with 70% ethanol, the rats underwent a median

laparotomy incision with a total length of 4 cm (Fig. 1A).

A microdialysis catheter was implanted in the left lateral

parietal peritoneum between the peritoneum and the

abdominal muscle and fixed with nonresorbable 5/0 poly-

propylene. The connecting tubes were tunneled subcuta-

neously to the top of the animal’s head.

Two parallel incisions in the parietal peritoneum with a

length of 2 cm were made, both 5 mm from the catheter.

(Fig. 1B) The incisions were made using an ultrasonic

‘‘coagulation’’ blade (Harmonic Scalpel; Johnson and

Johnson, Amersfoort, the Netherlands) in the UD group and

using an electrocautery blade (Valleylab, Boulder, CO,

USA) in the EC group. The ultrasonic coagulation was fixed

at level 3 (the coagulation level normally used in humans).

In the EC group, the lesions were made with a fixed rate of

energy (blend 1/30 W). The contact time with the tissue was

exactly 3 s for both methods of injury. The abdominal wall

was closed with 3/0 polyglactin and the skin with agraves.

At the end of surgery, all the animals received

buprenorphine hydrochloride 0.1 mg/kg intramuscularly

and 10 ml of 0.9% NaCl subcutaneously. The animals were

killed 3 days after surgery by O2/CO2 asphyxiation. The

abdomen was reopened, and the catheter was inspected for

location and removed.

Microdialysis

The ClinicalMicrodialysisAnalyzer/20 (CMA microdialy-

sis, Stockholm, Sweden) was used for microdialysis. The

CMA/20 microdialysis probe had a concentric construction

of a soft flexible inner and outer plastic tube covered at the

tip by a membrane. The probe had an outer diameter of

0.5 mm and was fitted with 200-mm-long inlet and outlet

tubings. The membrane had a length of 10 mm and a cutoff

of 100,000 daltons. The maximal flow rate was 10 ll/min.

After the microdialysis catheter had been inserted into

the tissue, it was connected to a microdialysis pump (CMA

102; CMA, Stockholm, Sweden) and perfused at a flow rate

of 0.3 ll/min. The perfusate consisted of a buffer solution

(NaCl 147 mmol/l, KCl 2.8 mmol/l, CaCl2 3.4 mmol/l,

K2HPO4 0.6 mmol/l, MgCl2 1.2 mmol/l, ascorbate adjus-

ted to pH 6.9) and 40 mg/ml of Dextran 70 (Amersham

Pharmacia Biotech AB, Uppsala, Sweden) administered

with a 2.5-ml glass syringe (CMA, Stockholm, Sweden).

Fig. 1 Surgical procedure and microdialysis system. A Median

laparotomy. B Two parallel incisions in the parietal peritoneum on

both sides of the microdialysis catheter at a distance of 5 mm from the

probe. The catheter is connected to a pump and automatic sampler
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Sampling and biochemical analysis

The first sample was collected 2 h after laparotomy by a

synchronized sampler (CMA/140, CMA microdialysis;

CMA, Stockholm, Sweden), and automatic sampling was

continued every 2 h for a total duration of 3 days. The

samples were stored at –20�C.

The concentrations of peritoneal extracellular pyruvate,

lactate, glucose, and glycerol were measured immediately

after the whole experiment using ordinary enzymatic

methods with a microdialysis-analyzer (CMA 600; CMA).

Statistical analysis

Lactate–pyruvate and lactate–glucose ratios were calcu-

lated. Data of continuous variables are expressed as means

and 95% confidence intervals (CI). A two-sided t-test was

calculated to evaluate any differences between two cate-

gorical variables. The area under the curve (AUC) was

calculated by GraphPad, and data are expressed as mean

and range. The Wilcoxon test was performed to evaluate

any differences between continuous variables at different

intervals. Statistical analysis was performed using SPSS

14.0 (SPSS, Chicago, IL) and GraphPad (GraphPad Prism

4.00; GraphPad Software, San Diego, CA). A P value less

than 0.05 was considered significant.

Results

All the animals survived the experimental period, and a

100% sampling was obtained. All the catheters remained in

position during the study period.

The unrefined data of the separate animals showed the

same tendency over time within one treatment group

(Fig. 2). The means and 95% confidence intervals of

metabolite concentrations at the time points are shown in

Fig. 3. Figure 3 shows the AUC, which represents the total

concentration of variables in the 72-h period.

Glucose

The immediate postoperative mean glucose concentration

was significantly lower in the EC group (4.7 mmol/l) than

in the UD group (5.4 mmol/l; P \ 0.01). In the animals

treated with electrocautery, the mean glucose concentration

decreased in the first 12 h, reaching the lowest value of

3.0 mmol/l, then increased again. The UD group showed

an almost straight curve, with values of 4.9 to 5.7 mmol/l.

The mean values in the EC group were significantly

lower than in the UD group for the first 36 h after surgery.

The total glucose concentration, represented by the AUC,

was lower in the EC group (316 mmol/l h) than in the UD

group (380 mmol/l h; P = 0.008).

Lactate

In the immediate postoperative period, the mean lactate

concentration was significantly higher after electrocautery

(3.4 mmol/l) than after ultrasonic dissection (2.0 mmol/l;

P \ 0.01). Within the first 9 h postoperatively, a peak of

6 mmol/l was reached in the EC group, followed by a

decline to baseline. In contrast, the UD group did not reach

a peak and remained at levels 1.4 and 2.1 mmol/l. The

mean lactate values were significantly higher in the EC

group than in the UD group until 48 h postoperatively. The

total lactate concentration was significantly higher in the

EC group (AUC, 233 mmol/l h) than in the UD group

(AUC, 112 mmol/l h; P = 0.008).

Glycerol

From the beginning, the mean glycerol concentration (a direct

parameter for tissue ischemia) was significantly higher in the

EC group (210 lmol/l) than in the UD group (104 lmol/l;

P \ 0.01). The EC group showed a gradual decline until 50 h

after surgery. The animals treated with ultrasonic dissection

showed a similar tendency, but the concentrations were lower

and declined only from 104 to 47 lmol/l. The total glycerol

concentration in the EC group (mean AUC, 7,438 lmol/l h)

was almost two times higher than in the UD group (mean

AUC, 4,169 lmol/l h; P = 0.008).

Lactate–pyruvate ratio

The mean calculated lactate–pyruvate ratio immediately

after surgery was significantly higher in the EC group than in

the UD group (105 vs. 30; P \ 0.01). The EC group reached

ratios comparable with those of the UD group at 50 h after

surgery. The animals treated with ultrasonic dissection

showed an almost straight curve, with ratios between 14 and

30. The mean values were significantly higher in the EC

group than in the UD group until 34 h after surgery. The

mean AUC of the lactate–pyruvate ratio was higher in the EC

group than in the UD group (4,387 vs. 1,639; P = 0.011).

Lactate–glucose ratio

The mean calculated lactate–glucose ratio was significantly

higher in the EC group than in the UD group (0.74 vs. 0.37;

P \ 0.01). A peak was reached 22 h after surgery, with a

ratio of 1.8. Thereafter, it declined to values between 0.2

and 0.4. The animals treated with ultrasonic dissection had

ratios between 0.2 and 0.4. The mean values were signifi-

cantly higher in the EC group until 48 h after surgery. The

Surg Endosc (2011) 25:1827–1834 1829
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Fig. 2 Unrefined data.

Microdialysis parameters in

animals that had surgery with

ultrasonic dissection (UD)

(n = 9) or electrocautery (EC)

(n = 9)
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mean AUC of the lactate–glucose ratio was significantly

higher in the EC group than in the UD group. (59 vs. 21;

P = 0.008; Table 1).

Discussion

The current study demonstrates that electrocautery causes

more ischemic peritoneal tissue damage than ultrasonic

dissection. Ultrasonic surgery had no effect or only a

transient ischemic effect on peritoneal tissue and therefore

fits well into the principia of ‘‘good surgical technique.’’

Microdialysis was proved useful in continuously mea-

suring peritoneal extracellular chemistry. The inserted

semipermeable membrane allowed a continuous diffusion

of molecules out of the peritoneal interstitional space fluid

into the perfusate medium for the whole study period

without any failure.

Extracellular concentrations of glucose, pyruvate, lac-

tate, and glycerol are broadly used as indicators of tissue

hypoxia [5–14]. During ischemia, impaired blood flow

decreases the delivery of glucose and oxygen to the tissue,

forcing it to switch from aerobic to anaerobic metabolism

[15, 16]. The result is an increase in lactate, and if the

glucose supply is inadequate, also a decrease in pyruvate

level.

The rise in interstitional glycerol level is related to

membrane phospholipid degradation, indicating tissue

Fig. 3 Microdialysis

parameters in animals that had

surgery with ultrasonic

dissection (UD) (n = 9) or

electrocautery (EC) (n = 9).

Values are expressed as means

and 95% confidence intervals.

*P \ 0.01
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damage [7]. Although hyperlactatemia frequently is used as

an indicator of anaerobic metabolism [6], its accumulation

also can be caused by other conditions such as hyperme-

tabolism, alkalosis, hepatic failure, toxins, and sepsis [6, 17,

18]. Therefore, the lactate–pyruvate ratio is a more reliable

tissue-specific indicator of visceral ischemia [6, 8–11, 14,

18]. It correlates with the redox potential [6] and is less

susceptible to artifacts caused by alterations in the dialysate

recovery rate [8]. The immediate rise in the lactate–pyruvate

ratio, reflecting sudden ischemia and inducing tissue necro-

sis, accords with the pathology of the coagulation injury.

The immediate rise in glycerol, another sensitive cell

membrane marker for ischemia, further supports early cell

damage. The lactate–glucose ratio provides an understand-

ing of the qualitative relation between the ischemic glycol-

ysis substrate and the end product and therefore is elevated in

tissue ischemia [12]. This elevation starts later than that of

the lactate–pyruvate ratio, reaching a peak after 24 h, mak-

ing the lactate–glucose ratio a less reliable parameter mea-

suring early ischemia in this model. Within 48 to 72 h

postoperatively, no difference was seen any longer between

the two treatment groups, suggesting a rapidly developing

but short-lasting ischemia and a rapid peritoneal healing

response.

Ultrasonic dissection caused almost no tissue damage in

the current study. In an animal study of peritonitis, control

subjects undergoing a sham operation (laparotomy and

peritoneal insertion of a microdialysis catheter) showed

patterns of ischemic indices corresponding with those of

the ultrasonic group [19]. Less injury by using ultrasonic

dissection rather than electrocautery also was demonstrated

in histologic biopsies of vascular endothelium, abdominal

fascia, and bile duct [3, 20, 21]. This accords with various

clinical studies showing fewer gallbladder perforations

during laparoscopic cholecystectomy, fewer symptomatic

lymphoceles after paraaortic lymphadenectomy, less

necrosis after flap reconstruction, and less postoperative

pain after gynecologic surgery and tonsillectomies, all

explained by less tissue necrosis and inflammation [22–27].

Others have reported less favorable results with use of the

ultrasonically activated scalpel related to high heat produc-

tion, activation longer than 10 s, and slow cooldown after the

instrument is turned off [4, 28]. The use of a scalpel versus a

hook, the duration of instrument activation, the different

tissues examined (well- vs. poor- vascularized tissue), and the

tissue contact after application explain the differences in

findings between studies. The short duration of peritoneal

contact with a hook probably explains the more favorable

outcome in our study than in the study of Kim et al [4]. Lateral

thermal injury also was less in pig intestine and abdominal

wall when energy was applied with pauses in contrast to the

continuous activation of the Harmonic Scalpel [29].

Placement of the catheter itself did not seem to influence

the current data, as deduced from the minimal changes in

the UD group. Because of catheter placement, we did not

control for peritoneal tissue responses through measure-

ments, for example, in the subcutaneous tissue, as many

studies do. A previous study demonstrated the same pattern

recorded over time for catheters placed intraperitoneally

and subcutaneously [17].

In daily practice, electrocautery is more frequently used

than ultrasonic dissection despite multiple clinical studies

indicating a superiority of the latter in causing less tissue

damage, as evidenced by a decrease in gallbladder and

intestine perforations during surgery and a reduction in

complication rates for various abdominal, vascular, car-

diac, and plastic surgeries [15, 22–25, 30–38]. The results

of our study support a more frequent use of ultrasonic

dissection in abdominal and pelvic surgery.

A favorable consequence of less tissue ischemia is the

reduction in adhesion formation. Notably, the use of

sutures was associated with a lower adhesion score com-

pared with electrocautery in a small randomized controlled

trial [39]. Adhesion formation was not a primary end point

in the current study because 3 days of microdialysis was

too short for accurate scoring of adhesions. A longer

duration of microdialysis was deemed hazardous because

of an increased risk of catheter blocking and foreign body

reaction, which would introduce adhesions.

Table 1 Area under curve (AUC)

Dialysate UD (n = 9) EC (n = 9) P value

Glucose (mmol/l h)

Mean 380.3 316.1 0.008

Range 357.1–395.6 282.2–354.3

SD 11.57 22.43

Lactate (mmol/l h)

Mean 112.3 232.7 0.008

Range 96.5–155.0 185.8–276.0

SD 22.2 36.9

Glycerol (lmol/l h)

Mean 4169.4 7437.6 0.008

Range 3162–4751 4778–8872

SD 602.1 1210.1

Lactate–Pyruvate ratio

Mean 1639.2 4387.0 0.011

Range 839.2–3307.0 2563–6734

SD 768.9 1513.9

Lactate–glucose ratio

Mean 20.8 59.1 0.008

Range 17.3–29.2 44.1–70.5

SD 4.2 8

P values are for the differences between UD and EC

UD ultrasonic dissection, EC electrocautery, SD standard deviation

1832 Surg Endosc (2011) 25:1827–1834
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It is concluded that the metabolic profiles in the current

study resemble tissue ischemia with the use of ultrasonic

surgery compared with electrocautery. In terms of optimal

surgical technique, therefore, ultrasonic dissection is the

preferred over electrocautery.
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