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Abstract  
Introduction: The role of electrosurgery has gradually evolved over the last century. Widespread concerns regarding application of 

electrosurgery remain with regard to wound infection and pain due to thermal burns continue to persist in surgical circles. Such concerns have 

been proven baseless in studies conducted around the world, which have come in support of using electrocautery in view of better outcomes 

related to hemostasis and pain and equivocal outcomes in terms of wound infection risk. We sought in this study to establish the validity of these 

results in the setting of a government teaching hospital. Objectives: To analyze and compare the midline laparotomy incision made using cutting 
diathermy and cold scalpel with respect to post-operative pain and wound infection rates. Methods: A prospective study comprising of patients 

undergoing midline laparotomy in the General Surgery Department chosen by purposive sampling were divided into 2 groups of 50 each 

depending on whether they underwent skin incision by diathermy or cold scalpel. They were observed daily for ten days in the post-operative 
period. Results: Patients who underwent cautery incision had lower mean NRS value of 5.64 ±2.22 as compared to those who underwent cold 

scalpel incision with a higher mean NRS of 6.18 ± 2.18. There was an incidence of 30% purulent infections in scalpel incisions compared to 14% 

of cautery incisions. These differences were not statistically significant. Conclusion: There is no contraindication for the use of cutting cautery in 
midline laparotomy.  
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Introduction 

The term "cautery"itself derives from the Greek kauterion 
meaning -branding" iron. Ancient Egyptians and Greeks used heat 

for the removal of tumors. In c.a. 1000 BCE, Sushruta Samhita had 
documented the use of heat or dahana as a means to cauterize 

bleeding vessels in addition to ligation and packing as methods to 

attain haemostasis [1]. 
Through the centuries the term cautery implied the application of heat 

or caustic substances to tissue. Goldwyn describes the evolution of 

electrosurgery in 3 historical eras [2]: such as Discovery and 
experiments with static electricity; Galvanization and 

electrophysiology (late 18th century: conduction of lightning through 

frog's legs by Luigi Galvani); and Radiofrequency induced 
electricity (early 19'h century: discovery of induction by Faraday). 

The medical applications of electricity were explored by Benjamin 

Franklin in his many experiments in the 181h century [3]. The initial 
use of electricity in surgery involved the heating of an instrument 

which was then applied to the tissue. Direct currents (DC) were used for 

the purpose. 
Morton (1881) and d'Arsonval (1891) studied the effects of electric 

current passing through the body and developed frequencies of 

alternating current that could pass through the body without burns, 
spasm or pain. 

However majority of ailments managed with electric shocks remained 

limited to the realm of physiology, neurology and psychiatry [2]. 
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A process called farado-electrolyzation was developed which claimed 

to be benefit a wide variety of ailments by passing electric current 

through human tissue. 

The term diathermy was coined by Franz Nagelschmidt (1897) to 
describe the heating effect studied by d'Arsonval [4]. 

The application of electricity in surgery was inspired by French physician 

Joseph Rivere who incidentally noted sparking and subsequent skin 
coagulation in a patient undergoing diathermy for insomnia. Subsequent 

techniques such as "fulguration (Pozzi), "desiccation" (Clark) and 

"electrocoagulation" (Doyen) were developed by alteration in the 
amperage, frequency and the circuits and the subsequent varied effects on 

tissue were studied. They were used largely in the management of 

malignancies. 
Bovie. of the ESU fame, was Assistant Professor of Biophysics at 

Harvard.5 His momentous contribution to the field of electrosurgery 

was to develop an ElectroSurgical Unit whereby both mechanisms of 
coagulation and cutting where combined side-by-side and could he 

attained in a single "cutting loop". The use was demonstrated by the 

surgeon in chief of Peter Bent Brigham Hospital, Dr. Cushing in the 
excision of a tumor that had been, until a few days previously, 

inoperable due to its vascularity. This success went on to be 

replicated in several more cases, thereby earning for itself, over 
time, with numerous variations and innovations, a place as an 

indispensable tool in operating rooms across the world [5,6]. 

With the advent of diverse energy sources, the role of cold scalpel in 
amrotomy is often relegated solely to the incision of skin. Use of 

diathermy on skin has been impeded by widespread concerns 

persisting among surgeons regarding charring of skin and resulting 
wound infection and poor cosmetic outcomes. This can be 

attributed to the persistence of limited working knowledge 

among surgeons, regarding the principles underlying these energy 
devices, despite widespread utilization in operating theatres across 

the world [7]. 

Such concerns are the last hurdle to overcome in rendering the 
cold scalpel obsolete in laparotomy. 
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The current study aimed to analyse and compare the midline 

laparotomy incision made using cutting diathermy and cold scalpel. 

The outcome measurement was post-operative pain and 
postoperative wound healing.   

Materials and methods 

This single center, prospective observational study was 
commenced following approval of the protocol by the Institutional 

Ethics committee of Government Medical College, Kozhikode. 

Informed consent of each study subject was obtained. 
Confidentiality at all stages of study was assured. 

Participants for the study were chosen by purposive sampling 

from patients undergoing midline laparotomy in the Department of 
General Surgery at a 'teaching hospital from April 2018 to August 

2019. They were divided into 2 groups based on whether the skin 
incision was made with cutting diathermy (D) or cold scalpel (S) 

until a total of 50 patients was reached in each group 

Inclusion criteria: Patients of either sex undergoing major open 

abdominal surgery through a midline vertical incision in elective and 

emergency surgical selling. Electrosurgical incisions include those in 
which the skin is incised with cutting mode of monopolar diathermy. 

Scalpel incisions include those in which skin is incised with cold 

scalpel. Patients having undergone previous abdominal surgery, 
patients having local infection at the planned incision site, and 

patients having diabetes mellitus were excluded. 

Data collection 

Incisions were compared on the basis of parameters recorded on every 

postoperative day for ten days at 7 pm in the respective ward. Pain 

was assessed using a Numerical Rating Scale (NRS) from 0 to 10. 
Wound healing was rated using Southampton Wound 

Assessment Scale (SWAS). 

 

 
Fig 1:Visual Analogue Scale (VAS) and Numeric Rating Scale (NRS) 

 

Statistical Analysis :Statistical analysis performed using SPSS 

ver 22.0(SPSS Inc, IL, US). 50 midline laparotomy patients having 

undergone skin incision by cold scalpel and 50 midline laparotomy 

patients having undergone skin incision by fulfilling inclusion 

and exclusion criteria were chosen for the study.  

 

Results 

Based on the Method of Incision placed, there were 50% cases of 
cautery and 50% were scalpel based surgeries performed. 

There were 55% males. 75% surgeries performed in elective 

setting, and 25 % cases performed during emergency.  

 

Study of post-operative pain by NRS:Patients undergoing 

incision with cautery had lower mean NRS score of 5.64±2.22 
as compared to 6.18±2.18 in those undergoing incision with 

scalpel, although this difference was statistically not significant 

with a p-value of 0.26 (p<0.05). 

Table 1: Comparison of day of maximum pain based on the method of Incision placed among study patients using Chi Square Test 

Variable Category 

Cautery Scalpel 

χ2 value P-Value n % n % 

Day of Maximum pain Day 1 25 50% 23 46% 2.249 0.69 

Day 2 22 44% 21 42% 

Day 3 3 6% 4 8% 

Day 4 0 0% I 2% 

Day 5 0 0% 1 2% 

Maximum pain was experienced on the first day followed by a 

decreasing trend in both groups of patients. There was no 
observational or statistically significant difference between the 

two groups. Chi-square test was used to analyse the pain trends in 

the two groups. Significance set at p<0.05 (Table 1). 

Post-operative pain comparison within each gender 

Among males, 27 patients underwent cautery incision had 

lower mean NRS value of 5.56 as compared to 28 patients 
who underwent cold scalpel incision with a higher mean NRS 

of 6.23.  Among females, 23 patients underwent cautery incision 

had lower mean NRS value of 5.74 as compared to 22 patients 
who underwent cold scalpel incision with a higher mean NRS 

of 6.11. Mann Whitney test of significance with p<0.05 was 

applied and the difference was found to be statistically not 
significant with p values of 0.32 and 0.58 in males and females 

respectively (Table 2). 

Post-operative pain compared within each setting 

Mann Whitney test was applied with p <0.05 to assess the 

difference in pain in elective and emergency settings. 

Among 75 cases who underwent elective laparotomy, the 40 patients 
with cautery incision reported a lower mean NRS of 5.96 as 

compared to the 35 patients with scalpel incision, who reported a 

mean NRS of 6.54. However, this difference was not statistically 
significant (p-0.25). 

Table2:Comparison of NRS scores between Cautery and Scalpel. Incisions among genders and comparison of NRS scores between 

Cautery and Scalpel Incisions based on the type of case using Mann Whitney Test 

 Incision N Mean± SD Mean diff P value 

Gender  

Males Cautery 27 5.56±2.09 -0.68 0.32 

Scalpel 28 6.23±2.36 
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Females Cautery 23 5.74±2.41 -0.38 0.58 

Scalpel 22 6.11±1.99 

Type of Case  

Elective Cautery 40 5.96±2.12 -0.58 0.25 

Scalpel 35 6.54±2.35 

Emergency Cautery 10 4.35±2.26 -0.98 0.23 

Scalpel 15 5.33±1.46 

Among 25 cases who underwent elective laparotomy, the 10 patients 

with cautery incision reported a lower mean NRS of 4.35 as 

compared to the 15 patients with scalpel incision, who reported a mean 
NRS of 5.33. However, this difference was not statistically 

significant (p=0.23). 
Postoperative wound assessment:14% of patients in cautery 

group had normal wound healing as compared to 10% in the scalpel 

group. The wound score showed higher trends for the first 3 days in 

case of cautery incision than scalpel incision. Maximum wound scores 

were noted on day 4 in both scalpel (24%) and cautery (32%) groups. 
Chi-square test applied with p<0.05 showed that these differences 

were not statistically significant (p=0.81). 

 

Table 3: Comparison of day of highest Wound score based on the method of Incision placed among study patients 

Variable Category Cautery Scalpel χ2 Value P-Value 

n % n % 

Day of Peak infection No Infection 7 14% 5 10% 5.3 0.81 

Day 1 2 4% 0 0% 

Day 2 2 4% 2 4% 

Day 3 10 20% 9 18% 

Day 4 12 24% 16 32% 

Day 5 9 18% 11 22% 

Day 6 4 8% 3 6% 

Day 7 3 6% 3 6% 

Day 8 1 2% 0 0% 

Day 9 0 0% 1 2% 

Distribution of Wound scores based on the method of 

Incision:Greater proportion of patients undergoing scalpel incision 

(12%) showed normal wound healing as compared to patients 
undergoing cautery incision (8%). Features of early inflammation 

including serous discharge were more in patients undergoing cautery 

incision (76%) as compared to scalpel incision (56%).Purulent 

wound discharges occurred less frequently in patients undergoing 

cautery incision (14%) as compared to scalpel incision (30%). 
However, these differences were found to be statistically not 

significant on applying Chi-square test. (p=0.34)(Table 4). 

 

Table 4:Comparison of Wound scores based on the method of Incision placed among study patients using Chi Square Test 

Variable Category Cautery Scalpel χ2 Value P-Value 

n % N % 

Wound score Normal Healing 4 8% 6 12% 5.675 0.34 

Normal Healing with mild bruising or erythema 3 6% 2 4% 

Erythema plus other signs of inflammation 16 32% 15 30% 

Clear or Serosanguineous discharge 19 38% 11 22% 

Pus/purulent discharge 7 14% 15 30% 

Deep or severe wound infection with or without tissue breakdown 1 2% 1 2% 

Discussion 

There was no statistically significant difference in post-operative 

pain and early wound healing between the two groups of patients 

in the study conducted for this dissertation. However, several 
observations were made note of and could have bearing on surgeon 

preferences. Lower pain scores were reported in patients undergoing 

cautery incision irrespective of gender and setting of surgery [8].  
Normal wound healing occurred in greater proportion of 

patients undergoing scalpel incision. However, greater proportion of 

purulent discharge also occurred in patients with scalpel incision [9]. 

The results of our study parallel those of a randomized controlled 

trial of 84 patients undergoing midline abdominal surgery published 

in 2015 by LD Prakash et al. in the International Journal of 
Surgery, concluding that electrocautery incisions are comparable 

with those by scalpel incision in terms of pain and wound infections 

[10]. Several studies point  towards a clear advantage 
provided by electrocautery in reducing postoperative pain and 

analgesia requirements. A prospective randomized controlled trial 

published by Kearns et al.[11], in 2001 in the British Journal of 
Surgery (BJS) comprising 100 patients undergoing elective midline 

laparotomy, concluded no significant difference in infection rates, 
which was similar to the results of our study but noted significantly 

reduced pain.A meta-analysis of 16 studies from a Cochrane database 

comprising 2769 patients undergoing major abdominal surgery by 

Charoenkwan et al. in 2017 concluded that "no clear difference in 
wound infection between the scalpel and electrosurgery." However, 

no conclusions were formed regarding effects on post-operative 

pain [12].A 2009 double-blind randomized controlled trial published 
in the World Journal of Surgery by Shamim et al [13]. Found 

that "diathermy incision had significant advantages compared 

with the scalpel because of reduced incision time, less blood loss 
and reduced post-operative pain"Ly et al, in 2012, published in the 

BJS the results of a meta-analysis of 14 RCTs spanning a period of 

1980 to 2011 and 2541 patients showed that there was reduced post-

operative pain and no difference in wound healing [14].A 

randomized controlled trial comprising 197 patients matched for 

Body Mass Index (BMI), age, sex and type of surgery at a teaching 
hospital in Ibadan in Nigeria was published by Ayandipo et al. in 

2015 [15]. The study noted reduced post-operative pain with cautery 

and no difference in wound healing. Electrocautery was also 
noted to have the advantage of reduced incision time and 

incisional blood loss.Studies regarding the relation between use of 

cautery and post-operative pain have no unanimous consensus, with 
some suggesting a clear advantage, while others have been 

equivocal. However, the results of our study regarding wound 
infections are in line with the findings of meta-analyses comprising 

large study populations [16,17].The reduced incidence of post-

operative pain is hypothesized to be due to the effect of thermal 
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energy on the sensory nerve fibre endings.The equivocal rates of 

wound healing are due to the heating and consequent 

vaporization of individual cells on passage of electrical current and 
not application of thermal energy as is most often assumed. 

Thus, there is minimal damage to surrounding structures [10]. 

Some potential confounding factors that affect wound healing, but 
have not been matched for in this study include malignancy, obesity, 

skin preparation techniques and post-operative wound management 

protocols. Malignancy results in a negative nitrogen balance and 
wound healing of the patient [18,19]. A higher BMI results in 

relative hypoxia resulting in delayed wound healing and increased 

wound infection due to suppression of leucocyte activity [20]. 
Differences in perioperative protocols of different units, inter-

surgeon variation in choice of solution for skin preparation and 
differences in post-operative wound management among the 

units are some others. 

Other parameters that were initially planned for study included 
incision time and blood loss during incision, but were then later 

abandoned due to the technical difficulty in precise measurement of 

these parameters intra-operatively as well as the gross difference in 
these parameters, asserted by the operating surgeons. 

The procurement of new laparoscopic units affected the number of cases 

undergoing laparotomy in the elective setting and thereby reduced 
the sample size, which might affect the validity of the study. 

Further studies of this nature could avail a split incision design, where 

the upper or lower half of the skin incision could be taken by 
cautery and the remaining by cold scalpel. Similar "split-mouth- 

design studies for comparing the effectiveness of cautery and cold 

scalpel for incision in the oral cavity for maxillary osteotomy have 
been conducted [21].This would serve to eliminate even those 

confounding factors that elude the consideration of the observed. 

Conclusion  

Our study shows no contraindication to the use of cautery for skin 

incision in midline laparotomy. Reduced pain and reduced incidence of 

purulent discharge from the wound was noted by cautery incision but 
was not statistically significant. 
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