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Does the Use of Newer Technology to Divide the
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A Retrospective Analysis
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Abstract

Background: Various methods have been used to seal and divide
the mesoappendix, such as endoscopic linear cutting staples, the
Harmonic Scalpel and even monopolar coagulation. The goal of
this study was to determine whether using any of these energy
sources versus any non-energy source would be superior in terms of
post-operative complications (primarily bleeding), hospital length
of stay and cost.

Methods: This study included all patients who underwent laparo-
scopic appendectomy for acute appendicitis between January 2007
and April 2010 at a community hospital system with two large
hospitals. The primary outcomes measured were bleeding, post-
operative anemia, blood transfusion requirements, length of stay
and cost.

Results: Laparoscopic appendectomy was performed on 838 pa-
tients. An energy source was used on 503 patients and a non-energy
source was used on 335 patients. No statistically significant differ-
ences were found regarding post-operative complications or length
of stay. There was, however, a financial difference found, in that
it was much less expensive to use a non-energy source versus an
energy source when handling and controlling the mesoappendix.

Conclusions: Using a non-energy source is as safe as an energy
source for dividing and sealing of the mesoappendix. This study
supports the use of a non-energy source as a comparable method
when compared to a non-energy source, with no difference in main
outcomes.
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Introduction

Appendectomy is one of the most common surgical proce-
dures performed today. Since the introduction of laparoscop-
ic appendectomy in 1983, the laparoscopic approach has sur-
passed the traditional open approach in frequency of usage.
Meta-analyses of randomized-controlled trials have shown
that laparoscopic appendectomy has several advantages over
the open approach, including faster convalescence, less post-
operative pain, better cosmetic results and fewer wound in-
fections [1-3].

Prior studies have shown that the most common reason
to convert to an open appendectomy is bleeding, specifically
bleeding during the dissection and sealing of the mesoap-
pendix [1-8]. As new technology emerges, it is imperative
to examine and critically appraise new technology in terms
of efficiency, quality and cost effectiveness. This study will
examine and compare the potential differences between the
use of energy and non-energy sources during laparoscopic
appendectomy, in terms of intra-operative complications (for
example, bleeding), post-operative course and cost.

Materials and Methods

After obtaining approval from the Institutional Review Board
(IRB), patient data were retrospectively reviewed. Patients
aged 18 years and older that underwent laparoscopic appen-
dectomy for acute appendicitis at two community hospitals
between January 1, 2007 and April 30, 2010 were included
in this study. Exclusion criteria included patients who under-
went laparoscopic appendectomy without pathologic confir-
mation of appendicitis, and patients who had additional sur-
geries at the time of their appendectomy, or if the operation
was converted to open. Only one patient was converted to
open and thus, excluded from the study. Of the 838 patients
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Table 1. Instruments Used and Quantity

Instrument Patients (n = 838) %
LigaSure 354 42.2%
Harmonic Scalpel 118 14.0%
Endo GIA Stapler 333 39.7%
Electrocautery & Scissors 32 3.8%
Endoloops 1 0.1%

included in the study, 503 patients had their mesoappendix
sealed with devices such as Ligasure, Harmonic Scalpel and
monopolar electrocautery. This group was designated as
the “energy source” group. Three hundred thirty-five (335)
patients had their mesoappendix sealed with a non-energy
source such as the Endo-GIA stapler, endoloops or endo-
clips. This group was designated as the “non-energy source”
group. Patient outcomes were compared, which included
bleeding, post-operative anemia, transfusion requirements
and length of stay. Bleeding was defined as a decrease in
hematocrit of ten or more percentage points, whereas post-
operative anemia was defined only as a hematocrit of less
than 30%. A complete blood count was obtained at admis-
sion and on post-operative day number one the values were
compared. The financial difference between the energy and
non-energy sources was determined by using a range of costs
of the various devices used in the hospital system.

The statistical analyses of the collected data were per-
formed using an unpaired Student’s t test as well as a univari-
ate chi-square test. Fisher’s exact test was used for expected
cell frequencies that were < 5. The significance level for all
analysis was a = 0.05. Statistical analyses were performed
using SPSS 21.0 for Windows (SPSS, Chicago, IL, USA).

Table 2. Perioperative Outcomes by Method of Division

Results

The final analysis included 838 patients. A missing data pat-
tern analysis was performed to determine if missing data
would have any significant effects on study variables. It was
determined that missing data points were missing complete-
ly at random and had no pertinent effects on the statistical
analyses performed. The post-operative histopathologic di-
agnosis confirmed acute appendicitis in all patients. The total
number of patients from one hospital was 577 and 261 pa-
tients were from the other hospital. The energy source group
included 503 patients compared with 335 in the non-energy
source. Both groups are summarized in Table 1.

Univariate chi-square analysis tested whether there was
a statistically significant difference between the methods of
division of the mesoappendix (energy vs. non-energy) with
the development of surgical complications such as bleeding.
Bleeding, as defined in the methods section, occurred in 43
patients (5.1%) in the energy group compared to only 27
(3.2%) in the non-energy group. Of the 43 patients who had
bleeding events in the energy group, 32 patients (3.8%) uti-
lized the Ligasure, 8 patients (0.9%) with Harmonic Scalpel
and 3 patients (0.3%) with electrocautery with scissors. All

Variable Energy n =503 n (%) Non-Energy n =335 n (%) P value
Post-Op Anemia 25 (4.9%) 15 (4.5%) 0.345
Post-Op Transfusion 4 (0.8%) 1 (0.3%) 0.653
Bleeding 43 (8.5%) 27 (8.1%) 0.275
LOS (Mean + SD) 1.65+1.73 1.72+1.88 0.618

Post-op: post-operative; LOS: length of stay.
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Table 3. Cost
Instrument Cost
LigaSure -+ stapler $1,744
Harmonic Scalpel + stapler $1,450
Endo-GIA Stapler + reload $699
Endoloops $60
Electrocautery & Scissors $0

27 patients (3.2%) in the non-energy group who experienced
bleeding were in the Endo-GIA Stapler group. None of these
differences were statistically significant using an omnibus
test (P =0.548).

Four patients in the energy group required post-op-
erative blood transfusions and 1 patient in the non-energy
group required a blood transfusion. However, there was no
statistical significant difference between the two groups (P
= 0.653). There were 25 patients in the energy group who
experienced post-operative anemia compared to only 15 in
the non-energy group. There was no statistical significance
found regarding this variable (P = 0.345). The mean length
of stay (LOS) was 1.65 days in the energy source group and
1.72 days in the non-energy source group. This difference
was not statistically significant (P = 0.618) (Table 2).

The financial difference of the various methods of seal-
ing the mesoappendix was assessed by the cost of the de-
vices to the hospital system with results summarized in Table
3. There was a substantial difference in cost between meth-
ods when comparing energy sources to non-energy sources.
Virtually all surgeons included in this study routinely used
an Endo-GIA to divide the base of the appendix, whether
they were using an energy or a non-energy source to tran-
sect the mesoappendix; the mesoappendix was divided either
with a vascular “reload” of the stapler, or an alternate energy
source. The use of an energy source added approximately
$700-1,000 per case in cost to the hospitals for the devices.

Discussion

In our study, an energy source and a non-energy source were
compared regarding the division and sealing of the mesoap-
pendix. There were no significant differences in length of
stay, post-operative complications such as bleeding, post-
operative anemia or transfusion requirements. There was a
substantial financial difference found between the different
methods utilized. Although we did not attempt to show a sta-
tistical difference in cost, it seems clear that use of the non-
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energy methods to divide the mesoappendix is less expensive
while achieving the same results, specifically hemostasis.

As with open appendectomy, the laparoscopic approach
involves the dissection and division of the mesoappendix in
order to seal and ligate the appendiceal artery. Historically,
bleeding from the mesoappendix during dissection has been
a reason for conversion to open [3]. When dealing with an
extremely inflamed, gangrenous, or perforated appendix, us-
ing an energy source might intuitively seem to be advanta-
geous; however, our data seem to demonstrate otherwise.
The surgeon can use either of these energy sources to divide
the mesoappendix without excessive dissection or isola-
tion of the appendicular artery, leading to quicker division
with minimal bleeding [4, 5, 9]. Using an Endo-GIA stapler,
endoloops, or endoclips may require more meticulous dis-
section to safely isolate and divide the mesoappendix. This
could theoretically lead to increased time and potentially
more bleeding with subsequent anemia and the possible need
for blood transfusion; however, our data refute this as well.

Although the literature has shown the utility of using
energy sources, both the Endo-GIA stapling device and en-
doloops are valid and acceptable options [4, 5]. When oper-
ating for early acute appendicitis, there is minimal inflam-
mation and edema of the surrounding tissue, thus gaining
control of the mesoappendix can be accomplished easily us-
ing endoloops or an Endo-GIA stapler with minimal manipu-
lation of the tissues. This can result in fewer complications
[6]. In addition, using either method can close the appendic-
ular stump after the mesoappendix has been ligated without
increase incidence of stump leakage [7, 9-11].

Like any study, this study faces limitations. One limita-
tion was related to the study design. The retrospective nature
of the study did not allow insight into the surgeons’ discre-
tion in using an energy source versus a non-energy source.
More specifically, did the surgeon choose to use a certain
method because of familiarity for the device, or was it due to
clinical judgment based on the severity of the appendicitis?
Although we did not look specifically at individual surgeons’
variability in use of energy versus non-energy sources, it ap-
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peared that the use was not driven by clinical judgment dur-
ing the cases. Individual surgeons either always used one of
the devices, or never did.

Another limitation of the study was not examining the
length of the procedures. Previous studies have shown that
although using an energy source is more expensive, the
amount of surgical time saved makes up for the difference
[12]. This may be a direction for future research.

Conclusion

There was no difference in the development of post-opera-
tive hemorrhagic complications or length of stay based on
the method of division of the mesoappendix using an energy
source or a non-energy source. There was a financial differ-
ence between the two methods, with the use of an energy
source to divide the mesoappendix being more expensive
than using a non-energy source. As payments for healthcare
shifts towards the “accountable care organization” model,
surgeons and hospitals will need to seek the safest as well as
the most cost-effective methods for patient care.
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