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Abstract

Objective Use of surgical energy is integral to laparo-
scopic surgery (LS). Energized dissection (ED) has a
potential to impact the biomolecular expression of
inflammation due to ED-induced collateral inflammation.
We did this triple-blind randomized controlled (RCT)
study to assess this biomolecular footprint in an index LS,
i.e., laparoscopic cholecystectomy (LC).

Methods and procedures This RCT was conducted in
collaboration with tertiary-level institutions, from January
2014 to December 2014 with institutional review board
clearance. Consecutive, unselected, consenting candidates
for LC were randomized (after anesthesia induction) into
group I (ED) and group II (non-ED). They were managed
with compliance to universal protocols for ethics, informed
consent, anesthesia, drug usage and clinical pathway with
blinded observers. Biomolecular inflammatory markers,
i.e., interleukin 6 (IL-6), tumor necrosis factor-alpha (TNF-
o) and highly sensitive CRP (HS-CRP), were measured
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with blood drawn juxta-preoperatively (HO), at 4 h (H4)
and at 24 h (H24). The quantitative changes induced by ED
on IL-6, TNF-a and HS-CRP at HO, H4 and H24 with their
kinetic behavior were the study endpoint. Prospective data
were analyzed statistically with a p value of <0.05 being
significant.

Results Two cases from the ED group had biliary injury
and hence were withdrawn from analysis. The ED (n = 49)
and non-ED (n = 51) groups had similar demographic,
clinical and HO biomolecular variables. There was a sig-
nificant increase in IL-6, TNF-oa and HS-CRP from HO to
H4 in both the groups (p values <0.001). From H4 to H24,
all three cytokines showed significant increase in ED group
(p < 0.05), whereas in the non-ED group, IL-6 showed
significant fall (p = 0.004) and TNF-a showed no signifi-
cant change (p = 0.063). Both the groups showed H4-H24
elevation of HS-CRP (p = 0.000).

Conclusion Energized dissection adds to the cytokine-
mediated postoperative inflammation. The additional ED-
induced inflammation can be measured objectively by IL-6
and TNF-o levels.

Clinical trials registry Clinical Trials Registry, India
(REF/2014/06/007153).

Keywords Laparoscopic surgery - Surgical energy -
Patient safety - Cytokines - CBD injury - Complications of
laparoscopic cholecystectomy

Laparoscopic surgery (LS) has achieved universal popularity
and acceptance. This progressive march of LS has been
credited to its clinical equivalence to conventional surgery
coupled with remarkably better patient-reported outcomes
(PROs). Increasingly complex procedures are now being
done with laparoscopic approach. This has been possible due
to developments in technologies such as endooptics, imaging
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and surgical energy sources. The technological advances,
while making LS easier, have also created concerns specific
to potential challenges arising from a progressively complex
“man—machine Interface” [1]. Use of surgical energy is
considered a fundamental necessity in LS. Irrespective of the
source and nature, energy acts via its thermal expression
causing tissue necrosis. The thermal process proceeds irre-
versibly along a cascade of macromolecular aggregation,
collagen helical disintegration, protein denaturation, coag-
ulation, cellular desiccation, cell vaporization and finally
tissue carbonization [2]. Energy usage cascade is a valuable
aid in performing LS. Ideally, such a cascade would be
precise resulting in perfect hemostasis without any collateral
tissue insult [2]. But this ideal objective eludes our practices,
which have been incorporating surgical energy-based devi-
ces at an exponential rate with the advances in LS [3].
Concerns have been raised about our gap in knowledge and
application of surgical energy, leading to institution of
structured programs to bridge the gap [4-6]. Absolute
avoidance of surgical energy will obviously abolish these
concerns, but that is practically hard to envisage. Hence,
along with narrowing our knowledge and application gap as
advised [4-6], an objective assessment of the invisible col-
lateral insult is necessary. This will provide a judicious
insight to limit surgical energy for hemostatic application as
much as possible and provide a metric for evaluation of
newer energy devices.

Such an objective assessment of invisible insult is possi-
ble, given our understanding of surgical intervention-in-
duced changes in the peritoneal biomolecular environment
[7]. The changes in biomolecular peritoneal environment are
quantitatively proportional to the insult and have been
characterized by the release of cytokines such as interleukin
6 (IL-6) and tumor necrosis factor-alpha (TNF-ao) [8]. The
release of these cytokines leads to expression of acute-phase
reactants, such as highly sensitive C-reactive protein (HS-
CRP). This biomolecular response has been seen to be
quantitatively different in LS as compared to conventional
open surgery [9]. While we know about the biomolecular
insult in LS, the extent of it being contributed by surgical
energy is not known. The component of biomolecular
response attributable to energized dissection (ED) can be
studied by application of surgical energy during an index LS,
which can be done safely with or without ED. Laparoscopic
cholecystectomy (LC) is an index LS [10]. Biomolecular
footprint of LS is also uniquely impacted by the different
energy forms apart from the devices used. Hence, a specific
thermal component needs to be defined if any [11]. We have
earlier published the clinical evidence of additional inflam-
matory response attributable to ED [12]. Based upon our
experience of safe LC with or without ED [12-27], we
undertook this study to evaluate the biomolecular inflam-
matory impact of ED in an index LS, i.e., LC.
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Materials and methods

This triple-blind randomized study was conducted at a ter-
tiary-level advanced laparoscopy center in collaboration
with independent external collaborators from national
medical colleges. [Clinical Trials Registry, India (REF/
2014/06/007153)]. An integrated hospital information sys-
tem (HIS) was used to maintain data. The HIS used in our
institution (Trakcare version W650) auto locks the data once
recorded. Iatrogenic gallbladder perforation (GbP) was
taken as an index of potentially avoidable surgical inflam-
matory insult due to its higher incidence with ED [13]. The
GbP incidence was 39 % in our most recent 100 consecutive
LCs. Hence, a study sample size of 102 patients was found to
be necessary to detect a fall of GbP rate from 39 to 10 %
(39 % for ED and 10 % for non-ED) with an alpha error of
0.05 and power of 90 %. The study was approved by the
institutional protocol committee and the ethics review board.
All consecutive candidates of LC, i.e., symptomatic gall-
bladder disease patients who had been referred to us for
cholecystectomy, were considered for the study. All these
eligible LC candidates were explained about our results and
practice of the two techniques of LC, i.e., with ED or non-ED
(nED). They were detailed about the two techniques and the
equivalence of results as well as their safe application by
entire hierarchy of the surgical team from basic surgical
trainees to consultants [12-27]. They were explained about
the need of repeated blood sampling as required for the study
along with the proposed study protocol. They were explained
that investigations besides the standard ones will be done
with blood sampling at three time schedules, i.e., 0 h just
before first incision (HO), 4 h from the first incision (H4) and
24 h from first incision (H24). They were explained the
investigations being generic to the inflammatory response to
surgery. They were informed about the investigations to be
done at HO, H4 and H24, i.e., as IL-6, TNF-a and HS-CRP.
All the LC candidates who consented for the study were then
recruited for the study with the following criteria:

Inclusion criteria

e They were referred to our surgery for symptomatic
gallstone disease.

e They were able to understand the study protocol and
provide the informed consent.

Exclusion criteria

e Those having a concomitant common bile duct (CBD)
stone or abnormal liver function test (LFT) or having
had documented pancreatitis or any CBD intervention
in preceding 6 weeks.



Surg Endosc (2016) 30:1733-1741

1735

e Suspicion of gallbladder carcinoma, i.e., a mass or
eccentric gallbladder wall thickening on ultrasound.

e Recommended cholecystectomy concomitantly with any
other planned surgeries such as hysterectomy, appen-
dectomy and hernia repairs etc.

e Those on regular analgesics or self-medication or
having any chronic anti-inflammatory drug usage or
having neuropathies or autoimmune disorders, or taking
any steroids/immunomodulator/cytotoxic medicines.

e Those having known hypersensitivity to any of the
drugs included in the study protocol.

e Those unfit for general anesthesia (GA) due to un-
optimized comorbidity.

All included LC candidates underwent pre-anesthesia
checkup (PAC) by an independent anesthetist regarding
suitability of GA. The baseline hematology, biochemistry
and other investigations were recorded in the HIS. All
surgeries were undertaken under GA in the same operation
theater with the same set of instruments/resources with the
same non-surgical/nursing team. Surgeries were performed
by surgeons equi-versatile in ED and nED technique of LC.
Surgeries were done by surgeons (excluding the first &
second authors) trained in both techniques of LC. Monopolar
electrosurgery was used in the prospective ED group and was
kept on standby as rescue in nED group, as per our standard
operation protocol [17]. Computer-generated randomization
was done by external research coordinators who were tele-
communicated about the posting of a case for surgery. After
induction of GA, the scrubbed team being ready and opera-
tion area draped, a non-surgical member was informed of the
randomly allocated group, i.e., ED or nED, by the external
research coordinator via telephone, and surgery undertaken
accordingly. A standard universal perioperative “drugs-to-
be-used protocol” was followed. A baseline blood sample
was drawn in appropriate vacutainers from a pre-marked
virgin venous site for baseline (HO) estimation of the
biomolecular markers. Standard LC technique with
12-14 mm capanosufflation was used for ED group and our
published technique for nED group [19]. The peroperative
data were noted by the anesthetist and recorded in the study
protocol. Subsequent blood samples for the biomolecular
marker were drawn at 4 h (H4) and 24 h (H24).

The operating time was defined as the time from inci-
sion for first/primary port to separation of the gallbladder
from the liver. The cholecystectomy specimens were
extracted in an endobag. After the surgery, the patients
were shifted to postoperative area to be observed by
anesthetist and nurses not involved in surgery. Standard
dischargeability protocol was followed by the staff in the
postoperative ward as follows:

e Complete and satisfactory recovery from GA without
any hemodynamic variation or instability.

e No demand for any pharmacological intervention
beyond standard institutional protocol.

e Ability to walk to washroom, having passed urine with
ability to take care of her/his garments.

e Having tolerated liquids after demanding and feeling
hungry.

e Self-expressed desire to go home and confidence to
follow normal ABCDEF (A-Activity, B-Bath, C-Com-
mitment, D-Diet, E-Exercise, F-Family life) [28].

The data till the dischargeability criteria were recorded
in HIS by the staff in postoperative area. The blood sam-
ples drawn at HO, H4 and H24 were sent to the laboratory
for estimation of biomolecular markers, i.e., IL-6, TNF-a
and HS-CRP. The results were entered in HIS by the lab-
oratory technicians. Any deviation from pharmacological
protocol, need for additional perfusions, peroperative
complications, i.e., bilio-visceral injury, failure to dis-
charge within 24 h of surgery and rehospitalization within
3 weeks, were taken as a criteria for withdrawal from study
analysis.

Endpoint for the study

The impact of energized dissection, on the quantitative
levels of IL-6, TNF-o and HS-CRP at the defined time sta-
tions (HO, H4 and H24) and on their kinetic behavior in the
postoperative period till 24 h, was the primary endpoint.
The data from the HIS were exported to a Microsoft
Excel sheet for analysis by the external non-surgical
members and analyzed in terms of the two study groups.
The analysis was done using SPSS version 17 (Statistical
Package for Social Sciences). Qualitative data were com-
pared with Chi-square test and quantitative data with the
“Student’s ¢ test.” A p value of <0.05 was considered
significant. The methodology flow chart of the study is
shown in Fig. 1. After the analysis, the external coordina-
tors gave the code of group I and group II. The group I was
LC with ED, and group II was LC without ED, i.e., nED.

Results

The study with 102 consecutive consenting candidates was
conducted from January 2014 to December 2014. The
study population was randomized preoperatively (juxta-
preoperative) to be allocated to group I (n = 51) and group
II (n =51). In group I, one patient had peroperatively
detected BDI and one had prolonged hospitalization
beyond 24 h, followed by rehospitalization in third post-
operative week. She had biliary leak with peritonitis. These
two patients were thus withdrawn from data analysis. The
data were analyzed for the remaining 49 patients in group I

@ Springer
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Fig. 1 Methodology flow chart
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and 51 patients in group II. The patients in group I and
group II were well matched in terms of demographics
(except for the age, p = 0.04), body mass index (BMI),
socioeconomic class [29], clinical presentation, comor-
bidities, personal habits and PAC assessment grades
(Table 1). The proinflammatory cytokines have been
known to be related to the BMI and not the age of the
patients.

In these patients, there were no technical difficulties, any
need to deviate from the protocol, any peroperative com-
plication or need for conversion. The peroperative param-
eters, i.e., inflammation status, were also similar in the two
groups. Operative time was relatively shorter in group II
with a mean time of 24 min (19-30) versus 39 min (27-46)
in group L. This difference in the time in terms of ED and
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Group II (n=51)

nED is consistent with our earlier published results [24].
There was no difference in the time for recovery from GA.
However, the patients in group II had a significantly faster
fulfillment of discharge criteria both as per nursing and
surgical assessment. The peroperative and postoperative
parameters are given in Table 2. The two groups had sta-
tistically similar baseline levels of IL-6, TNF-o and HS-
CRP. All these biomarkers were raised in both the groups
at HO, H4 and H24 with respect to the baseline levels
(Table 3). The IL-6 rise was significantly higher in group I
and continued to rise even after H4 of surgery, while it was
significantly lower in group II at H4 and fell at H24. The
elevation in HS-CRP in the two groups was similar at H4
without any significant difference. The H4 to H24 rise in
the HS-CRP levels was significantly higher with energized
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Table 1 Baseline characteristics (n = 100)

Parameter Group I (ED)  Group I (nED)  p value
(n = 49) (n=51)
Age, mean (SD) 48.6 (12.8) 39.9 (11.9) 0.04
Gender, n (%)
Males 14 (28.6) 15 (29.4) 0.92
Females 35 (71.4) 36 (70.6)
BMI, mean (SD) 23 (3.5) 22.7 (2.7) 0.65
Socioeconomic class, n (%)
Upper class 9 (18.4) 11 (21.6) 0.20
Upper middle class 19 (38.8) 13 (25.5)
Lower middle class 13 (26.5) 23 (45.1)
Upper lower class 7 (14.3) 4 (7.8)
Lower class 1) 0 (0)
Presentation, n (%)
Acute 6 (12.2) 59.8) 0.69
Chronic 43 (87.8) 46 (90.2)
Comorbidities, n (%)
DM 10 (20.4) 4 (7.8) 0.07
Hypertension 4 (8.2) 7 (13.7) 0.37
Alcoholism 14 (28.6) 10 (9.6) 0.29
Smoking 6 (12.2) 8 (15.7) 0.62
Substance abuse 7 (14.7) 10 (19.6) 0.48
ASA grade, n (%)
I 32 (65.3) 33 (64.7) 0.61
1T 17 (34.7) 17 (33.3)
I 0 (0) 1(2)

dissection (group I). The HO to H4 behavior of TNF-a was
similar to the IL-6 response. The H4 to H24 behavior of
TNF-o was different in the two groups. In group I (ener-
gized dissection), TNF-a had a significant rise in levels,
while in the group II (without energized dissection) the
rising behavior of TNF-a had abated without any further
significant change. These kinetic patterns of progressive
cytokine response seen exclusively in group I (ED) and the
absence of such progression in group II (nED) with a stable

acute-phase reactant (HS-CRP) are shown in Fig. 2 and
Table 3.

Discussion

Laparoscopic surgery has captured the imagination of
community and profession in equal measure. Beginning
with application of LS to well-defined conditions, surgeons
are reporting successful application of LS to ever-increas-
ing spectrum of complex procedures. These advances have
been possible due to well matched and paralleled techno-
logical advances. Given the importance of unhindered
endovision and seamless surgical navigation, the surgical
energy-based technology is an indispensable part of LS
armamentarium. The concerns about the invisible collateral
damage from ED and our gap in the knowledge for its safe
application are well recognized. These concerns have been
articulated as a much needed bridge to overcome the per-
ceived gap in patient safety [3]. This “gap in patient
safety” has led to many structured bridge-building guide-
lines [4-6]. Apart from the knowledge gap and techno-
logical failure, the “man-machine interface” is also a
challenge [1]. LC is the commonest LS which is performed
at all hierarchical levels of healthcare facilities. It has
become an index for advances in LS as well as their
assessment [10—12]. Surgery has its attendant inflammatory
response that impacts the clinical outcomes as well as
PROs [12]. Avoidance of ED in LC avoids the many cited
complications of ED [2]. It has also been shown to be
associated with better PROs [12]. Realization and appre-
ciation of catastrophic ED-related issues [2], specific
implications in index adverse events such as CBD injury
[30], emphasis on bridging patient safety gap [3], devel-
opment of enhanced recovery “SMART” programs [31], in
this era of informed “informed consent” [32], have
necessitated judicious incorporation of surgical technolo-
gies in practice. Evaluation of innovations, with uncom-
mon but serious outcome differences with seemingly

Table 2 Peroperative and

postoperative parameters Parameter Slro_ll]f:‘- ;)(ED) ((;xlr(il;; {I) (nED) p value
(n = 100)
Inflammation status, n (%)
Empyema 2 (4.1) 2 (3.9 0.99
Mucocele 6 (12.2) 6 (11.8)
Operative time, mins (range) 39 (27-46) 24 (19-30) 0.00
Discharge criteria fulfilled, hours (range)
Anesthetic team 2 (2-2) 2 (2-2) 0.15
Surgical team 6 (5-7) 5 (4-5) 0.00
Nursing team 7 (6-8) 6 (5-6) 0.00
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Table 3 Biomolecular

inflammatory markers Biomolecular marker Time (hours) ((;Ilr(fz ;)(ED) Slrcilps il) (nED) p value
(n = 100) _ _
IL-6 (pg/ml) 0 3.37 (2.2, 5.6) 3.7 (2.2,64) 0.495
4 12.1 (8.5, 17.9) 9.4 (6.5, 12.3) 0.019
24 13.7 (9.6, 32.9) 6.6 (4.2,9.5) 0.000
TNF-a (pg/ml) 0 9.8 (6.5, 12.3) 8.3 (6.3, 11.8) 0.220
4 13.4 (10.8, 17.4) 9.2 (8.1, 11.2) 0.000
24 13.5 (10.6, 20.5) 10.7 (9.2, 13.2) 0.001
HS-CRP (mg/dl) 0 0.23 (0.12, 0.58) 0.26 (0.06, 0.80) 0.666
4 0.53 (0.25, 1.39) 0.36 (0.08, 0.79) 0.077
24 2.74 (1.65, 6.77) 1.26 (0.81, 2.08) 0.000
IL-6 (pg/ml) 507 TNF-a (pg/ml)
40 - 40 -
30 1
201 20 - H
; I 10 1 %
01 0 g

T T
Group | Group Il

Group (I/l1)

HS-CRP (mg/dl)

Group (/1)

Fig. 2 Trends of IL-6, TNF-o and HS-CRP at O (filled blue square), 4
(filled green square) and 24 h (filled yellow square) of surgery in the
two groups. There was a significant increase in all the three cytokine
levels from O to 4 h in both the groups (p values <0.001). From 4 to

similar but scientifically distinguishable interventions,
remains a surgical challenge [12]. The common-sensically
feared additional inflammation from invisible collateral
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Group (I/11)

24 h, all three molecules showed significant increase in group I
(p < 0.05), whereas in group II, IL-6 showed significant fall by 24 h
(p = 0.004), TNF-a showed no significant change (p = 0.063) and
HS-CRP continued to rise (p = 0.000) (Color figure online)

damage needs a measurable objective assessment. The
inflammatory response of invisible collateral insult has a
molecular footprint. Biomolecular inflammatory response
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Fig. 3 Pursuit of hypothesis
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as evinced by alterations in IL-6, TNF-a and HS-CRP is a
valuable metrics for visualizing such invisible collateral
inflammatory insult. These molecules have been accepted
as quantitative markers of intraperitoneal insult with an
intervention proportionate response [7-9]. Apart from their
rise being related to the extent of trauma, interventions to
moderate their response have been associated with
improved PROs [15, 33]. The published cytokine kinetics
have shown that these biomarkers have a precise and rapid
response to inflammatory stimulus, peaking in less than 6 h
and having a short half-life, e.g., <20 min for TNF-a [34,
35]. These biomarkers have been shown to be related to
intraperitoneal insult irrespective of nature of surgery and
have been found to be both, i.e., more sensitive and specific
than catecholamine and cortisol [36]. These cytokines have
pleiotropic adverse, quantitative as well as qualitative
effects such as cellular dysfunction, immune dysfunction,
cascading of acute-phase reactants (HS-CRP), sleep dis-
turbances, fatigue and memory consolidations and have
also been related to subsequent development of postoper-
ative complications [37-39]. In the present study, all the
three inflammatory biomarkers showed a significantly
pronounced rise in LS with energized dissection as com-
pared to LS without energized dissection (Table 3). The
additional bio-inflammatory response seen with ED seemed
to be worse, as indicated by a slower return of the

. Present Study

biomarker levels toward baseline in comparison with the
nED group (Table 3). Short half-life cytokines reflecting
acute surgical insult, i.e., [L-6 and TNF-a, were found to be
either falling or not rising significantly after 4 h in patients
undergone surgery without energized dissection. This
indicates that there was no continuing inflammatory stim-
ulus apart from the surgical trauma. For them to continue
rising after 4 h, some continuing inflammatory stimulus
would be required. Failure of continuing proinflammatory
cytokine response in the absence of energized dissection
indicates termination of the surgically induced inflamma-
tory cascade. The inflammatory stimulus required for
continuing cytokine response beyond 4 h was evident in
the presence of energized dissection. The continuing
proinflammatory cytokine response seen exclusively with
energized dissection indicates that termination of inflam-
mation cascade failed to happen in patients of LS with ED.
This substantiates that energized dissection negated the
natural ablation of inflammatory cascade after 4 h.

HS-CRP, an acute-phase reactant with a longer half-life
continued to rise in both the groups. However, the rise in
HS-CRP was significantly higher in patients having surgery
with energized dissection. The muted HS-CRP response
associated with avoidance of ED shows that the overall
postoperative systemic inflammatory response was signif-
icantly lower as compared to surgery with ED.

@ Springer
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This observation supports our hypothesis about the
additional inflammatory postoperative insult due to ener-
gized dissection as a stand-alone feature of ED. Given the
above-mentioned role of cytokine-induced pleiotropic
adverse effects on various PROs as well subsequent com-
plications, this study supports the earlier findings of better
PROs following after LS done without ED. This study
provides an objective support to potentially improved
surgical inflammation-related PROs and faster convales-
cence in the patients undergoing LC without energized
dissection as reported earlier [12]. This is the first study to
have evaluated the “stand-alone” biomolecular inflamma-
tory component of energized dissection in LS. The design
of the study is a practical model for evaluating newer
surgical energy devices and comparing different devices in
an objective manner. This study is a continuation of our
earlier work. Our earlier work provided with the needed
laparoscopic procedure which is conventionally done with
ED and could be done safely without ED. It also needed a
surgical team versatile in both techniques but outside of the
study participants. The staged pursuit of our current
hypothesis is shown in Fig. 3, providing further strength to
the study along with best possible blinding and random-
ization being done closest to the intervention and being
tele-communicated. We are conducting further studies to
see the objective quantitative association, if any, of the
biomolecular surgical inflammatory response, with the
PROs and overall postoperative convalescence in many
other surgical procedures.
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