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ABSTRACT

Background: The fast-track program of laparoscopic cholecystectomy has proven its efficacy in
elective surgery and could hypothetically improve outcomes in acute settings.

Materials and Methods: The fast-track protocol included minimizing drain use; local
anesthesia; low-pressure pneumoperitoneum; early mobilization and oral diet. The primary
outcome was postoperative pain, length of stay (pLOS), and the total cost. ZnO-Agar
nanocomposite was synthesized by a microwave method.

Results: Modified protocol reduced median pLOS to 0.9 days vs 1.6 days in the controls
(p<0.001). Ninety-five (86%) of fast-track patients were discharged within 6h (p<0.001)
after surgery; 0 readmissions were reported. Postoperative pain intensity assessed on the
visual analog scale was significantly lower in the fast-track group (p<0.0001). The severity
of shoulder and neck pain was lower but its incidence was similar. Peristalsis recovery was
achieved earlier in the study group. Patient satisfaction and total cost were better in the study
group. ZnO-Agar nanocomposite (ZOA NC) possesses antimicrobial activity and enhances
wound healing.

Conclusion: The fast-track program for laparoscopic cholecystectomy has advantages over
the traditional approach.

Key words: cholecystectomy, total hospital stay, fast-track protocol, perioperative, ZnO-Agar
nanocomposite

INTRODUCTION

Over the past ten years, fast-track strategies have become more common
and contributed to the advancement of postoperative treatment strategies (1).
Research has shown that a multidisciplinary approach to surgical patient care
that emphasizes early nutrition and ambulation can faster recovery, help with
early hospital discharge, limit the use of opioid painkillers, and vigorously
prevent postoperative nausea and vomiting (PONV) while maintaining patient
safety (2).

Multimodal therapy paths aimed at preserving preoperative organ function
and lowering the intensity of the stress reaction during surgery in order to
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promote rapid recovery following surgery (3). Fast-track
protocols' essential components include preoperative
counselling, food optimization, comprehensive anal-
gesic and anesthetic regimens, and early mobilization.
Despite the overwhelming evidence that Fast-track pro-
tocol operations improve outcomes, they go against
accepted surgical practice and are therefore difficult to
implement (4).

In the 1980s, the approach to laparoscopic cholecys-
tectomy was initially used, decisively replacing the open
technique in the accepted method. The laparoscopic
approach requires fewer incisions and causes less pain
after surgery. Numerous studies comparing the same-
day discharge (SDD) against the overnight hospital stay
(OHS) after LC have found no differences in death,
adverse events, or readmission rates (5).

The history of the use of zinc as a biologically active
mineral goes back to ancient times. Zinc ointment was
used for skin diseases and to accelerate wound healing
in ancient Egypt 5000 years ago (6). Zinc is an important
element for the functioning of a wide range of physio-
logical functions of living organisms (7). Zinc participates
in carbohydrate metabolism through a zinc-containing
hormone—insulin, and is also necessary for the absorp-
tion of vitamin A. Zinc also has anti-inflammatory
properties (8-10).

MATERIALS AND METHODS

Fabrication of ZnO-Agar nanocomposite
(ZOA NC)

ZnO—-Agar nanocomposite was synthesized by a
microwave method according to Blinov et al. About 1.0
g of the purified Agar was dissolved in 100 ml of distilled
water at 952C under magnetic stirring. After complete
dissolution, 100 ml of 0.1 M ZnCl2 solution was added
in to the Agar solution drop wise. 0.1 M NaOH was
prepared and added with stirring to zinc chloride agar
mixture solution to the set pH of 10. The mixture was
kept in a domestic microwave oven at 170 W for 25
minutes. The reaction was carried at 3 minutes interval.
After the reaction a milky white composite was
obtained which indicates the formation of ZnO
nanoparticles. The composite was washed with distilled
water repeatedly in order to remove the excess agar.
The obtained sample was dried at 802C in an Oven (11).

Characterization of ZOA nanocomposite

Fourier transform infrared (FT-IR) analysis was
performed using a Perkin Elmer spectrophotometer.

Surgery, Gastroenterology and Oncology, 29 (3), 2024

X-ray powder diffraction (XRD) datas were collected using
an X -ray diffractometer (Bruker, AXS) with Cu-Ka
radiation (0.15406 nm). The surface morphologies of the
particles were observed by a field-emission scanning
electron microscope (SEM) (JEOL, JSM - 6700F).

Clinical study

This study was a prospective randomized controlled
trial including 220 patients candidate for laparoscopic
cholecystectomy due to diseased gallbladder, the
indication of cholecystectomy was based on review of
clinical and imaging reports were identified. Those
patients were subjected to laparoscopic cholecystectomy
at Theodor Bilhariz Research Institute Hospital between
2021 and 2023. Patients were randomized into two
groups (Group A: Patients received FT perioperative care
& Group B: Patients received traditional perioperative
care) each group consisit of 110 patients (table 1).

A sealed opaque envelope (according to the
computer generated random sequence) will be used to
determine the appropriate program of care. All laparos-
copic surgeries will be performed by experienced biliary
surgeons.

All gallbladder specimens were sent to pathology
consultant for histopathological evaluation to confirm
diagnosis of calcular cholecystitis and excluded
malignancy.

Inclusion criteria included

e Age 18-75 years old.

¢ Diagnosis of acute cholecystitis defined by the
presence of at least 2 of the following:

e Abdominal pain in upper right quadrant,

e Murphy's sign.

¢ Leukocytosis >10 x 10°/ul.

e Oral temperature < 36.5°C or > 38°C.

e Cholelithiasis (stones/sludge).

e Ultrasound signs of cholecystitis.

e Expected to require at least an overnight hospital
admission after surgery; and

e Provide written informed consent to participate
in FAST.

Exclusion criteria included

e Patients requiring emergent surgery or emergent
interventions for another reason.

e Patients whose therapeutic anticoagulation is not
reversible.

e Patients with a history of heparin-induced
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Table 1 - Comparison of Fast-track and conventional protocols for laparoscopic cholecystectomy

Period

Fast track protocol

Conventional protocol

Preoperative period

Complete information about the protocol was given and consent taken

Minimal Starvation period (8 h for solids and 6 h for liquids).

100 g oral carbohydrate drink was given to the patient to be consumed

along with other clear liquids up to 6 h before surgery

IV antibiotic prophylaxis was administered to all patients 30 min before surgery

No use of abdominal drains (fig. 7), urinary catheters and nasogastric decompression
Strictly avoiding overhydration

Overnight starvation was followed

(10 h for solids as well as liquids).

No oral carbohydrate drink was given

IV antibiotic prophylaxis was administered
to all patients 30 min before surgery

Operative period

Low-pressure (8-9 mmHg) pneumoperitoneum was established to reduce the
incidence of shoulder and neck pain

Additional local anesthesia: intraoperative preemptive intraperitoneal and preperitoneal
local anesthesia could relieve no external sutures. Postoperative pain and benefit

Routine use of abdominal drains, urinary
catheters and nasogastric decompression
Liberal hydration

Standard-pressure (12-14 mmHg)

recovery by attenuating stress response.

pneumoperitoneum
No intraabdominal anesthesia was
performed.

Postoperative period
6 h after surgery
The patients were advanced to their regular diet.
No postoperative IV fluids
Postoperative oral antibiotics

Early mobilization and liquid intake (2 h after surgery) were encouraged;

No enforced mobilization

Enteral nutrition was given once bowel
motility restored

Removal of all drains, catheters, and tubes
done when markers of bowel motility were
observed

The patients received IV fluids and antibiotics.

thrombocytopenia and current use of warfarin
with an INR >1.5.
e Pregnant patients.

Investigation of healing ability of ZnO-Agar
nanocomposite

An experiment was carried out on patients to study
the effect of an Agar nanocomposite based on ZnO NPs
for the healing process of wounds, where the composite
was added for the duration of the experiment ten days.

RESULTS

Characterization of ZnO-Agar
nanocomposite gel

The micrograph of nanoscale ZnO-Agar NC was
studied by SEM as shown in fig. 1. The SEM images
showed that nanocomposite consists of irregularly

Figure 1 - SEM images of zinc
oxide-agar nanocomposite
at different magnifications.
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lamellar-shaped aggregates with average size 165
nm. Fig. 2 shows the XRD pattern of the ZnO-Agar
NC. There are mainly three characteristic peaks
between 30 and 40 degrees for the pure ZnO NPs
due to the high degree of crystallinity. These peaks
are still represented in the spectrum of the ZnO-Agar
NC, which indicates the stability crystallization of the
nanocomposite. As a result of the analysis of IR
spectra fig. 3, it was found that in the spectra of ZnO-
Agar NC in the range from 1350 to 1450 cm™, there
is a significant drop in the intensity of the bands
characterizing the deformation vibrations of the
ionized charged group—OH. Thus, it was established
that the interaction of ZnO NPs occurs through the
charged hydroxyl group of agar (11).

Clinical study

During the study period, November 4, 2021 through
April 5, 2023, 220 laparoscopic cholecystectomies were
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Figure 2 - The XRD pattern
of a) Zn0 nanoparticles,
b) Zn0-Agar nanocomposite.
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performed in Theodor Bilhariz Research Institute
Hospital. Fast-track perioperative care group (Group A)
was compared with traditional perioperative care
group (Group B) (tables 2-5).

DISCUSSION

Day surgical management for elective LC became
popular in the 1990s and was taken into account for
outpatient postoperative recovery (12). According to
Calland et al., same-day discharges increased from 21
to 72% after establishing a clinical pathway for laparos-
copic cholecystectomy, and the overall cost of
treatment decreased by 17.5% without affecting
patient satisfaction or safety (13).

Additionally, Cash et al. found that an LC outpatient
regimen enhanced the rate of outpatient management
with no increase in morbidity or mortality (14). Greater
same-day discharge rates with low complication rates
and high patient satisfaction can be achieved by cost-
effective practices, increased patient education, and
initiatives to remove common postoperative difficulties
(such as nausea and discomfort) (13,15,16).

The predicted admission and readmission rates for
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Figure 3 - FTIR spectra of a) Zn0 nanoparticles, b) Agar,
and ¢) ZnO@Agar nanocomposite.

an outpatient LC are 10% and 5%, respectively (17), with
the majority of patients successfully released within 6 to
8 hours of postoperative surveillance (18,19). The acute

Table 2 - Comparison between

both groups according Age (Mean +SD) ?\Irflﬂ;\ G{ﬁ:q: P value
to the demographic data — -
S 3620£238 4300e291 0078 .
Sex Male 29 (20%) 18 (16.3%) 0374
e Female 88(80%) . N@7%)
BMI (Mean +SD) 33.8+6.41 31.6+4.34 0.911
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Table 3 - Comparison between Group A Group B P value
both groups according N=110 N=110
to preoperative variables Symptom Pain in Rt. Hypochondrium 98 (89%) 88 (80%) 0.266
_fatydyspepsia 12(109%) . 22(0%) .
History of biliary colics L100(008%) R(836%) 056
History of acute attack o 15(186%) o 9(M%) 034
History of obstructive jaundice ~ 5(4.5%) 3(27%) 043
Number of stones Single 33 (30%) 18 (16.3%) 0.1110
Multiple 77 (70%) 92 (83.6%)
Table 4 - Comparison between Item Group A Group B P value
both groups according N=110 N=110
o postoperative outcomes Length of hospital stay (LOS), days (Mean+SD) 09054 16:104 <0.001
Time to mobilization, h (Mean+8D)) | 390£29 74046 - <0.001
Time to the beginning of oral diet h (Mean £ D) 915:615 134734 <0001
Fistfatus, h (MeanSD) 2525163 2854el72 0309
Postoperative ileus,n ~~~ ° ] 2 0.952
Port site infecion,n ...~ g ___________________________ f‘r ____________________ (_) _._7_[_5?;_ -
Cost, pounds (Mean + SD) 7500+ 1950 1050+ 2350 <0.001
ltem Group A Group B
N=110 N=110 P value
VAS, Cm 0 hour 2.87 £2.12 489+2.78 <0.001
2 hour 2.33+£2.02 419 +2.08
6 hour 1.95+1.92 379+1.94
12 hour 1.73£1.62 359+1.74
2Ahour ] 149112 319165
Analgesia score First day 2.5 35 <0.01
Second day 2.1 2.9
Table 5 - Comparison between Thlrdday ----------------------- 145 ----------------------- 185 --------------------------
both groups according Satisfaction score 807£150 665+164 <00t
to postoperative pain Shoulder pain, VAS, Cm 2.87+048 531212 < 0.001

care setting is always looking for ways to cut down on
LOS while still providing excellent care and a high level
of patient satisfaction. Nursing care is the main focus of
a fast-track protocol. Using protocol milestones, nurses
may manage the postoperative experience at a steady
pace. According to earlier research, a fast-track program
reduces the quantity of nursing care needed for each
patient (20). Additionally, informed patients heal
more quickly, experience less pain after surgery, and
experience less anxiety (21).

In light of this, the "Fast-Track" protocol's founda-
tion starts with the initial patient consultation, continues
in the operating room, and is dependent on pain
management and nursing care during postoperative
recovery. Our research shows that a fast-track approach
for large volume, fairly predictable surgical operations
can save hospital costs without sacrificing patient care.
As anticipated, there was little difference in the demo-

232

graphics, satisfaction, complication, and readmission
rates of patients who underwent urgent laparoscopic
cholecystectomies between the historical (PRE) and
post implementation cohorts (POST), and there was a
tendency towards shorter lengths of stay (LOS)
between the protocol-compliant cohorts and the
historical cohorts. It would seem that the implementa-
tion of a protocol resulted in a shift in attitude towards
earlier discharge, regardless of whether patients were
actually put on the program.

When patients were able to follow the procedure,
the LOS was cut by one day without a rise in complica-
tions, readmissions, or a drop in patient satisfaction
ratings. Reduced inpatient stays are expected to result
in cost and staffing savings. There was a sizable
decrease in both LOS and hospital costs when
comparing those in the FT cohort with those in the NFT
cohort. Over one day of LOS was drastically cut, and
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Figure 4 - Photos of wounds after
surgery a) no abdominal drains .

or external sutures; b) wounds after : o b
3 days, and c) wounds after 3 months
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hospital bills were on average lowered by 3500 pounds.
Patients thus did not even need to finish the FT
procedure in order to save money. Whether or whether
patients were actually put on the procedure, it would
seem that the introduction of the program caused a
shift in thinking towards early discharge.

Even though 3500 pounds may seem like a modest
amount, when multiplied by the anticipated number of
cholecystectomy patients who are admitted each
year, the savings to the healthcare system might total
millions.

The postoperative experience was standardized by
this regimen, which also addressed the problems like
pain and nausea that regularly caused our patient
population's LOS to increase. Implementing multimodal
analgesia in the operating room, post-anesthesia care
unit, or as soon as the patient is admitted to the in
patient care floor following surgery is where the
pathway starts. For the prevention and treatment of
postoperative laparoscopic discomfort, multimodal
analgesia is advised (22). Postoperative pain can be
effectively managed by using incisional local
anaesthetics, NSAIDs, dexamethasone, elimination of
residual carbon dioxide, and postoperative opioids (23).

The literature review reveals that these modalities
lessen discomfort and enable earlier discharge,
allowing for the management of more patients as
outpatients (24,25). All patients participating in the fast-
track procedure received acetaminophen and ibuprofen
/ketorolac unless contraindicated. On being transferred
out of the post-anesthesia care unit, oral painkillers were
started. The factors affecting preoperative LOS were
not addressed, although this may call for future
research. To prevent overeating after surgery and to
lessen postoperative nausea and vomiting, the diet was
limited to simply liquids with toast or crackers. With a
30% frequency, postoperative nausea and vomiting are
the most frequent side effects that patients experience
after surgery under general anaesthesia (26). However,
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after LC, the incidence of postoperative nausea and
vomiting is higher, ranging from 46 to 75% (27,28).
These symptoms may be a result of general anaesthetics
and opioids delaying the gastric emptying process.

Six hours following the end of the procedure was
the target completion time for the rapid tract protocol.
Four hours on the inpatient unit were allotted in the
timeline and milestone documentation. As a result,
nursing care was provided much more quickly than
usual. The nurses had to change their focus due to the
policy. Our study demonstrates that laparoscopic
cholecystectomy patients can be successfully handled
using an FT procedure and obtains noticeably shorter
LOS, comparable results, high patient satisfaction with
their care, and decreased hospital expenses. A fast-
track protocol's success appears to be directly related to
multimodal pain treatment. Other patients and
procedures handled by the ACS service that potentially
profit from a fast-track protocol should be identified
and evaluated in further research.

The using of Zn-Agar nanocomposite was helping
for accelerating healing, where the wounds healed
after ranging from 5 to 8 days only, where they have
antimicrobial activity and anti-inflammatory effects
that allow for fast healing of wounds (fig. 4) (8 -11).

CONCLUSION

In addition to optimizing patient functional reha-
bilitation and quality of life, the fast-track route for
electives experiencing laparoscopic cholecystectomy
is healthy. As a result, mean postoperative hospitali-
zation and complete hospital stay with lower
complications and little chance of rehabilitation have
declined significantly. The average rate of healing
of wounds is higher than the control group. An
experimental study of a gel of ZnO NPs modified with
agar has shown the effectiveness of its use in the
healing of skin wounds.
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