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ABSTRACT

Background and Objectives: Laparoscopic appendec-
tomy remains one of the most common emergency gen-
eral surgical procedures in the United States. In an era of
increasing focus on costs in medical care, we sought to
evaluate the use of polymeric clips to secure the appen-
diceal base during laparoscopic appendectomy.

Methods: We performed a prospective cohort study of
patients undergoing laparoscopic appendectomy from
April 2013 through September 2014 at a single academic
teaching institution. Polymeric clips were used to secure
the appendiceal stump. Tissue dissection techniques and
control of the mesoappendix were the operating sur-
geon’s choice. Clinical outcomes are reported.

Results: A total of 25 patients (56% women; mean age, 41 y;
body mass index of 29 kg/m2) were enrolled in our study
and underwent laparoscopic appendectomy with polymeric
clips. One patient was unable to have polymeric clips placed
due to inflammation of the appendiceal base. There were no
major perioperative complications. One patient developed a
suture abscess in the umbilical incision, and another had
prolonged ileus with computed tomography demonstrating
persistent pelvic fluid that did not require intervention. Me-
dian length of stay was 1 d and mean length of follow-up
was 81 d. The use of polymeric clips contributed � $32 to
the overall operative cost.

Conclusions: Polymeric clips are a safe alternative for
securing the appendiceal base in laparoscopic appendec-

tomy. They offer significant cost savings without any ev-
idence of increased complications.

Key Words: Cost, Laparoscopic appendectomy, Poly-
meric clips, Safety, Value.

INTRODUCTION

Appendectomy for acute appendicitis is one of the most
common emergency general surgery procedures per-
formed in the United States.1 While novel nonoperative
treatments for acute appendicitis are emerging,2,3 the
mainstay of treatment for nonperforated appendicitis re-
mains laparoscopic removal of the appendix.

In the current healthcare environment, the cost of medical
care is under constant scrutiny. Methods to maximize the
value of care delivered are being explored. Identifying
methods to achieve the same outcomes at lower cost are
one important way to increase value. The choice of in-
struments used for any given surgical procedure has tra-
ditionally been left to the discretion of each individual
surgeon, within the confines of what instruments are
available at that particular hospital. The ability to reduce
costs in laparoscopic appendectomy has been demon-
strated by standardizing instrument trays.4 Introducing
less expensive instruments for achieving the same out-
comes is another method of reducing costs. The current
literature most commonly describes using either a suture
ligature device or an endoscopic stapler to transect the
appendix.

Our institution was interested in the use of polymeric clips
for securing the appendiceal base, which has been re-
ported in the literature outside of the United States.5–9

Polymeric clips are currently in use for numerous proce-
dures, but have not been reported in the United States for
use during appendectomy.

The purpose of this study was to examine the outcomes of
appendectomy performed with polymeric clips. We hy-
pothesized that the use of polymeric clips for ligation of
the appendiceal stump would be feasible and would not
lead to significant perioperative complications.
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MATERIALS AND METHODS

In this prospective study, we examined a cohort of pa-
tients who underwent laparoscopic appendectomy with
polymeric clips (Hem-o-lok, Weck Polymer Locking Liga-
tion System, Teleflex, Research Triangle Park, North Car-
olina, USA). This study was registered with the National
Institutes of Health (https://clinicaltrials.gov/ct2/show/
NCT01830387). The trial included patients 18 years old or
older who were scheduled for laparoscopic appendec-
tomy for a diagnosis of appendicitis. The diagnosis of
appendicitis was made by the consulting surgeon after
review of the patient’s history and imaging. All patients in
this study had undergone computer-assisted tomography
(CT) before surgical consultation.

Patients with a diagnosis of appendicitis and who were
scheduled for a laparoscopic appendectomy were ap-
proached by a member of the research team and were
prospectively asked to consent to participate in the study.
Patients were excluded if they were less than 18 years of age,
had signs of appendiceal rupture or abscess on preoperative
CT, or were unable to provide informed consent.

Three surgeons experienced in minimally invasive tech-
niques who routinely perform a variety of laparoscopic gen-
eral surgery procedures performed all of the appendectomy
procedures and were occasionally assisted by surgical train-
ees with various experience levels (residents and fellows).
Standard 3-port laparoscopic appendectomy techniques
were used, and all appendiceal bases were ligated with
polymeric clips. A clip applier placed through a 10-mm port
was used to apply the X-Large clips. Two clips were left on
the appendiceal stump, and a third clip was applied toward
the specimen side of the appendix before sharp scissor
division of the appendix. Tissue dissection and mesoappen-
dix ligation techniques were left up to the discretion of the
surgeon; bipolar vessel-sealing technology and monopolar
electrocautery dissection were the methods most commonly
used. The exposed appendiceal stump mucosa was fulgu-
rated with electrocautery (Figure 1).

Our primary outcome of interest was the incidence of major
surgical complications: appendiceal stump dehiscence, ab-
scess, and hemorrhage. Our secondary outcomes of interest
were other complications (pneumonia, urinary tract infec-
tion, myocardial infarction, pulmonary embolism, deep vein
thrombosis, and death) and length of stay (LOS). Data on
patient, operative, and hospitalization characteristics and on
postoperative follow-up were gathered from review of med-
ical records. LOS was determined by chart review and was
calculated from the date of surgical consult or date of admis-
sion until the date of discharge.

Patient characteristics included sex, age, white blood cell
(WBC) count before the operation, preoperative imaging,
smoking history, body mass index (BMI, kg/m2), American
Society of Anesthesiologists (ASA) Physical Status classifica-
tion, and final pathology. Operative characteristics included
stump closure technique, intraoperative complications, esti-
mated blood loss (EBL), and other concurrent procedures.
Hospital characteristics included total LOS, postoperative
LOS, and outpatient antibiotic regimen. Follow-up charac-
teristics included time to follow-up in surgical clinic, total
length of follow-up time in our healthcare system (in any
clinic), and all postoperative complications (presenting ei-
ther during hospitalization or after discharge).

This study was approved by the Institutional Review
Board of Duke University. All analyses were performed
using STATA (StataCorp, College Station, Texas, USA).

RESULTS

A total of 26 patients were enrolled in our study, and 25
underwent laparoscopic appendectomy with polymeric
clips. One patient was unable to have the clips placed
because of inflammation of the appendiceal base. The
maximum diameter of tissue that can be ligated by the XL
(largest size) clip is 16 mm, and acute tissue inflammation
resulting in appendiceal base diameter beyond 16 mm
precluded use of the clip in that patient.

The patients were 56% female with a mean age of 41 years
and average BMI of 29 kg/m2. Mean operative time was 45
min, and there were no perioperative complications. One
patient underwent CT on postoperative day 2 for abdom-
inal pain and ileus, which revealed a small amount of
persistent fluid in the pelvis. However, the patient did not
require drainage or other invasive interventions, and
symptoms resolved spontaneously. One patient presented
to the emergency department for evaluation of continued
abdominal pain several days after surgery, but no physi-
ological abnormalities were identified. One patient had
placement of an intraoperative drain due to radiologic
concerns over possible concurrent diverticulitis in the
descending colon. This patient’s clinical condition im-
proved after appendectomy, and the drain was removed
without incident. One patient had a localized suture ab-
scess of the umbilical incision. Mean length of stay was 1 d
and mean length of follow-up within our health system
was 81 d. Twelve percent of the patients did not come for
a follow-up appointment in our health system. Additional
patient-related and perioperative characteristics can be
found in Tables 1, 2, and 3. The polymeric clips contrib-
uted very little (�$32) to the overall operative cost.
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DISCUSSION

Laparoscopic appendectomy for acute appendicitis has been
shown to be a safe alternative to the standard open proce-
dure. Initial reports suggested that the laparoscopic ap-
proach offers shorter LOS and decreased incidence of
wound infection in exchange for higher operative cost and a
potential for increased incidence of intra-abdominal infec-
tion.10 However, more recent studies suggest that the com-
plication rates are now similar, and efforts are ongoing to
reduce costs.4,10,11 Furthermore, if operative cost differences
remain, this may be compensated for by shorter LOS and
quicker return to work for laparoscopic procedures.

In our institution, laparoscopic appendectomy is the most
common treatment for acute appendicitis, but a variety of
techniques have been used for transecting the appendix.
The use of endoscopic linear staplers to control the ap-
pendix base is the most common technique and has been
shown to be safe and effective.12,13 However, there is a
significant cost associated with this application; stapler
handles and loads usually cost several hundred dollars.
Institution-specific pricing schedules prevent detailed
comparison of stapler/load costs, but there is no ques-
tion that polymeric clips are much less expensive than
endoscopic staplers. Use of an Endoloop (Ethicon, LLC,

Figure 1. A, Placement of polymeric clip on appendiceal base. B, Scissor ligation of appendix after placement of 3 polymeric clips. C,
Electrosurgical fulguration of appendiceal stump mucosa with 2 polymeric clips secured. D, Inflamed appendix placed into specimen
bag for removal.
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Cincinnati, Ohio, USA) or similar suture ligature tech-
nique has been advocated as a less expensive option
that can be placed through a 5-mm port, which is
another proposed benefit.14,15 However, they can be
more difficult to apply, and this may be why their use
has been limited at our institution. Furthermore, En-
doloops are associated with increased operative time,
in comparison to polymeric clips and Endostaplers.8,16

Proficient use of Endoloop is part of the Fundamentals
of Laparoscopic Surgery (FLS) curriculum, and surgeons
who have completed this training should therefore feel
comfortable using this technique but may still take
more time to do so. We believe that the application of
polymeric clips represents a more basic skill and is a

readily applicable and cost-effective option for sur-
geons who may not have completed FLS training but
continue to perform basic laparoscopic procedures.

The polymeric clip offers significant cost savings when
compared to endoscopic staplers, and provides a simpler
application when compared to suture ligature techniques.
Recently, several international studies have demonstrated
the effective use of a polymeric clip for transecting the
appendix.5–9 Polymeric clips are made of nonconductive,
inert, nonabsorbable material and are capable of securing
vessels and tissue bundles up to 16 mm in thickness. The
clips have a hinged locking mechanism, as well as inte-
grated teeth, which prevent slippage. Because it is non-
metallic, it is safe to use electrocautery near the clip
without risk of transmitting current. The only known con-
traindications to use of polymeric clips are severe inflam-
mation with associated poor tissue quality, and tissue
diameter larger than can be encompassed by the clip.
Sound surgical judgment should determine applicability
of polymeric clip ligation of acutely inflamed tissue, and in
one of our cases, an intraoperative decision was made to
avoid clip ligation of an acutely inflamed appendiceal
base with a diameter approaching the maximum size of 16
mm. Of note, all other published studies to date examin-
ing the use of polymeric clips to secure the appendiceal
stump have demonstrated it to be safe and cost-effective
(Table 4).

Polymeric clips are routinely used during laparoscopic
cholecystectomy for clipping the cystic duct and artery,
during laparoscopic urologic procedures for control of
vessels and ureters, and in numerous other gynecologic
and general surgery procedures. Based on our clinical
experience and the positive international reports in the

Table 1.
Postoperative Characteristics of Patients Undergoing

Laparoscopic Appendectomy With a Polymeric Clip Used to
Secure the Appendiceal Stump

Patient Preoperative Characteristics
Distribution
(mean, SD) or %

Sex

Female 56

Mean age, years (SD) 41 (18)

Mean BMI, kg/m2 (SD) 29.2 (6.6)

Preoperative smoking status, %

Nonsmoker 75

Smoker 21

Unknown 4

ASA status, n

1 (E) 7 (1)

2 (E) 15 (4)

3 (E) 3 (1)

WBC, preoperative mean (SD) 14.0 (4.1)

Additional CT scan findings, n

Adjacent terminal ileum appears
inflamed

2

Suspicion of early diverticulitis of
descending colon

1

None 12

N � 25 patients. Other incidental CT findings included nephro-
lithiasis/large staghorn calculus, ovarian cyst/dominant follicle,
cholelithiasis, focal diverticulitis of the descending colon, con-
stipation, atherosclerosis, medical duodenal diverticulum, sus-
pected hepatic cyst, small hiatal hernia, colonic diverticulosis,
hepatic steatosis, bilateral renal cysts, intrauterine device, bor-
derline retroperitoneal and mesenteric adenopathy, small right
inguinal hernia containing fat only, mild elevation right hemidi-
aphragm, mild biliary dilatation. E, emergent.

Table 2.
Postoperative Characteristics of Patients Undergoing

Laparoscopic Appendectomy Using Polymeric Clip to Secure
the Appendiceal Stump

Intraoperative Characteristics
Distribution
(mean, SD) or %

Intraoperative complications 0

Mean estimated blood loss, mL (SD) 12.5 (5)

Other concurrent procedures, %

None 84

Umbilical hernia repair 12

Drain for diverticulitis 4

N � 25 patients.
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literature, we conducted the first prospective clinical se-
ries using polymeric clips in the United States. We were
particularly interested in expanding their use to appen-
dectomies while maintaining our established, safe surgical
outcomes profile and capturing potential cost savings.

Complications

There were no major perioperative complications in this
study. The single minor complication we encountered
was associated with a superficial suture abscess, which
developed at the umbilical incision site. This stitch abscess
was easily managed with suture removal and outpatient
wound care. One patient (4%) experienced postoperative
pain and prolonged ileus caused by persistent pelvic fluid
observed on CT scan. However, given the prompt and
spontaneous resolution of this complication without any
invasive intervention, we did not classify this event as

significant. Of note, the reported rate of postoperative
intra-abdominal abscess in the literature ranges from 1 to
24%.11,20,21

Clip migration is the most commonly reported complica-
tion of polymeric clips in the literature, although it has not
been reported after laparoscopic appendectomy.17–19 It
has been reported to happen as soon as 5 weeks after
radical prostatectomy and as long as 8 months after a
laparoscopic cholecystectomy. Other theoretical compli-
cations related specifically to this technique include
chronic pain, granulomas, or foreign body reaction due to
the nonabsorbable nature of the clips.6 We did not en-
counter any such complications or problems with the
clips. Given that the mean length of follow-up in our
health system was almost 3 months, we feel that we would
have been aware of any occurrences of early migration.
Although it is possible that later migrations may yet occur,
this complication remains extremely rare overall.

Cost

We believe that the polymeric clips provided a significant
cost savings without compromising patient safety outcomes.
At our institution and in other studies,5,6,8 polymeric clips are
less expensive than either an Endoloop or endoscopic linear
stapler. Polymeric clips contributed approximately $32 to the
operative cost. In contrast, a stapler plus just one staple load
would contribute several hundred dollars to the operative
cost. Of note, we used the polymeric clips, not only for
control of the appendix, but also for ligation and control of
the mesoappendix in most cases. This application resulted in
greater cost savings since a vessel sealing bipolar device or
ultrasonic dissection device would contribute even greater
additional costs to the operation.

Our average operative time was 45 min with only 1 case
where the clip could not be applied because of significant
appendiceal tissue inflammation. Our study demonstrates
surgical feasibility and safety.

Study Limitations

A major limitation of our study was the relatively small
sample size. In fact, we had initially estimated a sample
size of 40 patients to be recruited prospectively over a
1-year period. However, we did not anticipate the diffi-
culty in obtaining investigational research consent in
acutely ill patients presenting with abdominal pain and
appendicitis. Given their acute pain as well as their stress
and anxiety in anticipation of unexpected impending sur-
gery, we found them often unwilling to engage in a
discussion regarding participation in a research study. We

Table 3.
Postoperative Characteristics of Patients Undergoing

Laparoscopic Appendectomy With Polymeric Clip to Secure
the Appendiceal Stump

Postoperative Characteristics
Distribution
(mean, SD) or %

Outpatient antibiotic regimen, %

None 64

Outpatient antibiotics prescribed 28

Unknown 8

Complications, %

None 88

Pelvic fluid collection 4

Suture abscess at umbilicus 4

Presentation to ED for pain (no
pathology)

4

Mean total hospital LOS, days (SD) 2.4 (1)

Postoperative LOS, days

Median 1

Minimum 0

Maximum 6

IQR 2

Mean time to follow-up in surgical clinic,
days (SD)

19.6 (12)

No follow-up in surgical clinic, % 36

Mean length of follow-up, days (SD) 80.7 (88)

No f/u in our system, % 12

N � 25 patients.
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extended the initial study period beyond 12 months, and
approached a larger number of patients than expected.
However, we were able to obtain consent from only 26
patients and closed our recruitment at 18 months. Another
limitation is that 3 patients did not have follow-up in our
system after discharge. In addition, the mean follow-up was
81 d, meaning that we could have missed some longer term
complications. However long-term complications are rare after
an appendectomy, and prolonged follow-up would have
placed an undue burden on the patients.

CONCLUSION

In this prospective study of the use of polymeric clips in
laparoscopic appendectomy, our findings support previous
international conclusions that polymeric clips are safe, effi-
cient, and effective for securing the appendiceal stump. Al-
though the absolute value of cost savings varies by specific
health system and individual pricing contracts, we confirmed

that polymeric clips offer the ability to secure the appen-
diceal stump at a reduced cost, without increasing operative
time or overall length of stay. Thus, we believe polymeric
clips can provide increased value of healthcare to patients
undergoing laparoscopic appendectomy.
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