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Abstract

Background: Laparoscopic Nissen Fundoplication has gained acceptance as the gold-standard for
treating gastroesophageal reflux disease. There is a desire for a true single-port laparoscopic Nissen
Fundoplication, but the liver retractor must first be replaced. In this article, we present a novel liver
retractor as well as a modified retraction technique that allows for single-port laparoscopic Nissen
Fundoplication to be performed.

Materials and Methods: A biocompatible two state Delrin 150 liver retractor with stainless steel
torsional springs was constructed for use in single port Nissen Fundoplication. The TLR150 liver
retractor can be converted between a deployment state for insertion through a 12 mm laparoscopic port
and a retraction state to retract the outer edges of the liver left lobe.

Results: The mean retraction height achieved with our liver retractor was 39.72 mm, with a standard
deviation of 2.35 mm (n=10). The liver retractor adequately exposed the gastroesophageal junction in
an ex-vivo anatomical model.

Conclusions: This retractor can be inserted through the 12 mm laparoscopic port, and in combination
with our modified procedure has shown potential for the retraction of the left lobe of the liver.

Background

With up to 50% of the population experiencing symptoms of gastroesophageal reflux disease
(GERD) at least once each month', developing successful treatment methods for the disease is an area
of intense interest. Currently, the most widely accepted treatment options include medical management
(often with proton pump inhibitors) as well as open or Laparoscopic Nissen Fundoplication (LNF).
Comparisons of the available treatment methods have revealed that LNF is more cost effective than
medical management” and carries a lower risk of complications than open surgery.”” These results,
along with surgeons’ positive perceptions of the procedure’ have solidified LNF as the gold-standard
for the treatment of GERD. %119

A traditional LNF requires as many as five individual incisions (Figure 1)''. However, the
reduced risk of complications associated with LNF compared to open surgery® has prompted attempts
to minimize the number of incisions used, and LNFs are now routinely performed using only two
incisions; one in the umbilicus where the primary port is placed, and a second located in the anterior
abdomen for the Nathanson liver retractor (Figure 2). Since the benefits associated with a reduction in
the incisions are significant, it is plausible that eliminating the incision for the Nathanson would
provide additional improvements to patient outcomes.

The idea of a single-port Nissen Fundoplication (SPNF) is not the first attempt to perform true
single-incision laparoscopic surgery. Various laparoscopic procedures have recently transitioned to the
single-incision technique, including: sleeve gastrectomy, colorectal resections, transvesical simple
prostatectomy and appendectomy.'>'*>'* In each of these cases, modifications to the surgical procedure
or novel surgical tools were required to facilitate the transition to a single-port technique. These cases
also bolster the argument that eliminating all unnecessary incisions is beneficial to patient outcomes.
To develop a suitable protocol for SPNF, the primary hurdle is retraction of the liver without using a
Nathanson liver retractor. This report documents our experience with the design and implementation of
a novel liver retractor and modified surgical technique that allows for a true single-port laparoscopic
Nissen Fundoplication.



Materials and Methods
TLR150 Design

True single incision laparoscopic upper GI surgery through the umbilicus requires a method for
retracting the left lobe of the liver without creating a separate incision. One such method involves
inserting a collapsible device through the 12 mm laparoscopic port that will open inside the abdominal
cavity to provide optimal surface area for liver retraction. The Delrin 150 trans-umbilical liver retractor
(TLR150) is a two state retractor, one state for retraction of the liver left lobe (Figure 3) and another
state for deployment through the 12 mm port (Figure 4). The TLR150 consists of three connected
segments: the crus arm (Supplemental Figure 1), abdominal arm (Supplemental Figure 2), and base rod
(Supplemental Figure 3). Each segment was constructed from polyacetal homopolymer, Delrin 150
rods (Professional Plastics, Fullerton, CA) of 11.1 mm diameter, stainless steel torsional springs
(Sparco, Millington, TN), and EPO-TEK 302-3M biocompatible epoxy (Epoxy Technology, Billerica,
MA) using a mill and lathe. Delrin has been used for heart valve occluders, total hip replacements, and
brain microelectrodes and does not systematically degrade from long-term exposure to biological fluids
and cyclic loading.'>'®!'” Thus, the designed retractor is biocompatible, but is meant for one-time use
due to the exposed hinge that could sequester biological fluid during sterilization processes.

Stainless steel torsional springs inserted inside a hollow cylinder (Supplemental Figure 4)
connect each arm to the base rod and serve as the hinges for arm rotation (Figure 5). The hollow
cylinders were constructed by drilling a 4.2 mm diameter hole in a Delrin rod, followed by turning
down the rod the outer diameter to produce a 0.65 mm thick hollow cylinder. The two hollow cylinders
were friction fit into holes drilled into each end of the base rod. The torsional spring has two legs, one
on each end, with one leg secured to one of the retractor arms and the other leg secured to the base rod.
Each hollow cylinder has a carved slot that allows one of the legs of a torsional spring to slide through
it. An additional slot of the same size was cut into each side of the base rod for securing the same
torsional spring leg. A 7 mm slot was carved into each arm rod in order to secure the opposite leg. The
angular rotation of the arms was restricted to the deployment and retraction configurations by a
restriction slot carved into the base rod and a peg (Supplemental Figure 5) connected to each arm and
fitted into the restriction slot (Figure 5). The peg was cut from an 11.1 mm diameter Delrin rod turned
down to 1.5 mm in diameter. Thus, the arm rotation requires the peg to be within the carved slot, which
is set between the straight deployment configuration and 45° or 135° depending on the arm. All edges
were filleted and the ends of each rod were rounded for ease of insertion through the 12 mm port and
minimization of internal tissue trauma. The step-wise procedure for combination of each part follows:

1. Insert hollow cylinders into friction fit holes drilled into each end of the base rod

2. Insert torsional springs through the aligned hollow cylinder slots, with one of the spring legs

sliding through the hollow cylinder and base rod slots

Insert restriction slot pegs into friction fit holes drilled into the arms

4. Fill slots for the torsional spring legs in the torsional arms and base rod with biocompatible
epoxy

5. Align arms with the torsional springs and hollow cylinders, align pegs with the restriction slots
carved in the base rod

6. Press the arms and base rod together, with the torsional spring legs in their respective arm slots
and the pegs in each restriction slot

7. Clamp the arms to the base rod at each hinge; cure the biocompatible epoxy at 65°C for 3 hours.

(98]

Deployment Procedure



For insertion into the abdominal cavity, a suture is first attached to the left crus of the
diaphragm, pulled back out the laparoscopic port, and threaded through the suture passage of the crus
arm followed by the suture passage of the abdominal arm. Next, each arm is turned in line with the
base rod into a straight conformation for insertion through the laparoscopic port, increasing the
torsional energy in the springs. Once inserted through the laparoscopic port, the torsional springs
release the stored energy by rotating the arms back to the original retracted configuration. To deploy
the retractor, the surgeon positions it under the liver and threads the suture through the abdominal wall.
Outside of the abdominal cavity, the suture is pulled until the left lobe of the liver is sufficiently
retracted, and the suture is clamped in place for the remainder of the surgery. Removal of the retractor
from the abdominal cavity is performed at the conclusion of the procedure through the incision of the
laparoscopic port after the port has been removed.

In order to validate that our retractor is able to provide sufficient retraction for SPNF to be
performed, we ran tests using an anatomically accurate liver model. The suture attachment points at the
left crus and abdominal wall were also modeled, and a retraction force was applied to the suture. The
distance between the superior surface of the stomach and the inferior surface of the liver was measured
using a digital caliper. The relative spatial distribution of the stomach, liver, left crus, and suture exit
point were approximated based on observation of the deployment procedure in a pig that was used for
medical student training of other surgical procedures, and not sacrificed for the purposes of this study.

Results

The results from the anatomical model testing of the TLR150 can be seen in Figure 6. The mean
retraction height achieved was 39.7 mm with a standard deviation of 2.35 mm (n=10). The retracted
and non-retracted positions of the LTR150 in the anatomical model can be seen in Figure 7 and 8§,
respectively. As indicated in Figure 8, the LTR150 sufficiently retracts the liver as indicated by the
exposure of the gastroesophageal junction.

Discussion

As surgical techniques continue to be developed with fewer incisions than their predecessors, it
is important to analyze both the additional benefits to patient outcome and the cost-effectiveness of the
technique in comparison to the current gold-standard for treatment. Without cost effectiveness studies,
it is easy to adopt new technologies that may not be providing additional benefits to the patients. This
point is exemplified by the fact that robot-assisted Nissen Fundoplication was found to have no
significant benefits over conventional LNF while adding an additional $1310 and requiring an
additional 47 minutes in surgery.'® In the case of LNF, cost effectiveness studies have previously
demonstrated the superiority of LNF over open surgery as well as medical management.”"°

Another benefit of SPNF over conventional LNF is the exclusive use of a transumbilical
incision for the operation. An incision through the umbilicus'®, which is composed of scar tissue,
reduces the risk of incisional morbidity. The insertion of the Nathanson liver retractor also carries an
elevated risk for trauma due to the location used for insertion. Trocars (or other instruments) in the
anterior abdomen may result in damage to the epigastric blood vessel, which runs on either side of the
midline."? Finally, SPNF improves the cosmetic outcome of the surgery, as the incisional scar is not
readily visible after healing has occurred. This would improve patient perceptions following the
surgery, as well as preserve self-confidence in younger individuals who receive SPNF.

Additional surgical techniques such as Natural Orifices Translumenal Endoscopic Surgery



(NOTES) have gained theoretical popularity as a method of reducing incisions. It is the perception of
surgeons that NOTES still carries too high a risk of severe complications to trump SPNF as the ideal
surgical technique.” Additionally, it is our opinion that the observed benefits of LNF over conventional
Nissen Fundoplication will be amplified through the use of SPNF.

While this report focuses on the use of a novel liver retractor to perform SPNF, it is conceivable
that the device and deployment/retraction technique could be applied to other surgeries that currently
involve an incision for insertion of the Nathanson liver retractor. LAP-BAND gastric banding
placement, transperitoneal nephrectromy, and giant hiatal hernia repair are some of the most common
operations that could benefit from the techniques outlined in this report.**'*?

As a testament to the interest in the developing of a technique that allows SPNFs to be
performed, we cite another research group who recently reported on The Istanbul Technique, a novel
method of retracting the liver for Nissen Fundoplication without using the Nathanson retractor." In this
report, the authors utilize a similar retraction technique, but replace our novel retractor with a Penrose
Drain. Additionally, the Istanbul Technique calls for attachment to the left triangular ligament of the
liver rather than the left crus of the diaphragm. Because of the obvious similarities between the Istanbul
Technique and the technique described in this report, their success serves as support and reaffirms our
retraction technique. In addition, we theorize that the compact, standardized design of our retractor will
help address the issue of additional operating time when performing a SPNF.

One major limitation of this study is the lack of in-vivo testing of the LTR150. Using the
anatomical model provides validation as a proof-of-concept, but lacks many of the variables associated
with performing a true SPNF. Future studies involving the LTR150 should focus on its use in a clinical
setting to conclusively validate the deployment procedure and retractor design. However, the similar
technique outlined in The Istanbul Technique partially reconciles this limitation, as it validates the
major concepts behind our technique.

Conclusions

In conclusion, the TLR150 can be successfully inserted and deployed through the 12 mm laparoscopic
port. The modified retraction technique developed for the TLR150 was shown to be capable of
adequately retracting the liver in an anatomical model. In the future, a retractor such as the TLR150
could be used to facilitate additional surgeries in the transition to single-port laparoscopic surgery.

Acknowledgements
We would like to acknowledge Ancil Philip for his intellectual contributions to our modified retraction
technique.

Author Disclosure Statement: No competing financial interests exist
References

1. Oelschlager BK, Quiroga E, Parra JD, et al. Long-Term Outcomes After Laparoscopic Antireflux
Surgery. American Journal of Gastroenterology. 2008:280-287.

2. Comay D, Adam V, Silveira EB, et al. The Stretta procedure versus proton pump inhibitors and
laparoscopic Nissen Fundoplication in the management of gastroesophageal reflux disease : A
cost-effectiveness analysis. Canadian Journal of Gastroenterology. 2008;22(6).

3. Broeders J, Bredenoord AJ, Rijnhart-de Jong H, et al. Ten-Year Outcome of Laparoscopic and
Conventional Nissen Fundoplication. Annals of Surgery. 2009;250(5):698-707.



4. Chrysos E, Tsiaoussis J, Athanasakis E, et al. Laparoscopic vs open approach for Nissen
Fundoplication. A comparative study. Surgical endoscopy. 2002;16(12):1679-84.

5. Volckmann ET, Hungness ES, Soper NJ, Swanstrom LL. Surgeon perceptions of Natural Orifice
Translumenal Endoscopic Surgery (NOTES). Journal of gastrointestinal surgery : official journal
of the Society for Surgery of the Alimentary Tract. 2009;13(8):1401-10.

6. Grant AM, Wileman SM, Ramsay CR, et al. Minimal access surgery compared with medical
management for chronic gastro-oesophageal reflux disease: UK collaborative randomised trial.
Bmj. 2008;337:a2664-a2664.

7. Epstein D, Bojke L, Sculpher MJ. Laparoscopic Fundoplication compared with medical management
for gastro-oesophageal reflux disease : Business. 2009:1-7.

8. Anvari M, Allen C. Five-year comprehensive outcomes evaluation in 181 patients after laparoscopic
Nissen Fundoplication. 2003;196(1):51-7; discussion 57-8; author reply 58-9.

9. Bojke L, Hornby E, Sculpher M, Trial R. A Comparison of the Cost Effectiveness of Pharmacotherapy
or Surgery ( Laparoscopic Fundoplication ) in the Treatment of GORD. PharmacoEconomics.
2007;25(10):829-841.

10. Balsara K, Shah C, Hussain M. Laparoscopic Fundoplication for gastro-esophageal reflux disease :
An 8 year experience. Journal of Minimal Access Surgery. 2008;4(4):99-103.

11. Jamieson GG, Britten-jones R, Mitchell PC, Anvari M. Laparoscopic Nissen Fundoplication. Annals
of Surgery. 1994;220(2):137-145.

12. Saber Aa, Meslemani AM, Davis R, Pimentel R. Safety zones for anterior abdominal wall entry
during laparoscopy: a CT scan mapping of epigastric vessels. Annals of surgery.
2004;239(2):182-5.

13. Hamzaoglu |, Karahasanoglu T, Aytac E, Karatas A, Baca B. Transumbilical Totally Laparoscopic
Single-Port Nissen Fundoplication: A New Method of Liver Retraction: The Istanbul Technique.
Journal of gastrointestinal surgery : official journal of the Society for Surgery of the Alimentary
Tract. 2010.

14. Desai MM, Aron M, Canes D, et al. Prostatectomy : Initial Clinical Report. Urology. 2008.

15. Chhatbar PY, von Kraus LM, Semework M, Francis JT. A bio-friendly and economical technique for
chronic implantation of multiple microelectrode arrays. Journal of neuroscience methods.
2010;188(2):187-94.

16. Brizzio ME, Zapolanski A, Pantazopoulos J, Mentakis M. Unexpected durability of a Bjork-Shiley
first-generation aortic valve after 40 years of implantation. The Journal of heart valve disease.
2010;19(1):149-51.

17. McKellop HA, Milligan HL, Réstlund T. Long-term biostability of polyacetal (Delrin) implants. The
Journal of heart valve disease. 1996;5 Suppl 2:5238-42. Available at:

18. Heemskerk J, van Gemert WG, Greve JW, Bouvy ND. Robot-assisted versus conventional
laparoscopic Nissen Fundoplication: a comparative retrospective study on costs and time
consumption. Surgical laparoscopy, endoscopy & percutaneous techniques. 2007;17(1):1-4.

19. Casciola L, Codacci-Pisanelli M, Ceccarelli G, et al. A modified umbilical incision for specimen
extraction after laparoscopic abdominal surgery. Surgical endoscopy. 2008;22(3):784-6.

20. Fielding GA, D M, Allen JW. A step-by-step guide to placement of the LAP-BAND adjustable gastric
banding system. Surgery. 2002;184:26-30.

21. Mahomed aa, Hoare C, Welsh F, Driver CP. A two-center experience with the exclusive use of
laparoscopic transperitoneal nephrectomy for benign renal disease in children. Surgical
endoscopy. 2007;21(9):1532-6.



22. Koh PS, Hoang CD, Dahlberg PS, Maddaus MA. Laparoscopic Giant Hiatal Hernia Repair.
Techniques. 2004;9(2):129-140.

Figure Legends

o

Figure I - Location of laparoscopic ports for Nissen Fundoplication. Large circles indicate 10 mm
ports, small circles indicate 5 mm ports. (Taken from Jamieson, et al.)

Figure 2 - Nathanson Liver Retractor used for two-port LNF. (Cook Medical Inc.)
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Figure 3 - Retraction configuration used to move the left lobe of the liver out of the surgeon's field of
view.



Figure 4 - Deployment configuration. Arms are rotated into linear pattern for insertion through the
laparoscopic port.

Figure 5 - Exploded Solidworks representation of each component of the retractor.

Retraction Height with TLR 150
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Figure 6 - Retraction height using TLR 150 as measured from superior face of stomach to inferior face



of liver in anatomical model.

Figure 7 - Non-retracted position of TLR150 in anatomical model.



Figure 8 - Retracted position of TLR150 in anatomical testing. Note the exposure of gastroesophageal
Jjunction.

j o

\ 426 w |
| [

L— R5.37

Supplementary Figure 1 - Crus arm four-view dimensioned drawing with precision to the hundreth of
the mm. Hidden lines are represented as dashes.



Supplementary Figure 2 - Abdominal arm four-view dimensioned drawing with precision to the
hundreth of a mm. Hidden lines are represented as dashes.
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Supplementary Figure 3 - Base rod four-view dimension drawing with precision to the hundreth of a
mm. Hidden lines represented as dashes.
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Supplementary Figure 4 - Hollow cylinder four-view dimensioned drawing with precision to the
hundreth of a mm. Torsional spring fits inside of cylinder with one leg passed through the cylinder's cut
slot.



0

A
AL

" $1.50 wy

i_n—ae

Supplementary Figure 5 - Guidance peg four-view dimension drawing with precision to the hundreth of
a mm. Peg fits inside of guidance channel carved into the base rod to guide arm rotation between the
deployment and retraction configurations.
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