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CLINICAL PAPERS
Free and  Pedicled  Appendix  Transfer for
Various Reconstructive  Procedures
Shih-Heng Chen, MD,* Eng Kean Yeong, MD,*Þ Yueh-Bih Tang, MD, PhD,*Þ
and Hung-Chi Chen, MD, MHA, FACSÞ
Introduction: The appendix has a constant vascular anatomy and provides a small lumen that always maintains its patency because of mucosal secretion and motility; thus, it serves as an ideal conduit structurally. The appendix has been used in urologic surgeries as a pedicled flap and as a free flap in isolated case reports for the reconstruction of the urethra. However, this study proposes more extended applications of the appendix in different kinds of reconstruction. Methods: From 2002 to 2011, 11 patients were included in this study retro- spectively. Of these cases, 8 were transferred as free flaps, whereas the other 3 were pedicle flaps. Among the 8 free appendix transfers (Fig. 1A and B), 5 of them were used for voice reconstruction by creating a tracheoesophageal fistula; the other 3 were transferred to reconstruct the male  urethra. Among the 3 pedicled appendix transfer, 2 were used for reconstruction of cervix and vagina, whereas the other was  used for reconstruction of esophagus and voice tube simultaneously after ablation of cancers in the hypopharynx and esophagus. Results:  All cases showed successful results  not only structurally but also functionally. As for voice reconstruction, the appendix serves as an autologous fistula between the trachea and the esophagus with minimal complications and no aspirations. The intelligibility and loudness were fair to excellent, whereas fluency required persistent training and practice.
For patients who underwent urethral reconstruction, their micturition was smooth with ease postoperatively.  Two  of the patients also received penile reconstruction with fibula osteocutaneous flap simultaneously during the urethral reconstruction.
As for reconstruction of cervix and vagina, pedicled appendix-cecum- colon-complex is a great option offering long-term patency with an expand- able diameter up to 2.5 cm.
Conclusions: Appendix has a reliable vascularity and a unique structure for reconstruction of conduit-like organs, and combining its adjacent bowel seg- ments, including ileum,  cecum, and colon, during tissue transfer not only increases  its length but provides more applications and possibilities  for re- construction of different parts of the body. Removal of the appendix carries minimal morbidity. Our study proved the applicability and reliability of free and pedicled appendix transfer.
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(Ann Plast Surg 2012;69: 602Y606)
he appendix provides a small lumen with mucosal secretion and motility; thus, it may prevent obstruction when used as a conduit with both ends open although the lumen is small. The appendix is
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supplied by the appendiceal vessels or the ileocolic vessels;  both have constant vascular anatomy and can be dissected  safely under loupes or operating microscopes. The appendix has been used in the past as a pedicled flap in urologic surgery1,2   and as a free flap in iso- lated case reports3,4   for the reconstruction of the urethra. However, it is also useful in many other fields of reconstruction because of its unique anatomical and structural features as well as its reliable vas- cular supply. The purpose of our study is to elucidate the  various potential  indications for  free  appendix  transfer,  including  voice, urethral, and vaginal reconstruction, respectively.
PATIENTS AND METHODS
There were 11 patients included in our study from  2002 to
2011, and 8 of them underwent free appendix transfer, whereas the other  3  underwent  pedicled  appendix  transfer.  All  the  patients
received computed tomography preoperatively for evaluation of their appendices and blood supply.
Among the 8 free appendix transfers (Fig. 1), 5 of them were used for voice reconstruction by creating a tracheoesophageal fistula
with microvascular transfer; the other 3 were harvested as  ileum- cecum-appendix-complex to reconstruct the male urethra.
Among the 3 pedicled appendix transfer, 2 were harvested as
appendix-cecum-colon  complex  for  reconstruction of  cervix  and vagina, whereas the other was harvested as ileum-appendix-cecum- colon complex for reconstruction of esophagus and voice tube after
ablation of cancers in the hypopharynx and esophagus.
Harvest of the Appendix
Among the 8 free appendix transfers, 3 of them  underwent McBurney incision for harvest. In the other 5 patients, midline lapar- otomy was used. The mean incision length was 7.0 cm. Among the 8 free appendix transfers, 3 of them used the appendiceal artery and vein, and 5 of them used the ileocolic artery and vein as the vascular pedicle.
Surgical details of harvest of free appendix are as  follows: identify the appendix first, then dissect its  mesentery under light transillumination; trace either the appendiceal artery or the ileocolic artery under loupes or  operating microscope carefully. A patch of
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FIGURE 1.  The appendix flap was harvested and was based  on the appendiceal artery and  vein.
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FIGURE 2.  The free appendix was used to create an autologous fistula between the trachea and  the esophagus.

cecal wall should be included in harvesting the appendix for voice reconstruction. In other situations, the neighboring tissue harvested depends on the defect of the patient. One point of importance is the preservation of good blood supply to the ascending colon and term- inal ileum, which are still left in the abdomen.
All 3 pedicled appendices were harvested via midline  lapar- otomy. Two of them containing the appendix-cecum-colon complex based on the right colic  artery were used for vagina and cervix reconstruction.  The  other  case with  ileum-appendix-cecum-colon complex  was used for reconstruction of hypopharynx, esophagus, and voice in 1 surgery. This flap was based on the ascending branch of the left colic artery with supercharge and superdrainage via ana- stomosis of the ileocolic vessels to the vessels in the neck to guar- antee the blood supply to the cecum, appendix, and ileum.
Voice Reconstruction
Five patients who required voice reconstruction were included in this series. Voice can be created via a fistula between the trachea and  the  esophagus  for  patients   without  vocal  cords  (Fig.  2).
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FIGURE 3.  A and  B, A male patient experienced penile trauma and  caused  volar stricture.  C, After stricture  release from the volar side of the penis, there  was a segmental 8-cm defect  of the urethra. D, Free ileum-appendix-complex was harvested for reconstruction of the urethra. E, Three months after the surgery,  his micturition was smooth with ease.
* 2012 Lippincott Williams & Wilkins
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Traditionally, a cutaneous flap is used for the reconstruction of the esophagus, and an artificial tracheoesophageal  prosthesis (TEP) is used for voice reconstruction. But the complication rate of TEP is not low, which was shown in  the  series published by Izdebski et al.5
Thus, instead of TEP, we used a native organ, the appendix, for voice reconstruction.
For those who needed only voice reconstruction, we used free appendix transfer to create a fistula between the  trachea and the
esophagus. During the procedure, a number 8 or 10 T tube was used as a stent, which was kept in place for 2 weeks, and was removed later via the tracheostoma.
If a patient needed reconstruction not only for voice but also
for a segment of esophagus, the appendix can be harvested  with a segment of ileum and colon simultaneously basing on the ileocolic
vessels. The flap was divided into 2 parts, that is, the colon portion
was used for reconstruction of the esophagus; the ileum, cecum, and appendix for reconstruction of the voice tube.
Urethral Reconstruction
Three male patients who experienced trauma of the  penile shaft were included in this series. Two of the patient also underwent reconstruction of penile shaft with free  fibula osteocutaneous flap simultaneously. The defect of the urethra was reconstructed with the ileum-cecum-appendix-complex (Fig. 3AYE). Through a  midline laparotomy, the ileum-cecum-appendix complex was harvested, with the ileocolic vessels anastomosed to the  inferior epigastric vessels. The ileal end of the complex was anastomosed to the stump of the urethra,  and  the  appendiceal  end  was  opened  to  the  tip  of  the reconstructed penis. In our experience, the urethra not only can be reconstructed with the appendix but also can be  elongated by an ileum segment if necessary.
Vaginal  Reconstruction
Two patients with congenital didelphic uterus, atretic cervix, and absence of vagina were included in this series. Their mean age was 15 years. Both of their computed tomographies showed didelphic uterus, atretic cervix,  remnant vaginal canal, and normal external genitalia (Fig. 4A).
Pedicled colon and cecum plus appendix were used for creation of the vagina and uterovaginal fistula. A mean length of the pedicled appendix-cecum-colon-complex was 10 cm. The septum of the bicor- nuate uterus was resected partially, and the tail of the appendix was incised longitudinally and inserted into the uterus, so the left and the right uterus could  communicate with each other, and the menstrual blood could be drained. The cecum was used as a neocervix, and the colon was anastomosed to the proximal end of the blinded vagina. A T tube was placed to serve as a stent to maintain the patency of uter- ovaginal fistula. The appendix was  incised longitudinally to create communication between the right and left cornuate uterus, to drain out the menstrual blood from both the uteri. The cecum served as a neo- cervix, and the colon was anastomosed to the remnant vagina.
Voice Reconstruction

RESULTS
The mean age of the patients who underwent voice  recon- struction was 45 years. The mean follow-up time  was 18 months. Only 1 patient required reexploration for vascular compromise, but all flaps survived eventually. All patients resumed oral intake 3 weeks after the surgery. No aspiration was noted during follow-up.
As for the harvested appendix, the mean length was 7.2 cm, with mean external and internal diameters of 1.4 and 0.6 cm, respectively. The mean inner and outer diameters of the appendiceal artery were 1.0 and 1.8 mm, respectively; whereas the mean inner and outer diameters of the ileocolic artery were 1.6 and 2.6 mm, respectively.

FIGURE 4.  A, Computed tomography shows a didelphic uterus with compact uterine  corpus  and  a fundal notch. There was
no evidence of a uterine cervix, and the vagina was atretic at the
proximal  end.  B, Three months after reconstruction  of cervix and  vagina  with appendix-cecum-colon-complex, computed
tomography showed that  a T tube  was inserted  into the uterus
through the patent cervix and  vagina  (C, colon; T, T tube; U, didelphic  uterus; V, vagina). C, A 15-cm  dilator with a diameter of 2.5 cm can be placed  into the vagina and  cervix without
resistance.
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TABLE 1.  Functional  Results of Voice Reconstruction With
Free Appendix

appendix and also share the same vascular anatomy originating from the ileocolic vessels. This further expands the  applicability of ap-
 

pendix transfer.
Swallowing
Patient No.
Intelligibility 
Loudness
Fluency

(Preoperative/ Postoperative)

Voice Reconstruction
The voice can be created via a fistula between the  trachea
1
3
4
2
6/6
2
2
4
2
5/5
3
3
5
2
7/7
4
3
4
2
6/6
5
3
4
2
 Mean
2.80
4.20
2
Intelligibility, loudness, and fluency were based on a modified version of the 5-point
Likert scale. Swallowing was based on a 7-point Likert scale (1 indicates severe com-
p   laints and an inability to swallow and 7 indicates satisfactory swallowing).
The  functional results after appendix transfer for  voice re- construction are demonstrated in Table 1. The  intelligibility, loud- ness, and fluency of the voice were scored, which were based on a modified version of the 5-point Likert scale. The results demonstrate that the loudness of the voice was satisfactory for most patients, and the intelligibility and fluency required more time and training. But the results were good eventually. In addition, most patients had fair swallowing ability postoperatively, implying  that voice reconstruc- tion does not compromise the passage of pharynx or esophagus.
The voice scores of prostheses can improve more easily in most patients as shown by the literature. However, there is less complication among patients who underwent voice reconstruction with autologous tissue, such as the appendix,  and the intelligibility and fluency can improve with time and training. Additionally, the appendix does not wear out.  The  average frequency  generated by  the  appendix  was approximately 120 Hz, and could reach up to 180 Hz in 3 well-trained patients. The maximal phonation time was 8  seconds. However, the loudness is generally lower than that produced by TEP.
Urethral Reconstruction
As for the results of urethral reconstruction, not only was the urethra reconstructed with the  ileum-cecum-appendix-complex, but also the penis was reconstructed with free fibular osteocutaneous flap. There were no flap losses, reopen procedures, or other major compli- cations. Normal micturition (Fig. 3E) was restored in all patients with fair continence. The passage of urine was smooth, as demonstrated by the urethrogram postoperatively. As for patients who also under- went penile shaft reconstruction, the plain films showed that the bony part of the osteocutaneous flap maintains the appearance of the penis.
Vaginal  Reconstruction
Three months after the surgery, the computed  tomography showed patent cervix and vagina (Fig. 4B). The menstrual bleeding commenced within 10 weeks after the surgery with regular cycles. The menstrual flow remained normal during the 3-year follow-up. In addition, a dilator with 2.5 cm in diameter could be placed into the neovagina smoothly and there was no stricture noted (Fig. 4C).
DISCUSSION
The appendix has a constant vascular anatomy, but its  length varies profoundly among individuals. Our experience  is to arrange computed tomography of pelvis and abdomen  for each patient pre- operatively. The length of the appendix can be roughly estimated, and plans to use the appendix only, or to include cecum and even part of the colon or ileum, could be set up according to different recon- structive  purposes.  The  adjacent  bowel  segments,  including  the cecum, ileum, and colon, offer great extension of the length of the

and the esophagus. Traditionally, a cutaneous flap is used  for the reconstruction of the esophagus, and a TEP is used for voice recon- struction. As the series published by Izdebski et al,5   92% of patients with a TEP were successfully  rehabilitated. But 192 complications occurred  in  95   patients.  These  complications  included  leakage around  the prosthesis, obstruction (by the food or secretion), ex- trusion, or fungus infection of the prosthesis, etc.6   In addition, dis- lodgement of voice prosthesis can result in  airway obstruction and even death if not removed in time. The main problems come from the fact that there is no healing process between the prosthesis and the native tissue.
The appendix is an autogenous organ, which would heal with the surrounding tissue after transfer and prevent leakage or infection. In addition, the appendix features self-motility, which prevents ob- struction. Thus, it is superior to the TEP for voice reconstruction.
When a patient has hypopharyngeal cancer and  esophageal cancer at the same time, meaning that the entire esophagus as well as the voice requires reconstruction right after cancer-ablative surgery, a pedicled flap containing colon, appendix, and ileum can be used. In this situation, the  circulation of the ileum and appendix should be carefully watched, and supercharge as well as superdrainage should be done when necessary to guarantee their blood supply.
One of our patients had hypopharyngeal cancer and esophageal cancer. Total esophagectomy and  pharyngolaryngectomy were per- formed by the ENT and chest surgeons. Because the entire esophagus required reconstruction as well as the voice, a pedicled flap containing the appendix, cecum, ascending colon, and transverse colon was raised based on the left ascending colic artery, with supercharge and super- drainage of the cephalic portion of  the transferred flap by the right transverse cervical artery and a tributary of external jugular vein. The transverse and ascending colon were used for esophageal reconstruc- tion and the appendix was used for voice reconstruction.
The middle colic artery provides the strongest flow among all of the arteries to the colon; it may supply to the cecum and appendix via the marginal arteries in addition to the ascending and transverse colon. However, when a patient needs reconstruction of the ‘‘entire’’ esophagus, and the  surgeons plan to have the transferred colon in the isoperistaltic direction, the ascending branch of left colic artery is the pedicle of choice rather than the middle colic artery. This is because this pedicle will offer much less tension for the anastomosis of the cephalic part of the flap (the anastomosis of the oral pharynx with the cecum). The left colic artery is the first branch of the in- ferior  mesenteric artery. It passes transversely behind the perito- neum and in front of the lower part of the left kidney to a point near the  descending colon.  Here, it  divides  into  an  ascending and  a descending branch. The ascending branch passes upward along the medial side of the descending colon. At this point, it enters the trans- verse mesocolon and anastomoses with the left branch of the middle colic artery. However, the flow of the ascending branch of the left colic artery is not as strong as that of the middle colic artery;  therefore, supercharge and superdrainage are required, which is usually accom- plished by the anastomosis of the neck vessels to the ileocolic artery and vein.
Urethral Reconstruction
Urethra can be reconstructed with skin flap7   or skin grafts,8,9 which are always inferior to mucosal lining because of the following reasons: first of all, there is more tendency of contracture and nar- rowing especially at the junction of skin and mucosa; secondly, more
* 2012 Lippincott Williams & Wilkins
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problems with wound healing, with higher rate of leakage and fistula formation; thirdly, sebaceous material and sloughed epidermis may cause stenosis or obstruction of the  reconstructed urethra. Some patients may need prolonged  stenting in the reconstructed urethra across the skin-mucosal junction.
The main advantage of appendix in urethral reconstruction is its prompt healing with the native urethra because of the mucosa-to- mucosa healing process. This  makes appendix transfer superior to traditional skin flaps, because the healing between skin and mucosa is much more difficult and often results in fistula and infection. The prolonged healing between skin flaps and native urethra  also had higher chance of scarring and later stricture, which is seldom seen in appendiceal flaps.
Vaginal  Reconstruction
Vagina can be reconstructed with skin flap, skin graft,10,11   or mucosal grafts.12   However, the vagina with skin graft lining should have long-term stenting and repetitive dilatation to prevent narrow- ing.13,14   The neocervix needs to be reconstructed to allow menstrual blood to be drained, and to let sperm enter the uterus, although our patients have not  gotten married. The cervical glands need to be preserved because they have important functions such as prevention of infection, etc. This is very important for pregnancy.
For reconstruction of the atretic cervix and vagina, the colon and cecum  provide  enough  length.  However,  the  appendix  should  be included to preserve the cervical glands of the native cervix, which is important for pregnancy. In the cases of atretic cervix, there are still some cervical glands at the position of cervix. The mucus secreted by the cervical glands prevents infection and are essential to an uneventful pregnancy. Conventional methods of vaginal reconstruction for these patients often destroy the cervical glands by creating a hole leading to the uterus. Then the patients have difficulty getting pregnant. However, when colon-cecum-appendix is used, the appendix can penetrate the cervix and enters the uterus with a much smaller tunnel. Thus, the menstrual  blood  still drains out and sperm can enter the uterus, whereas the cervical glands are preserved.
CONCLUSIONS
Although the appendix is small, it can maintain patency because of its nature as a part of the intestine, which has both secretion and

motility. It can be transferred successfully to different regions of the body for various reconstructive purposes as demonstrated in this study. For microsurgeons, the appendix is a useful organ and the donor-site morbidity is minimal. In  the  future, its application is expected to increase.
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