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Abstract: Problem statement: Esophageal surgery is associated with greater avbealing problems
than surgery on other portion of the alimentargttr@mentum and fresh bone marrow are rich source
of angiogenic factors that promote the growth obll vessels into wound tissue. The aim of thisystud
was evaluation of the effects of a combinationutbgenous fresh bone marrow and omental free graft
in esophageal wound healingpproach: This study was carried out on 8 male adult dogsigaed
into two equal treatment and control groups. Allgslounderwent cervical esophagotomy and
laparotomy operations, also bone marrow aspiraimultaneously. A 3 cm linear full thickness
incision was made on the cervical esophagus and ghtured. In treatment group, A small piece of
omentum was obtained from abdominal cavity and reecan esophageal suture line and then 1 mL of
fresh bone marrow was injected into the omentdt grad wound edge. In the control group, the suture
line was left without any treatment and the haee@sbmentum and aspirated bone marrow were
disposed. During this study, the dogs were examalieitally and they were euthanized 14 days after
operation. The surgical site of esophagus was sed@sacroscopically and then histopathologic sasnple
were taken from the repaired tissue of esophagathl Whe samples were stained by hematoxylin-eosin
and masson-trichorom®esults: The clinical evaluation of present study revedteat all dogs were
healthy with no major postoperative complicatioifiere was no significant difference based on
macroscopic examination in surgical site of esophdmetween the two groups. The microscopic study
revealed that inflammatory cells, angiogenesis agrathulation tissue formation in wound bed of the
treatment group were significantly more than thetia group.Conclusion: According to the results of
this study, application of a combination of autogesly fresh bone marrow and free omental graft can
improve wound healing process in esophageal intisiounds.
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INTRODUCTION may limit leakage by exuding fibrin; it is in coast
motion as the result of swallowing and the movenadnt
Alimentary tract adhesion due to the surgicalthe diaphragm and adjacent organs; it tolerates
interference and foreign bodies is a major compbica  longitudinal stretching and tension poorly anchitkds an
especially in animal practice (Ismaf al., 2007). The omentum to help localize and seal a leak (Schu®80O1L
esophagus is regarded among surgeons as an infamdbee of the most important features of the anatofriie
organ of the human body and even today it is atgreasophagus from a surgical aspect is the segmdotad b
challenge to perform certain types of esophageasupply of the organ (Pap-Szekertsal., 2005). During
operations (Pap-Szekeresal., 2005). Surgical repair the operative preparation, small supply vesselingreed
of the esophagus requires meticulous surgical iguen  and the operation is therefore carried out on garowith
because it is more prone to postoperative dehigcen@ poor blood supply. The postoperative complicataia
and leakage than other portion of the alimentaagttr in esophagus is high (Pap-Szekeetsal., 2005) and
Several characteristics of the esophagus makdeissa cervical esophagus is more prone to the postoperati
than ideal surgical tissue: it lacks a serosal cowbich ~ complication in comparison with the abdominal and
Corresponding Author: Omid Azari, Department of Clinical Sciences, Fagolt VVeterinary Medicine,
Shahid Bahonar University of Kerman, Kerman, Iran
202




American J. Animal & Vet. i, 5 (3): 202-207, 2010

thoracic esophagus, because the cervical part bas n MATERIALSAND METHODS
serosa or plural mesothelium (Kyles, 2003).

Augmentation ~of esophagotomy site with | this study, eight male adult mixed breed d@gs,
omentum, pericardium, local muscle flap, stoma@h, 3 years old and weighting between 20 and 25 kgewer
intestine can aid healing by supporting sealing anqiseq, They were determined to be healthy on this bas
revascula_nzmg the surgical site (Kyles,_2003;t@i§ of physical (body temperature, respiratory rate and
2002). In ideal wound treatment but healing alaneat  peart rate) and hematological examination (CBC, WBC
enough. Restoration of function of the part heaettie  pcy, Hb, platelet counts and total protein). Theslo
ultimate objective (Sharit al., 2006a). were randomly designed to either an experimental or
It has long been recognized that the greater ament contro| group; 4 dogs in each group. All ethical
has great ability in revascularization of tissued an ¢onsiderations using animals were considered aed th
promote angiogenic activity in adjacent structutes eyperimental protocol was approved by the Ethics
which it is applied. Indeed the angiogenuc material committee of KUMS.

obtained from the omentum is abundant in supply The animals were premedicated with 0/05 md k
(Saifzadeet al., 2007). Because of this unique ability acepromazilne V\EKELF,)A in\boratov;/)l/ Belg%mg)]
of omentum, it has been used as a pedicle flap ifhyamysculary. Anesthesia was induced intraveryousl

many f_req_uent surgeries such as _trachegl au_tograv\tlith 10 mg kg thiopental sodium (Thiopental,
(Nakanishi et al., 1994) and ischemic "”?b Caspian, Iran) and maintained with halothane 2%
(Bhargavaet al., 1997). Furthermore omental p_ed|cle Halothane BP, Nicholas, India). After induction of
flap hhas Ibeen :jecorgmen?ed for supp?rtlngll foanesthesia, surgical preparation was carried otlhen
esopnagea; wounds. ©mentum 1S exceptional 1o{q 4, part of abdomen and neck, also proximal pfar
esophageal wound patching and closing small defecﬁ ft humerous in standard method

bepause it is _vascular and availaplg; _esophagea In this study, all dogs underwent esophagotomy
stricture formation may also ~be minimized  with and laparotomy operation; also bone marrow aspirati

omental patching (Slatter, 2002). T t ical hadot T
In the previous studies, transposition of free ' C OPErale cervical esophagotomy, an Incision was

omental graft has been used in revascularizatiof’@de on the midline skin on the ventral surfacéhef
procedure involving the chronically injured spinal Neck, beginning at the larynx and extending caydall
cord (Zhanget al., 1989), head and neck deformitiesthe manuberium. After separation and retraction of
(Loskenet al., 2002) and bone fractures (Olouehial ., local muscles, the trachea was retracted to thet aigd
2006). Bone marrow seems a logical candidate focervical esophagus was exposed. After this, a stab
tereatment of chronic wounds as it containsincision was made into the lumen of esophagus abd a
inflammatory cell progenitors, mesenchymal stentscel cm linear incision was extended longitudinally. fhe
andmultipotent stem cells. Infalmmatory cells havesyrgical site was rinsed by normal saline and
long been known to participate in wound hea“”gesophagotomy incision was closed using 3-0 nylon

andhematopoetic hormones ~ such as  granulocyterepyeinan, Iran) with simple interrupted patteim,
monocyte colony-stimulating factors have beenBoth groups

reported to accelerate wound healing (Badiavas an . .
Falanga, 2003). The plasma of bone marrow includes To carry out laparotomy, the abdominal cavity was

various growth factors and cytokines that are biefwf approached through a 12-15 cm ventral midline ionis
wound healing process (Moogt al., 2008). Some midway between the umbilicus and pelvic inlet. A23x

experimental and clinical studies have confirmed th cnt piece of the omentum was isolated by two ligatures
therapeutic effects of bone marrow on wound hedfing &"d cut free from the remaining parts and placegt ov
various organs (Oloumét al., 2008; Ichiokaet al., the esophagotomy incision of treatment group and
2005; Badiavas and Falanga, 2003; Karaogiwl., secured in place with the tacks of sutures. Them. of
2009). According to the author’s knowledge therads ~ fresh bone marrow was aspirated from proximal part
documented data about the effect of combination ofeft humerous by bone marrow aspiration needle and
autogenous fresh bone marrow and free omental graffnmediately injected into the part of the omentedfy
on esophageal wound healing process. that covered esophagus incision, at 3 differenttgoi

In this study, we have evaluated the role of freshising a syringe with gauge 20 needle. In controligy
autogenous bone marrow and free greater omenttl gre€sophagotomy suture line was left without graft and
in the healing of experimental cervical esophageabone marrow and the isolated omentum and aspirated
incision, base on clinical, macroscopic andmicrpgco bone marrow were disposed. Finally, all surgicégssi
examinations. closed routinely.
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Table 1: Criteria for histological scores

Score Re-epithlialization  Cell infiltration Grantitan tissue Angiogenesis Collagen deposition
1-3 Minimal Wound covered with thin Granulatioastie 500>capillary Low density
re-epithelialization  to moderate cell layer arowalind edge only bud nif
4-7 Moderate Wound covered with Granulation tissgeind 500-1000 capillary Moderate density
re-epithelialization  thick cell layer wound edgelan 30-50% bud mm
of wound bed
8-10 Complete Wound covered with very Granulatissue around 1000<capillary High density
re-epithelialization  thick and densely wound edgd in >50% bud mrh
populated cell layer of wound bed

Postoperative management included: withheld of
oral intake was for 24 hours, intravenous fluidsrépy
for 2 days, antibiotic (Cefazoline, 20 mgkglV, tid
for 5 days) and anti-inflammatory (Dexamethasong, 0
mg kg, IM, single dose) administration in the all dogs.

During this study, the dogs were inspected
clinically and then, they were euthanized 14 ddyera
surgery by intravenous injection of sodium thiopént
solution. All the soft tissues around the esophagei®  Fig. 1: Complete re-epithelialization with large @mt
retracted and surgical site were studied grossl|g.on of granulation tissue in treatment group
full thickness samples were taken from repair site (Masson-trichrome staining, Bar = 500 )
esophagus and fixed in 10% phosphate-buffered
formaline. The samples were embedded in paraffio wa |
afterwards. Five-micrometer serial section of the [
samples were cut and stained with hematoxylin-eosin |
andmasson-trichorome andthen examined in a inndedw.j,i?‘g
fashion under light microscope. Each slide was mige "‘;,/
histological score ranging from 1-10 accordinghe t |,
following parameters: re-epithelialization, wounddb :

cellularity, angiogenesis, granulation tissue fdioT  Fig. 2: Angiogenesis; (A): low vessel density imtrol
and collagen deposition. The amount of collagen group and (B): High vessel density in treatment
deposition was evaluated by masson-trichorome group (hematoxylin-eosin staining, Bar = 25 )
staining andthe other parameters were examined in

hematoxylin-eosin stained sections. Angiogenesis wa  The macroscopic assessment of surgical site
assessed morphometrically by examining three fieldsevealed that in all dogs, esophagus was adhertteto
per section underx400 magnifications and preseinted surrounding soft tissue and there was no noticeable
number per mf difference in the extent of adhesion between the tw
The criteria used for histological scores of woundgroups. No complications such as infection, delnisee
are summarized in Table 1. The recorded scoreswmf t stricture and fistula were observed in the surgiial of
groups for each parameter were analyzed by usieg thall dogs. In the treatment group, greater omentuas w
nonparametric mann-whitney test. A value af05 completely attached to the incision site.
was considered as significant. Microscopic study of esophageal wounds
SULTS showed that the new epithelial cells covered the
RESULT surface of all esophageal wounds in both contral an
All dogs were depressed and lost their appetite fotréatment groups and there was no significant
48 hours post surgery and regained their appeftiée a difference in the re-epithelilization score betweka
that. They were fed with liquid food and gruel irsf 7 groups (p>0.05) (Fig. 1). The number capillary buds
days after surgery and then gradually returnechéirt in treatment group were significantly higher than
normal diet until the end of the study. All animalsthe control group (p<0.05) (Fig. 2). The
remained healthy throughout the study. inflammatory cell in the wounds of the treatment
The clinical evaluation showed that there is nogroup was significantly more than the control group
major postoperative complication such as dysphasieéRresence of inflammatory cells especially macropbag
regurgitation and vomiting in all examined dogsidgr around the wound of the treatment group were
this study. significantly more than the control group (p<0.05
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inflammatory and angiogenic activity and accelatate
collagen synthesis were seen in omental implamntatio
group. Oloumiet al. (2006) investigated the role of
free autogenous omentum in vasculogenesis during
the process of bone healing. They stated that free
omental graft significantly promoted angiogenesis i
repaired tissue. Pap-Szekemtsal. (2003) performed
transplantation and microsurgical anastomosis eé fr
Fig. 3: Amount of collagen deposition; (A): Low omental graft after experimental esophagectomy in

collagen density in control group, (B): High dogs and declared that vital reactions, including

collagen density in treatment group (Masson-granulation tissue and angiogenesis were presethein

trichrome staining, Bar = 25 ) histological slides. There are several studies abiwi
application of pedicle omental flap to help wound
healing process in various tissues and organsthieué
are some possible complications after omental
transposition including; seroma formation, heriati
through the omental exit hole, hemorrhage and flap
necrosis (Slatter, 2002). Also in order to trangpos
fometal pedicle, a major laparotomy must be done
(Saifzade et al., 2007). In our study the greater
omentum was transplanted to the esophagus wound
without vascular anastomosis. Olour al. (2006)
DISCUSSION suggestgd that considering the angiogenic factors
present in the greater omentum, it can be usedfatt
tH/vith no need to direct vascular connection with the
decipient bed.

On the other hand, autogenous bone marrow

The formation of granulation tissue in treatmerdugr
appeared to be significantly thicker and largerntha
control group (p<0.05). The amount of collagen
deposition in the treatment group was significantlyre
than the control group (p<0.05) (Fig. 1 and 3). Buthe
injection of fresh bone marrow in the wound site o
treatment group, noticeable populations of hemagmico
cells were observed in some part of the wound.

Esophageal surgery is historically associated wi
greater incisional dehiscence than surgery on oth

portion of the alimentary tract. Several factorsyma . . : .
aspirate is a useful adjuvant to enhance soft dissu

contribute to the high complication rate, includiagk healing b . ins h o g th
of serosa, the segmental nature of the blood suppi€/ing because it contains hematopoietic celld tha

lack of omentum, the constant motion of swallowmgd'ﬁerent'ate into red and white blood cells, plete and
and respiration and tension at the surgical sitlgtic, macrophages and mesenchymal cells. Mesenchymsil cell
1981; Slatter, 2002). The risk of leakage from mafv '€ Multipotent and can evolve into several celesy
anastomosis is higher than intrathoracic anastmnosinvolved in tissue repair depending on the envirenm
(Muller et al., 1990). There are numerous they are transf'ferred to and mclud_e osteoblasts,
recommendations to avoid postoperative complicationchondrocytes, fibroblasts and myogenic cells. Bone
after esophageal surgery, the important ones beingharrow is also the primary source of mesenchymal
gentle handling, meticulous technique of suturipgpd ~ Cells (Roukiset al., 2009; Yamaguchgt al., 2005;
vascular supply and omental wrapping (Thakugl., Chonget al., 2007; Muschleet al., 1997). Harvest of
2004). In recent studies, the omentum was used tdutogenous bone marrow aspirate can be performed
cover soft tissue defects, to contribute to enhancéapidly, is simple to perform, easily reproducediian
healing, to control adhesion and to combat infectio associated with low financial cost (Roulsal., 2009;
(Slatter, 2002). Recent studies have revealed thdtchweinberger and Roukis, 2007). Although other
omentum, apart from being a great source of variouseported materials such as growth factors and m@dtu
growth factors, neurotransmitters, neurotrophiddex cells must also significantly are more effective to
and inflammatory mediators, also contains omnipotenimprove of wound healing (Oloumgt al., 2008;
stem cells that can differentiate into a varietycefl Badiavas and Falanga, 2003), from a practical
type (Alagumuthuet al., 2006). The omentum has the standpoint, the use of bone marrow is more attracti
highest Vescular Endothelial Growth Factor (VEGF)because we can use the patient's own fresh cells wi
secretion rate as well as the highest concentratid®F  routine aspiration technique, allowing minimal gystc
protein in comparison with other organ in rat.dslbeen side effects (Ichiokat al., 2005).

suggested that VEGF is the major angiogenic factor In a clinical study, fresh bone marrow after
produced by omentum and possibly underlies thespiration from iliac crest, was applied directly the
omentum-induced angiogenesis mechanism (Zeaal,  chronic wound surface and injected it into the wbun
1997). Matobeet al. (1996) used omental implantation edges, in human. It has been suggested that @&@hpst

to repair perforated collagen ulcer in rat. Greateti-  showed clinical improvement in their wounds within
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days following administration of bone marrow asfdra Shahid Bahonar University, for which the authors ar
(Badiavas and Falanga, 2003); also the autogenousost grateful.
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