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SUMMARY

Introduction/Objective Increasing incidence of spinal cord injuries presents a very important issue. These
patients are usually very young, treatment is very difficult, long, expensive, and, in general, of little success.
The aim of this study was to evaluate the angiogenic potential of the omental graft in spinal cord revas-
cularization after the injury.

Methods The study included 19 patients, who underwent a recurrent surgical procedure for pain syn-
drome or surgical complication, and one patient in whom angiography revealed no flow in the distal
part of an omental graft.

Results Our study confirmed angiogenic capabilities of the omental graft placed in the course of omen-
tomyelopexy, for the injured spinal cord revascularization, macroscopically and histopathologically.
Study results are limited due to including patients only when the postoperative period was complicated.
Conclusion Our study provides some invasive insight into the angiogenic capabilities, although further
(likely less invasive) studies are needed to elucidate more clearly omental angiogenesis in spinal cord

injury, and to include patients in whom the procedure went well.
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INTRODUCTION

Injuries of the vertebral column, spinal cord, and
cauda equina are present in 0.7-4% of all trau-
matic injuries, and 6.3% of traumatic injuries of
the skeletal system, and their frequency increases
mainly due to traffic accidents [1]. According to
the data from Vietnam, missile-caused injuries
of these structures were considered to appear in
only 1%, although more current results suggest
a far more frequent incidence of about 17% of
missile injuries during the global war on terror-
ism [2, 3]. Although increasing incidence of spi-
nal cord injuries (SCI) presents a very important
issue, the most important one is the very nature
of the injury. These patients are usually very
young (approximately 20 years old), treatment
is very difficult, long, expensive and, in general,
of little success [4, 5].

Development of spinal fusion enabled the
vertebral column to be stabilized after the in-
jury, but very little to no improvement was
achieved in SCI treatment [6]. Recently, the
debate was re-sparked once again, as numer-
ous treatment options have been developed
recently, although their impact on spinal cord
recovery after injury remained questionable [7].

The role of omental transposition for the
brain and spinal cord vascularization was first
mentioned in the mid-70s, by Goldsmith et al.

[8, 9], and, since then, many authors have sug-
gested various implementations of the omen-
tum in both SCI and degenerative disease of
the spine [10, 11, 12].

Due to omental richness in blood and lym-
phatic vessels and the ability to coalesce the in-
jured area with capillary ingrowth during the
first four to six hours, the omentum presents
theoretically ideal tissue to revascularize the
damaged spinal cord [13]. Omentopexy is a
surgical procedure to connect the great omen-
tum with a nearby organ, which induces the
arterial circulation in the omental graft, thus
causing the arterial circulation improvement
in the target organ [14, 15]. Herewith, we have
tried to encourage omental transposition for
SCI through omentomyelopexy, by evaluating
the angiogenic potential of the omental graft in
spinal cord revascularization after the injury.

METHODS
Study group and inclusion criteria

The study included 19 patients who underwent
a recurrent surgical procedure for pain syn-
drome or surgical complication [infection, me-
ningoomentocele or cerebrospinal fluid (CSF)
fistula], and one patient in whom angiography
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revealed no flow in the distal part of the omental graft.
The initial group of patients consisted of 100 patients (89
male and 11 female), treated with omentomyelopexy due to
the missile-caused SCI neurological deficit at the Depart-
ment of Neurosurgery of the Military Medical Academy in
Belgrade, Serbia, during a five-year period (1993-1997).

Patients included in the study fulfilled all the criteria:
decompressive surgery performed for missile-caused spi-
nal cord injury; omentomyelopexy performed for stabile
neurological deficit, after initial decompressive surgery;
recurrent surgery for pain syndrome or complication of
omentomyelopexy.

The purpose of omentomyelopexy is angiogenesis of
the damaged spinal cord, using the multipotent organ of
the abdominal cavity, to provide revascularization, and to
create adequate conditions for damaged spinal cord remy-
elization. This would all lead to nerve impulse propagation
reestablishment, and consequent neurological improve-
ment [16].

Postoperative pain syndrome was present in seven pa-
tients, and it appeared two to five years after the surgery.
All the patients suffered from missile injuries of the spinal
cord ranging between the T10 and the L2 spinal levels.
After the injury, initial treatment included decompressive
laminectomy and evacuation of bony fragments from the
spinal canal, which was followed by omentomyelopexy
4-17 months after the initial surgery. The treatment op-
tion for these patients was microsurgical approach to the
dorsal root entry zone (DREZ-otomy) [17].

Meningoomentocele developed in five patients, CSF
fistula developed in three, and an infection of the neuro-
surgical site occurred in three patients. Reoperation was
indicated to resolve these complications [18].

RESULTS
Direct intraoperative observation

Surgical treatment of complications also allowed a look
into the surgical site to observe and evaluate the omento-
myelopexy angiogenesis in vivo. Macroscopic photos were
taken, while the small part of the grafted omentum was
excised and referred to histopathological analysis to assess
the viability and vasculature of the grafted omentum [19].

Minic Lj. et al.

Splenic artery angiography

Selective angiography of the splenic artery was performed
during the early postoperative period (on the 10th day after
the surgery) in three patients to determine the vascular
competency and to evaluate early angiogenic capabilities
of the omental graft. Anastomosis between the omental
flap arteries and the vertebral and spinal artery was cor-
roborated in one patient, which confirmed angiogenic ca-
pabilities of the transposed omentum [16]. One patient’s
angiography revealed only abdominal blood vessels, al-
though no signs of graft necrosis were present; a revision
was performed only to confirm the graft vitality and blood
flow persistence.

Macroscopic appearance

In patients who were re-operated on due to infection, the
omental graft appeared pale, volume was reduced to about
50% of the initial value (mainly due to fatty tissue reduc-
tion, while the vascular structures were not significantly
changed), and active bleeding from the graft surface was
noted. On the other hand, re-operation revealed that CSF
fistula or meningoomentocele induced no significant
changes in the graft macroscopic appearance.

The omental graft in patients who underwent DREZ-
otomy due to painful syndrome was also evaluated, and
the results are presented in Table 1.

Histopathologic changes in the omental graft

Myxoid changes were present in the omental graft adipose
tissue, the connective tissue in the mature lobular adipose
tissue, the merging of the fiber striated musculature, the
isles of lymphocytic infiltration due to inflammation, as
well as histological changes of vascular structures. Newly
formed, thin-walled blood vessels of irregular diameter
and proliferation of the intima were present Perivascular
connective tissue expansion was also present [19].

DISCUSSION

There is no definitive treatment for SCI. None of the
treatment options have shown any significant influence
to the functional outcome of these patients. Numerous

Table 1. Characteristics of patients in whom a DREZ-otomy was performed for pain syndrome after omentomyelopexy for SCI [17]

Age Sex ASIA assessment result omeIL:;;;??erE; Ei,‘ntgn ths) o:rllr::t;?n?/ZIEo Z;;s;?/r?n}:gzttirs) Omental graft vitality
35 M (C) sensory level T12 4 30 vital

35 M (B) sensory level T12 9 26 atrophic

27 M (D) sensory level T12 10 33 vital

25 M (A) sensory level T12 14 60 disintegrated

29 M (C) sensory level T12 14 34 vital

31 M (B) sensory level L2 17 36 atrophic

41 M (B) sensory level T12 14 42 disintegrated
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techniques, including stem cells, collagen implants, and
electric devices have been proposed by authors, although
not many studies have been performed in human popula-
tion [20, 21, 22].

Functional outcome is the only parameter significant
for the patient, but scientific interest is broader, and any
indication of notable positive effect on the spinal cord re-
pair and regeneration is considered to be of the greatest
importance.

Our study is unique for its two-way confirmation of the
successful implantation of transposed omentum, the angio-
graphic, and direct intraoperative observation [16, 17, 19].

An MRI study by Goldsmith et al. [23] was performed
on cats, but also in a patient suffering from SCI, who had
omental-collagen bridge reconstruction that connects the
proximal and distal ends of the transected spinal cord. The
patient in this paper has clinically progressed to the point
where she can ambulate with the use of a walker. A spinal
cord defect of 4 cm in length showed MRI signs of develop-
ment of a longitudinal spinal cord connection in the area
of the omental-collagen bridge.

This study provides some insight into the interaction
of the transposed omentum and the injured spinal cord.
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Although functional recovery is not exclusively related
to the observed and noted changes, the histopathologic
and angiogenic capabilities are the basis of the recovery
development.

CONCLUSION

Our intraoperative study confirmed angiogenic capabili-
ties of the omental graft placed in the course of omento-
myelopexy, for the injured spinal cord revascularization,
although study results are definitely diminished due to in-
cluding only patients in whom there were complications
or pain syndrome.

Further (likely less invasive) studies, which would

include patients in whom the procedure went well, are
needed to provide more insight into omental angiogenesis
in SCIL.

NOTE

The paper is a part of Dr. Ljubodrag Mini¢’s PhD thesis.

20.

21.

22.

23.

Kohiyama R, Yamashita R, Okano R, Kai T, Kuratomi Y, Miyata M.

[A successful case of omentopexy for bronchopleural fistula

and empyema after right pneumonectomy]. Kyobu Geka. 1994;
47(3):252-5.

Ignjatovi¢ M, Cuk V, Mini¢ L, Kosti¢ Z. [History of the development
of surgery of the greater omentum]. Vojnosanit Pregl. 1996;
53(5):415-22.

Ignjatovi¢ M, Pervulov S, Cuk V, Kosti¢ Z, Mini¢ L. Early

angiogenic capabilities of the transposed omental flap after
omentomyelopexy. Acta Chir lugosl. 2001; 48(2):41-3.

Spai¢ M, Mini¢ L, Citi¢ R, Luki¢ Z, Tadi¢ R.
[Omentomyelosynangiosis — a direct intraoperative observation].
Vojnosanit Pregl. 2001; 58(3):249-54.

Ignjatovi¢ M, Cuk V, Bjelovi¢ M, Mini¢ L. [Complications

in omentopexy and personal experience with 100
omentomyelopexies]. Vojnosanit Pregl. 2001; 58(6):585-93.
Ignjatovi¢ M, Cerovi¢ S, Cuk V, Kosti¢ Z, Mini¢ L, Spai¢ M. Late
histological changes in the transposed omental flap. Acta Chir
lugosl. 2001; 48(3):35-8.

Minev IR, Musienko P, Hirsch A, Barraud Q, Wenger N, Moraud EM,
et al. Biomaterials. Electronic dura mater for long-term multimodal
neural interfaces. Science (New York, NY). 2015; 347(6218):159-63.
Capogrosso M, Milekovic T, Borton D, Wagner F, Moraud EM,
Mignardot JB, et al. A brain-spine interface alleviating gait deficits
after spinal cord injury in primates. Nature. 2016; 539(7628):284-8.
Fan X, Wang JZ, Lin XM, Zhang L. Stem cell transplantation for
spinal cord injury: a meta-analysis of treatment effectiveness and
safety. Neural regeneration research. 2017; 12(5):815-25.
Goldsmith HS, Fonseca A Jr., Porter J. Spinal cord separation: MRI
evidence of healing after omentum-collagen reconstruction.
Neurol Res. 2005; 27(2):115-23.

www.srpskiarhiv.rs



182
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YHuBep3uTeT oabpaHe, MeanumHckm Gpakyntet BojHomegnumHcke akagemuje, beorpap, Cpbuja

CAXETAK

YBoa/Llnb YyecTane nospee KNUMeHe MOXANHE CYy BESIMKN
npo6nem. MospeheHun cy 061YHO BPIO MIagN, Ieyerse je Bpso
TELLKO, AYro, CKYMO 1 reHepanHo 6e3ycneLuHo.

Linmb oBor pafa je 610 fa NPOLIEHM aHTOTeHETCKM NOTeHLMjan
TPaHCMOHMPaHOT OMEHTYMa y peBacKynapusaLuju KuumeHe
MOXAVHE nocre rnospepe.

MeTope VicTpaknBarse je 0byxBaTuio 19 60necHrKa, Koju
Cy NMOABPrHYTV MOHOBHOM XUPYPLUKOM 3axBaTy 360r 60nHor
CYHAPOMa, XVIPYPLLKE KOMMNMKaLuje 1 jeBHor 6onecHrKa Koa
Kojer aHrmorpaduja Huje nokasana NPOTOK Y ANCTANIHOM fesy
pexrba OMeHTyMa.
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Pesynrtatu Ctyauja je noTBpAMIa aHrMoreHeTcKe CNocobHOCTM
OMEHTaJIHOT TPaHCMIaHTaTa 3a peBackynapusaLmjy nospeheHe
KMYMeHe MOXAVHE, MaKPOCKOMCKM 1 XMCTOMAToNoLW K. Pesyn-
TaTu CTyAuje Cy OrpaH/YeHm yK/byymBatbem caMmo 6onecHvIKa ca
KOMMM/IMKOBaHVM NMOCTONePaTViBHUM TOKOM 1 peonepaLujom.
3akmpyuak Hawa ctynuja npy»a ogpeheHu yBua y aHruore-
HEeTCKe CrocobHOCTV OMEHTYMa, aKo Cy MOTpPebHe Jarbe Matbe
VHBa3VIBHE CTyANje KaKo 61 ce Npy»K1o 60sby YBIL Y OMEHTaNHY
aHrvioreHesy 1 YK/byYnim UCATaHNLM KO KOjUX je Lieo NoCTy-
naK npotuao 6e3 KomnauKaumja.

KrbyuHe peun: OMeHTyM; OMEHTOMUjeNoneKcKja; MoBpeaa Knu-
MeHe MOX[VHE; aHrMoreHe3a; peBackynapusaumja
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