
Medical Studies/Studia Medyczne 2017; 33/3

Review paper

Hypervascularisation of colonic graft for oesophageal replacement: 
literature review and own experience
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Abstract

Colonic interposition in post-burn oesophageal strictures still remains a challenge. The main issue is the viability of the cervical 
portion of the colonic graft. The article provides a literature review on mesentericography and hypervascularisation of colonic 
graft for oesophageal replacement. The authors share their own experience. The study of the colic arterial anatomy enables one 
to choose its more perfused portion for oesophageal replacement. In insufficient blood supply, direct anastomoses with cervical 
or internal thoracic vessels have been proposed for hypervascularisation of the cervical part of graft. The technique of vessel 
ligation with a subsequent intensive collateral blood flow has been designed for hypervascularisation of the colonic graft. 

Streszczenie

Wstawka z okrężnicy w zwężeniach przełyku po oparzeniach nadal stanowi wyzwanie. Głównym problemem jest żywot-
ność szyjnej części przeszczepu okrężnicy. W artykule przedstawiono przegląd piśmiennictwa dotyczącego mezenterikogra-
fii i hiperwaskularyzacji przeszczepu okrężnicy w celu odtworzenia przełyku. Autorzy przedstawiają także doświadczenia 
własne. Badanie anatomii tętnic okrężniczych pozwala na ich wybór do unaczynienia części okrężnicy zastępującej przełyk. 
W przypadku niedostatecznego dopływu krwi zaproponowano bezpośrednie zespolenie z naczyniami szyjnymi lub na-
czyniami piersiowymi wewnętrznymi w celu hiperwaskularyzacji szyjnej części wszczepu. Technika podwiązania naczyń 
z następczą intensyfikacją krążenia obocznego może być zastosowana również do poprawy unaczynienia części okrężnicy 
mającej zastąpić przełyk.

Introduction

In 1911, Kelling was the first to use the transverse 
colon as an oesophageal substitute in a  patient pre-
senting with obturating oesophageal cancer [1]. To-
day, however, the surgeons are still not satisfied with 
the outcomes of colonic interposition in post-burn 
oesophageal strictures. Thomas et al. summarised the 
results of oesophagocoloplasty in oesophageal cancer 
and benign oesophageal disorders performed in 11 
surgical centres all over the world between 1987 and 
2007. In total, 1163 cases were reviewed. Necrosis of 
the cervical portion of the colonic graft amounted to 
0–7.5%; cervical anastomotic leaks 3.3–14.8%; steno-
sis 2–24%; and postoperative mortality made 0–16.7% 
[2]. According to Ahmed, Spitz and Freeman, and Cass, 
ischaemia or necrosis of the colonic graft occurred in 
3–15% of cases [3, 4]. In 1988, De Meester published 

the results of colonic interposition for oesophageal re-
placement: left colonic graft necrosis made 4.6%; right 
colonic graft necrosis – 10.8% [5].

Based on 600 autopsies, Sonneland et al. described 
24 patterns of the colonic vascular anatomy and clas-
sified them into seven major groups. The right colic 
artery was absent in 12.6%, and the middle colic ar-
tery in 3% of cases. An anomalous pattern of the right 
colic arteries was seen in 9.4% and multiple middle 
colic arteries in 8.6%, the classic anatomy of the right 
colon being found in 68% only [6].

Preoperative mesentericography

With the technique of invasive angiography de-
veloped by Seldinger in 1953, a more detailed study 
of surgical anatomy of colic vessels, features of col-
lateral and intraparietal circulation, and venous out-
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flow continued [7]. In 1985, Marston published his 
fundamental monograph summarising his own and 
international experience in mesentericography [8]. 
In 1977, Ventemiglia et al. demonstrated that in 70% 
of observations there was a  discontinuous marginal 
arcade between the middle and the right colic artery 
with a potential risk of ischaemia in hepatic flexure 
when creating the right colonic graft [9].

These data were confirmed by other authors [10–
12]. Kralik, Turek, and Nick proved that marginal ve-
nous anastomoses are always well-developed in the 
left colon, and the venous outflow from the basin of 
the ascending and transverse colon is insufficient in 
20–30% of people [13, 14]. These findings demonstrat-
ed the left colon to be more appropriate for oesopha-
geal replacement.

Thomas et al. established a  total absence of mid-
dle colic artery in 25% and right colic artery in 20%; 
anastomosis between ileocolic and right colic artery 
in 5%; and marginal Drammond’s artery in the right 
part of the colon in 25–75% of cases. Ileocolic artery is 
the most constant branch of the superior mesenteric 
artery [15]. Ficher and Fry proved that in almost half 
of the patients, the arc of Riolan is discontinuous and 
not functional for adequate blood circulation [16], and 
in 5% of patients, the arc of Riolan is totally absent 
[17, 18].

In 1995, at the Surgery Clinic of Professor T. De 
Meester (Los Angeles, USA), five angiographic criteria 
for successful oesophageal replacement using the left 
colonic graft were described: 1) a patent inferior mes-
enteric artery; 2) a visible ascending branch of the left 
colic artery; 3) a well-defined anastomosis between the 
left branch of the middle colic artery and the ascend-
ing branch of the left colic artery; 4) a single common 
trunked middle colic artery dividing into right and 
left branches; and 5) a separate origin of the right colic 
artery. Sufficient blood supply to a cervical part of the 
left colonic graft fulfilled four or five criteria [19].

Preoperative angiography is of particular im-
portance in patients over 60 years old due to highly 
probable atherosclerosis [18]. Thomas et al. (Marseille, 
France) consider the preoperative angiography to be 
indicated in lower extremities chronic arterial insuf-
ficiency, aortic aneurysm due to a  highly probable 
stenosis or occlusion at the inferior mesenteric artery 
origin, history of large abdominal operations with 
probable ligation of colic vessels, and the need for 
a  long colonic conduit with cervical oesophageal or 
pharyngeal anastomosis [2]. From 1956 to 1997, Wain 
et al. performed 32 preoperative mesentericographies; 
an anomalous pattern of blood supply was detected 
in 12 (37.5%) cases. In benign oesophageal disorders, 
graft ischaemia was found in 9% of 52 colonic inter-
positions [20].

However, some other authors consider routine 
angiography not to be essential because of specific 

complications, high price, and discrepancy between 
the findings of mesentericography and intraoperative 
monitoring of the collateral blood supply [18, 19, 21].

The choice of oesophageal replacement method 
based on mesentericography allowed De Meester to 
decrease the rate of cervical oesophagocolonic anas-
tomosis leakage by up to 1.5% and cervical graft ne-
crosis by up to 2% [17]. Loinaz and Wilkins actively 
support the preoperative mesentericography [22, 23]. 
Nowadays, non-invasive computed tomography with 
vascular enhancement and 3D reconstruction is being 
increasingly used for preoperative diagnosis [24].

Prevention of insufficient blood flow 
in the colonic graft

In small intestine interposition, the most com-
mon cause of cervical graft necrosis is its ischaemia 
due to insufficient blood supply through the jejunal 
arcades. In colonic retrosternal interposition, in addi-
tion to arterial insufficiency, graft necrosis can occur 
due to disturbed venous circulation [2, 13, 14, 18, 19]. 
Before ligation and crossing, all surgeons clip the co-
lonic graft arteries with vascular clumps – “bulldogs”. 
Surgeons should be alarmed by possible ischaemia of 
future colonic graft as well as by any signs of venous 
hypertension [17].

De Meester suggested resecting the left sternocla-
vicular joint using a Gigli saw to prevent compression 
of a bulky mesentery [17]. Chang et al. and Orringer 
always perform the same procedure [25, 26]. Thomas 
et al. excise the left sternoclavicular joint if four fingers 
together cannot be placed behind the manubrium [2].

In addition to excision of the left sternoclavicu-
lar joint, the twisting of the vascular pedicle should 
be avoided in order to prevent damage to mesenteric 
veins and venous stasis [18]. De Meester described 
five techniques to save an adequate blood flow to the 
left colonic graft: 1) to preserve the ascending branch 
of the left colic artery for additional supply from the 
sigmoid arteries and graft venous drainage through 
sigmoid and haemorrhoidal veins; 2) to ligate middle 
colic arteries before they divide into right and left 
branches; 3) to avoid tension of vascular pedicle from 
the pericardium – if indicated, the latter is dissected 
longitudinally at 2–3 cm and stitched cross-like ac-
cording to Heineke-Mikulicz pyloroplasty; 4) to leave 
the marginal mesenteric vessel intact at the point of 
transection of the colonic graft; and 5) to perform the 
two-stage oesophagocoloplasty if the blood flow in 
the cervical portion of the graft is not sufficient [19].

To create a  maximally long graft and to anasto-
mose it with the pharynx after oesophagostomy, Lees 
twice successfully brought the initial portion of the 
ascending colon to the cervical region through the 
posterior mediastinum. He transected the right and 
middle colic arteries. The blood supply was provided 
from the left colic artery [27]. Furst et al. (Klinikum 
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Grosshadern, Munich, Germany) suggested not to mo-
bilise the splenic flexure of the colon for better blood 
supply to the graft during the operation by Lees. From 
January 1997 to June 1998, they performed 12 oesoph-
agostomies and three oesophagogastrectomies using 
cervico-hiatal approach with oesophagocoloplasty. 
No graft ischaemia was noted in these cases [21].

Chang et al. and Orringer proposed to assess the 
arcade blood flow in the cervical portion of the future 
colonic graft using Doppler ultrasound intraopera-
tively after clipping the colic arteries with “bulldogs” 
[25, 26].

De Meester and Wain et al. put the graft into a sa-
line-soaked plastic bag in the abdominal cavity to 
avoid damage of the mesenteric vessels and only then 
passed the colonic graft through a retrosternal tunnel 
[17, 20].

Direct revascularisation of the colonic graft 
for oesophageal replacement

Carrel (John Hopkins University Hospital, Balti-
more, USA), for the first time in the world experimen-
tally, successfully transplanted a  portion of a  dog’s 
small intestine to the cervical region constructing 
microvascular anastomoses between graft vessels and 
the common carotid artery and internal jugular vein 
of the animal [28].

Carrel’s experimentally grounded idea of direct re-
vascularisation was reborn at Baltimore University. Ex-
actly 40 years after this experiment, for the first time in 
the world, the Head of the Surgical Clinic at John Hop-
kins University Hospital in Baltimore W. Longmire Jr. 
introduced this idea to clinical practice. On April 15, 
1946 he performed direct vascular anastomoses of the 
first jejunal artery and the vein of the cervical portion 
of the subcutaneously routed jejunal graft with simi-
lar internal thoracic vessels using binocular loupe and 
atraumatic threads in a  28-year-old patient with ex-
tensive post-burn stricture of the thoracic oesophagus 
[29]. Longmire resected the cartilages of ribs II-III on 
the left to ensure access to the internal thoracic vessels. 
He later successfully performed four procedures with 
revascularisation in children with congenital oesoph-
ageal atresia complicated by tracheoesophageal fistula 
[30]. In 1956 Russian surgeon Androsov introduced for 
the first time in the world the technique of mechani-
cal vessel suturing. It was created by Russian engineer 
Gudov in 1950 [31].

In 1959, to complete oesophageal replacement, Se-
idenberg for the first time made a free transplantation 
of the small intestine portion instead of cutaneous 
graft to the cervical region. To maintain this intestinal 
graft viability, he performed the direct revascularisa-
tion and then created an anastomosis between the cer-
vical oesophagus and proximal portion of the small in-
testine graft. The distal end of the latter was connected 
with the proximal end of the jejunal graft [32].

These outstanding achievements of oesophageal 
surgery were not demanded for some time because in 
the 1950s French surgeons revealed the benefits of oe-
sophagocoloplasty, in which direct revascularisation 
was rare.

In 1997, Schwabegger et al. published the results of 
86 autopsies. They proved that the average diameter 
of the internal thoracic veins is large enough: both in 
men and women it is close to 1.6 mm on the left and 
2.3 mm on the right. This report has revived interest 
in direct revascularisation of the small intestine graft 
for oesophageal replacement [33]. At the end of the 
20th century, microvascular and plastic surgery rapid-
ly progressed all over the world. Up-to-date operating 
microscopes, suture material, and special equipment 
allowed microsurgeons a successful creation of arte-
rial and venous anastomoses of small and extra-small 
diameters [34]. Moreover, the resection of the left ster-
noclavicular joint in retrosternal oesophagoplasty en-
sured good access to the internal thoracic vessels. 

Ascioti et al. and Swisher et al. preferred the 
retrosternal routing of the jejunum [35, 36]. Heit-
miller et al. performed sternotomy that would make 
the pulling more secure [37]. According to their data, 
in direct revascularisation of a  small intestine graft 
on the neck, the necrosis was seen in 1.0% and the 
stricture of the cervical anastomosis in 4.8–18.8%; no 
revascularisation was revealed in 8.3% and 48.6%, re-
spectively.

Some other authors did not use the thoracic ves-
sels for the hypervascularisation of the jejunum, but 
the external carotid artery and internal jugular vein 
by Carrel [28] or transverse cervical artery and the in-
ternal carotid vein [38, 39] being taken. The latter ves-
sels were preferred for the revascularisation of colonic 
graft too [40, 41].

In oesophageal cancer, Shirakawa et al. performed 
41 revascularisations of 347 oesophagocoloplasties be-
tween 1998 and 2004. The construction of arterial and 
subsequently venous anastomosis took them 15 min 
for each, i.e. the operation lasted only 30 min more. 
They preferred the branches of the internal carotid 
artery (superior thyroid, lingual, facial, ascending 
pharyngeal) for supercharge and the jugular vein for 
venous anastomosis [42]. 

Stimulation of collateral blood flow 
in colonic graft

In 1908, Veksner conducted experiments to study 
the blood supply of a  small intestine loop derived 
from the abdominal cavity. They consecutively ligat-
ed the mesenteric vessels [43].

In 1950, Schumacher Jr. and Battersby (Medical 
Centre at Indiana University Hospital, Indianapolis, 
USA) carried out an original experiment to assess the 
collateral blood flow of the small intestine in animals. 
Forty-six albino rats were operated. Roux-en-Y loop 
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was prepared in all animals. The first jejunal artery 
was preserved. One-stage consecutive ligation of the 
remaining arteries was performed, or every second ar-
tery was ligated in a two-stage procedure. It has been 
proven that the consecutive ligation of three first-order 
arteries did not cause ischaemia of the jejunum. The 
consecutive ligation of four or more arteries resulted 
in intestinal gangrene. Every second of 3–5 arteries 
was ligated in 18 animals. From 9 days to 3 months af-
ter the first procedure, 3–5 second-order arteries were 
ligated. Roux-en-Y loop was viable; blood supply was 
adequate thanks to collateral circulation. Similar re-
sults have been obtained in the jejunum and ileum of 
16 dogs. This technique ensured the successful deriva-
tion of hypervascularised small intestine subcutane-
ously to the cervical region after transecting all vessels 
that had been previously ligated [44].

Hadidi supported the idea of Schumacher Jr.-Bat-
tersby for oesophagocoloplasty. Between 1999 and 
2002 he operated on 11 children with oesophageal 
post-burn strictures. When performing the gastrosto-
my, he ligated the middle colic artery and vein. After 
this, hypervascularisation of the transverse colon was 
provided from the left colonic artery and the arc of 
Riolan. Not earlier than 1 month later, he performed 
the retrosternal colonic interposition for oesophageal 
replacement [45].

Our experience in hypervascularisation  
of colonic graft

For more than 10 years, we have been supporting 
the preoperative mesentericography at the Endovas-
cular Unit of our Surgery Department. Invasive angi-
ography was performed in 19 of 28 cases (67.9%). We 
prefer the “Bordeaux” technique of oesophagoplasty 
[46]; therefore, we always start with superior mesen-
tericography. When an anomalous branching of the 
superior mesenteric artery is detected, we perform 
inferior mesentericography [47]. In the right colonic 
interposition, angiography was performed in 14 of  
16 cases (87.5%), in the left – in 5 of 12 cases (41.7%). We 
believe angiography to be mandatory for all patients 
older than 60 years and in the presence of obliterat-
ing atherosclerosis of the lower extremities vessels. It 
should be noted that in 2 of 14 upper mesentericogra-
phies (14.2%), an anomalous blood supply was identi-
fied. In these cases, intraoperative assessment of right 
colic vessels branching proved to be more encourag-
ing, thus allowing “Bordeaux” oesophagocoloplasty 
to be successfully completed.

De Meester and Furst used the endoscopic exami-
nation of the mucosa to assess the colonic graft blood 
supply after the procedure [17, 21]. We consider this 
manipulation not to be safe for cervical oesophago-
colonic anastomosis, and developed the technique of 
transcutaneous Doppler control of the cervical graft 
blood supply [47].

In our practice, there was one case of direct revas-
cularisation [47]. A 69-year-old patient had an anoma-
lous branching of the superior and inferior mesenteric 
arteries (Figure 1). 

Direct revascularisation of the right colonic graft 
was planned for August 30, 2007. The middle colic 
artery was chosen as a  supply pedicle. The vascu-
lar pedicle was prepared from the ileocolic artery; it 
was suggested that the graft be supplied from the left 
common carotid artery. However, after routing the 
ileocolonic graft to the cervical region, the length of 
the vascular pedicle proved to be insufficient. There-
fore, the autovenous insertion was prepared. We per-
formed two vascular anastomoses: the ileocolic artery 
with venous insertion “end-to-end” and the other end 
of the venous insertion with the left common carotid 
artery “end-to-side”. The venous anastomosis was not 
created.

A transient venous hypertension was observed in 
a viable graft. In the literature, we have not found any 
case report of the direct revascularisation of the cer-
vical portion of intestinal graft using an autovenous 
insertion for lengthening a vascular pedicle.

Conversely to Hadidi’s idea [45], we proposed re-
vascularisation of the left colonic graft. On Septem-
ber 5, 2008, after poor outcomes of the superior and 
inferior mesentericography, we performed for the 
first time laparoscopic clipping of the left colic artery 
without preliminary laparotomy and gastrostomy in 
a 58-year-old male patient. An adequate hypervascu-
larisation of the left colonic graft allowed us to per-
form a  successful retrosternal oesophagocoloplasty 
and create one-stage oesophagosigmoanastomosis on 
the neck on November 21, 2008. We also grounded 
the technique of laparoscopic clipping of the right 
colic vessels for the hypervascularisation [47].

Figure 1. Intraoperative view of the neck wound: vascular 
pedicle of right colonic graft

1 – left common carotid artery clutched with a  “bulldog” clip;  
2 – ileocolic artery lengthened by autovein of patient; 3 – ileal part 
of right colonic graft.
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For the second time, we had to ligate the sigmoid 
artery for the hypervascularisation of the left colon 
after failed oesophagocoloplasty by the right colon. 
In this case, surgical rehabilitation of the patient took  
2.5 years. We have not found any information about 
a  successful re-oesophagocoloplasty after the method 

Figure 3. Lower mesentericography: anomalous branching 
of the inferior mesenteric artery

1 – sigmoid artery ligation; 2 – discontinuous marginal vessel.

Figure 2. Upper mesentericography: magistral pattern of 
the right colon blood supply

Figure 4. Repeated lower mesentericography performed  
13 months after the sigmoid artery ligation: hypervascu-
larisation of the left colon and the rectum

of Schumacher Jr., Battersby, and Hadidi in English-lan-
guage publications. Here is our case report, in brief [48].

The patient H., 30 years old, one month after an 
alkaline burn of the oesophagus, underwent gastros-
tomy in our Centre on December 7, 2012. On April l2, 
2013, the oesophagocoloplasty was performed using 
the “Bordeaux” method. The findings from the upper 
mesentericography confirmed the magistral pattern 
of blood flow with an appropriate marginal vessel 
(Figure 2).

On day 6, due to right colonic graft necrosis, the 
patient had to undergo re-laparotomy, graft resection 
with cervical oesophagostomy, and nutrition jejunos-
tomy. On May 12, 2013, during the repeated laparot-
omy, we resected “vicious” jejunostomy, performed 
visceral lysis and re-gastrostomy. 

The patient gained weight and felt better. On Jan-
uary 23, 2014 the lower mesentericography revealed 
extremely insufficient vascular collaterals of the left 
colon (Figure 3). 

On January 28, 2014 we performed laparotomy, 
total visceral lysis, and sigmoid artery ligation for hy-
pervascularisation of the left part of the colon after 
the method of Schumacher-Hadidi. Almost 1 year 
later, on January 18, 2015, repeated inferior mesenteri-
cography revealed a well-developed revascularisation 
of the left colon (Figure 4).

On February 20, 2015, we performed laparotomy 
and intrapleural oesophageal replacement with left 
colonic graft. Using an endoscope, we passed the graft 
through the right pleural cavity behind the root of the 
lung to avoid the thoracotomy. We created oesophago-
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sigmoidal anastomosis on the neck using a single-layer 
suture, then cologastric anastomosis “end-to-side” and 
ileorectostomy “end-to-side” by Sarli et al. [49]. There 
were no postoperative complications. The gastrostomy 
closed spontaneously. Currently, the patient has a body 
mass index of 22.3 kg/m2 and no electrolyte disorders.

In this case, the small intestine graft was not consid-
ered for the oesophageal replacement for the following 
reasons: 1) the right colon was already absent; 2) the pa-
tient was asthenic, quite a large portion of the jejunum 
was to be used for the successful subcutaneous oesoph-
agocoloplasty that could lead to short bowel syndrome 
(in the best case) or to graft necrosis (in the worst); 3) the 
shorter retrosternal access was used earlier; 4) resection 
of the oesophagus and pulling the graft through the 
posterior mediastinum as the shortest route requires 
not only laparotomy but also thoracotomy.

Thus, 3 of 28 cases (10.7%) required the hypervas-
cularisation of the future left colonic graft. 

Conclusions

The analysis of preoperative mesentericography 
findings, prevention of venous stasis in the colonic 
graft in retrosternal oesophagoplasty, and mastering 
the techniques of hypervascularisation of the colonic 
graft allow significant reducing in the risk of isch-
aemia in this segment. This contributes to performing 
one-stage colonic replacement followed by minimal 
postoperative complications. Good long-term func-
tional results of the shunting oesophagocoloplasty 
will be achieved.
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