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SUPRARENAL AORTA RECONSTRUCTION USING A
SAPHENOUS SPIRAL GRAFT: CASE REPORT

Abdo Farret, MD, Carlos Teodésio da Ros, MD, Carlos Alberto Cabeda Fischer, MD,

José Pedro Mandelli, MD, and Luiz Carlos Farret, Jr.

We report a case of gunshot wound to the suprarenal aorta with restoration of
blood flow through a saphenous spiral graft in an 18-year-old man. He was
followed for a period of 27 months. The follow-up showed a progressive dilatation
of the graft. This original technique for wounds of the aorta seems a reasonable
alternative for trauma cases in which there is no vascular prosthetic graft.

THIS ARTICLE presents the case of a patient with a
gunshot wound to the suprarenal aorta in whom we
used a saphenous spiral graft to replace a destroyed
segment of the aorta. We also emphasize the technique
of the surgical exposition used, with rotation of the
abdominal contents to the right side, from the reflec-
tion of the left colon and section of the left diaphrag-
matic column.

CASE REPORT

An 18-year-old man was treated at Pronto Socorro Munic-
ipal Hospital, Porto Alegre, Brazil, on April 20, 1990, for
hypovolemic shock because of a gunshot wound of the left
lumbar region. We performed an exploratory laparotomy
through a median incision, and found a large amount of
retroperitoneal bleeding in the upper abdomen. We then ex-
posed the aorta through the paracolic gutter, dislodging the
spleen, pancreas, stomach, and left colon, leaving the left
kidney in situ. We clamped the proximal and distal segments
of the aortic wound, after sectioning the left diaphragmatic
dome. The aorta had a star-shaped wound at the level of the
celiac axis, where the aorta was transected, and there was a
transfixing lesion of the liver and stomach. Primary suture of
the aortic lesion was unsuccessful. We then resected the
aortic segment and removed approximately 20 cm of the
saphenous vein of the left thigh. After distending the vein
segment with physiologic saline we cut it longitudinally over
its length, and constructed a spiral graft approximately 5 cm
long, using a continuous suture of 5-0 polypropylene mono-
filament and a 40F chest drain as a mold (Fig. 1). We then
sutured the graft end-to-end between the two ends of aorta
with 5-0 polypropylene suture.

The arterial clamp was withdrawn gradually over approx-
imately 8 minutes, during which time we noted that the graft
was working well. The celiac axis stump was attached with
4-0 polypropylene suture. The total aortic clamp time was 90
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Figure 1. Diagram of saphenous spiral construction. SV = saphe-
nous vein; CD = chest drain.

minutes. We did not use heparin or any other maneuver to
protect the abdominal viscera. Five units of blood were used
during the surgery, and cefalothin 1 g IV every 6 hours for 5
days was given as a prophylactic antibiotic.
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Figure 2. Ultrasonogram on sixth postoperative day showing the
abdominal aorta and the graft (21 mm).

Figure 3. Aortogram on the twenty-first postoperative day showing
the graft (lateral view).

The patient’s course was without complications, and an
ultrasonographic study on the sixth postoperative day
showed integrity of the graft which had a diameter of 21 mm
(Fig. 2). The patient was discharged, asymptomatic, on the
seventh day.

An aortogram on the twenty-first postoperative day
showed a small amount of dilatation of the graft and retro-
grade filling of the celiac axis throughout the superior mes-
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Figure 4. Aortogram showing the graft (frontal view).

Table 1
Proximal aorta and graft diameters on ultrasonography
Date Graft (mm) Aorta (mm) Index
April 27, 1990 21 15 1.4
November 5, 1991 29 16 1.81
June 24, 1992 33 17 1.94

enteric artery (Figs. 3 & 4). The patient underwent periodic
ultrasonographic studies of the graft. We used a dilatation
index calculated by dividing the diameter of the graft by the
diameter of the proximal aorta, because this segment of the
aorta should not be modified by the blood flow (Table 1). The
interval between the first and second ultrasonographic stud-
ies was long because the patient disappeared for 17 months.

The analysis of the dilatation index showed a pattern of
slow and gradual enlargement of the graft’s diameter (21 mm
to 33 mm), but the proximal aorta also showed a slight in-
crease in diameter (15 to 17 mm) (Figs. 5 & 6). The increase
in the dilatation index observed between 1990 and 1992 led
us to decide to do a definitive substitution of the venous graft
with a Dacron graft. The procedure was performed 27 months
after the first procedure. A left thoracoabdominal incision
was made at the level of the eighth intercostal space. The
abdominal approach was extraperitoneal; the aorta and su-
perior mesenteric artery were isolated. Before aortic clamp-
ing, systemic heparinization and insertion of a left axillary-
femoral shunt were performed.’ The venous graft was then
opened longitudinally and the Dacron prosthesis (18 X 65
mm), which had been pre-coagulated, was fixed with unin-
terrupted 3-0 polypropylene suture (Figs. 7 & 8). Macroscop-
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ically, the venous graft showed perfect integrity with the
aorta, with no adhesions with surrounding tissues. The spi-
ral aspect had disappeared. The aneurysm was fusiform and
did not have any saccular dilatation. It was impossible to
distinguish the aortic endothelium from the graft endothe-
lium, and the wall of the graft appeared thickened. The total
aortic clamp time was 70 minutes, and the heparinization
was inactivated with protamine. The postoperative period
was without complications and the patient was discharged on
the seventh day. The patient returned to his working activ-
ities after the 30th postoperative day.

DISCUSSION

Vascular trauma is the principal cause of death follow-
ing penetrating abdominal wounds.? The first suture of a
penetrating aortic wound was attributed to Wildegans®*
in 1926. The management of aortic lesions still remains a
challenge for surgeons, because of heavy exsanguination
in the area of the wound, and because the majority of
these patients have mortal lesions of other organs.’ In
any case, there is great difficulty in exposing the wound
and controlling the bleeding.

Much of the knowledge of such wounds comes from
experience in the Korean and Vietnam wars. During
the former there were no reports of survivors of these
injuries, whereas during the latter there were 33 cases
with 10 survivors reported (a total of 13,600 wounded
in revised registries).®~® Richards et al.% in 1966 de-
fined the prognostic factors as the amount of time be-
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Figure 5. Ultrasonogram at the seventeenth month of the postoperative period showing the aorta and dilatation of the graft (29 mm).

tween the trauma and surgery, blood available for
transfusion, the correct diagnosis, and the tamponad-
ing effect of surrounding tissues. An intact abdominal
wall also contributes to a good prognosis in such cases.
On the other hand, associated visceral and vascular
lesions, present in approximately 100% of patients
with penetrating wounds, make the prognosis worse.?

Successful outcomes in cases of traumatic lesions of
the suprarenal aorta depend on a good exposure of the
organ. After a long median abdominal incision, some-
times with extension to the chest,'®~16 it is necessary to
reflect the left colon to the right side.!”!® The supra-
celiac segment of the suprarenal aorta is hidden by the
left diaphragmatic dome.

The mortality rate following aortic trauma, in
treated cases, ranges from 30% to 70%.9:10:13-16,19-26
The best survival indices to suprarenal aortic wound
were obtained by Mattox.?” His technique uses rotation
of the spleen, left kidney, left colon, stomach, and pan-
creas to the right side, and he obtained 64% survival.?’

Aortic wounds can usually be managed by su-
ture,®6-810.20.28 1egection, and end-to-end anasto-
mosis,'?%¢ or patch or synthetic grafts. *10-24.26-34
Accola et al.,'” in a recent review, reported that
aortorrhaphy was the most frequently used proce-
dure (52% of the cases) in the treatment of suprare-
nal aortic trauma, followed by a synthetic graft
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Figure 6. Ultrasonogram at the twenty-sixth month of the postop-
erative period showing dilatation of the graft (33 mm).

Figure 7. During the second surgery, we could see that the graft
had lost its spiral aspect.

(25%), and end-to-end anastomosis (18%). Ligature
of the celiac axis is well tolerated when the patient
has no superior mesenteric artery obstruction.'®3!
The use of synthetic prostheses in contaminated sur-
gical fields is still debated, and there is no agree-
ment.3! When a Dacron prosthesis is used without
precoagulation there is a hazard of bleeding, mainly
in patients who have undergone many transfusions,
who have metabolic acidosis, and consequently have
coagulation deficits.®®

When it is necessary to replace a segment of suprare-
nal aorta, its diameter, ranging from 12 to 20 mm, can
thus imoede the use of a venous graft, unless a tube or
spiral o1 saphenous vein is constructed. In this way, the
technique of constructing a saphenous spiral graft is very
attractive, because the graft can be constructed with the
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Figure 8. Dacron graft sutured end-to-end at the supramesenteric
aorta.

appropriate diameter and extension. Construction of this
spiral was first described experimentally by Chiu et al.36
in 1974, and applied to humans by Doty and Baker®” in
1976, to bypass an obstruction of the superior vena cava
caused by a tumor. Later, it was used successfully in
reconstruction of venous lesions.®®*~** We found no re-
ports of its use in aortic reconstruction after trauma in
our literature review.

Despite the success of this case, more experimental
studies are needed. Because these grafts do not carry the
risk of infection attributed to prosthetic grafts and they
have an impermeable wall, they could be used in aortic
wounds that have heavy peritoneal contamination or in
patients with transfusional coagulopathy. However, the
unavailability of a vascular prosthesis, at the moment of
a lifesaving surgery, which is very common in our coun-
try, is the best indication for using this technique. Fi-
nally, we emphasize that once the technique has been
employed, the patient should be observed carefully for
aneurysm formation at the graft site.

Acknowledgment:

Angela Uglione, MD, and Alan P. Fear assisted with the
English translation of the manuscript.

REFERENCES

1. Mandelli JP, Rode J, Pinto D: Paciente transplantado renal com
diagnéstico de aneurisma de aorta abdominal. Anais do XXVII
Congresso Brasileiro de Angiologia e Cirurgia Vascular,
Curitiba, PR, Brazil, 1987, p 73

9. Millikan JS, Moore EE: Critical factors in determining mortality
from abdominal aortic trauma. Surg Gynecol Obstet 160:313,
1985

3. Wildegans H: Verletzungenn der aorta. Disch Med Wochenschr
52:1810, 1926

4. Myles RA, Yellin AE: Traumatic injuries of the abdominal aorta.
Am J Surg 138:273, 1979

5. Sturm JT, McGee MB, Luxemburg MG: An analysis of risk
factors for death at the scene following traumatic aortic rup-
ture. J Trauma 28:1578, 1988

6. Billy LJ, Amato JJ, Rich NM: Aortic injuries in Vietnam. Surgery
70:385, 1971

7. Rich NM, Baugh JH, Hughes CW: Acute arterial injuries in
Vietnam: 1000 cases. J Trauma 10:359, 1970



118 The Journal of Trauma July 1994

8. Hughes CW: Arterial repair during the Korean War. Ann Surg  25. Morris GC, Beall AC, Jr, Roof WR, et al: Surgical experience

147:555, 1958 with 220 acute arterial injuries in civilian practice. Am o Surg
9. Richards AdJ, Jr, Lamis PA, Jr, Rogers JT, Jr, et al: Laceration of 99:775, 1960
abdominal aorta and study of intact abdominal wall as tam- 26. Yeo MT, Domanskis EdJ, Bartlett RH et al: Penetrating injuries
ponade: Report of survival and literature review. Ann Surg of the abdominal aorta. Arch Surg 108:839, 1974
164:321, 1966 ) ] . 27. Mattox KL, McCollum WB, Beall AC Jr, et al: Management of
10. Lim RC, Trunkey DD, Blaisdell WF: Acute abdominal aortic penetrating injuries of the suprarenal aorta. J Trouma 15:808,
injury: An analysis of operative and post-operative manage- 1975
ment. Arch Surg 109:706, 1974 28. Hardy JD, Raju S, Neely WA, et al: Aortic and other arterial
11. Elkins RC, DeMeester TR, Brawley RK: Surgical exposure of the injuries. Ann Surg 181:640, 1975
upper abdominal aorta and its branches. Surgery 70:622, 1981 29. Cheek RC, Pope JC, Smith HF, et al: Diagnosis and management
12. Buchness MP, LoGeyfo FW, Masson GR: Gunshot wounds of the of major vascular injuries: A review of 200 operative cases.
suprarenal abdominal aorta. Am Surg 42:1, 1976 Am Surg 41:755, 1975
13. Mattox _KL, Burch JM, Richardson R, et al: Retroperitoneal vas- 30. Bole PV, Purdy RT, Munda RT, et al: Civilian arterial injuries.
cular injury. Surg Clin North Am 70:635, 1990 Ann Surg 183:13, 1976
14. Feliciano D: Abdominal trauma. In Schwartz SI, Ellis H (eds): 31. Brinton M, Miller SE, Lim RC Jr, et al: Acute abdominal aortic
Maingot’s Abdominal Operations. East Norwalk, Conn, Apple- injuries. J Trauma 22:481. 1982
ton & Lange, 1990, p 504 32. Holzer CE, JR: Gunshot wounds involving the abdominal aorta.

15. Feliciano D: Abdominal vascular injury. In Moore EE, Mattox .
KL, Feliciano D (eds): Trauma. East Norwalk, Conn, Appleton 33 Surgery 23:645, 1948
& Lange, 1991, p 536

16. Feliciano D: Management of traumatic retroperitoneal hema-
toma. Ann Surg 211:109, 1990

. Fromm SH, Carrasquilla C, Lucas C: The management of gun-
shot wounds of the aorta. Arch Surg 110:388, 1970
34. Lau JM, Mattox KL, Beall AC, Jr, et al: Use of substitute con-

.8 . duits in traumatic vascular injury. J Trauma 17:541, 1977

17. Accola KD, Feliciano DW, Mattox KL, et al: Management of . .
injuries to the suprarenal aorta. Am J Surg 154:61§, 1987 35. Ferr.ara'A, McArthur JD, erght HL, et a}l: Hyp othgr_mm and

18. Fry WR, Fry RE, Fry WJ: Operative exposure of the abdominal acidosis worsen coagulopathy in the patients requiring mas-
arteries for trauma. Arch Surg 126:289, 1991 Stve transfus.lon. Am J Surg 160:515, 1990 .

19. Drapanas TH, Hewitt RL, Weichert RF, III, et al: Civilian vas- 96- Chiu CJ, Terzis K, McRae ML: Replacement of superior vena
cular injuries: A critical appraisal of three decades of manage- cava with spiral composite vein graft. Ann Thorac Surg 17:555,
ment. Ann Surg 172:351, 1970 1974 _ o

20. Allen TW, Real GJ, Morton JR, et al: Surgical management of 37. Doty DB, Baker WH: Bypass of superior vena cava with spiral
aortic trauma. J Trauma 12:862, 1972 vein graft. Ann Thorac Surg 22:490, 1976

21. Burns GR, Sherman RT: Trauma of the abdominal aorta and 38. Doty DB: Bypass superior vena cava: Six years experience with
inferior vena cava. Am J Surg 38:303, 1972 spiral vein graft for obstruction of superior vena cava due to

22. Stome HH, Oxford WM, Auston JT: Penetrating wounds of the benign and malignant disease. J Thorac Cardiovasc Surg 83:
abdominal aorta. South Med J 66:1351, 1973 326, 1982

23. Kashuk JL, Moore EE, Millikan JS: Major abdominal vascular ~ 39. Anderson RP, Li W: Segmental replacement of superior vena
trauma: A unified approach. J Trauma ss:672, 1982 cava with spiral vein graft. Ann Thorac Surg 36:85, 1983

24. Beall AC, Jr: Penetrating wounds of the aorta. Am J Surg 99:  40. Jain KM, Smejkal R: Use of spiral vein graft to bypass occluded
770, 1960 subclavian vein. J Cardiovasc Surg 29:572, 1988

EDITORIAL COMMENT

In the preceding article, Doctor Farret and his associates not only report successful management of a complex
case under very difficult circumstances, they also give an excellent review of the literature, present a succinct
discussion, and identify several salient issues. The authors clearly state that a spiral autogenous saphenous graft
is used when no alternative is available. In most operating rooms, some form of synthetic and appropriately sized
prosthesis is the conduit of choice when one is faced with an injury of the complexity reported herein. This case
again documents that ligation of the celiac axis is usually tolerated. The fate of the spiral saphenous conduit is
of particular interest. Doctor Norman Rich, in his book, Vascular Trauma, documented at least one case of
delayed dilatation of a nonspiral saphenous conduit in an arterial position. That such dilatation is not seen more
often in coronary artery bypasses and other areas of high central arterial pressure is a credit to the known special
physical properties of the saphenous vein. That the authors were able to construct a venous conduit of appro-
priate diameter and accomplish the two suture lines in a relatively short time is a credit to their skill. T know of
other cases when a native (small diameter) saphenous vein was sutured into this location of the aorta with
uniformly disastrous results. The mortality rate following injuries to this location continues to be more than 60%,
with some noted trauma centers never reporting a survivor. President John Kennedy’s accused assassin, Lee
Harvey Oswald, had an injury similar to the one described, but with an increased complexity. Although the
authors point out that the area appropriate for use of prosthetic substitute conduits in contaminated surgical
fields is still debated, I have never found (or heard) of an abdominal aortic prosthetic graft inserted for trauma
becoming infected. The experimental and clinical experience in this area would even suggest that when extra-
anatomic bypass is not possible, use of a synthetic prosthesis in a potentially contaminated surgical field is
actually superior to the use of scavenged transposed collagen tubes of autogenous venous origin.
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