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Infection at the vascular access site is one of the
major complications of hemodialysis access.(1-6)

Among the various types of vascular access, pros-

thetic arteriovenous (AV) graft infection is one of the
most complex problems involved in hemodialysis
access surgery.  Graft infection may result in morbid-
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Background: Traditionally, extensive prosthetic arteriovenous (AV) graft infection is treat-
ed with graft removal and the arteriotomy or the graft stumps were simply
sutured following the removal of the graft. However, postoperative bleeding
may occur which requires emergent intervention. We report the results
achieved at our clinic after arteriotomy repair with venous graft interposition
in re-bleeding conditions. 

Methods: From January 2000 through February 2001, 31 patients with extensive graft
infections underwent graft removal with direct closure of the arteriotomy or
graft stumps at our clinic. Seven of these patients experienced re-bleeding
from the repaired brachial artery. Six of them received repair of the brachial
artery with venous graft interposition and one received brachial artery liga-
tion. 

Results: Surgery of the infected dialysis graft removal was associated with a high re-
bleeding rate (22.6%) in our group. In this study, we analyzed the preopera-
tive data, including age, gender, incidence of diabetes mellitus, incidence of
peripheral artery occlusive disease, and preoperative blood culture. Both uni-
variate and multivariate analyses showed that the positive preoperative blood
cultures were the only factors related to postoperative bleeding (Odds Ratio
22.8, p = 0.009 < 0.05). All of the patients that received brachial artery repair
with venous graft interposition recovered well. 

Conclusion: In the patients with positive blood cultures, we recommended brachial artery
repair with venous graft interposition rather than simple closure of the arteri-
otomy or graft stump after removal of the infected graft. This may prevent
re-bleeding due to inadequate debridement and eliminate the possibility of
ipsilateral hand ischemia due to brachial artery stenosis following simple clo-
sure of the arteriotomy.
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ity, prolonged dependence on dialysis central venous
catheters, or the need for multiple vascular access
surgery.(7) Several options exist for the surgical man-
agement of the infected graft, depending on the areas
of the graft involved.(8) If the infection is localized
and does not involve the anastomosis, it can general-
ly be salvaged using the segmental bypass procedure
by resection of the infected area of the graft using a
new polytetrafluoroethylene graft interposition.(9)

However, if the anastomosis is involved or multiple
abscess formation is noted then total removal of the
graft is preferred.(10)

After graft removal, the arteriotomy can be
managed in many different ways which are divided
into three major options: (1) the graft can be excised
subtotally with an oversewn stump left in the anasto-
mosis, (2) the arteriotomy can be closed directly, or
(3) the artery can be augmented using patch angio-
plasty. Although ligation of the artery is acceptable
in the emergent condition when the arteriotomy is
difficult to control, ischemia of the ipsilateral hand
might occur after brachial artery ligation, especially
in patients with diabetes or severe peripheral vascu-
lar disease.(11)

Sometimes, bleeding from the repaired arteri-
otomy after graft removal is encountered and
requires emergent intervention.(5) Repeated bleeding
may occur when definite repair of the arteriotomy
and extensive debridement are not achieved.  In this
study, we reviewed our experience with re-bleeding
from the simply repaired arteriotomy, and analyzed
the risks of re-bleeding in these patients. 

METHODS 

Patients
From January 2000 through February 2001, 31

patients with severe hemodialysis graft infections
(mean age, 63.6 11.7 years; 16 men and 15
women; 3 with forearm loop graft and 5 with upper
arm straight graft) underwent AV graft removal with
direct closure of the artery or oversewing of the graft
stump at Chang Gung Memorial Hospital.  All of the
patients were clinically diagnosed with extensive
graft infection for abscess formation with arterial
anastomosis involvement.  Seven patients (22.6%)
experienced early postoperative bleeding from the
repaired brachial artery, which occurred within 1
week after graft removal, and underwent emergent

surgical intervention.  Detailed data of those patients
are provided in Table 1.  Among those patients, six
patients underwent repair of the brachial artery with
venous graft interposition (5 great saphenous vein,
1 basilic vein).  One patient received brachial artery
ligation because of unstable hemodynamic condition
during surgery. 

Operative Procedures 
The patients were given general anesthesia, and

proximal arterial control using a tourniquet (150
mmHg above the systolic blood pressure) was
applied when necessary.  For each patient, the blood
clots were evacuated and the brachial artery was iso-
lated. The ruptured brachial artery was then carefully
dissected to allow vascular clamps to be applied at
both ends (Fig. 1). 

Fig. 2 Removal of the segment of the brachial artery con-
taining the ruptured arteriotomy

Fig. 1 Isolation of the brachial artery containing the ruptured
arteriotomy
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Under adequate control of the brachial artery,
the arterial bed was debrided extensively with
aggressive isotonic sodium chloride solution irriga-
tion.  The segment of the brachial artery that includ-
ed the ruptured arteriotomy was excised, and the
flow at both ends of the brachial artery was checked
(Fig. 2).  The vascular lumen was irrigated with 3-5

ml diluted heparin solution (1:100).
A venous graft (mostly left great saphenous

vein) of the appropriate length was harvested (Fig. 3)
and interposed between both ends of the cut brachial
artery (Fig. 4).  We used 7-0 Polypropylene sutures
for vascular anastomosis. The procedures of venous
graft interposition are depicted in Figure 5. 

Fig. 3 Harvest of the great saphenous vein for further use. Fig. 4 Vein graft interposition for brachial artery repair.

Fig. 5 Brachial artery with the ruptured arteriotomy was isolated (A) followed by completion of proximal and distal anastomosis
of the venous graft interposition by Prolene suture (B, C and D).

A B

C D
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Finally, we undermined the subcutaneous soft
tissue above the bicipital aponeurosis, and used three
or four intermittent horizontal mattress sutures to
approximate the bicipital aponeurosis as much as
possible but not to compress the repaired artery.  We
put two or three open drain tubes (6 mm Penrose
tube) in the dependent pockets above the bicipital
aponeurosis for drainage.  Skin then was closed
directly using intermittent horizontal mattress
sutures.  Sometimes, a Z-plasty was performed when
there was great tension in the skin closure.  A fore-
arm splint was made to keep the forearm in flexion
posture to reduce the tension of the repaired artery.
We removed the drainage tubes after minimal dis-
charge and good wound healing.  The procedure of
wound closure is described in Fig. 6.

Statistics
Comparison between the re-bleeding and non-

re-bleeding groups was performed using the SPSS
statistical software package (SPSS Inc, Chicago, Ill).
Independent t test and Fisher's exact tests were used
for univariate analysis.  The logistic regression
method was also used for multivariate analysis.

RESULTS

In the present series there was a high re-bleed-
ing rate (22.6%) for those who underwent infected
graft removal surgery.  Some preoperative data were

analyzed, including age, gender, incidence of dia-
betes mellitus, incidence of peripheral vascular
occlusion disease (defined as ischemic ulcers over
extremities or any amputation due to ischemic limbs)
and preoperative blood culture.  The data was gath-
ered during retrospective chart reviews. 

All of the 31 patients had positive wound cul-
ture with Staphylococcus (Staphylococcus aureus
and coagulase negative Staphylococcus) growth.
Notably, the blood culture also showed
Staphylococcus growth in 11 patients.  We analyzed
the preoperative data, including age, gender, inci-
dence of diabetes mellitus, incidence of peripheral
artery occlusive disease, and preoperative blood cul-
ture between the non-bleeding and re-bleeding group
using the t test and Fisher exact test.  The logistic
regression method was also performed for multivari-
ant analysis.  In both univariate and multivariate
analyses, positive preoperative blood culture was
found to be the only factor that related to re-bleeding
following primary closure of the arteriotomy or graft
stump (Odds Ratio, 22.8; p = 0.009 < 0.05; Hosmer-
Lemeshow (2 test, 0.105; p = 0.949).  The detailed
results of univariate and multivariate analysis are
listed in Table 2 and Table 3. 

All of the patients who received brachial artery
repair with venous grafts during the second operation
recovered smoothly.  Moreover, the patient who
underwent emergent brachial artery ligation recov-
ered without evidence of distal gangrene.  However,

Fig. 6 Wound closure. (E) Undermine the skin and soft tissue above the bicipital fascia. The repaired artery lies in the intermuscu-
lar groove. (F) The bicipital fascia was approximated as much as possible using several horizontal mattress sutures (using 4-0 pro-
lene). One or two 6 mm Penrose drains were put in dependent pockets above the fascia. (G) The skin was closed directly using 2-0
Prolene and a splint was given to keep the forearm in flexion posture.
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the functional status of the limb was impossible to
evaluate because the patient had ipsilateral hemipare-
sis due to a previous stroke. 

DISCUSSION

Prosthesis infection is one of the leading causes
of hemodialysis grafts loss.(5,12,13) Many patients die
because of exhausted hemodialysis sites.  Graft
salvage with preservation of the native vessels is the
goal of management of graft dysfunction.(14) The risk
of graft infection increases after graft intervention,
and as Miller et al. reported, a mean of 1.22 interven-
tions per graft per year were required to maintain

graft patency.(15) Using cryopreserved human vein
allografts to replace an infected graft is an alternative
to graft salvage in managing infected grafts.(16)

However, it is impractical at this stage of develop-
ment.

Postoperative bleeding after graft removal
surgery is common, especially when the arteriotomy
or the graft stump is simply oversewn.  Some reports
in the literatures have mentioned the use of a seg-
mental bypass of the infection zone to salvage the
dialysis grafts.(5,9,12) However, for patients with exten-
sive graft infections in which the whole dialysis
grafts are involved, especially when the arterial anas-
tomosis is involved, segmental bypass of the infected

Table 1. Data of the Re-bleeding Group
Age Gender Graft position Initial repair Re-bleeding time (day)

(years) (after first operation)
68 F Upper arm straight graft Stump oversewn 7
75 F Upper arm straight graft Direct closure 5
47 M Forearm loop graft Direct closure 7
73 M Upper arm straight graft Stump oversewn 6
76 M Upper arm straight graft Direct closure 5
75 M Upper arm straight graft Forearm straight graft Direct closure 2
51 M Forearm loop graft Stump oversewn 7

Average : 5.3 0.7 day
Abbreviations: M: male; F: female.

Table 2. Comparison of the Re-bleeding and Non re-bleeding Groups Matched by Age, Gender, DM, PAOD and Positive Preoperative
Blood Culture

No re-bleeding group Re-bleeding group p
N = 24 N = 7

Age (years) 62.83 11.68 66.43 12.25 0.506
Gender 11M 13F 5M 2F 0.394
DM 16 (66.7%) 3 (57%) 0.384
PAOD 7 (30%) 2 (28.6%) 1.000
Positive Blood
Culture 5 (21%) 6 (85.7 %) 0.004
*p value calculated by independent t test in Age and Fisher exact test in Gender, DM, PAOD, and Positive Preoperative Blood Culture.
*Abbreviation: M: male; F: female; DM: Diabetes Mellitus; PAOD: peripheral artery occlusive disease

Table 3. Logistic Regression Analysis of Risk of Re-bleeding after Infected Hemodialysis Graft Removal with Primary Repair or Stump
Over-sewn.

Coeff. p Odds ratio CI lower limit CI upper limit

Positive B/C 3.127 0.009 22.800 2.207 235.509
Constant -2.944 0.004

*Positive B/C: Positive preoperative blood culture; Coeff.: Coefficient expressed in logits; CI: 95% confidence interval for the odds ratio,
Hosmer-Lemeshow (2 test: 0.105, p = 0.949
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zone cannot be performed.  To treat an extensive
graft infection, the dialysis graft must be entirely
removed.(17) Few reports in the literature contain dis-
cussions on the management of the arterial end of the
infected graft.  Padberg et al. summarized the most
commonly used methods.  They suggested that
stump oversewing was more reliable than direct arte-
riorrhaphy or venous patch angioplasty when the
arterial anastomosis was not infected, and that
brachial artery ligation was safe in most patients for
established collaterals after long-term hemodialy-
sis.(8) However, the possibility of distal ischemia in
patients with brachial artery ligation cannot be
ignored.  Padberg et al. encountered two episodes of
postoperative bleeding in 13 patients who underwent
complete removal of infected grafts.  One patient had
simple arteriorrhaphy during his first operation,
while the other underwent patch angioplasty.  They
treated the ruptured arteriotomy with simple re-sutur-
ing in one case and brachial artery ligation in the
other case.  Moreover, Taylor et al. reported two
cases of post-graft removal bleeding among a sample
of 19 patients (5 femoral artery, 14 brachial artery),
and both occurred within 2 weeks of the graft
removal surgery.  They resolved the problem suc-
cessfully using re-suturing in one case, and patch
angioplasty in the other case.(5)

In our series, the rate for postoperative arterial
bleeding was as high as 22.6% after graft removal
surgery when the arteriotomy or the graft stump was
simply oversewn.  Apparently, simple closure of the
arterial anastomosis does not eliminate the infection
completely in all cases.  Definite repair after exten-
sive debridement must be done in certain cases.  The
question arose as to which cases need graft bypass
rather than the simple repair for the arteriotomy.  In
this study, we found a close relationship between
preoperative positive blood culture and re-bleeding
after the initial repair of arteriotomy.  Tabbara et al.
reported a close relationship between sepsis and
early death in patients after hemodialysis graft infec-
tion.(18) It may be that for the patients who have
extensive graft infection with preoperative positive
blood culture results, we should perform extensive
trimming of the infected vessel wall and venous graft
bypass after complete synthetic graft removal to
eliminate the ongoing sepsis.  Repair of the arterioto-
my through simple arteriorrhaphy or patch angio-
plasty may limit the extent of the debridement of the

vessel wall.  The infected vessel wall may not have
been trimmed adequately because of concern about
vessel lumen stenosis and excessive tension on the
arteriorrhaphy suture.  Incomplete debridement often
leads to disruption of the repaired arteriotomy with
massive bleeding that always requires emergent sur-
gical management.

The results of this study suggest that definite
brachial artery repair with vein graft interposition as
well as extensive wound debridement should be per-
formed in patients with forearm graft infection.  The
infected graft must be removed entirely and the ves-
sel wall adjacent to the anastomosis must be trimmed
until the relatively healthy vessel wall is met.  After
copious irrigation with isotonic sodium chloride
solution, a segment of the venous graft can be
implanted to restore the arterial blood flow and pre-
vent distal ischemia.  In contrast to the artificial
graft, autologous venous grafts are more resistant to
infection.  This method can also prevent stenosis of
the repaired brachial artery and reduce the occur-
rence of ischemia in the hand.  In addition, upper
arm brachial-axillary bridge grafts can be planned in
the future without worrying about impaired brachial
artery flow.  Nicholas et al. found that patients with
diabetes mellitus or previous amputation because of
peripheral vascular occlusion disease carried a higher
risk of developing ischemia in the hand following
AV access operation.(11) To reduce the risk of distal
ischemia, the brachial artery should be preserved as
much as possible.  Ligation of the brachial artery
should be avoided. In addition, silent graft and sub-
cutaneous abscess near the infected focus should be
explored and excised to prevent further infection.(19)

Thus, we suggest that extensive debridement of the
vessel wall and surrounding soft tissue are important
in patients with surgeries for infected AV prosthesis
removal. 

Sometimes, the wound closure after definite
arterial repair is really a problem because of severe
tissue edema and excessive soft tissue loss after
debridement.  In our cases, the adequate short length
of the venous graft, bicipital aponeurosis undermin-
ing, and initial S-shape wound incision were enough
for adequate wound closure.  Local flap from the lat-
eral part of the arm or skin graft may be helpful if
there is great tension in the primary wound closure,
however, we did not have the experience in our
cases.  The method of definite repair of brachial
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artery comes from the experiences of repairing
injured brachial arteries.  Adequate debridement of
wounds and vessel walls are also the points in man-
agement of patients with vascular trauma because
dirty wounds and extensive soft tissue loss are com-
mon in these cases. 

Postoperative bleeding after infected dialysis
graft removal is a devastating and troublesome com-
plication.  We think that any infected prosthesis or
unhealthy vessel tissue should not be left in place
after graft removal due to the risk of persistent infec-
tion.  Staphylococcus aureus is by far the most com-
mon organism implicated in dialysis graft infec-
tions.(20) Based on the experience presented here, we
conclude that patients with extensive hemodialysis
graft infection, especially those with positive blood
culture results, should be treated with total graft
excision plus definite artery repair by venous graft
interposition after graft removal.  These patients tend
to have a higher risk of postoperative bleeding if the
arteriotomy or the graft stump were simply repaired.
This method can reliably eliminate the infected
materials and prevent further arteriotomy bleeding.
However, further prospective, randomized studies
may be needed to support our conclusion.   
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