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Background and objectives: An upper arm vascular access is often placed in patients with a failed forearm fistula or with
vessels unsuitable for a forearm fistula. The aim of this study was to compare the outcomes of three upper arm access types:
brachiocephalic fistulas, transposed brachiobasilic fistulas, and grafts.
Design, setting, participants, & measurements: A prospective, computerized access database was queried retrospectively to
identify the clinical outcomes of upper arm accesses placed in 678 patients at a large dialysis center, including 322
brachiocephalic fistulas, 67 brachiobasilic fistulas, and 289 grafts.
Results: Primary access failures were less common for brachiobasilic fistulas and grafts compared with brachiocephalic
fistulas (18%, 15%, and 38%; hazard ratio of brachiocephalic fistulas versus brachiobasilic fistulas 2.76; 95% confidence interval
1.41 to 5.38; P < 0.003). For the subset of patients receiving a brachiocephalic fistula, a multiple variable logistic regression
analysis including age, sex, race, diabetes, coronary artery disease, peripheral vascular disease, cerebrovascular disease, prior
access, surgeon, arterial diameter, and venous diameter found that only vascular diameters predicted primary failure (P <
0.001). When primary failures were excluded, cumulative access survival was similar for brachiobasilic and brachiocephalic
fistulas, but superior to that of grafts. Total access interventions per year were lower for brachiobasilic and brachiocephalic
fistulas than for grafts (0.84, 0.82, and 1.87, respectively, P < 0.001).
Conclusions: Transposed brachiobasilic fistulas may be preferred, due to (1) a lower primary failure rate (similar to grafts),
and (2) a lower intervention rate (similar to brachiocephalic fistulas). However, this advantage must be balanced against the
more complex surgery.
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A

n upper arm vascular access is typically placed in
patients whose vessels are unsuitable for a forearm
fistula or in those with a failed forearm fistula. There
are two major considerations in selecting the type of vascular
access to place. First, the new access must mature adequately to
be suitable for dialysis. That is, it must be cannulated reproducibly and achieve a dialysis blood flow sufficient to provide
adequate dialysis. Second, once maturation has been achieved,
the access should maintain long-term patency with a minimum
of percutaneous or surgical interventions (1). The two major
types of upper arm access placed are the brachiocephalic fistula
and the upper arm graft. Once suitability for dialysis has been
attained, the brachiocephalic fistula is superior to an upper arm
graft, because it requires substantially fewer interventions to
maintain long-term patency (2). This advantage of fistulas is
counterbalanced by their higher suitability failure, which occurs in 20% to 60% of new fistulas in recent series, as compared
with 10% to 20% of new grafts (1,3).
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A third type of upper arm access is the transposed brachiobasilic fistula. This fistula is placed less commonly than the
brachiocephalic fistula, as it is more technically challenging and
time-consuming to create. Four series reporting on the outcomes of 34 to 59 brachiobasilic fistulas observed a primary
failure (nonmaturation) rate ranging from 0% to 21% (4 –7).
Only two of these publications provided a direct comparison of
the outcomes of brachiobasilic and brachiocephalic fistulas.
These studies observed a lower suitability failure rate of brachiobasilic fistulas as compared with brachiocephalic fistulas,
but a similar cumulative access survival (5,7). In both series, the
access outcomes were ascertained retrospectively, and the fistulas were placed without the benefit of preoperative vascular
mapping, an important factor that could affect vascular access
outcomes.
The goal of the present study was to evaluate the relative
advantages and disadvantages of brachiocephalic fistulas,
transposed brachiobasilic fistulas, and upper arm grafts when
routine preoperative vascular mapping is used to plan the
access surgery. We retrospectively analyzed a prospective,
computerized access database to evaluate the outcomes of a
large cohort of patients receiving an upper arm access at a
single large dialysis center. The primary clinical outcomes analyzed were: (1) failure to achieve suitability for dialysis (priISSN: 1555-9041/401–0086
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mary failure) and (2) cumulative access survival (i.e. the time
from access creation to its permanent failure, regardless of
number of salvage procedures). Major secondary outcomes
were the frequency of interventions required to maintain access
patency and the duration of catheter dependence.

Materials and Methods
Vascular Access Management
All patients were under the care of nephrologists at University of
Alabama at Birmingham (UAB). Patients underwent preoperative
sonographic vascular mapping (1,8,9). The minimum criteria for creation of a vascular access were an arterial diameter ⱖ 2 mm, venous
diameter ⱖ 2.5 mm for fistulas and ⱖ 4 mm for grafts, and absence of
stenosis or thrombosis in the draining vein. The venous diameters were
measured after application of a tourniquet. All vascular accesses were
performed directly by one of five experienced surgeons (⬎100 vascular
accesses placed) or by a surgical trainee supervised by the staff surgeon. In patients with a failed forearm fistula or those with vessels
unsuitable for creation of a forearm fistula, the surgeon placed a vascular access in the upper arm. Brachiocephalic fistulas were placed in
patients whose preoperative mapping indicated a suitable brachial
artery and cephalic vein in the antecubital space (Figure 1A). If the
cephalic vein was unsuitable, but the basilic vein was suitable, the
surgeon created a transposed brachiobasilic fistula. After identifying
the basilic vein in the axilla, and verifying that the brachial vein was
present, the surgeon made an incision from the axilla to the elbow.
When possible, the basilic vein was traced to the forearm for additional
length. Once the entire vein had been dissected, side branches were
ligated, and the basilic vein was removed from its bed. It was flushed
with heparinized saline and occluded with a vascular clamp. A
counter-incision was made over the bicep, and a subcutaneous tunnel
was created, such that the basilic vein could be pulled through in a
semicircular fashion. The brachial artery was then dissected free above
the elbow, the patient was heparinized, and the vein was spatulated to
facilitate better inflow. The artery was incised after clamping, and an
end-to-side anastomosis between the basilic vein and the brachial ar-
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tery was completed. Once done, clamps were removed and bleeding
was controlled. The fistula could then be easily palpated through the
skin (Figure 1B). Grafts were placed in patients with vessels unsuitable
for a fistula or in patients with a previous primary failure of a fistula,
at the surgeon’s discretion.
Grafts were cannulated 2 to 3 wk after their construction. Fistulas
were cannulated 6 to 8 wk after their placement if the nurses deemed
them mature. Patients with fistulas judged to be clinically immature
underwent a postoperative ultrasound to assess for potentially remediable anatomic lesions, such as stenosis, accessory veins, or excessively
deep fistulas (10,11). Appropriate percutaneous or surgical interventions were attempted to promote maturation (10,11). These could include angioplasty or surgical revision for stenosis; ligation of large
accessory veins; or superficialization of excessively deep fistulas. The
initial cannulation of a fistula was performed with 17 gauge needles
and a dialysis blood flow of 250 ml/min. The needle size and dialysis
blood flow were gradually increased at the discretion of the dialysis
nurses. Thrombectomy was not attempted in fistulas that clotted before
their successful cannulation for dialysis.
Patients without a mature fistula or graft underwent dialysis with a
tunneled dialysis catheter, most commonly placed in the internal jugular vein. Catheter-related bacteremia was diagnosed in patients with
fever or rigors, positive blood cultures, and absence of an alternative
source of infection (12,13). Catheters were scheduled for removal after
three consecutive successful uses of the fistula or graft for dialysis.

Management of vascular Access Complications
The dialysis nurses monitored all vascular accesses (fistulas and
grafts) for clinical evidence of dysfunction. A fistulogram was performed by a UAB interventional radiologist or nephrologist when there
was a clinical suspicion of stenosis (14,15). The clinical indication for a
fistulogram could include abnormalities of physical examination (absent thrill, discontinuous bruit, or distal edema); an unexplained decrease in Kt/V on a constant dialysis prescription; or abnormalities of
dialysis (difficult cannulation, aspiration of clots, or prolonged bleeding
from needle sites) (15,16). Angioplasty was done in patients with ⱖ50%
stenosis. An elective surgical revision was performed if the angioplasty
was unsuccessful.
Thrombectomy was attempted in fistulas and grafts that clotted after
successful cannulation for dialysis. Clotted grafts and fistulas underwent percutaneous thrombectomy, along with angioplasty of the underlying stenotic lesion. If thrombectomy was unsuccessful, a surgical
revision was performed in selected cases (17). If this was not feasible or
was unsuccessful, the access was abandoned, and a new permanent
access was placed.
Graft or fistula infection was suspected if the access site was red,
swollen, and tender (18); infection was confirmed by positive wound or
blood cultures. The infection was initially treated with intravenous
antibiotics. If the infection failed to respond to antibiotics, the access
was excised surgically.

Data Analysis

Figure 1. Illustration of (A) brachiocephalic and (B) transposed
brachiobasilic fistulas. Note that creation of a brachiobasilic
fistula requires a longitudinal incision from the axilla to the
antecubital space to dissect out the basilic vein.

Two full-time access coordinators scheduled all access procedures;
communicated regularly with the nephrologists, access surgeons, radiologists, and dialysis staff; and maintained a prospective, computerized
database of all access-related procedures and complications (19). Permission was obtained from the local institutional review board to
review each patient’s medical records for research purposes. The access
database was queried retrospectively to identify 1007 new upper arm
fistulas and grafts placed during the 6-yr period from 10/1/00 to
9/30/06. If a patient received more than one access during the study
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period, only the first access was included in the analysis. After excluding 283 subsequent accesses, we were left with 724 patients who received a new access during the study period. The vascular access
outcome was considered indeterminate if the access had not failed at
the time of analysis but the patient died, received a kidney transplant,
transferred to an outside dialysis unit before the access could be cannulated, or had not yet started dialysis. After 46 patients with indeterminate access outcomes were excluded, the remaining 678 patients
were the focus of the current analysis. These included 322 patients with
a brachiocephalic fistula, 67 with a transposed brachiobasilic fistula,
and 289 with an upper arm arteriovenous graft. Baseline demographic
and clinical characteristics of the study patients were obtained from the
UAB Hospital electronic medical records.

Definition of Access Outcomes
The access database was used to determine the clinical outcomes and
complications of each vascular access. The access was considered mature if it could be cannulated reproducibly for dialysis with two needles
with a blood flow ⱖ 300 ml/min for at least 1 month. A primary access
failure was defined as the inability to use it successfully for dialysis,
due to either early thrombosis or failure to mature. Cumulative access
survival was calculated as the time from access placement to permanent failure, regardless of the number of interventions required to
maintain patency. Because fistulas and grafts with a primary failure
had no useful life expectancy, their cumulative survival was considered
“0 d” for the purpose of this analysis. The database was also used to
quantify the number of access angioplasties, thrombectomies, elective
surgical revisions, total access interventions, access infections, and episodes of catheter-related bacteremia.

Statistical Analysis
The clinical characteristics were compared among the three patient
groups with analysis of variance (ANOVA) or nonparametric statistics
for continuous variables, and 2 analysis for categorical variables. A P
value ⬍ 0.05 was considered statistically significant. Multiple variable
logistic regression analysis was used to evaluate which factors were
associated with primary access failure. Survival analysis techniques
were used to model access survival time, and the log rank test used to
compare the survival of patient subgroups. Hazard ratios and their 95%
confidence intervals (CI) were computed. Finally, multiple variable Cox
proportional survival analysis was used to model the association be-
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tween the clinical variables and access survival. All analyses were
performed using the Statistical Analysis Software (SAS) version 9.0.

Results
Patient Population
The three patient groups were similar in terms of age, sex,
race, diabetes, and vascular disease (Table 1). Hypertension
was slightly less common among patients who received a transposed brachiobasilic fistula. Approximately half of the study
population had had a previous permanent vascular access, but
the proportion was higher among patients receiving a graft
than among those receiving a fistula. Routine preoperative
vascular measurements were obtained and used by the surgeons to plan their access placement. The mean preoperative
brachial arterial diameter was 4.8 ⫾ 1.1 mm in the patients
receiving a brachiocephalic fistula and 4.7 ⫾ 1.1 mm in those
receiving a transposed brachiobasilic fistula (P ⫽ 0.60). The
mean preoperative vein diameter was 4.3 ⫾ 1.3 mm in the
patients receiving a brachiocephalic fistula and 4.3 ⫾ 1.4 mm in
those receiving a transposed brachiobasilic fistula (P ⫽ 0.95).

Primary Access Failure
Primary access failure (suitability failure) was relatively low
(15% to 18%) in patients receiving a graft or a transposed
brachiobasilic fistula, but at least twice as frequent (38%) in
patients receiving a brachiocephalic fistula (Table 2). In multiple variable logistic regression analysis including access type,
patient age, sex, diabetes, coronary artery disease, peripheral
vascular disease, cerebrovascular disease, and prior access,
only patient sex and access type predicted primary access failure. Specifically, primary access failure was lower in males than
in females (HR 0.54; 95% CI, 0.38 to 0.78, P ⫽ 0.001). Primary
access failure was higher for brachiocephalic fistula versus brachiobasilic fistula (HR 2.76; 95% CI, 1.41 to 5.38, P ⬍ 0.003).
Primary access failure was not different between grafts and
brachiobasilic fistulas (HR 0.78; 95% CI 0.38 to 1.57, P ⫽ 0.48).
Because the patients receiving a brachiocephalic fistula had a
much higher primary failure rate, we performed a separate

Table 1. Baseline characteristics of the study patients

N pts
Age, years
Sex, N (%) female
Race, N (%) black
Diabetes, N (%)
Hypertension, N (%)
Coronary artery disease, N (%)
Peripheral vascular disease, N (%)
Cerebrovascular disease, N (%)
Previous access, N (%)
a

Transposed
Brachiobasilic
Fistula

Brachiocephalic
Fistula

Arteriovenous
Graft

67
56 ⫾ 15
32 (48%)
56 (84%)
39 (58%)
55 (82%)a
22 (33%)
8 (12%)
9 (13%)
31 (46%)

322
56 ⫾ 14
167 (52%)
249 (77%)
172 (53%)
299 (93%)
95 (30%)
51 (16%)
30 (9%)
146 (45%)

289
56 ⫾ 14
167 (58%)
240 (83%)
143 (49%)
259 (90%)
80 (28%)
55 (19%)
31 (11%)
163 (56%)a

Indicates which group differs from the other two groups.

P

0.98
0.19
0.16
0.36
0.02
0.68
0.30
0.58
0.02
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Table 2. Survival of upper arm accesses

N patients
Primary access failure
Median cumulative survival, days
(including primary failure)
Median cumulative survival, days
(excluding primary failure)

Transposed
Brachiobasilic
Fistula

Brachiocephalic
Fistula

Arteriovenous
Graft

67
18%
994

322
38%a
386

289
15%
401

⬍0.001
0.17

595a

⬍0.001

1494

1254

P

a

Indicates which group differs from the other 2 groups.
Primary failure, inability to use a new access reproducibly for dialysis.
Cumulative survival, time from access placement to permanent access failure.

multiple variable logistic regression analysis for this subgoup,
including age, sex, race, diabetes, coronary artery disease, peripheral vascular disease, cerebrovascular disease, prior access,
surgeon, arterial diameter, and venous diameter. On this analysis, only arterial and venous diameters predicted primary
failure (P ⬍ 0.001). The mean arterial diameter was significantly
lower for brachiocephalic fistulas with a primary failure than
those without a failure (4.4 ⫾ 0.9 mm versus 5.1 ⫾ 1.2 mm, P ⬍
0.001). Similarly, the mean venous diameter was significantly
lower for brachiocephalic fistulas with a primary failure than
those without a failure (3.9 ⫾ 1.0 mm versus 4.6 ⫾ 1.5 mm, P ⬍
0.001). However, there was a substantial overlap in the vascular
diameters between the two patient groups (Figure 2).

Cumulative Access Survival
When primary access failures were included, the median
cumulative access survival (from creation to permanent failure)
was approximately 1 yr for grafts and brachiocephalic fistulas,
as compared with 2.7 yr for transposed brachiobasilic fistulas.
The HR for cumulative failure of transposed brachiobasilic
fistulas versus brachiocephalic fistulas was 0.74 (95% CI 0.50 to
1.03, P ⫽ 0.07) (Figure 3).
When primary access failures were excluded, the median
cumulative survival was similar for transposed brachiobasilic
fistulas and brachiocephalic fistulas (4.1 and 3.4 yr, respectively), but significantly longer than for grafts (1.6 yr) (Table 2).
The HR for cumulative failure of transposed fistulas versus
grafts was 0.58 (95% CI 0.43 to 0.90, P ⫽ 0.01) (Figure 4).
Multiple variable survival analysis was performed to evaluate which clinical factors were associated with cumulative
access survival, with access type, patient age, sex, diabetes,
coronary artery disease, peripheral vascular disease, cerebrovascular disease, and prior access included in the model. When
primary failures were included, sex and prior access were the
only significant factors associated with cumulative access failure (P ⫽ 0.01 for the overall model) (Table 3). When primary
failures were excluded, access type was the only significant
factor associated with cumulative access failure (P ⬍ 0.001 for
the overall model) (Table 3).

Figure 2. Scatter plot of the distribution of the (A) arterial
diameters and (B) venous diameters of vessels used to create
brachiocephalic fistulas. Although the mean arterial and venous diameters were significantly lower in fistulas with a primary failure than in those successfully used for dialysis, there
was substantial overlap in the values between the two patient
groups.
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Figure 3. Cumulative access survival (time from access creation
to access failure), including primary access failures. The differences in survival among the three access types were not statistically significant (P ⫽ 0.17).

Access Interventions and Complications
The duration of catheter dependence was calculated from
access creation to catheter removal due to access maturity, for
the subset of patients who did not begin dialysis with a mature
access. Catheter dependence was at least 2 mo longer for patients receiving a transposed brachiobasilic or brachiocephalic
fistula, as compared with those receiving a graft (Table 4).
Dependence tended to be longer for brachiocephalic fistulas, as
compared with transposed brachiobasilic fistulas, but this difference did not achieve statistical significance (P ⫽ 0.06). The
likelihood of catheter-related bacteremia before use of a permanent access was about twice as high in patients receiving a
transposed brachiobasilic or brachiocephalic fistula, as compared with those receiving a graft.
The frequency of access interventions, standardized per access year, was calculated for the three patient groups (Table 4).
The frequency of angioplasty was similar among the three
groups. Thrombectomy frequency was low for both types of
fistulas, and much higher for grafts. Surgical revisions occurred
less commonly in transposed brachiobasilic fistulas than in
brachiocephalic fistulas. The rate of total access interventions
was similar for brachiobasilic and brachiocephalic fistulas, and
less than half of that for grafts. Finally, the annual rate of access
infection was ⬍1% for either type of fistula, as compared with
almost 10% for grafts.

Discussion
This study evaluated the clinical outcomes of the three major
types of upper arm vascular access. Transposed brachiobasilic
upper arm fistulas had a substantially lower primary failure
rate (suitability failure) than brachiocephalic fistulas, similar to
the rate observed with grafts. These findings are qualitatively
similar to those of a previous study that observed primary
failure rates of 32%, 21%, and 15% for brachiocephalic fistulas,
transposed brachiobasilic fistulas, and upper arm grafts, respectively (7). Likewise, a small study in diabetic dialysis patients reported a 0% nonmaturation rate of transposed fistulas,
as compared with 27% with brachiocephalic fistulas in the
upper arm (5). Finally, Silva et al. reported a markedly lower
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Figure 4. Cumulative access survival (time from access creation
to access failure), excluding primary access failures. P ⫽ 0.01 for
transposed brachiobasilic fistulas versus grafts.

primary failure rate of transposed fistulas, as compared with
nontransposed fistulas, in the forearm (8% versus 38%) (20,21).
It is not entirely clear why transposed brachiobasilic fistulas
have a lower primary failure rate than brachiocephalic fistulas.
The differences in outcomes of the two fistula types were not
likely due to clinical differences among the patient populations
(Table 1), nor could they be attributed to differences in vascular
diameter. One possible explanation is that transposed brachiobasilic fistulas are more superficial, and thus easier to cannulate. This may lower the risk for needle infiltration, a complication associated with both fistula thrombosis and prolonged
catheter dependence (22). A second possibility is that tying off
multiple collaterals of the transposed vein enhances fistula
maturation by ensuring that the entire arterial inflow is channeled into a single draining vein.
The relative cumulative survival of the three types of upper
arm vascular access differed dramatically, depending on
whether failure to mature (primary failure) was included in the
analysis (Table 2). If primary failures were excluded, the cumulative survival of both types of fistulas was virtually identical (Figure 4). However, when primary failures were included, the cumulative survival tended to be superior (P ⫽
0.07) for brachiobasilic fistulas than for brachiocephalic fistulas
(Table 2, Figure 3). The reason for the discrepancy between the
two analyses was that the primary failure rate of brachiobasilic
fistulas was substantially lower than that of brachiocephalic
fistulas (Table 2).
The long-term risk of access infection was substantially lower
in fistulas (⬍1%) than in grafts (approximately 10% per year)
(Table 4). On the other hand, the duration of catheter dependence was substantially longer in patients receiving fistulas,
translating into a significantly higher short-term risk of catheter-related bacteremia. Thus, it is imperative for nephrologists
to monitor new fistulas closely and intervene early to facilitate
their maturation, so as to minimize the period of catheter
dependence and its associated risk of bacteremia.
The present study has a number of limitations. First, it was
retrospective. Because we queried a prospective, electronic access database, and because the vast majority of access procedures were performed at a single hospital, we are confident that
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Table 3. Multiple variable survival analysis of factors associated with access survival
Type of access survival

Clinical variable

HR (95% CI)

P

Cumulative survival including primary failures

Males vs female
Prior access
BC fistula vs graft
BB fistula vs BC fistula

0.80 (0.65 to 0.97)
1.26 (1.04 to 1.54)
0.53 (0.40 to 0.70)
1.07 (0.67 to 1.70)

0.02
0.02
⬍0.001
0.78

Cumulative survival excluding primary failures

BB, brachiobasilic; BC, brachiocephalic.
Cox proportional survival analysis was modeled with the following clinical variables: access type, patient age, sex, diabetes,
coronary artery disease, peripheral vascular disease, cerebrovascular disease, and prior access.

Table 4. Complications of upper arm accesses

Catheter-dependence until mature access in use, days
CRB before perm acc use? (%)
PTA/yr
Thrombectomy/yrb
Surgical revisions/yr
Total interventions/yr
Access infections, %/yr

Transposed
Brachiobasilic
Fistula

Brachiocephalic
Fistula

Graft

P

96
46%
0.67
0.04
0.13c
0.84
0%

126
44%
0.48
0.08
0.25
0.82
0.7%

32a
24%a
0.66
1.01a
0.20
1.87a
9.7%a

⬍0.001
⬍0.001
0.49
⬍0.001
0.01
⬍0.001
⬍0.001

All complications were standardized for the duration of access follow-up. CRB, catheter-related bacteremia; PTA,
percutaneous transluminal angioplasty.
a
Indicates which group differs from the other two groups.
b
Thrombectomy was not attempted in fistulas that clotted prior to their first cannulation.
c
Significantly lower than brachiocephalic fistulas.

we captured all of the access events. Second, this was not a
randomized clinical trial, and there may have been an indication bias in patients receiving a transposed brachiobasilic fistula. However, any patient with vessels unsuitable for a brachiocephalic fistula was considered for a brachiobasilic fistula,
including very obese patients. Moreover, none of the measured
demographic or clinical characteristics differed between patients receiving the two types of fistula (Table 1). Third, this
study represents the outcomes from a single dialysis center and
may not generalize to all centers. For example, in a center with
fewer primary failures of brachiocephalic fistulas, the superiority of brachiobasilic fistulas may not be evident. In addition,
brachiobasilic fistulas may be less successful in the hands of
surgeons with limited experience in their creation. Obtaining a
definitive answer about the relative merits of the three access
types would require a randomized, multicenter clinical trial, in
which patients have an equal chance of being allocated to each
access type.
Transposed brachiobasilic fistulas may be preferred to brachiocephalic fistulas because of their lower primary failure rate.
The decision about placing a brachiobasilic fistula in a given
patient must be tempered, however, by the greater technical
challenge of this surgical procedure. For the majority (62%) of
patients in whom the brachiocephalic fistula is used successfully for dialysis, one would prefer to forego the more extensive
brachiobasilic fistula surgery. The challenge is identifying pre-

operatively those patients in whom the brachiocephalic fistula
is unlikely to succeed. Unfortunately, none of the clinical or
demographic factors predicted that subset of patients. The
mean arterial and venous diameters were significantly lower in
brachiocephalic fistulas that failed to mature than in those that
were used successfully for dialysis. Unfortunately, there was
substantial overlap in vessel diameters between the two
groups, such that there was no satisfactory threshold diameter
that would both maximize fistula placement and minimize
fistula nonmaturation (Figure 2). If, for example, the minimum
arterial diameter were set at 5 mm, 30% of brachiocephalic
fistulas created would still have a primary failure, whereas 48%
of brachiocephalic fistulas that were not placed due to an
arterial diameter of ⬍5 mm would have actually matured. What
is desperately needed is a better understanding of those factors
that predict nonmaturation of brachiocephalic fistulas (23).
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