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Abstract 
A proximal radiocephalic arteriovenous fistula (PRCAVF) could be beneficial for multiple reasons. First, this 
configuration can increase the chance of creating a functional autogenous AVF while preserving future upper arm 
options. In addition, PRCFs have theoretically fewer complications compared to brachiocephalic fistulas (BCFs) 
because of hemodynamic effects. We investigated whether PRCF flow measured by ultrasound 30 days as well as 
3 months postoperative predicted successful hemodialysis (HD). In this prospective study, color Doppler 
ultrasound was used to measure cephalic vein outflow volume at 1 and 3 months, postoperatively. Out of 175 
patients screened for feasibility of PRC-AVF by physical examination and ultrasound arterial and vein mapping, 
160 were considered suitable for construction of PRC AVF. 2 patients died and 4 patients refused further 
participation during the study. Out of 154 patients who had a forearm PRC-AVF, 130 (84.4%) proceeded to 
successful AVF dialysis, and 24 (15.6%) ceased function within the first 30 days postoperatively. The mean flow at 
30 days for patent fistulas was 716 SD204 mL/min, and by the third month had increased to 733 SD222 mL/min. 
At the 1st month, 95/130 (73%) patients had a flow rate >500 mL/min and 35/130 (27%) patients had a flow rate 
<500 mL/min. All patients were advised to do hand exercise and followed for 2 months. At the 3rd month, 98/130 
(75.3%) patients had a flow rate >500 mL/min. 32/130 (24.7%) patients had a flow rate <500 mL/min. 60% of 
the low flow fistulas in the 1st month and 88% percent of high-flow fistulas in 1st month had successful patency 
within 1 year. A PRC-AVF flow rate >500 mL/min in the 1st month predicted more successful HD than a flow rate 
<500 mL/min (88% vs. 60%). Without intervention, low flow AVFs do not improve significantly. We recommend 
ultrasound imaging for all patients at 30 days to identify and promptly correct stenosis in those with low flow rates.  
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Introduction 
There are three options available for vascular 

access in hemodialysis patients: arteriovenous graft, 
arteriovenous catheter, and arteriovenous fistula 
(AVF). Among the three, arteriovenous fistulas are the 
preferred method of vascular access for hemodialysis 
[1, 2]. Comparing with AV grafts and central catheter, 
AVF fistula after maturation demonstrate lower 
complication rate, lower infection, better long-term 
survival, and lesser intervention for maintaining long-
term patency [2]. Current recommendation, [3-5], is 
to first create radiocephalic fistula, followed by 
brachiocephalic fistula, and then, brachiobasilic 
fistula. Distal radiocephalic fistulas (DRCF) placed at 
the wrist has higher non-maturation rate than 

brachiocephalic fistulas placed in the upper arm [6]. 
Brachiocephalic fistula is more prone to steal 
syndrome, high output cardiac failure, and hand 
edema. An alternative option is to create a proximal 
radiocephalic arteriovenous fistula (PRCF) between 
the proximal radial artery and the cephalic vein [7]. 
Created proximal forearm fistula by anatomizing 
proximal radial artery and cephalic vein, while [8] 
created PRCF by anastomosis of proximal radial artery 
to perforating branch of median cubital or cephalic 
vein end to side fashion. Thrombosis and stenosis, 
which are the main factors behind AVF failure, will 
increase patients’ economic burden and lower their 
quality of life [9]. With the help of proper monitoring, 
thrombosis and stenosis can be early detected and 
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timely treated, which extends the life of fistula and 
increases patient’s survival rate [10]. Color Doppler 
ultrasound is widely used in clinical imaging [11-14] 
and is recommended as the best way to monitor AVF, 
since it is noninvasive and radiation-free, has a low 
price, and provides real-time access to AVF anatomical 
and hemodynamic information [15, 16]. In this paper, 
we aim to investigate, whether and to what extent, 
AVF flow rates predict successful HD. To this end, we 
measure AVF flow rate at 30 days and 90 days, and 
find the relationship between flow rates and AVF 
maturity. Additionally, we assess the impact of early 
identification of low-flow fistulas and possibly 
required interventions for maturity. 

 
Materials and Methods  
In this prospective study, all adult patients 

undergoing PRC-AVFs over a 1- year period were 
included from August 2019 to August 2020. All the 
patients underwent preoperative Doppler ultrasound 
to measure the size of radial artery, size of cephalic 
vein, and flow rate at wrist and elbow. All patients were 
advised to preserve cephalic vein on the forearm by 
avoiding any venae puncture prior to fistula creation. 
Inclusion criteria for creation of PRCF were: Radial 
artery <2 mm at wrist, Radial artery flow rate <40 
mL/sec at wrist, cephalic vein <2.5 mm at wrist, and 
previously failed AVF at wrist. All surgeries were done 
by a single vascular surgeon using local infiltration 
anesthesia with 2% lidocaine. A 3 to 4 cm longitudinal 
incision was made one inch below the cubital fossa 
crease in the interval between brachioradialis and 
flexor carpi radialis. Brachial artery and proximal 
Radial artery were identified, followed by 
identification of cephalic vein or median antebrachial 
vein. If median antebrachial vein were present, they 
were preferred. Side to side anastomosis was done by 
back wall first technique between proximal of radial 
artery and cephalic or median antebrachial vein. Once 
anastomosis is completed, any leak from the 
anastomosis was identified. Patency of fistula is 
confirmed by palpable thrill. Skin was closed with an 
interrupted 3-0 nylon. Using color scan Doppler 
ultrasound Hitachi EUB-525 (DUS), radiocephalic 
vein outflow was estimated on the forearm at the 1-
month and 3-month postoperative follow-up 
appointments. Flow was measured 5 cm above the 
AVF communication. DUS measured the average 
lumen diameter of the outflow cephalic vein. AVF 

maturity was defined as an average cephalic luminal 
diameter ≥5 mm and outflow vein volume blood flow 
≥500 mL/min via DUS. 154 patients were examined 
at 2 weeks, 1 month, 3 months, 6 months, 9 months 
and 1year post operation. Patients received 
endovascular surgical procedures during this time 
period if they were identified to have either 50% 
stenosis or a drop in cephalic vein outflow <350 
mL/min. Endovascular procedures included balloon 
angioplasty with/without stenting. All patients 
included in this study were encouraged to perform 
exercises at home to encourage proper arm 
movements. AVF-sustained patency was defined as 
successful consecutive HDs via AVF after AVF being 
deemed mature. 

 
Statistical Analysis 
Data were analyzed using R (version 4.1.2). 

Quantitative data were tested by paired t-test. 
Categorical data were presented as counts and 
proportions and were tested by Chi-square test. With 
a significance level of 95%, p-value<0.05 was 
considered statistically significant in our analysis. 

 
Results 
Out of 175 patients screened for feasibility of PRC-

AVF by physical examination and ultrasound arterial 
and vein mapping, 160 were considered suitable for 
construction of PRC-AVF. 2 patients died, and 4 
patients refused further participation during the study. 
Out of 154 patients, 97 patients (63%) were male and 
57 patients (37%) were female, whose ages were in the 
range of 22 to 84 years with an average age of 52 SD16 
years. 110 patients (68.75%) were hypertensive, 67 
patients (43.5%) were diabetic, 54 patients (35%) used 
aspirin, 16 patients (9.37%) used Plavix, and 24 
patients (15.5%) were smoker≥20 pack years. 130 
patients (84.4%) proceeded to successful AVF dialysis 
and 24 (15.58%) ceased function within the first 30 
days’ post operation. AVF failure was defined as AVF 
that clotted or was not suitable for HD. Patients who 
had a patent fistula were divided into two groups based 
on cephalic vein outflow measured via DUS at 1 
month. Among the 130 patent fistulas, 95 had vein 
outflow ≥500 mL/min, and 35 had vein outflow <500 
mL/min at the 1st month. The mean flow at 30 days 
for patent fistulas was 716 SD204 mL/min. By the 
third month, 98 had vein outflow ≥500 mL/min, 32 
had vein outflow <500 mL/min, and fistula mean flow  
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increased to 733 SD222 mL/min. There were no 

 
 

 

 

 

Figure1. 154 patients who underwent PRC-AVF 
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statistically significant differences in change of flow 
from month 1 to month 3 between the 2 groups (≥ and 
<500 mL/min) (p-value≈0.36). Among patients with 
fistula mean flow ≥500 mL/min at third month, 82 
(83.6%) underwent successful HD without 
interventions, 5 (5.1%) clotted, and 11 (11.22%) 
underwent endovascular revisions during the year of 
observation. Among those with endovascular 
revisions, 8 led to successful HD whereas 3 led to a 
failed HD. Out of 32 patients with fistula mean flow 
<500 mL/min at the 3rd month, 7 (21.87%) 
underwent successful HD without interventions, 6 
(18.75%) clotted, and 19 (59.37%) underwent 
endovascular revisions during the year of observation. 
Among those with endovascular revisions, 8 resulted 
in successful HD, whereas 11 led to a failed HD. Both 
the patients with clotted AVF and failed intervention 
underwent HD via central vein catheters (CVC). 
Overall, 84 (88.42%) patients with high flow at month 
1 underwent successful HD and 11 (11.57%) had clotted 
AVF or failed intervention, and 21 (60%) patients with 
low flow at month 1 underwent successful HD, and 14 
(40%) had clotted AVF or failed intervention. 105 out 
of the 154 (68.18%) patients sustained patency over 1 
year follow up. 24 (15.58%) had primary failure, 25 
(16.2%) had secondary failure. 88% of patients with 
high flow rate sustained patency over a year, while only 
60% of the low-flow group sustained patency over a 
year (p-value<0.05). Among those high-flow fistulas 
at the 1st month that were patent over a year, only 9.5% 
needed intervention, while 38% of fistulas with low 
flow at the 1st month needed intervention to stay 
patent over a year (p-value<0.05). Fig. 1 summarizes 
the results. 

 
  Discussion 
Multiple studies and national guidelines clearly 

emphasized numerous advantages of using 
autogenous access over prosthetic grafts and CVCs for 
HD [17-22]. These recommendations also suggest that 
a distal forearm AVF (Brescia-Cimino) should be 
attempted first, if anatomically possible, followed by 
an upper arm AVF. However, upper arm AVFs, due to 
high-flow volumes, can result in potential 
complications such as arm swelling, steal syndrome, 
pseudoaneurysm, cephalic arch stenosis and heart 
failure [23, 24]. Using the proximal radial artery as 
inflow may mitigate these risks, and thus, should be a 
more routinely considered AVF configuration if a 

distal forearm option is not available. We have 
demonstrated an overall 105 (68.18%) of 154 PRC-
AVF functional patency over a 1-year follow-up. For 
patients whose AVF did not clot in less than 1 month, 
80.7% underwent successful HD. Compared to prior 
studies, [25, 26], our study demonstrated a better 
annual AVF patency (36%–60%). Earlier studies have 
tried to assess functional maturity using DUS on 
preoperative artery and vein diameters [27]. They 
found no differences in AVF maturity considering 
preoperative artery and vein diameters or radial artery 
flow rates greater or less than 500 mL/min. By 
increasing AVF prevalence within the HD population, 
more efforts should be made to understand how to 
better predict AVF patency and when to intervene for 
successful HD. Waiting for a prolonged time hoping 
for AVF maturation may result in greater reliance on 
CVC use, which increases morbidity and mortality 
from catheter-associated line infections and central 
vein stenosis [21, 28, 29]. 

Our study focused on 1-month postoperative vein 
outflow to predict AVF HD maturation because there 
was not a significant increase in fistula flow rate 
between the 1st month and 3rd month. Dividing our 
patients into two groups of ≥ and <500 mL/min, we 
found that 88.4% of patients in the high-flow group, 
compared to only 60% in the low-flow group, achieved 
successful HD. In contrast with [30], we observed that 
1-year patency was better in the high flow group 
(88.4% vs 81%), which may be due to the fact that we 
chose a higher flow end point in our study (500 
mL/min vs 400mL/min). In our study, 1-year patency 
in the low-flow group was 60% at the 1st month and 
47% at the 3rd month, both of which were lower than 
those in [30]. This observation implies that delayed 
intervention for low-flow (<500mL/min) fistula 
results in lower 1-year patency. 8/11 (72.7%) of 
revisions led to successful HD in the high-flow group, 
whereas only 8/19 (42.1%) had successful HD after 
revisions in the low flow group. Overall, more than 
80% of patients who did not clot within the 30 days 
had a 1-year fistula patency. Successful maturation 
greater than 50% in either group demonstrates that 
the candidates for PRC-AVF were selected 
appropriately (according to our criteria), leading to 
better fistula maturation outcomes compared to prior 
studies [31]. Our study included more participant than 
the similar study in [30] and consisted of both males 
and females. To the best of our knowledge, this study 
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is the first to solely assess proximal radiocephalic AVF 
patency based on vein outflow obtained from 
postoperative ultrasound. A limitation of our study 
was that all of our patients were older than 22 years, 
preventing us from extending our results to younger 
patients. Our patients were selected with a cephalic 
vein greater than or equal to 3mm preoperatively, 
favoring a better patency outlook. However, we did not 
use intraoperative fluoroscopic venogram which could 
improve AVF success rate. In our study, there was one 
vascular surgeon who did all the AVF creations and 
surgical interventions postoperatively. One ultrasound 
technician was responsible for all vein mapping done 
postoperatively to further reduce variability in 
reporting vein outflow. Prior studies have shown that 
exercise programs increase AVF maturation 
postoperatively, and the use of endovascular 
interventions improves stenosis [32, 33]. Both exercise 
programs and endovascular procedures were utilized 
to optimize AVF maturity and patency in our study. 
Comparing vein outflow at month 1 and month 3 
indicated no significant changes in mean vein outflow 
rate or between the high and low groups similar to the 
prior study in [30]. 

Our findings show that earlier assessment can be 
made at 30 days as there were no significant changes 
between the flow rate of the first and third month post 
operation. Therefore, if a patient has low flow, earlier 
interventions are required to improve chances of AVF 
maturation. We recommend patients who have a 1-
month postoperative vein outflow <500 mL/min to 
have early interventions. 

Conclusion 
At month 1, PRC-AVF flows of ≥500 mL/min 

accurately predict successful HD (88.4% vs. 60%). 
Low flow rates do not change significantly, and 
maturation is unlikely to happen without intervention. 
We recommend all patients undergo monitoring by 
DUS at 30 days after creation of PRC-AVF to early 
identify and promptly correct stenosis in those with 
flow rate <500mL/min. 

 
Author contribution 
Authors declare no conflicts of interest. 
 
Conflict of Interest  
The authors declare that they have no conflict of 

interest. 
 

Ethical declaration 
There was no ethical declaration. 
 
Funding source 
There was no source of funding. 
 
References 

1. Gilmore J. KDOQI clinical practice guidelines and clinical 
practice recommendations--2006 updates. Nephrol Nurs J. 2006; 
33(5):487-8. 
2. Bae E, Lee H, Kim DK, Oh KH, Kim YS, Ahn C, et al. Autologous 
arteriovenous fistula is associated with superior outcomes in 
elderly hemodialysis patients. BMC Nephrol. 2018; 19(1):306. 
3. Jindal K, Chan CT, Deziel C, Hirsch D, Soroka SD, Tonelli M, et 
al. Hemodialysis clinical practice guidelines for the Canadian 
Society of Nephrology. J Am Soc Nephrol. 2006; 17(3 Suppl 1):S1-
27. 
4. Clinical practice guidelines for vascular access. Am J Kidney Dis. 
2006; 48 Suppl 1:S248-73. 
5. Tordoir J, Canaud B, Haage P, Konner K, Basci A, Fouque D, et 
al. EBPG on Vascular Access. Nephrol Dial Transplant. 2007; 22 
Suppl 2:ii88-117. 
6. Miller PE, Tolwani A, Luscy CP, Deierhoi MH, Bailey R, Redden 
DT, et al. Predictors of adequacy of arteriovenous fistulas in 
hemodialysis patients. Kidney Int. 1999; 56(1):275-80. 
7. Toledo-Pereyra LH, Kyriakides GK, Ma KW, Miller J. Proximal 
radial artery-cephalic vein fistula hemodialysis. Arch Surg. 1977; 
112(2):226-7. 
8. Gracz KC, Ing TS, Soung LS, Armbruster KF, Seim SK, Merkel 
FK. Proximal forearm fistula for maintenance hemodialysis. 
Kidney Int. 1977; 11(1):71-5. 
9. Al-Jaishi AA, Liu AR, Lok CE, Zhang JC, Moist LM. 
Complications of the Arteriovenous Fistula: A Systematic Review. 
J Am Soc Nephrol. 2017; 28(6):1839-50. 
10. Aragoncillo I, Amézquita Y, Caldés S, Abad S, Vega A, Cirugeda 
A, et al. The impact of access blood flow surveillance on reduction 
of thrombosis in native arteriovenous fistula: a randomized clinical 
trial. J Vasc Access. 2016; 17(1):13-9. 
11. Gao Z, Li Y, Sun Y, Yang J, Xiong H, Zhang H, et al. Motion 
Tracking of the Carotid Artery Wall From Ultrasound Image 
Sequences: a Nonlinear State-Space Approach. IEEE Trans Med 
Imaging. 2018; 37(1):273-83. 
12. Guo M, Lu M, Zhang H, Liu H, Zhang Y-T, editors. A rod-like 
acoustic radiation force in ultrasound-based elastography: a 
simulation study. The International Conference on Health 
Informatics; 2014: Springer. 
13. Hu Z, Zhang H, Yuan J, Lu M, Chen S, Liu H. An H∞ strategy 
for strain estimation in ultrasound elastography using 
biomechanical modeling constraint. PLoS One. 2013; 
8(9):e73093. 
14. Cao K, Mills DM, Thiele RG, Patwardhan KA. Toward 
Quantitative Assessment of Rheumatoid Arthritis Using 
Volumetric Ultrasound. IEEE Trans Biomed Eng. 2016; 
63(2):449-58. 
15. Guedes Marques M, Ibeas J, Botelho C, Maia P, Ponce P. 
Doppler ultrasound: a powerful tool for vascular access 
surveillance. Semin Dial. 2015; 28(2):206-10. 



Khaleghian et al. 

16. Visciano B, Riccio E, De Falco V, Musumeci A, Capuano I, 
Memoli A, et al. Complications of native arteriovenous fistula: the 
role of color Doppler ultrasonography. Ther Apher Dial. 2014; 
18(2):155-61. 
17. Levin A, Rocco M. Clinical practice guidelines for vascular 
access, update 2006-foreword. WB SAUNDERS CO-ELSEVIER 
INC INDEPENDENCE SQUARE WEST CURTIS CENTER, STE 
300 …; 2006. p. S183-S. 
18. Sidawy AN, Spergel LM, Besarab A, Allon M, Jennings WC, 
Padberg FT, Jr., et al. The Society for Vascular Surgery: clinical 
practice guidelines for the surgical placement and maintenance of 
arteriovenous hemodialysis access. J Vasc Surg. 2008; 48(5 
Suppl):2s-25s. 
19. Lee T, Barker J, Allon M. Comparison of survival of upper arm 
arteriovenous fistulas and grafts after failed forearm fistula. J Am 
Soc Nephrol. 2007; 18(6):1936-41. 
20. Lok CE, Sontrop JM, Tomlinson G, Rajan D, Cattral M, 
Oreopoulos G, et al. Cumulative patency of contemporary fistulas 
versus grafts (2000-2010). Clin J Am Soc Nephrol. 2013; 8(5):810-
8. 
21. Dhingra RK, Young EW, Hulbert-Shearon TE, Leavey SF, Port 
FK. Type of vascular access and mortality in U.S. hemodialysis 
patients. Kidney Int. 2001; 60(4):1443-51. 
22. Astor BC, Eustace JA, Powe NR, Klag MJ, Fink NE, Coresh J. 
Type of vascular access and survival among incident hemodialysis 
patients: the Choices for Healthy Outcomes in Caring for ESRD 
(CHOICE) Study. J Am Soc Nephrol. 2005; 16(5):1449-55. 
23. Basile C, Lomonte C, Vernaglione L, Casucci F, Antonelli M, 
Losurdo N. The relationship between the flow of arteriovenous 
fistula and cardiac output in haemodialysis patients. Nephrol Dial 
Transplant. 2008; 23(1):282-7. 
24. Kumar A, Jha MS, Singla M, Gupta N, Raina P, Dubey D, et al. 
Radio-median cubital / radiocephalic arteriovenous fistula at 
elbow to prevent vascular steal syndrome associated with 
brachiocephalic fistula: Review of 320 cases. Indian J Urol. 2007; 
23(3):261-4. 

25. Dember LM, Beck GJ, Allon M, Delmez JA, Dixon BS, 
Greenberg A, et al. Effect of clopidogrel on early failure of 
arteriovenous fistulas for hemodialysis: a randomized controlled 
trial. Jama. 2008; 299(18):2164-71. 
26. Jemcov TK. Morphologic and functional vessels characteristics 
assessed by ultrasonography for prediction of radiocephalic fistula 
maturation. J Vasc Access. 2013; 14(4):356-63. 
27. Lockhart ME, Robbin ML, Allon M. Preoperative sonographic 
radial artery evaluation and correlation with subsequent 
radiocephalic fistula outcome. J Ultrasound Med. 2004; 23(2):161-
8; quiz 9-71. 
28. Ravani P, Palmer SC, Oliver MJ, Quinn RR, MacRae JM, Tai 
DJ, et al. Associations between hemodialysis access type and 
clinical outcomes: a systematic review. J Am Soc Nephrol. 2013; 
24(3):465-73. 
29. Wasse H. Catheter-related mortality among ESRD patients. 
Semin Dial. 2008; 21(6):547-9. 
30. Pillado E, Behdad M, Williams R, Wilson SE. Flow Rates at 
Thirty Days after Construction of Radiocephalic Arteriovenous 
Fistula Predict Hemodialysis Function. Ann Vasc Surg. 2018; 
49:268-72. 
31. Robbin ML, Chamberlain NE, Lockhart ME, Gallichio MH, 
Young CJ, Deierhoi MH, et al. Hemodialysis arteriovenous fistula 
maturity: US evaluation. Radiology. 2002; 225(1):59-64. 
32. Fontseré N, Mestres G, Yugueros X, López T, Yuguero A, 
Bermudez P, et al. Effect of a postoperative exercise program on 
arteriovenous fistula maturation: A randomized controlled trial. 
Hemodial Int. 2016; 20(2):306-14. 
33. Mortamais J, Papillard M, Girouin N, Boutier R, Cougnaud L, 
Martin X, et al. Endovascular treatment of juxta-anastomotic 
venous stenoses of forearm radiocephalic fistulas: long-term 
results and prognostic factors. J Vasc Interv Radiol. 2013; 
24(4):558-64; quiz 65. 

 

 
 
 

 


