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Purpose: This study aimed to elucidate the impact of three different mapping methods on the outcomes of arteriovenous fistula 
(AVF), including the traditional physical examination (PE) method, color duplex ultrasonography (CDU) mapping conducted by 
a radiologist (CDU-R), and CDU mapping performed by the operating surgeon (CDU-S).
Patients and Methods: This retrospective study was conducted at a tertiary center in Jordan. Patients were divided into three groups 
based on the venous mapping method: PE, CDU-R, and CDU-S. Various outcomes were analyzed, including immediate technical 
success, clinical adequacy at 3 months, and 1-year patency rates. Additional demographic and clinical factors influencing access 
patency or contributing to early failure were also examined.
Results: The study included 303 eligible patients: 100 in the PE group, 103 in the CDU-R group, and 100 in the CDU-S group. The 
overall immediate technical success rate was 72%, which was highest in the CDU-S group (95%, p < 0.001). Additionally, the CDU-S 
group had the highest clinical access adequacy rate (78%, p < 0.01). Notably, the mapping method also influenced the anatomical 
location of the AVF, as none of the patients in the radiologist group had a forearm AVF. CDU-R, forearm location, intraoperative 
arterial calcifications, and operative duration were identified as predictors of AVF failure.
Conclusion: The results suggest that perioperative vascular mapping by the operating surgeon not only results in a higher rate of 
immediate success but also improves access adequacy and prevents unnecessary delays in providing an effective lifeline for 
hemodialysis patients. The present study highlights the burden of access failure in these patients and the evolving evidence 
surrounding preoperative vein mapping.
Keywords: access adequacy, access patency, arteriovenous fistula, hemodialysis, renal disease, vascular mapping

Introduction
Vascular access is a crucial lifeline for patients undergoing hemodialysis (HD).1 Among the available options, auto-
genous arterio-venous fistula (AVF) remains the gold standard for HD delivery in individuals with end-stage renal disease 
(ESRD).1 The “Fistula-First” Initiative strongly advocates for the initial prioritization of native AVF.1,2 A mature and 
adequately functioning AVF is associated with a reduced risk of infections and hospitalizations, and improved patient 
outcomes.1,3–5

However, it should be noted that the failure rates of AVF can be alarmingly high, with maturation proving to be 
a challenge in more than 50% of cases.1,4,6,7 This scenario poses a significant risk, potentially prolonging catheter 
dependence and increasing the likelihood of complications, including central venous stenosis, consequently leading to 
repeated hospitalizations for access-related issues.1,2 As a result, a considerable portion of the public health burden in the 
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HD population is attributed to access delivery and maintenance, with access-related hospital admissions accounting for 
25% in developed countries.1 Furthermore, there is a substantial financial aspect, with preservation of access patency 
constituting around 20% of healthcare spending among patients with HD.1

The global prevalence of ESRD is reported to increase significantly in the future, which is most likely due to 
increased population aging and the prevalence of diabetes.1 In Jordan, there are approximately 975 cases of ESRD per 
1,000,000 individuals, reflecting a significant healthcare challenge.8 Given this anticipated rise and the critical nature of 
managing ESRD, meticulous preoperative planning is paramount.

During the preparation for access surgery, preoperative assessment of the venous system is a crucial step.6,9,10 

Traditionally, physical examination has been the primary method of assessment.9,10 Physical examination attempts to 
identify appropriate veins for AVF creation with constraints that restrict its utility. For instance, a clinical examination 
does not offer sufficient data regarding the appropriate diameter of veins for AVF development. A venous and arterial 
diameter >2–2.5 mm is correlated with higher success rates of AVF maturation.11,12 Additionally, clinical examination 
alone does not typically reveal venous stenosis, thrombosis, arterial wall calcification, or unusual anatomical variations in 
the venous or arterial system, such as high bifurcation of the brachial artery.13–15

The Dialysis Outcomes and Practice Patterns Study (DOPPS) underscores the critical importance of thorough 
vascular access training, which involves meticulous preoperative planning of the access site and type.16 Successful 
creation of the access hinges on a blend of structural, physiological, and hemodynamic factors, in addition to technical 
proficiency. Real-time visualization by the operating surgeon during ultrasonographic venous mapping is deemed 
essential for optimal outcomes, as it enables informed decision-making based on immediate findings.9,15,17 

Consequently, color duplex ultrasonography (CDU) has become a fundamental diagnostic and therapeutic tool in the 
care of patients with HD, helping to determine access delivery pathways and expand future access options.6,9 This 
approach is noninvasive, cost-effective, and readily available; therefore, it is a valuable resource for clinicians.6,10,15 

Nevertheless, the success of CDU imaging largely depends on the operator’s skill and experience, which can lead to 
misinterpretation or delayed implementation of definitive access solutions.9,18

The ongoing debate surrounding the routine use of preoperative CDU mapping in HD access creation is reflected in 
the evolving international guidelines.6,9 While European societies advocate for the routine use of preoperative CDU 
mapping, the updated 2019 American Kidney Disease Outcomes Quality Initiative (KDOQI) and the updated 2022 
United Kingdom Kidney Association (UKKA) guidelines have adopted a more selective approach.19,20 Despite these 
guidelines, up to a third of access procedures still fail or mature incompletely, indicating the likely influence of other yet- 
to-be-determined factors on AVF failure rates.6,9 Apart from CDU, venography is recognized as another valuable tool in 
the planning of AVF creation.6,13 Venography can aid in excluding central vein stenosis and identifying distal variants, 
particularly in patients with a prolonged catheter time or previous access failure.13

This study aims to provide a contemporary analysis of three prevalent preoperative methods employed for vascular 
access planning and creation in Jordan. The analysis includes three distinct groups of patients categorized based on the 
following preoperative vessel mapping methods: traditional physical examination (PE), CDU mapping conducted by 
a radiologist (CDU-R), and CDU mapping performed by the operating surgeon (CDU-S). The study examined the 
influence of these methods on key outcomes, including technical success and clinical adequacy of the AVF access. We 
hypothesized that ultrasound mapping performed by the operating surgeon results in increased rates of technical success 
and clinical adequacy of AVF access in patients with ESRD compared to the other two methods.

Materials and Methods
Study Design and Eligibility Criteria
This retrospective comparative single-center study included consecutive patients with ESRD at King Abdullah University 
Hospital (KAUH). The study was approved by the Jordan University of Science and Technology Institutional Review 
Board with a waiver of consent due to the retrospective nature of the study. Clinical and laboratory data were obtained 
from the KAUH electronic database between January 2018 and January 2020. Eligible patients were adults with ESRD 
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who underwent first-time AVF in our center. The patients were divided into three groups based on the preoperative 
modality of vascular mapping: PE, CDU-R, and CDU-S.

All patients underwent clinical assessment of the arterial segment, including pulse palpation, segmental blood 
pressure measurement in both arms, and Allen’s test for the palmar arch. It is important to note that we did not routinely 
scan the arterial tree in patients with palpable distal pulses and symmetrical blood pressures. The venous assessment 
included a complete gross examination of the veins in the upper limb. Additionally, an inspection of the chest wall for 
any stigmata of central venous obstruction was conducted. In the CDU-S group, the operating surgeon employed 
a tourniquet if the veins were not readily apparent or appeared unintended during the ultrasound evaluation.

Mapping in the CDU-R group utilized a 7.5 MHz linear probe with the GE Logiq E9 machine (GE Healthcare, IL), 
while intraoperative mapping in the CDU-S group was conducted with the portable GE Venue 40 ultrasound machine 
(GE Healthcare, IL). All AVF procedures were completed under local anesthesia and performed by a team of three 
consultant vascular surgeons or an experienced transplant surgeon. The operative time was routinely measured from the 
instant the patient was placed on the operating table until the conclusion of skin closure. Specifically, in the CDU-S 
group, venous mapping was incorporated into the operative time, which was performed while the patient was still on the 
operative table.

Outcome Measures
The following three study outcome measures were assessed: early technical success, access clinical adequacy over three 
months, and access patency over 1-year. Early technical success was determined by the presence or absence of a thrill 
immediately after surgery, or the occurrence of AVF thrombosis within 24 h. Thrill was defined as a vibratory (buzzing) 
sensation in the venous outflow segment of the performed access. Access clinical adequacy was defined as successful 
cannulation of the access circuit and satisfactory HD over 3 months after creation of the vascular access. Access patency 
was ascertained by access clinical adequacy at 1 year.

Information on the type and anatomical location of AVF access was collected for all patients. Demographic data, 
including age, sex, race, and body mass index (BMI), in addition to comorbidities, such as diabetes mellitus (DM), 
hyperlipidemia, hypertension, tobacco use, and the presence or absence of prior central catheter access during AVF 
placement, were also collected. Furthermore, we investigated whether patients with inadequate access underwent any 
remedial fistulogram to promote maturation.

Surgical Procedure
The standard practice in our center is to initially create the AVF in the non-dominant arm, only moving to the 
contralateral arm if all access options in the non-dominant arm fail. If feasible, the preferred location for the AVF 
was the forearm. Tourniquets were used to assess the veins in the CDU-S group if the veins were not readily 
apparent or appeared unintended during the ultrasound evaluation. If there was a delay in fistula maturation after 6 
weeks of the surgery, the patient was referred to the interventional radiologist to undergo a fistulogram as a remedial 
procedure.

Statistical Analysis
The investigated variables (factors) were described as the mean ± standard deviation (SD) for continuous variables and 
the frequency distribution and percentages for categorical variables. Student’s t-test and one-way ANOVA with the least 
significant difference post hoc were used to compare continuous variables between two and three groups, respectively. In 
case the assumptions of the one-way ANOVA were not met, we used the non-parametric alternative, Kruskal–Wallis 
H-test. Pearson’s chi-squared (χ2) test was applied to test the association between the categorical variables. A post hoc 
residual analysis was also conducted to determine the exact significance within the contingency tables. Additionally, 
a multivariate logistic regression model was performed to determine the main predictors of failure of clinical adequacy 
over a 3-month period. Statistical significance was set at p < 0.05. All statistical analyses were performed using IBM 
SPSS Statistics software (standard version 28.0.0.0, IBM, Armonk, NY, USA).
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Results
Demographics and Patient Characteristics
The study comprised 303 patients who were divided into three groups based on the mapping method. The PE group 
consisted of 100 patients, the CDU-R group included 103 patients, and the CDU-S included 100 patients. The average 
age of all patients was approximately 55 years. There were no differences in age and sex distribution among the three 
groups (Table 1). The mean BMI was 26.3 ± 5.4 kg/m2, which was significantly higher in the CDU-S group (p < 0.001) 
than in the other two groups (Table 1). Regarding the fistula site, most patients had the AVF in their arm (~78%) and the 
remaining in their forearm (~22%). Interestingly, none of the patients in the CDU-R group had a forearm AVF. 
Hemodialysis was initiated via a central venous catheter (CVC) in approximately 90% of the patients and through an 
AVF in the remaining (~10%). All patients in the CDU-R group and 95% of patients in the CDU-S group had initiated 
their HD through a CVC. Most patients had one (52.5%) or two (28.7%) previous CVCs. Approximately 17% of patients 
(51 out of 303) started HD urgently, with most of those receiving urgent HD (39 out of 51) being assessed solely based 
on physical examination (PE group). Additionally, most patients (79.6%) were hospitalized once (35%) or twice (44.6%) 
per year for HD access (Table 1).

Table 1 Demographic and Clinical Characteristics of Patients Referred for Permanent Vascular Access Creation Based on the 
Mapping Method

Characteristic Physical Examination 
Patients N = 1001

Radiologist Patients 
N = 1031

Surgeon Patients 
N = 1001

p-Value2 Total Patients 
N = 3031

Age (years) 56.5 ± 14.9 55.7 ± 14.6 52.6 ± 14.8 NS 54.9 ± 14.8

Sex NS

Female 45 (45%) 50 (48.5%) 44 (44%) 139 (45.9%)

Male 55 (55%) 53 (51.5%) 56 (56%) 164 (54.1%)

BMI 25.1 ± 4.5 24.6 ± 3.7 29.1 ± 6.4↑ <0.001 26.3 ± 5.4

Fistula Site <0.001

Arm 67 (67%) 103 (100%)↑ 66 (66%) 236 (77.9%)

Forearm 33 (33%) 0 (0%)↓ 34 (34%) 67 (22.1%)

Initiated dialysis via <0.001

Central line 74 (74%)↓ 103 (100%) 95 (95%) 272 (89.8%)

Fistula 26 (26%)↑ 0 (0%) 5 (5.0%) 31 (10.2%)

Started dialysis urgently 39 (39%)↑ 8 (7.8%) 4 (4.0%) <0.001 51 (16.8%)

Previous central line 76 (76%)↓ 103 (100%) 95 (95%) <0.001 274 (90.4%)

Number of previous 
lines

<0.001

0 (no previous lines) 24 (24%)↑ 0 (0%)↓ 5 (5%) 29 (9.6%)

1 43 (43%) 55 (53.4%) 61 (61%) 159 (52.5%)

2 27 (27%) 38 (36.9%)↑ 22 (22%) 87 (28.7%)

≥3 6 (6%) 10 (9.7%) 12 (12%) 28 (9.2%)

(Continued)
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The patients presented with various comorbidities, including DM (57.4%), hypertension (80.2%), hyperlipidemia 
(52.5%), ischemic heart disease (14.9%), and congestive heart failure (CHF) (12.5%). Approximately one-third of the 
patients were smokers (30.7%). Furthermore, the CDU-R group exhibited significantly (p < 0.001) lower levels of low- 
density lipoprotein/high-density lipoprotein ratio than the PE and CDU-S groups. No significant differences were 
observed in HbA1c and ejection fraction among the three groups (Table 1).

Operative Parameters and Outcomes
There were 61 (20.1%) patients with intraoperative arterial calcifications. More than half of these patients were in the PE 
group. Thus, the PE group had a significantly (p < 0.001) higher incidence of intraoperative arterial calcifications than the 
other two groups (Table 2).

The average operation duration for all patients was approximately 70 min. The operative duration was significantly (p 
< 0.001) longer in the PE group than in the CDU-R and CDU-S groups (Table 2). Most patients (~72%) achieved a thrill 
immediately after surgery. The occurrence of a thrill was significantly (p < 0.001) higher than expected in the CDU-S 
group than in the other two groups, as 95% of patients in the CDU-S group had a thrill after surgery. Moreover, the CDU- 

Table 1 (Continued). 

Characteristic Physical Examination 
Patients N = 1001

Radiologist Patients 
N = 1031

Surgeon Patients 
N = 1001

p-Value2 Total Patients 
N = 3031

Number of 
hospitalizations per year

<0.001

1 24 (24%) 20 (19.4%) 67 (67%)↑ 106 (35%)

2 38 (38%) 78 (75.7%)↑ 19 (19%) 135 (44.6%)

≥3 38 (38%)↑ 5 (4.9%) 14 (14%) 57 (18.8%)

Comorbidities

DM 50 (50%) 62 (60.2%) 62 (62%) NS 174 (57.4%)

HTN 85 (85%) 69 (67%)↓ 89 (89%) <0.001 243 (80.2%)

Hyperlipidemia 59 (59%) 60 (58.3%) 40 (40%)↓ 0.009 159 (52.5%)

Smoker 24 (24%) 36 (35%) 33 (33%) NS 93 (30.7%)

IHD 18 (18%) 8 (7.8%)↓ 19 (19%) 0.044 45 (14.9%)

CHF 17 (17%) 17 (16.5%) 4 (4.0%)↓ 0.007 38 (12.5%)

Medications

Anti-hypertensives 61 (61%)↑ 31 (30.1%)↓ 46 (46%) <0.001 138 (45.5%)

Statins 58 (58%) 60 (58.3%) 83 (83%)↑ <0.001 201 (66.3%)

Antiplatelets 95 (95%) 102 (99%) 85 (85%)↓ <0.001 282 (93.1%)

Investigations

HbA1c 6.73 ± 2.22 6.94 ± 2.20 6.41 ± 1.79 NS 6.69 ± 2.09

LDL/HDL 2.06 ± 0.57 1.50 ± 0.32↓ 2.14 ± 3.88 <0.001 1.90 ± 2.27

Ejection fraction 0.54 ± 0.08 0.56 ± 0.05 0.55 ± 0.08 NS 0.55 ± 0.07

Notes: 1Mean ± SD; n (%). 2Pearson’s chi-squared test for categorical variables; parametric one-way ANOVA test with LSD post hoc, or non-parametric Kruskal–Wallis 
H-test with Fisher’s pairwise comparison analysis for continuous variables. NS: Not statistically significant (p > 0.05). ↑: significantly higher than expected; ↓: significantly 
lower than expected. Statistically significant p-values (<0.05) are marked in bold font.
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S group had a significantly (p < 0.01) higher frequency of achieving clinical adequacy at 3 months compared to the PE 
and CDU-R groups. However, clinical adequacy at 3 months was similar between the PE and CDU-R groups (Table 2).

None of the patients in the CDU-R group required a fistulogram as a remedial procedure. Approximately 58% of all 
patients maintained access patency for 1 year, and the 1-year patency rate did not differ significantly among the three 
study groups (Table 2).

Clinical Adequacy at 3 Months
The independent factors that might be associated with the clinical adequacy of obtaining dialysis access over a 3-month 
period are summarized in Table 3. There were no statistical differences in terms of age, sex, and BMI on clinical 
adequacy. The mapping method was significantly (p < 0.01) associated with clinical adequacy, with the CDU-S group 
had a higher-than-expected rate (78%) of access success than the other two groups. A significantly (p < 0.001) higher 
percentage (76.5%) of patients who started dialysis urgently had a failure of dialysis access maturation than patients who 
did not start urgent dialysis. In addition, the failure to mature dialysis access was significantly (p < 0.01) associated with 
the presence of previous central lines. Approximately 37% of patients who had previous central lines failed to obtain 
access, compared to about 10% of those who did not (Table 3). The statistical analysis clearly showed a significant (p < 
0.001) association between clinical adequacy and the number of previous lines. Patients who had more previous lines 
were more likely to have failed access at 3 months postoperative. A similar trend was observed in the hospitalization rate. 
Patients with a higher number of hospitalizations were more likely (p < 0.001) to have failed access maturation at 3 
months postoperative (Table 3).

Most comorbidities were not associated with clinical adequacy at 3 months, except for CHF. A significantly (p < 
0.001) high percentage (60.5%) of patients with CHF failed to develop mature dialysis access. Medications did not show 
any significant association. Medical investigations, including HbA1c and LDL/HDL, were not associated with access 

Table 2 Perioperative Characteristics and Outcomes

Characteristic Physical 
Examination 

Patients  
N = 1001

Radiologist 
Patients  
N = 1031

Surgeon 
Patients  
N = 1001

p-Value2 Total 
Patients  
N = 3031

Intraoperative Arterial Calcification 34 (34%)↑ 16 (15.5%) 11 (11%) <0.001 61 (20.1%)

Operative Duration (min) 75.96 ± 20.10↑ 65.16 ± 7.71 68.05 ± 7.78 <0.001 69.68 ± 13.90

Conclusion After the Surgery <0.001

Thrill 61 (61%) 62 (60.2%) 95 (95%)↑ 218 (71.9%)

No thrill 39 (39%) 41 (39.8%) 5 (5.0%)↓ 85 (28.1%)

Clinical Adequacy at Three Months 59 (59%) 62 (60.2%) 78 (78%)↑ 0.006 199 (65.7%)

Fistulogram as a Remedial Procedure <0.001

Yes 18 (18%) 0 (0%)↓ 30 (30%)↑ 48 (15.8%)

No 82 (82%) 103 (100%)↑ 70 (70%) 255 (84.2%)

Primary Patency at One Year NS

Patent 58 (58%) 62 (60.2%) 56 (56%) 176 (58.1%)

Thrombosed 42 (42%) 41 (39.8%) 44 (44%) 127 (41.9%)

Notes: 1Mean ± SD; n (%). 2Pearson’s chi-squared test for categorical variables; Kruskal–Wallis H-test and Fisher’s pairwise comparison test for the continuous variable. NS: 
Not statistically significant (p > 0.05). ↑: significantly higher than expected; ↓: significantly lower than expected. Statistically significant p-values (<0.05) are marked in bold 
font.
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Table 3 Analyses of Factors Associated with Clinical Adequacy for Dialysis Access at 3 
Months

Independent Factors Clinical Adequacy at Three Months N = 303

No, n = 1041 Yes, n = 1991 p-Value2

Age (y) 54.8 ± 14.5 55.0 ± 15.0 NS

Sex NS

Female 50 (36%) 89 (64%)

Male 54 (32.9%) 110 (67.1%)

BMI 25.9 ± 5.0 26.5 ± 5.6 NS

Mapping Method 0.006

Physical Examination 41 (41%) 59 (59%)

Radiologist 41 (39.8%) 62 (60.2%)

Surgeon 22 (22%)↓ 78 (78%)↑

Fistula Site NS

Arm 81 (34.3%) 155 (65.7%)

Forearm 23 (34.3%) 44 (65.7%)

Initiated Dialysis Via 0.024

Central line 99 (36.4%) 173 (63.6%)

Fistula 5 (16.1%)↓ 26 (83.9%)

Started dialysis urgently <0.001

No 65 (25.8%) 187 (74.2%)↑

Yes 39 (76.5%)↑ 12 (23.5%)

Previous central line 0.004

No 3 (10.3%) 26 (89.7%)↑

Yes 101 (36.9%)↑ 173 (63.1%)

Number of previous lines <0.001

0 3 (10.3%)↓ 26 (89.7%)↑

1 37 (23.3%)↓ 122 (76.7%)↑

2 47 (54%)↑ 40 (46%)↓

≥3 17 (60.7%)↑ 11 (39.3%)↓

Number of hospitalizations per year <0.001

1 19 (17.1%) 92 (82.9%)

2 44 (32.6%) 91 (67.4%)

≥3 41 (71.9%) 16 (28.1%)

DM 64 (36.8%) 110 (63.2%) NS

HTN 79 (32.5%) 164 (67.5%) NS

(Continued)
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maturity; however, a higher ejection fraction was significantly (p < 0.01) associated with successful access maturity and 
clinical adequacy at 3 months.

Intraoperative arterial calcification was significantly (p < 0.001) associated with clinical adequacy at 3 months, as 
most patients with intraoperative arterial calcifications (~80%) failed to achieve mature dialysis access. Additionally, 
a longer operative duration was significantly (p < 0.001) associated with the failure of clinical adequacy. Patients who 
failed to obtain dialysis access had a mean operative duration of 80.0 ± 17.3 min compared to a mean duration of 64.3 ± 
7.3 min for patients who succeeded in securing access. Most patients with skin thrill immediately after surgery (~90%) 
succeeded in maturing dialysis access, and most patients without thrill (~98%) failed to obtain mature access.

The requirement of a fistulogram, as a remedial procedure, was inversely/negatively associated (p < 0.001) with 
clinical adequacy. Approximately 71% of patients who received a fistulogram as a remedial procedure (34 out of 48) 
failed to develop dialysis access, while 72.5% of patients who did not receive a fistulogram (185 out of 255) succeeded in 
developing dialysis access over a 3-month period (Table 3).

Finally, a multivariate regression analysis model was performed to confirm the main predictors of failure to obtain dialysis 
access over a 3-month period (Table 4). The model included the following predictors: mapping method, fistula location, number 
of previous lines, hospitalization rate, intraoperative arterial calcifications, and operative duration. The model revealed that 
patients in the CDU-R group had about a seven-fold greater risk of failure to develop dialysis access than patients in the CDU-S 

Table 3 (Continued). 

Independent Factors Clinical Adequacy at Three Months N = 303

No, n = 1041 Yes, n = 1991 p-Value2

Hyperlipidemia 57 (35.8%) 102 (64.2%) NS

Smoking 39 (41.9%) 54 (58.1%) NS

IHD 21 (46.7%) 24 (53.3%) NS

CHF 23 (60.5%)↑ 15 (39.5%) <0.001

Anti-hypertensives 51 (37%) 87 (63%) NS

Statins 66 (32.8%) 135 (67.2%) NS

Anti-platelets 98 (34.8%) 184 (65.2%) NS

HbA1c 7.0 ± 2.2 6.5 ± 2.0 NS

LDL/HDL 1.9 ± 1.0 1.9 ± 2.7 NS

Ejection Fraction 0.53 ± 0.1 0.56 ± 0.06 ↑ 0.005

Intraoperative Arterial Calcifications 49 (80.3%)↑ 12 (19.7%) <0.001

Operative Duration (min) 80.0 ± 17.3 ↑ 64.3 ± 7.3 <0.001

Conclusion After the Surgery <0.001

Thrill 21 (9.6%) 197 (90.4%) ↑

No thrill 83 (97.6%) ↑ 2 (2.4%)

Fistulogram as a Remedial Procedure <0.001

Yes 34 (70.8%) ↑ 14 (29.2%)

No 70 (27.5%) 185 (72.5%) ↑

Notes: 1Data represented as mean ± standard deviation (SD) for continuous variables and Number (%) for 
categorical variables. 2Pearson’s chi-squared test for categorical variables; and Student’s t-test for continuous 
variables. NS: Not statistically significant (p > 0.05). ↑: significantly higher than expected; ↓: significantly lower 
than expected. Statistically significant p-values (<0.05) are marked in bold font.
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group (p < 0.001). Additionally, patients who received the fistula in the forearm had about a three-fold greater risk of failure than 
patients who received the fistula in the arm (p < 0.05). The number of previous lines and the hospitalization rate were not 
predictors of access failure. Patients who developed intraoperative arterial calcifications had a significantly (p < 0.001) more than 
28-fold higher risk of failure than patients without arterial calcifications. Finally, operative duration was also a significant (p < 
0.001) predictor of failure; with every minute increase in the operative duration, there was a 1.145-fold greater risk of failure to 
secure dialysis access (Table 4).

Discussion
The native AVF procedure is widely recognized as the most commonly performed vascular operation.21,22 Despite its 
prevalence, there is ongoing debate regarding the optimal preoperative planning process.9 The KDOQI guidelines have 
advocated for a shift in approach, with the goal to move away from a fistula-first strategy toward a patient-centered 
approach, known as P-L-A-N (Patient Life Plan and their Access Needs).20 This approach emphasizes tailoring vascular 
access strategies to individual patient circumstances, considering factors such as patient preferences, lifestyle, and 

Table 4 Multivariate Logistic Regression Model for the Predictors of Failure of the 
Dialysis Access at a 3-Month Period

The Predictors P-value Odds Ratio 95% CI

Lower Upper

Mapping Method

Physical Examination 0.468 - 0.187 2.163

Radiologist <0.001 7.219 2.423 21.512

Surgeon Ref Ref Ref Ref

Location

Forearm 0.018 3.326 1.226 9.022

Arm Ref Ref Ref Ref

Number of Previous Lines

0 Ref Ref Ref Ref

1 0.446 - 0.283 17.532

2 0.190 - 0.479 40.623

≥ 3 0.164 - 0.463 92.471

Number of Hospitalization per year

1 Ref Ref Ref Ref

2 0.643 - 0.458 3.544

3 0.269 - 0.528 9.916

Intraoperative Arterial Calcification

Yes <0.001 28.316 9.009 88.998

No Ref Ref Ref Ref

Operative Duration <0.001 1.145 1.096 1.197

Notes: The logistic regression model included the six variables reported in this table Statistically significant 
p-values (<0.05) and their odds ratios are marked in bold font. 
Abbreviations: P, probability; CI, confidence interval.
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clinical considerations. The same guidelines also established three critical domains for successful renal replacement 
therapy: access creation, access contingency planning, and access succession planning.20 Comprehensively addressing 
these domains is essential to enhance the quality and longevity of vascular access for patients undergoing HD.6,9 The 
delineation of the access circuit anatomy is crucial for access contingency and access succession planning. Traditional PE 
methods miss 75% of the clinically invisible but usable target vasculature for native access formation, especially in obese 
patients with significant comorbidities.13 Immediate failure rates can be reduced using preoperative CDU mapping,9 with 
existing evidence showing the potential advantages of preoperative CDU mapping in access surgery.6,9 Additionally, 
access adequacy can be enhanced by remedial interventions for correctable lesions identified by postoperative ultrasound 
assessment of the access sites.21 However, CDU has several disadvantages, which include measurement errors due to 
operator skill, patient inconvenience, higher costs to the health care system, and delays in creating AVF.20

The adage “prior planning prevents poor performance” holds significant value in providing an effective lifeline for 
patients with HD. Currently, there is a lack of consensus and clinical equipoise in the published data from developed 
nations regarding the merits of CDU access mapping. Several key points have yet to be determined, including the choice 
between routine and selective mapping, the timing of mapping (preoperative or intraoperative), and who should be 
responsible for conducting the study (the operating surgeon or radiologist). The latest KDOQI guidelines recommended 
the selective use of preoperative ultrasonographic access mapping, as opposed to routine use in previous versions.23 Kosa 
et al conducted an extensive Cochrane systematic review, which included four randomized controlled trials (RCTs) 
comparing traditional vein mapping with routine preoperative CDU.23 They found comparable technical success and 
clinical adequacy, and that similar interventions were required to maintain patency. This aligns with the findings of 
another previous systemic review.6

It is important to note that data from developing countries is limited, and it may not be appropriate to extrapolate 
conclusions from existing published data to these nations, which have limited resources. For example, in Jordan, our 
vascular service lacks a dedicated accredited vascular laboratory, and access mapping is conducted by an overwhelmed 
radiology department without dedicated vascular slots. As a result, the absence of strict criteria for access mapping in the 
absence of a dedicated vascular lab could lead to unreliable preoperative navigation and tracking of target vessels. 
Therefore, access choices in Jordan are solely dependent on the preferences of the surgeons and their informed decisions.

Previous research indicated that access maturation could be influenced by patient age, sex, BMI, diabetic status, and 
peripheral arterial disease.1,11 Our study findings are comparable with previous studies in that we observed no correlation 
between AVF adequacy and patient age, sex, and BMI.1,24 Furthermore, diabetic status was not associated with clinical 
adequacy of the AVF in this study. However, previous studies identified DM as a predictor of AVF non-maturation.25,26 

This disparity may be attributed to our relatively younger patient cohort compared to data from developed nations, 
alongside demographic compositional differences. Notably, CHF was associated with maturation failure in this study. 
The functionality of an AVF depends on access circuit hemodynamics, including blood flow (ie, cardiac output/inflow) 
and distribution (ie, venous patency and distensibility).13 Consequently, a higher ejection fraction was associated with 
adequate access at 3 months. These findings align with previous studies that have associated CHF with poor clinical 
adequacy.27

Our data unveiled a strikingly high ratio of arm-to-forearm access (236/67). Notably, both the CDU-S and PE groups 
exhibited similar arm-to-forearm ratios, while surprisingly, the CDU-R group declared null forearm access. The absence 
of forearm access in the CDU-R group may largely stem from selection bias, where patients with more complex access 
anatomy or unclear physical exams underwent vein mapping by a radiologist. Moreover, the patient’s intravascular 
volume may affect venous diameter. Radiologist mapping occurs randomly based on available slots in the radiology 
department, possibly on the same day as HD when the patient is volume-depleted, whereas surgeon mapping occurs 
uniformly on the day following HD. Furthermore, the absence of a stringent, predefined mapping protocol and accredited 
vascular technologist leads to unreliable measurements and inadequate assessment of distensibility when tourniquets are 
denied for the CDU-R group in our analysis. In a recent analysis by Taubenfeld et al, the authors demonstrated improved 
vein diameter by intraoperative CDU by the surgeon, ultimately resulting in a nearly two-fold increase in forearm 
accesses compared to independent preoperative vein mapping by an accredited vascular lab without using a tourniquet in 
both scans.28 The same study concluded that the use of an intraoperative scan is associated with a 70% increase in vessel 
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diameter compared to preoperative scans.28 Interestingly, 79% of the patients in their study had regional anesthetic 
blocks, which can augment vein diameter according to previously published data. Furthermore, previous studies 
identified that intraoperative access mapping following regional anesthesia induces more forearm AVF and improved 
outcomes when compared to preoperative scanning.29,30 Besides, CDU-R patients are associated with unacceptable 
delays between mapping and surgery, leading to target vessel consumption and perhaps a flawed interpretation due to 
phlebitis or thrombosis by the date of surgery. Intraoperative CDU mapping by a surgeon offers a real-time evaluation of 
target access options. It excludes certain impractical veins at the time of surgery that might have been deemed useful if 
scanned preoperatively, and avoids futile (blind) surgical explorations.9,15

It is unclear whether the impact of preparative mapping conducted by an independent imaging facility separate from 
the operator has the same impact as perioperative mapping conducted by the operator who will be creating the AVF. This 
is an area that needs to be clarified through further research. The data provided by preoperative CDU remains contingent 
on the expertise of the operator. Our data supports CDU by the operative surgeon as a positive predictor of clinical 
adequacy. Intraoperative CDU by the surgeon led to more distal access options compared to preoperative CDU by the 
radiologist, and resulted in a forearm access rate similar to that in the PE group, despite a significantly higher BMI in the 
CDU-S patient cohort. A previous study with a large patient cohort (n = 46,010) concluded that preoperative vein 
mapping was associated with improved incident native access placement, greater rates of forearm AVF, and favorable 
secondary patency.31 Intriguingly, preoperative vein mapping via CDU was employed in >85% of the cases examined in 
their study. However, the researchers did not investigate whether the mapping was conducted formally in a vascular lab 
or whether it was performed at the bedside by the surgeon in the operating room. Additionally, Asif et al suggested that 
vascular access surgeons should perform the CDU mapping.14 The KDOQI guidelines recognize that intraoperative CDU 
by the surgeon instead of preoperative mapping by a vascular technologist may lead to different AVF locations and 
outcomes.20 However, no studies have explored this assumption to date. We believe that surgeon judgment remains 
crucial, and the interpretation of access options is best when the mapping is performed by the operating surgeon, 
especially in cases with poorly defined vessels on PE. This approach can expedite treatment and has resource implica-
tions. Evidence supporting this includes a RCT by Nursal et al, which found no advantage of CDU mapping in patients 
with favorable forearm vasculature on PE.18 Additionally, this is corroborated by a meta-analysis that showed similar 
outcomes between different preoperative mapping methods.6 However, a recent meta-analysis revealed that implement-
ing routine preoperative ultrasound mapping of vessels is associated with significantly better outcomes in terms of early 
arteriovenous fistula failure and primary patency rates at 12 months.32

This study revealed that forearm AVF was associated with a three-fold risk of failure to mature, which is in line with 
the published literature.24 Forearm veins are smaller in size and inherit occlusive synechiae due to frequent venous 
catheterization. Furthermore, existing data indicates that achieving clinical adequacy of forearm AVF may take longer 
than 3 months after access creation.11 As a result, remedial interventions were performed exclusively for patients who 
received forearm access in the current analysis, due to poor flow and delayed maturation after 6 weeks of AVF. 
Fistulogram remedial interventions were performed in 30% of CDU-S patients and in 18% of PE patients. 
Interestingly, none of the CDU-R patients received a remedial Fistulogram. This disparity could be attributed to the 
utilization of CDU by surgeons proficient in perioperative mapping, enabling prompt identification of correctable access 
circuit lesions during postoperative surveillance, thus facilitating AVF maturation. These findings are comparable with 
a previous multicenter research study that also noted approximately one-third of created AVFs necessitated intervention 
for maturation.33

In this study, the rationale for investigating clinical adequacy at 3 months was to identify parameters that influence 
access adequacy or are associated with prolonged AVF maturation. The goal was to reduce the duration of catheter 
dependency and improve HD delivery, ultimately leading to better patient outcomes. By focusing on these factors, 
strategies can be developed to expedite AVF maturation and decrease reliance on catheters for HD access. However, 
while forearm access has well-known advantages, the poor maturation rates in previous studies are of concern. Prolonged 
catheter dependency and frequent hospitalizations can significantly increase the financial burden of HD on healthcare 
providers. Therefore, addressing factors that affect AVF maturation is crucial for optimizing patient care and managing 
healthcare costs. Furthermore, it is important to acknowledge that accurate comparisons of published data can be 
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deceptive due to the variation in maturation definitions, study design, predetermined access mapping parameters, and 
criteria.4

Our data revealed that previous CVC placement and multiple CVC catheters were associated with poor clinical 
adequacy at 3 months. However, the multivariate regression analysis did not reveal a negative association with the 
number of CVCs. This observation may raise the question of whether venography is required in patients who have had 
multiple CVCs or prolonged catheter time. A prospective observational study indicated that CVC use at HD initiation is 
linked to a higher risk of vascular access failure.34 The study involved a substantial sample of patients with HD (n = 
3674) from over 300 institutions across Europe, America, and Japan. However, the authors noted that a causal link 
between cannulation, catheter utilization, and subsequent AVF failure could not be established due to the observational 
nature of the study.34

ESRD and DM are identified as predisposing factors for arterial wall calcification.35 Our current analysis revealed 
that intraoperative arterial calcification significantly predicts clinical adequacy at the 3-month period. Furthermore, 
arterial calcification is strongly associated with a 28-fold increase in the risk of access failure. These findings are 
consistent with the existing literature, which highlights the detrimental impact of calcification on access outcomes.10,36 

Given these insights, real-time CDU by the operative surgeon is recommended during procedures to avoid calcified 
inflow segments that may jeopardize clinical adequacy. This may help to mitigate the risk of technical failure and ensure 
satisfactory inflow.

Our study demonstrated that although CDU-S resulted in improved clinical adequacy at 3 months, the access patency 
at 1 year was comparable among all groups with different mapping methods. Our findings indicate a 58.1% 1-year 
patency rate in our cohort, which is consistent with the findings of a previous meta-analysis.37 However, it is lower than 
the patency rate (71%) reported by another meta-analysis.38 This difference can be attributed to the higher primary failure 
rate of forearm AVF, which was offset by a lower rate of failures in proximal AVF.

The current study has several limitations. First, its retrospective design and single-center nature may limit the 
generalizability of the findings. A future RCT is essential to provide robust evidence on whether CDU conducted by 
the operating surgeon could lead to improved outcomes for patients with ESRD. Second, the lack of standardized 
ultrasonographic criteria for evaluating target vessels, coupled with variations in operator skills, introduces the potential 
for misinterpretations. In our study, the analysis of vessel diameter was omitted due to discrepancies in the measurements 
between the access surgeon and the radiologist, and the different timing at vessel measurement. For instance, the lack of 
tourniquet use in the CDU-R group, contrary to findings suggesting the beneficial impact of a tourniquet on AVF 
formation rates.39 The lack of data on vessel diameter may limit comparisons with other studies. In addition, the 
utilization of different ultrasound machines can alter vessel assessment. Finally, there is, unfortunately, a lack of data on 
AVF blood flow at the 3-month period. This data could provide valuable insights into the efficacy of each mapping 
method. Our study exclusively focused on initial AVF, potentially underestimating the benefits of CDU mapping, 
particularly for patients with a history of unsuccessful prior access surgeries. Addressing these limitations could enhance 
the reliability and applicability of future research in this area.

Conclusion
In conclusion, in vascular units that lack an accredited vascular laboratory, intraoperative vascular mapping conducted by 
the operating surgeon is significantly associated with favorable clinical outcomes. CDU by the operating surgeon can 
lead to improved immediate technical success and a higher chance of access clinical adequacy. On the other hand, relying 
on preoperative access mapping performed by a radiologist underestimates the available forearm access options, and may 
result in undue delays in delivering permanent access. The current clinical conundrum requires further investigations to 
determine whether the true value of intraoperative vascular mapping lies in the skills of the scanning surgeon or in the 
limitations of the preoperative scanning radiologist. The conscientious use of ultrasonography, in combination with 
thorough PE, is crucial for achieving positive outcomes.
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