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| ABSTRACT

An arteriovenous fistula (AVF) is the closest to the ideal model of vascular access. Evidence suggests that people who approach end-stage
kidney disease may have an arteriovenous fistula surgically created proactively, enabling the elimination of Permcath insertion for dialysis.
Consequently, this proactive action will reduce the risk of bacteremia and admissions to inpatient services for this vulnerable population. The
current mean waiting time for AVF creation in King Fahd Armed Forces Hospital, Jeddah (KFAFH), was 172 days. The aim of the project was to
decrease the adult Chronic Kidney Disease patient mean waiting time for arteriovenous (AV) access creation from a mean of 172 days to less
than 10 days within 12 months. The project was carried out in the Chronic Kidney Disease patient population of King Fahd Armed Forces Hospital,
Jeddah. The Plan Do Study Act rapid cycles Quality improvement method was used to implement changes. The interventions include a
multidisciplinary approach as the base for the new AVF strategy. Identification of CKD Stage IV patients with impending dialysis was booked for
early AVF, thereby reducing the need for Permcath. An additional renal clinic was established to update the patients waiting time for AVF creation
and to book patients as Day-surgery through fast track. Daily rounds in the dialysis unit were introduced to address issues of new patients on
hemodialysis, and the waiting time for each patient was revised and booked to the new renal clinic for AVF creation. This reduced the referral
time to the vascular clinic. Centralized approach by requesting early venogram & venous mappings. The addition of adedicated inpatient bed for
advanced access surgery like AV graft, superficialization, and bridging for patients on anti-coagulation was allotted. Addition of a dedicated
operating room for at least daily AVF creation apart from the regular operating list. Addition of 1 more day to existing 1 day per week schedule
for Day case procedures with 2 day surgery beds for vascular access. During the 1st PDCA cycle, the mean waiting time for AVF Access decreased
to 127.75 days; during the 2nd PDCA cycle, the mean time decreased to 34.25 days, and during the 3rd PDCA cycle the project achieved proactive
AVF access with the mean waiting time at -7.2 days. None of the patients with newly created AVF access developed steal syndrome during the
project period. AV fistulae have a longer median survival, require less costly and invasive intervention to maintain patency and are less likely to
become infected than AV graft or Permcath. A multidisciplinary team approach proved to be successful in reducing the mean AVF waiting time
for hemodialysis patients. The interventions enable the team to perform proactive AVF creation in a timely manner eliminating the use of
Permcaths for newly admitted Hemodialysis patients. Thus, reducing the CLABSI rate.

| KEYWORDS

Arteriovenous fistula, arteriovenous Graft, Permcath, Chronic Kidney Disease, Quality of life, hemodialysis.

| ARTICLE INFORMATION

ACCEPTED: 20 February 2023 PUBLISHED: 06 March 2023 DOI: 10.32996/jmhs.2023.4.2.3

Copyright: © 2022 the Author(s). This article is an open access article distributed under the terms and conditions of the Creative Commons
Attribution (CC-BY) 4.0 license (https://creativecommons.org/licenses/by/4.0/). Published by Al-Kindi Centre for Research and Development,
London, United Kingdom.

Page | 14



JMHS 4(2): 14-25

25

1. Introduction

1.1 Problem Description

A baseline retrospective data analysis was conducted for the period 1 January 2018 to 31 December 2019 to evaluate the
contributing factors to catheter related infections. The following target areas were the focus of the study: Identification of risk
factors, including vascular access, catheter days, history of bacteremia, immunosuppressive therapy and corpuscular hemoglobin.

Infections are common complications among patients on chronic hemodialysis. Hemodialysis patients with a catheter have a 2 to
3 fold increased risk of hospitalization for infection and death compared with patients with an arteriovenous fistula or graft.

Catheter-related bloodstream infections (CRBSIs), exit-site infections, and tunnel infections are common complications related to
hemodialysis central venous catheter use.

Catheter-related bloodstream infections (BSls) alone have a reported incidence of 1.1 to 5.5 episodes per 1000 catheter days and are
associated with increased morbidity, hospitalization, and death.’

Barriers to increasing arteriovenous fistula (AVF) creation prompt the initiation of this project. Inadequate pre-ESRD care. A
nephrologist often sees ESRD patients for the first time immediately before initiating long-term dialysis (29). In these cases, a PTFE
graft often is constructed to avoid the 4- to 6-month maturation time required for an AV fistula. The central venous catheter is the
first mode of access for 61% of ESRD patients compared with 15% for AV fistulas.

The ESRD program currently lacks senior management motivation to promote pre-ESRD medical management and preventive
services among our dialysis population. Relatively few surgeons perform the AV fistula procedure due to a scarcity of surgeons in
the KFAFH with proficiency in constructing AV fistulas, resulting in a shortage of capacity to establish this mode of access.

Diagnostic imaging is not used adequately to construct an AV fistula. Evidence base guidelines call for preoperative imaging to
assess the appropriateness of AV fistula and facilitate construction. Preoperative imaging involves the use of Doppler ultrasound
or low concentration contrast that allows for venous mapping.

The use of preoperative imaging carries the potential to increase rates of AV fistula construction as surgeons are able to gain
a better understanding of the patient’s vasculature before surgery).

Surveillance of established AV fistula is spotty, leading to higher than necessary rates of failure; Surveillance is bundled as a
component of the composite reimbursement for hemodialysis. Only one manufacturer (Fresenius) makes vascular access flow
monitoring available as part of routine hemodialysis therapy. Flow surveillance is costly if the cost is absorbed by the provider.

The unavailability of day surgery booking slots is a challenge since the Day Surgery Unit bed capacity
covers all surgeries, and AVF creation is not identified as essential surgery. Moreover, no dedicated day-surgery OR for AVF creation
is allocated to serve this vulnerable population

1.2 Available Knowledge

An autologous arteriovenous fistula (AVF) is the vascular access of choice for most patients requiring hemodialysis due to improved
longevity once successfully established, lower associated mortality and lower health costs compared with an arteriovenous graft
or central venous catheter (CVC). However, these long-term benefits are hampered by exceedingly high rates of early AVF failure
due to thrombosis and maturation failure, affecting up to 60% of patients. It is thus not surprising that vascular-access function is
one of the most critically important outcomes for patients on hemodialysis and their caregivers.

Previous studies have identified delayed nephrology care, the smaller arterial and venous caliber on sonographic evaluation, and
demographic factors, such as older age and female sex, to be associated with AVF failure, whereas greater surgical experience and
use of regional anesthesia were associated with better AVF outcomes. Unfortunately, many of these studies have shown in-
consistent and conflicting outcomes, likely driven by differences in study populations, sample size, and methodology, and
substantial heterogeneity of outcome definitions. Scoring systems incorporating multiple factors have been used to improve
predictive scoring for AVF failure; although showing promise, they have not been shown to consistently predict vascular access
outcomes when applied to different study populations.
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1.3 Rationale:
A pathway aimed to facilitate evidence-based practice was developed to ensure timely intervention for all dialysis patients who
were at risk of developing CLABSI.

Treatment options for patients with ESRD
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Figure 1: Prioritization Matrix
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A variety of quality tools, fishbone for root cause analysis, has been used to identify the root causes of low AVF prevalence in HD
patients

Eigure 2: Fishbone Tool
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1.4 Specific Aims

A. Primary Aim:
To increase the AVF prevalence in Hemodialysis patients to 50% within 12 months
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B._Secondary Aims:
To decrease the Average time (days) for HD Patients to have AVF creation from the hemodialysis start date >120 days to

<10 days within 12 months.

To Reduce Catheter related sepsis in renal patients to less than 2 within 12 months. Increase AV access turnover
Increase Operating Room access day from 1 day to 2 days.

Reduce Catheter days. Reduce renal patients’ hospital stay. Improve patient satisfaction/Patient experience and reduce cost

2. Literature Review

A baseline retrospective data analysis was conducted for the period 1 January 2018 to 31 December 2019 to evaluate the
contributing factors to catheter related infections. The following target areas were the focus of the study: Identification of risk
factors, including vascular access, catheter days, history of bacteremia, immunosuppressive therapy and corpuscular hemoglobin.
Infections are common complications among patients on chronic hemodialysis. Hemodialysis patients with a catheter have a 2 to
3 fold increased risk of hospitalization for infection and death compared with patients with an arteriovenous fistula or graft.
Catheter-related bloodstream infections (CRBSIs), exit-site infections, and tunnel infections are common complications related to
hemodialysis central venous catheter use.

Catheter-related bloodstream infections (BSIs) alone have a reported incidence of 1.1 to 5.5 episodes per 1000 catheter days and
are associated with increased morbidity, hospitalization, and death.1

Barriers to increasing arteriovenous fistula (AVF) creation prompt the initiation of this project; Inadequate pre-ESRD care. A
nephrologist often sees ESRD patients for the first time immediately before initiating long-term dialysis (29). In these cases, a PTFE
graft often is constructed to avoid the 4- to 6-month maturation time required for an AV fistula. The central venous catheter is the
first mode of access for 61% of ESRD patients compared with 15% for AV fistulas.

3. Methodology
The project was carried out in the Chronic Kidney Disease patient population of King Fahd Armed Forces Hospital, Jeddah. The Plan
Do Study Act rapid cycles Quality improvement method was used for this project.

The baseline assessment included a review of the patient's medical record before the intervention, and retrospective data collection
was conducted for the required measures. The project was conducted from 01 May 2020 to 31 May 2021 with ongoing performance
measures monitoring weekly, followed by interventions and action plans accordingly. The measures selected to monitor this Project
were:

Process Measure: Mean AVF access waiting time: Target <10 days; Outcome measure: CLABSI rate per 1000 catheter days: Target
<2/1000; and Balancing measure: Steal syndrome: Target O

3.1 Intervention(s):

e Inthe first cycle, a retrospective chart review was done to identify the best evidence-based practices and to create a strategic
approach for new AVF creation. A Multidisciplinary AV access team was established to facilitate the pre-operative preparation,
assessments and anesthesia clearance, after which an action plan was developed. In-service training was provided to the staff
to review the process flow and to familiarize them with the new strategic plan. A new CKD stage 5 AVF clinic was created, and
OR Slot was increased to manage backlog, and patient waiting time was revised. A new process flow was implemented with a
main focus on patients with the longest waiting time. The suspension of elective services due to the COVID-19 epidemic was
a big challenge, and we had to negotiate to reprioritize AVF as Emergency surgery to avoid incidences of CLABSI during the
pandemic. The mean waiting time was reduced from 172 days to 127.75. CLABSI rate was 1.76/1000 catheter days.

e In the second cycle, the urgency of the surgical process was rolled on, and an interdepartmental agreement was achieved to
add an additional bed for AV Access surgery. New patients admitted to the hemodialysis schedule were identified and booked
on priority. The mean waiting time was reduced from 172 days to 34.25 days. CLABSI rate was noted to reduce further

e 1.73/1000 Catheter days. The process flow was functioning smoothly, and the multidisciplinary team was stabilized. Patient
resistance factors were identified.
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e In the third cycle, the creation of AVF proactively for patients not yet started on hemodialysis was planned, and the process
was rolled out to diagnose CKD stage V patients suitable for AVF. All patients admitted between 1 Jan 2021 to 31 May 2021 for

HD had AVF created proactively.

e New audit tools were formalized to monitor the sustainability of AVFs with periodic assessments of AVF fistula to help identify
failing fistula. The mean waiting time was reduced from 34.25 days to -7.2 days. CLABSI rate was noted to reduce to a further

0.72/1000 Catheter.

3.2 Project Timeline:

. Act Plan

* COVID 19 epidemic impact * Retrospective Chart Review

*  Negotiate to reprioritization AVF as * Evidence base Review to identify best
Emergency surgery practices.

*  DSU bed shortage identified * Create new AVF access Strategy

*  Multidisciplinary AV access team

N established
Act * Action Plan developed
01/08/2020 to s New CKD stage 5 AVF clinic created
31/08/2020 *  OR Slots Increased to managed backlog

Plan
01/05/2020

15t PDCA cycle
01/05 to
31/08/2020

30/05/2021

Check
01/05/2020

Check Do

* Implement new process flow

*  Mean waiting time reduced
from 172 days to 127.75 days

Pilot done for first 2 weeks of June 2020
In-service training

Review Process flow

Prioritize patients for AVF creation to
reduce backlog

The Assessment of the intervention and their outcome was monitored as follows:

® Data collection and analysis on a weekly basis.
" Weekly meetings for the team to study the data.
= Weekly MDT review for the long-stay patients (>7 days, >30 days and patients refusing discharge).

The selected intervention was implemented step by step to monitor their impact individually. PDCA tool and Kotter's
change model were used to create a guiding coalition, develop a vision and strategy and communicate the change required to

implement the action to gain the desired target.

3.4 Measures:
Act
* Patients resistance identified
*  Multidisciplinary approach now Plan
stabilized *  The urgency of surgery modified
=process flow modified
K Interdepartmental agreement to
Act add a RTU bed for AV access
01/12/2020 to surgery.
31/12/2020
Plan A
01/09/2020
2nd PDCA cycle to
01/09 to 31/10/2020
31/12/2020
Check
01/09/2020
to ~
Check 1/12/2020 Do

*  Continue with previous backlog
*  Roll out process to newly admitted
Hemodlalysis patient

Mean waiting time reduced from
172 days to 34.25 days
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Type of measure Numerator Denominator Sample size

Process Measure: AVF access time from | # of patients All cases

Mean AVF access time from the dialysis start date | booked for AVF

the dialysis start date: Target till the AVF creation | creation

<10 days

Outcome measure: HD  patient with | All haemodialysis | All cases

CLABSI rate per 1000 catheter | PermaCath and with a | patients

days: Target <2/1000 in | CLABSI with PermaCath

Hemodialysis patients access

Number of admissions # of patients All  ESRD All ESRD  patient
admitted with sepsis patients admissions excluded

admitted ( AVF complications)

AVF Prevalence

Number of HD
patients with AVF

Number of pat
on HD

All patients on HD

Balancing measure:
Steal syndrome:
Target 0

Number of patients
with steal syndrome

Number of
patients with newly
created AVF

All cases

3.5 Analysis

Descriptive statistics were carried out; categorical variables were summarized by number and percent, whereas continuous
variables were summarized by the mean and standard deviation. Data displayed inline graphs to examine variation occurring at
the aggregate level as well as linearity trend lines by using linear regression analysis to test a significant slope. All statistical analysis

was performed by using software Microsoft Excel.

3.6 Ethical Considerations:

No conflict of interest or confidentiality issues pertains to patients.

4. Results and Discussion
During the 1st PDCA cycle, the mean waiting time for AVF Access decreased to 127.75 days; during the 2nd PDCA cycle, the mean
time decreased to 34.25 days, and during the 3rd PDCA cycle the project achieved proactive AVF access with the mean waiting
time at -7.2 days.

Act

*  Project Closed 01/06/2021
* Impact analysis to identify cost saving in

Vascular Strategic aim successfully Implemented
* Monitor to ensure sustainability
* Improvement to the process succeed and New

practice standard established

progress

Project closed

Plan

*  Proactive AVF creation

*  New Audit tools formalized

s Monitor sustainability

*  Periodic assessment of AV fistulas
* Impact analysis planned

Check

*  Mean waiting time reduced from
34.25 days to -7.2 days

* All patients admitted 1Jan 2021
to 31 May 2021 for HD had AVF
created proactively

. 01/01/2021to

3 PDCA cycle~

31/05/2021

Do

* Roll out process to diagnosed CKD

stage 5 patients suitable for AVF
Proactive AVF creation established

«  Farly identification of failing fistulas

None of the patients with newly created AVF access developed steal syndrome during the project period.
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1. AVF Access Waiting Time

Average time (days) for HD Patients to have AVF creation from the hemodialysis start date 2019 to 2021 per month
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2. Hemodialysis CLABSI rate per 1000 Catheter days

Hemodialysis Central Line Associated Bloodstream Infection ( CLABSI)
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3. AVF Prevalence

pf HD patients with AVF/AVG
80.0%

10.0% 69.0%

60.0%

513%

50.0%

41.3%

40.0%

30.0%

20.0%

10.0%

0.0%

2021

%

2019 2020

ANF Complications
6%

3%

5%

4%

3% 3o;

2%
2%
%

1%

0%
patients with steal ANVF thromposis Access failure For superficialization not fit
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4. Discussion

4.1 Summary

All members of the Multidisciplinary team were updated with the process flow and implementation protocol. We established a
strategic pathway for CKD patients who were both near dialysis and on-dialysis. The Overall results following the interventions
showed a significant decrease in the waiting time for AVF creation along with a significant reduction in morbidity, mortality,
hospital stay and cost.

4.2 Interpretation

Worldwide, Central line-associated bloodstream infections (CLABSIs) result in thousands of deaths each year, yet these infections
are preventable. The aggregate CLABSI rate decreased from 1.76 CLABSI per 1000 catheter days to 0.72 CLABSI per 1000 catheter
days in less than 1 year and has remained in control.
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4.3 Impact of the project:

During the first 2 weeks of the implementation phase, feedback from each team member was gathered to reprioritize patients with
long waiting times. During the 1st PDCA cycle, the mean waiting time for AVF Access decreased to 127.75 days; during the 2nd
PDCA cycle, the mean time decreased to 34.25 days, and during the 3rd PDCA cycle the project achieved proactive AVF access with
the mean waiting time at -7.2 days. None of the patients with newly created AVF access developed steal syndrome during the
project period. Despite the challenges, we were able to achieve our goal during the pandemic within a year.

Currently, a very low CLABSI rate is maintained with a successful reduction in waiting time for patients waiting for AVF creation
Estimated cost saving:

Avg. cost of per patient is SAR 60,000. (Avg. length of stay was 10 days)
For pre intervention data, No. of patients with CLABSI for the period of Nov 2019-Oct and 2020 is 82 patients
For post intervention data, No. of patients with CLABSI for the period of Nov 2020-Oct 2021 is 66 patients

82-66 = 16 less CIABSI per year 16 X 60,000 = 960,000 SAR saving

Impact Analysis Calculator

Project Title: Comprehensive approach to improve quality of life in hemodialysis patients by early creation of arteriovenous (AV) access

Facility: King Fahd Armed Forces Hospital , jeddah

Cost Per Defect ($): $16,000.00
Cost Per Defect (SAR): SAR 60,000.00
Before Improvement After Improvement
Measurement . ¢ hefects Defects Cost Per Period Measuremet -\, of efects Defects Cost Per Period Prevention Savings Cost of Improvement Net Savings
Period day Period day
365 82 $1,312,000.00 365 66 $1,056,000.00 $256,000.00 v $256,000.00 L
#VALUE!
#VALUE!
#VALUE!
H#VALUE!
of Defe Pe $1,312,000.00 Sraua $256,000.00 $0.00 $256,000.00
: e . Total Costs of Improvement: Total Net Savings:
SAR 4,520,000.00 3 g SAR 960,000.00 SAR 0.00 SAR 960,000.00

4.4 Limitations

The outcome/process measures and analysis used included only data obtained from the IT department. However, other measures
could have been used for better assessment of the effectiveness of our current system, like accessibility waiting time and time used
to complete the treatment per visit that was not possible to obtain from the IT department.

5. Conclusion

AV fistula creation among long-term renal dialysis patients will produce clinical benefits for patients and savings in vascular access
costs for KFAFH. In the long term, ESRD expenditures may increase somewhat as a result of decreased mortality with AV fistula
relative to PTFE graft or catheter access modalities. However, from a societal perspective, these gains in survival will be achieved at
a cost that is well within the range that commonly is considered to represent good value for money.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of
their affiliated organizations, or those of the publisher, the editors and the reviewers.

References

[1]1 Al-Jaishi AA, Oliver MJ, Thomas SM, Lok CE, Zhang JC, Garg AX, Kosa SD, Quinn RR, Moist LM (2014): Patency rates of the
arteriovenous fistula for hemodialysis: A systematic review and meta-analysis. Am J Kidney Dis 63: 464-478

[2] Allon M, Robbin ML (2002): Increasing arteriovenous fistulas in hemodialysis patients: Problems and solutions.

Page | 24



JMHS 4(2): 14-25

25
Kidney Int 62: 1109-1124

[31 Achneck HE, Sileshi B, Li M, Partington EJ, Peterson DA, Lawson JH (2010): Surgical aspects and biological considerations of
arteriove- nous fistula placement. Semin Dial 23: 25-33

[4] Allon M, Lockhart ME, Lilly RZ, Gallichio MH, Young CJ, Barker J, Deierhoi MH, Robbin ML (2001): Effect of preoperative
sonographicn mapping on vascular access outcomes in hemodialysis patients Kidney Int 60: 2013-2020.

[5] Allon M, Imrey PB, Cheung AK, Radeva M, Alpers CE, Beck GJ, Dember LM, Farber A, Greene T, Himmelfarb J, Huber TS,
Kaufman JS, Kusek JW, Roy-Chaudhury P, Robbin ML, Vazquez MA, Feldman HI. (2018). Hemodialysis Fistula Maturation
(HFM) Study Group: Relationships between clinical processes and arteriove- nous fistula cannulation and maturation: A
multicenter pro- spective cohort study. Am J Kidney Dis 71: 677-689, 2018

[6] Aitken E, Jackson A, Kearns R, Steven M, Kinsella J, Clancy M, Macfarlane A (2016): Effect of regional versus local
anaesthesia on outcome after arteriovenous fistula creation: A randomized controlled trial. Lancet 388: 1067-1074

[71 Dhingra RK, Young EW, Hulbert-Shearon TE (2001). Type of vascular access and mortality in U.S. hemodialysis patients.
Leavey SF, Port FK Kidney Int. 2001 Oct; 60(4):1443-51.

[8] Feldman HI, Kobrin S, Wasserstein A (1996): Hemodialysis vascular access morbidity. ] Am Soc Nephrol 7: 523-535

[9] Fatma LB, Beji S (2018): Determinants of patency of arteriovenous fistula in hemodialysis patients. Saudi J Kidney Dis
Transpl 29: 615-622

[10]Huang JL, Jang JF, Lee KF, Shie YT, Jin MH (2015). A Project to Reduce the Occlusion Rate in Hemodialysis Arteriovenous
Access]. Jun;62(3 Suppl):13-20. Chinese. doi: 10.6224/JN.62.3S.13. PMID: 26074113.

[11] Jamil M, Usman R (2015): Predictive parameters for successful functional maturation of native arteriovenous fistula. J Ayub
Med Coll Abbottabad 27: 821-824, 2015

[12] Lockhart ME, Robbin ML, Allon M (2004): Preoperative sonographic radial artery evaluation and correlation with
subsequent radio-cephalic fistula outcome. J Ultrasound Med 23: 161 168; quiz 169-171, 2004

[13] Lauvao LS, lhnat DM, Goshima KR, Chavez L, Gruessner AC, Mills JL (2009): Vein diameter is the major predictor of fistula
maturation. J Vasc Surg 49: 1499-1504, 2009

[14] Polkinghorne KR, McDonald SP, Marshall MR, Atkins RC, Kerr PG (2004): Vascular access practice patterns in New
Zealand hemodialysis population. Am J Kidney Dis 43: 696-704

[15] Lazarides MK, latrou CE, Karanikas ID, Kaperonis NM, Petras DI, Zirogiannis PN, Dayantas JN
(1996): Factors affecting the lifespan of autologous and synthetic arteriovenous access
routes for hae- modialysis. Eur J Surg 162: 297-301

[16]Lok CE (2007): Fistula first initiative: Advantages and pitfalls. Clin J Am Soc Nephrol 2: 1043- 1053

[17] Lilly MP, Lynch JR, Wish JB, Huff ED, Chen SC, Armistead NC, McClellan WM (2012): Prevalence of arteriovenous fistulas
in incident hemodialysis patients: Correlation with patient factors that may be associated with maturation failure. Am J
Kidney Dis 59: 541-549

[18] Lok CE, Allon M, Moist L, Oliver MJ, Shah H, Zimmerman D (2006): Risk equation determining unsuccessful cannulation
events and failure to maturation in arteriovenous fistulas (REDUCE FTM I). J Am Soc Nephrol 17: 3204-3212

[19]Malas MB, Canner JK, Hicks CW, Arhuidese 1J, Zarkowsky DS, Qazi U, Schneider EB, Black JH. (2015). 3rd, Segev DL,
Freischlag JA: Trends in incident hemodialysis access and mortality. JAMA Surg 150: 441-448, 2015

[20]National Kidney Foundation-Kidney Dialysis Outcome Quality Initiative clinical practice guidelines for vascular access
(2019): 2019 Update. National kidney foundation-dialysis outcomes quality initiative. Am J Kidney Dis 75[Suppl 2]: S51-
S164, 2019

[21]Polkinghorne KR, Chin GK, MacGinley RJ, Owen AR, Russell C, Talaulikar GS, Vale E, Lopez-Vargas PA (2013): KHA-CARI
Guideline: Vascular access - central venous catheters, arteriovenous fistulae and arteriovenous grafts. Nephrology (Carlton)
18: 701-705

[22] Ravani P, Marcelli D, Malberti F (2002): Vascular access surgery man- aged by renal physicians: The choice of native
arteriovenous fistulas for hemodialysis. Am J Kidney Dis 40: 1264-1276

[23] Regus S, Alma’si-Sperling V, Rother U, Meyer A, Lang W (2017). Surgeon experience affects the outcome of forearm
arteriovenous fistula more than outcomes of upper-arm fistulae. J Vasc Access 18: 120-125

[24] Smith GE, Souroullos P, Cayton T, Harwood A, Carradice D, Chetter IC (2016): A systematic review and meta-analysis of
systemic intraoperative anticoagulation during arteriovenous access formation for dialysis. J Vasc Access 17: 1-5

[25]Tordoir J, Canaud B, Haage P, Konner K, Basci A, Fouque D, Kooman J, Martin-Malo A, Pedrini L, Pizzarelli F, Tattersall J,
Vennegoor M, Wanner C, ter Wee P, Vanholder R (2007): EBPG on vascular access. Nephrol Dial Transplant 22[Suppl 2]:
ii88-ii117, 2007

[26] Usta E, Elkrinawi R, Salehi-Gilani S, Adili S, Sonnentag T, Alscher M, Artunc F, Franke U (2013): Risk factors predicting the
successful function and use of autogenous arteriovenous fistulae for hemodialysis. Thorac Cardiovasc Surg 61: 438-444

[27] van der Linden J, Lameris TW, van den Meiracker AH, de Smet AA, Blankestijn PJ, van den Dorpel MA (2006). Forearm
venous dis- tensibility predicts successful arteriovenous fistula. Am J Kidney Dis 47: 1013-1019

[28] Viecelli AK, O'Lone E, Sautenet B, Craig JC, Tong A, Chemla E, Hooi LS, Lee T, Lok C, Polkinghorne KR, Quinn RR,
Vachharajani T, Vanholder R, Zuo L, Irish AB, Mori TA, Pascoe EM, Johnson DW, Hawley CM (2018): Vascular access
outcomes reported in maintenance hemodialysis trials: A systematic review. Am J Kidney Dis 71: 382-391

[29] Zouaghi MK, Lammouchi MA, Hassan M, Rais L, Krid M, Smaoui W, Jebali H, Kheder R, Hamida FB, Moussa FB,

Page | 25



