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• Vascular Access complications:  

 

– High associated morbi-mortality 

– Worsened quality of life 

– Hospitalizations 

– Costs 

 



• Problems of Vascular Access: 
 
– Creation: 

 
• Resources:  

– Radiological: Mapping 
– Surgical: Mapping, Creation or Reconstruction 

 
• Waiting lists 

 
– Follow up: 

 
• Need surveillance protocols 

   Flow? 
 Image? 

 
• Treatment (Preventive) 

• Interventional 
• Surgical 

 
• Waiting lists 

 

– Multidisciplinary requirement  (Figure of Coordinator) 
 





Surveillance Advised! 



Screening FAV pathology: 

– Specific but not sensitive: usual parametersExploración física 

• Flow and pressure of Hemodialysis Device 
• eKt/V – Recirculatopm 

 

– Periodic monitoring. 2nd generation systems 

• Flow 
– Dilution techniques  

– Eco-doppler Color 

• Flow + image 
– Eco-doppler Color 
 

– Acute problem 

• It depends on radiology 

– Eco-doppler 

– Angiography 

• Selected patient 

? 
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• Graft: 

– No patency modification 

• AVF:  

– Qa decrease thrombosis  

– No patency modification 

– No Doppler US Studies 



• The hallmark of stenosis is decreased flow in the access 

 



• RR of thrombosis was 0.87 

• (95% CI, 0.67–1.13) favoring access blood flow monitoring 

lower frequency of thrombosis  

(18.6% versus 44.4%) 



• Graft thrombosis:  
– flow-monitoring: 52 of 163 (31.9%)  

– Control:  51 of 169 (30.2%)  



 

• AVF thrombosis:  
– flow-monitoring: 24 of 184 (13%)  

– Control:  39 of 311 (18.5%)  



• Stenosis diagnosis capability (III): 

 

– Δ Qa > 25%: S: 80% and VPP:89% 

 

– Qa 500 mL/min + Δ Qa > 25%: S and VPP SIMILAR to ONLY SURVEILLANCE 

 

– Qa < 500mL/min + EF (+): SIMILAR to ONLY SURVEILLANCE 

 

– Qa 600-750mL/min + Δ Qa > 25%: S: 92-95%, VPP79-86%) BETTER!!! 

 

• All Qa cut-offs, separately, have similar VPP to EF and lower than DU. 

 

• The increase in the cut-off remains controversial, once care increases without any clear benefit and even with 
potential harm (PTA of stable subclinical stenoses). 



 



• Further studies needed? 

• Low risk stenosis overtreated with secondary thrombosis 

• Look for the risk the thrombosis instead of stenosis? 

 



• Surveillance but with ethiologic diagnosis 

• Patient bedside decision 

 



• The aim is to assess the benefits of QA measurement in AVF, combining 
UDM and DU in order to analyze the impact on thrombosis rate and 
assisted primary patency rate.  

 

• As an intermediate analysis pre-specified in protocol show the results at 
one-year follow-up 



 



 



 



Results 

• thromboses in the first year of follow-up 

– QA group:  0.022 thromboses per patient/year 
at risk 

– control group: 0.099 thromboses per 
patient/year at risk  

(p = 0.030). 



 



 



 



 

 

• Cohort: 50 patients 

 

• Qa determination using US vs BTM and its capability of diagnosing hemodynamically 
significant stenosis.  

 

• NOTE: hemodynamically significant stenosis: reduction vessel lumen> 50% + increase in 
PSR of more than 2x (PSR in stenosis> 400 cm/s)  





 

 

• Qa measurement by Doppler US is an excellent direct method of controlling flow.  

 

• Take into consideration that Qa measured by Doppler US varies with several factors, 
including presence, location and number of stenoses.  

 

• Besides Qa monitoring, the Doppler US detects and characterises the stenosis with 
regard to its location, residual diameter, hemodynamic significance.  

 

• Doppler US can also indicate ethiology of the stenosis.  

 

• This information is crucial when taking decisions once it is known that not all stenoses 
involve an imminent risk of thrombosis.  

 

• Post-detection repair by Doppler US implied shorter procedures, fewer complicatons 
and were more cost efficient.  

 



 



 



230 procedures 

 

• Nursing identifies the dysfunctions in the AV and therefore, can have the 
autonomy to decide on the need for an ultrasound test. 

• The difficulty of puncture should be considered a sign of early detection of 
disease. 

• Ultrasound - color doppler has proven to be an indispensable tool in the daily 
activity. 

 

Enferm Nefrol 2012; 15 Suppl (1): 17/83 
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New  Spanish Guideline on Vascular Access 



4. Monitoring and Surveillance 

PICO Question 

Can Doppler US, performed by an experienced examiner, replace fistulography as 
the gold standard for confirming a diagnosis of significant stenosis in VA?  

 

 

 

  



Sensitivity 

89.3 %  

(IC 95%: 84.7-92.6 %)  

Meta-analysis made by the Iberoamerican Cochrane group, which included 755 patients in 4 studies over the last 
10 years, of which 319 were diagnosed with significant stenosis by fistulography (prevalence: 42.3%). Sensitivity of 
Doppler US ruled against fistulography for diagnosis confirmation of significant VA stenosis in patients with clinical 
suspicion of stenosis:  89,3 % (IC 95%: 84,7-92,6 %). 
(MetaAnalyst Program, 11.11.2013). 



Specificity 

94.7 %  

(IC 95 %: 91.8 -96.6 %)  

Meta-analysis made by the Iberoamerican Cochrane group, which included 755 patients in 4 studies over the last 
10 years, of which 319 were diagnosed with significant stenosis by fistulography (prevalence: 42.3%). Specificity of 
Doppler US ruled against fistulography for diagnosis confirmation of significant VA stenosis in patients with clinical 
suspicion of stenosis: 94.7% (95% CI: 91.8 to 96.6%). 
(MetaAnalyst Program, 11.11.2013). 



PREVALENCE 
SIGNIFICANT 

STENOSIS  
(%) 

0 10 20 30 40 50 60 70 80 90 100 

Positive 
predictive value 

(%) 
0.0 65.2 80.8 87.8 91.8 94.4 96.2 97.5 98.5 99.3 100.0 

Negative 
predictive value 

(%) 
100.0 98.8 97.3 95.4 93.0 89.8 85.5 79.1 68.9 49.6 0.0 

Accuracy (%) 94.7 94.16 93.62 93.08 92.54 92 91.46 90.92 90.38 89.84 89.3 

Positive and negative predictive values of the EDC 

according to the prevalence of significant stenosis. 



4. Monitoring and Surveillance 

Can Doppler US, performed by an experienced examiner, replace fistulography as 
the gold standard for confirming a diagnosis of significant stenosis in VA?  

 

R 4.2) Ultrasound is recommended first for image exploration in the hands of an 
experienced examiner, thereby eliminating the need for confirming via 
fistulography, to indicate elective treatment when significant stenosis is suspected. 

 

It is recommended that fistulography be reserved for diagnostic image 
exploration only in cases where US results are non-conclusive and there is a 
persistent suspicion of significant stenosis.  

 

 

 

 

  



4. Monitoring and Surveillance 

R. 4.6) It is recommended using both first and second generation methods for 

monitoring and surveillance AVFn  

 

GEMAV advises the periodical application of second-generation screening 

methods (both dilutional techniques to estimate blood flow or Qa and Doppler US) 

to surveil the AVFn, as existing evidence indicates a benefical effect and there are 

no arguments against these methods in relation to thrombosis prediction and the 

increase in AVFn patency. 

 

 

 

 

  



 

YES , fulfilled:
stenosis diagnosed 

YES: elective intervention

YES: significant stenosis or high risk of 
thrombosis diagnosed

Strict screening and surveillance

Repeated alteration of any parameter obtained by first and/or 
second generation screening methods

Criteria put forward by GEMAV

NOT fulfilled: 
stenosis not diagnosed

YES.
persistent suspicion: 

fistulography

NO: non-significant stenosis or low risk of 
thrombosis diagnosed

FIRST CHOICE IMAGE EXAMINATION: DOPPLER US. MAIN CRITERION FOR DIAGNOSIS OF VA 
STENOSIS USING DOPPLER US:

1) Reduction higher than 50% of vascular lumen
2) Peak systolic ratio higher than 2

At least ONE ADDITIONAL CRITERION present:
MORPHOLOGICAL CRITERION: residual diameter < 2mm and / or
FUNCTIONAL CRITERION: Qa (ml/min) < 500 (AVFn)-600 (AVFp) or VQa > 25%  if Qa < 1000 (ml/min)

Wait –and-see strategy
NO elective intervention

4. Monitoring and Surveillance 



5. Complications treatment 

R 5.1.1) In the absence of any contraindication, it is recommended that all 
stenoses with a vascular lumen reduction equal to or higher than 50% and that 
fulfil stenosis criteria related to high-risk of thrombosis be treated.  
  
R 5.1.2) It is recommended that fistulography be performed when central venous 
stenosis is suspected.  

 

 

 

 

  



Pre - HD 

US incorporation “in Situ” 

Flow 

Measurement 

Angiography 

 HD Unit 

US 

US 

Diagnosis 
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 “In situ” US 
 New concept in nephrology: US as a third generation method 

 
– Not only flow screening 

 
– Image control 

• Stenosis 
• Masses  and collections 
• ‘Confusing’ or ‘alternative’ collaterals 

 
– Treatment prioritization 

• Flow criteria 
• Seriousness of stenosis: risk of thrombosis 
• Dangerous masses: pseudoaneurysms 

 
– Treatment orientation 

• Interventional 
• Surgical 
• Conservative 

 
– US-guided puncture 

• Deep  AVF or difficult to puncture 
• Pathological AVF waiting for treatment 



The Process Managment: Optimization? 

VA request Surgeon Visit Image Surgical Indication Surgery 

Process  
times 

Vascular Access Creation 

Vascular Access Follow Up 

Screening 
Alarm 

Image 

Surgeon Visit 

Radiological 

Decision  

Surgical Indication Surgery 

Interventional Treatment 

Process  
times 

Visit – Image - Indication 

Prioritization Prioritization 

 “In Situ” Ultrasound - Orientation 

Confirmation 
Treatment 

Prioritization Prioritization 

Joint Outpatient control: Nephro-Vascular Surgery 

“In Situ” Ultrasound 



Objectives 

• Present results after creation of a Vascular Access Program 
based on the use of US by nephrology in a multidisciplinary 
approach, in: 

 
– Pre-surgical Mapping 

– Early stenosis diagnosis 

– Preventive treatment 

– Hemodialysis incidence of patients by AVF 

 

 

J. Ibeas, J. Vallespin, X. Vinuesa, et al  

Ecografia bajo protocolo en el acceso vascular del paciente en hemodialisis: del mapeo al 

seguimiento. Estudio de 500 casos 

       Nefrología, 2012 (32), Sup. 3, 71 



Protocol 

Mapping Surgery 

Morphological 

Functional 

Follow up 

Screening 

Alarms 

Pre - HD 

HD 

Clinical 

Analysis 

Dynamic 

Ultrasound   
Angiography 

Pathology No 

Surveillance 

Portable US 

Treatment 



Protocol 

Mapping Surgery 

Morphological 

Functional 

Follow up 

Screening 

Alarms 

Pre - HD 

HD 

Treatment 

Diagnosis 

Priorization 

Decision 

Confirmation 

Prioritization 
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Morphological Study 

• Anatomical trajectory 
– Artery – Anastomosis – Vein – Subclavia 

 
• Stenosis  

– % reduction of lumen 

 
• Thrombosis  

 
• Masses and collections 

– Hematomas 
– Abscesses 
– Venous dilations 
– Pseudoaneurysms 
– Seromas 

 

• Steal 
 

• Anatomical anomalies 



Functional study 
 

• Flow 
 
– Better dysfunction predictor 
– Grafts: measurement of the whole access 
– AVF: measurement in vein and artery 

 
• Better measurement in artery? 
• Artery measurement: how much is QA underestimated? 
• Vein measurement:  

– difficult because of curves, bifurcations, variations in diameter, turbulence 
– an advantage to guide the puncture efficiently? 

 
• Artery: 

 
– Flow measurement 
– Shape of Doppler wave 

 

Patrick Wiese and Barbara Nonnast-Daniel. Colour Doppler ultrasound in dialysis access. 

Nephrol Dial Transplant, 2004. 19: 1956–1963 



Mapping Vs phys.exam (n=247) 

 

Physical exam. 

US 
US 

US 



Mapping: > 75 years + radial artery 

 

Physical Exam. 

US 
US  

US 



US application reason

43%

7%

2%

2% 46%

Punction difficulty

Qb

VP

Hemostasia

Mixed

Difficulties in Puncture 91% 

QB 50.6% 

VP 49.35% 

Hemostasis 27.27% 

Low level alarm 



75%

7%

6%

3%
9%

HIDDEN PATHOLOGY IN 76%

Peripheral Stenosis

Central Stenosis

Pseudo

Thrombosis

Mixed



73.8%  

Change in puncture area 

 



No Stenosis 
Mean SD 

Stenosis 

Qb (ml/min)  
300.18 24.034 

NS 
290.26 39.561 

VP (mHg) 
145.09 31.024 

NS 
138.85 33.533 

eKt/V 
1.2552 0.27950 

NS 
1.2147 0.24798 

Hcto 
36.50 4.531 

NS 
37.58 4.568 

SBP pre 

(mmHg) 

141.20 24.309 
NS 

141.66 26.845 

DBP pre 

(mmHg) 

70.13 15.539  
NS 

66.21 15.960 



Patency, total sample (n=506) 

• Primary Assisted Patency: 1, 2 and 3 years: 74, 70 and 67 %. 

• Maturation failure: 20%   
• Immediate failure: 12% 

 

0 

0,05 

0,1 

0,15 

0,2 

0,25 

0,3 

1 2 3 4 5 6 7 8 

Ta
sa

 

Thrombosis / patient / year 



 Reconstruction 
n =  64 (15%) 

New VA 
n = 372 (82%) 

Bridge VA 
 n=14 (3%) 

Results (n = 450) 

Surgical Recovery (n= 64) 

– 59 reanastomosis 

 

 

 

– 5 reconstruction (In HD) 
 

 

Patients 

VA 

 In Hemodialysis = 38 

 Pre – HD =        21 

3. Study of VA type on beginning HD  



13

(93%)

112

(81%)
53

(83%)

1
26

(19%)
11

(17%)

Catheter

AVF

Priorities Distribution 

J Ibeas, J Vallespin, JR Fortuño, et al. 

Reduction in waiting time for vascular access surgery following an 
computerized  algorithm of clinical priorities gets 80% of starting 
hemodialysis by native fistula and 80% of fistula reparations on patients  
in hemodialysis without requirement of catheter. 

XLVIII  ERA-EDTA  Congress.  Praga, June  2011 
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Conclusions 

• Ultrasound became in a 3rd generation method by the flow measurement 
with the combination with the image, giving the decision-making ability in: 
– Mapping 

– Early diasgnosis 

– Treatment 

– Prioritization 

– US-guided puncture 

 

• It can reduce morbility in patients with high comorbility. 
 

• It should be part of the arsenal of Vascular Access Programs and learning 
how to use it should be included in training plans of the related specialties 
 




