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• Vascular Access Complications: 

– High associated morbi-mortality

– Worsened quality of life

– Hospitalizations

– Costs

adjusted hazard ratio (HR) of death
• TCC: 1.55 [95% CI: 1.42- 1.69, p<0.001]
• UCC: 1.43 (95% CI: 1.33-1.54, p<0.001)
• AVG: 1.08 (95% CI: 0.84-1.38, p = 0.56)



• 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 AVF:

– 1st Generation Methods: Monitoring. Specific but not sensitive 

• Physical exam
• Pump Flow and pressures of hemodialysis device
• Adequacy:  eKt/V – recirculation

– 2nd Generation Systems: Surveillance. Devices dependence

• Flow
– Dilution techniques 

– Doppler ultrasound

• Flow + image
– Doppler ultrasound

– Acute problem

• It depends on radiology

– Doppler US

– Angiography

• Selected patient

?
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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





• Graft:

– No patency modification

• AVF: 

– Qa decrease thrombosis 

– No patency modification

– No Doppler US Studies



RR of thrombosis was 0.87

(95% CI, 0.67–1.13) favoring 

access blood flow monitoring

Grafts

AVF





• Stenosis diagnosis capability (III):

– Δ Qa > 25%: S: 80% and PPV:89%

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

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

– Qa 600-750mL/min + Δ Qa > 25%: S: 92-95%, PPV 79-86%) BETTER!!!

• All Qa cut-offs, separately, have similar PPV to physical examination 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



• 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) 

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



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



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).



Experimental group
vs Control group

QA group
Control group
QA group censored
Control group censored
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Hazard Ratio: 0,49
IC 0,239-0,97

p= 0,044

Time (months)
Aragoncillo et al. 2nd PTIVAS, Barcelona 2016 
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4. Monitoring and Surveillance

PICO Question

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

R 4.2) Doppler Ultrasound is the first approach recommended 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.

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

monitoring and surveillance AVFn.



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

NOT fulfilled: 
stenosis not diagnosed

If 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.







ADMA

CKD







• Balance between dilatation and degree of thickening of the
intima-media may determine maturation

• The sensitivity and positive predictive value of each parameter
for vasodilation and thickening of the intima-media should be
evaluated

walls closing in depends on…





37









Predictive model?

Ibeas J, Vidal M, Vallespin J, Amengual MJ et al. 

VASCULAR ACCESS STENOSIS: INTIMA MEDIA THICKNESS ULTRASOUND SURVEILLANCE. 

FROM BASICS TO A RISK PREDICTOR?

ERA-EDTA 50th Congress – Istanbul, May 18-21, 2013

Ibeas J, Vidal M, Vallespin J, Amengual MJ et al. 

VASCULAR ACCESS STENOSIS: FROM BIOMARKERS TO HISTOLOGY. 

COULD BE THE INTIMA MEDIA THICKNESS SURVEILLANCE WITH ULTRASOUND A NEW PREDICTOR?

8th Meeting of the American Society of  Diagonstic and Interventional Nephrology. New Orleans, Feb 2012





10 weeks



Artery Vein
10 weeks



New concept of US in VA

 Image control
– Stenosis
– Masses  and collections
– ‘Confusing’ or ‘alternative’ collaterals

 Hemodynamics
– Velocities 
– Flow

 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

 Further possibilities
– Intima-media hyperplasia control?

Not only flow screening like a 2nd Generation Method



Protocolization

Mapping Surgery

Morphological

Functional

Follow up

Screening

Alarms

Pre - HD

HD

Treatment

Diagnosis

Priorization

Decision

Confirmation

Prioritization
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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



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

• Maturation failure: 20%  
• Immediate failure: 12%
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Thrombosis / patient / year

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



75%

7%

6%

3%
9%

HIDDEN PATHOLOGY IN 76%

Peripheral Stenosis

Central Stenosis

Pseudo

Thrombosis

Mixed

Low level alarm



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
• Doppler Ultrasound not only became a 2nd generation method because of the flow 

measurement, but in combination with the image it also gives decision-making ability in:
– Mapping

– Early diagnosis

– Treatment

– Prioritization

– US-guided puncture

• It can reduce morbility in patients with high morbidity

• 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

• As the behavior of stenoses  can vary depending on multiple factors, including vascular 
remodeling and inflammation, then the balance between vascular dilation and the degree of 
thickening of the medial intima may determine the stenosis progression of vascular access 
and could be monitored with ultrasound

• More studies are needed to be able to transfer these new fields of interest into clinical 
practice




