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Introduction

• In the last years, with advances in technology and availability 
of ultrasonography monitors, we are witnesses of the 
explosion of ultrasonopgrahy use in all fields of medicine, 
including emergency, intensive care, nephrology, dialysis and 
transplantation

• Ultrasonograpy is indespensable in guiding invasive procedures

• Ultrasonography is ideal for research (no harm, low cost, well 
accepted among patients, standardization necessary)

• Overlooked benefit over other imaging procedures (CT, MR): 
during examination close contact with the patient,
information added from this contact may improve quality of 
the examination and final conclusion



Outline

• Ultrasonography in renovascular disease

• Doppler ultrasonograpy in kidney transplantation

• Ultrasonography and interventional nephrology

– Renal biopsies

– Ultrasonography-guides insertion of hemodialysis 
catheters

– Ultrasonography and arteriovenous fistulas/grafts



Renovascular disease –
stenosis and occlusion

• Atherosclerosis (>90%) – ostial and proximal third of the 
mail tree of renal artery

• Fibromuscular dysplasia – mid- or distal third of the 
main renal artery tree,  intrarenal arteries, 3-6% of 
normotensive kidney donors

• 6.8% older than 65 years*, progressive disease 
• 18-20% patients with coronarography, 35-50% patients 

with aortography for peripheral arterial occlussive 
disease **

• More and more patients coming in advanced 
phase of the disease (better survival of patients 
with aortic disease, less enthusiasm for 
diagnostic and intervention of renovascular 
disease after ASTRAL 2009 in CORAL 2014)

*Hansen KJ, J Vasc Surg 2002; 36 (3): 443-51

** Garović VD, Textor SC. Circulation 2005; 112: 1362-74



Patophysiology of renovascular 
disease – new insights  

◼ Studies with BOLD (blood oxygen level-dependent) MR: 
remarkable ability of kidney to adapt to moderate  (30-
40%) blood flow reduction with preservation of oxygen 
gradients

◼ Severe disease: histologic inflammation with extensive T 
cell and macrophage infiltration in addition to fibrosis

◼ Microvascular rarefication with partial collapse and 
obliteration of the arterial microcirculation

◼ Both hemodynamic and inflammatory component 
(unlike stenosis caused by FMD or renal transplant 
artery stenosis, with dominant hemodynamic 
component)

◼ Once inflammatory component is active, resolving 
hemodynamics does not reverse or ameliorate 
progression of the disease



Micro-computed tomographic images showing microvascular loss in the posstenotic kidney,
which was rescued using mesenchymal cell derived extracellular vesicles (EV)



64-old CEO of the private company, referred for left renal artery stenosis and atrophic 
right kidney, “jet” 2.5 m/s, eGFR 45 ml/min, prot. 0, Th: ibersartan, aspirin, pravastatin. 

Two years later: eGFR 48 ml/min, proteinuria 0, “jet”  1.7- 1.8 m/s 

7.3 cm, 3-4 mm

11 cm, 15 mm



Clinical case 2
◼ 74-year old male, diffuse atherosclerosis, 

peripheral arterial disease, malignant 
hypertension, abdominal aorta aneurysm, stent 
graft at bifurcation

◼ Atrophic right kidney, normal left kidney (11.4 
cm) with subocclusive renal artery stenosis 
(tardus-parvus)

◼ CKD stage 4: sCr 249 mmol/l, proteinuria 155 
mg/day, eGFR 26 ml/min, stable for 1 year 10 
months

◼ December 2016: pulmonary edema, anuria, 
hemodialysis for 2 weeks





PTRA – left renal artery (December 2016)



March 2017: sCr 152 umol/l, eGFR 38 ml/min, proteinuria 255 mg/24 h

October 2019: sCr 157 umol/l, eGFR 37 ml/min, proteinuria 200 mg/24 h 
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US-Doppler of kidney graft

• Easier to perform than US-Doppler of native kidneys

• Only one kidney to examine

• Superficially positioned, easy to locate

• Not moving with respiration

• Ideal model for teaching renal US-Doppler for young
nephrologists

• However, anatomy of blood vessel anastomoses is 
unpredictable, surgery report may be helpful

• Main disadvantage: operator dependency (decreased with
standardization of the examination and the report)



Microcirculation rarefication 

Delayed graft function





Functional AVF   Yes   No 

Heart rate



Benefits of standardization

• Reducing operator dependency 

• Improving quality of the examination and 
report 

• Reducing time for high quality examination 
and report

• Easier comparison during follow-up and 
between different operators

• Easier training of young nephrologists

• Valuable in research, high quality data for 
retrospective studies



Bipolar kidney length: 
Correlates with CT measured kidney volume

Low intraobserver variation



Transplantation 2016 Aug; 100 (8): 1759-66



Outline

• Ultrasonography in renovascular disease

• Doppler ultrasonograpy in kidney transplantation

• Ultrasonography and interventional nephrology

– Renal biopsies

– Ultrasonography-guides insertion of hemodialysis 
catheters

– Ultrasonography and arteriovenous fistulas/grafts



Biopsy of native and transplanted kidney



Active bleeding after second pass 
of the needle



Bleeding stopped after 10 minutes 
compression



Clinical pathway for outpatient 
biopsy of kidney graft



• Radiologists 55.5%

• Nephrologists 33.5% 

• Nephrologists and radiologists 13.1%

• Centres with < 30 biopsies per year –

less complications

• Percentage of nephrologists performing 

kidney biopsies is decreasing

• The same trend is USA (radiologists 

performing kidney biopsies more than 

nephrologists)



“Hands-on” workshop for nephrology fellows, station 
renal biopsy, March 17, 2018 



“Hands-on” workshop for nephrology fellows, station 
renal biopsy, March 17, 2018



“Hands-on” workshop for nephrology fellows, 
station renal biopsy, March 17, 2018



Ultrafest – organized by students, Medical 
faculty, University of Ljubljana, May 12, 2018



Ultrasonography and hemodialysis 
catheter insertion





Preoperative ultrasonography mapping before 
arteriovenous fistula/graft construction





Comprehensive ultrasonography – areas where 

potentially no one can perform better than 

dedicated nephrologist

1)Renovascular disease

2)Arteriovenous fistula: preoperative mapping and 

Doppler of AV fistula with clinical problem

3) Doppler ultrasonography of kidney graft



Summary

• Ultrasonography is rapidly expanding in 
nephrology and other fields of medicine

• Today ultrasonography is indispensable in clinical 
nephrology, dialysis, transplantation and 
interventional nephrology

• Clinical knowledge of specific areas of nephrology 
is necessary for the optimal interpretation of 
ultrasonography exam

• Transplanted kidney is ideal for training in 
performing of renal Doppler 



Training of ultrasonography in nephrology, 
dialysis and transplantation

• Nephrologists should be trained in ultrasonography like 
cardiologists and gynaecologists are for decades

• Training in specific Doppler ultrasonography areas 
should be divided into basic (point-of-care, “bedside”) 
and comprehensive

• I believe that all young nephrologists should  perform 
basic ultrasonography 

• As concerns comprehensive ultrasonography, I believe 
that no one can perform in better than dedicated 
nephrologists in the areas of: renovascular disease, 
vascular access and transplanted kidney
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INTRODUCTION METHODS

Percutaneous kidney biopsy, introduced in 1951, was a major 
technological advancement that led to establishment of nephrology as 
the subspecialty in 1960. In the last 20 years there is a shift in who is 
performing biopsy towards radiologists (Korbet SM, CJASN 2012). The 
aim of our study was to evaluate technical considerations and 
procedural outcomes in kidney biopsy performed by nephrologists, in 
an increasingly complex group of patients - the very elderly. 

Retrospective analysis was performed in the cohort of patients aged 75 years or more undergoing 
native kidney biopsy in the period 2011-2016. Biopsies were performed by a single operator (5 
experienced nephrologists), under real-time ultrasound (US) guidance, with immediate and next-day 
post-biopsy US-Doppler monitoring for complications. Data on indication, pre-biopsy serum 
creatinine, punctured kidney length and resistance index (RI), needle gauge (G), number of needle 
passes, immediate and next-day complication rate, cumulative core length and number of glomeruli in 
the sample were evaluated.

Kidney biopsy in very elderly patients performed by nephrologists resulted in favourable procedural outcome in 
the vast majority of patients. Immediate active bleeding from the puncture site was observed in 30% of 
procedures and was predictive of immediate and next-day hematoma. Age, pre-biopsy creatinine, punctured 
kidney length and resistance index were not predictive of post-biopsy complications. Thinner 18G needle use 
provided equal number of glomeruli per sample as a larger, 16G needle. Immediate post-biopsy Doppler 
examination focused on active bleeding and hematoma predicted next-day hematoma and may be used to guide 
intensity of post-biopsy patient monitoring. 

Table 1. Data on patients’ and procedure characteristics

Main indications for biopsy were nephritic syndrome in 61 (60%) patients, acute kidney 
injury in 21 (21%) and nephrotic syndrome/large proteinuria in 13 (13%) of patients. 

Approximately half of the procedures (51, 51%) were performed using 18G needle, 36 
(36%) by 16G and 14 (14%) with both needles (18G and 16G). 18G needle only was used 
in patients with higher age: median 79 vs. 78 years (p=0.002). In 44% biopsies more 
than 2 passes (punctures) were made. The cumulative median core length was 27 mm 
(range 5-47 mm). 

Table 2. Complications after 101 native kidney biopsies in the very elderly patients

No association was found between complication rate and age, prebiopsy serum 
creatinine, kidney length, RI and needle size. Immediate active bleeding was 
associated with immediate and next-day hematoma, but not with hematuria and AVF. 
There was a trend to larger percentage of immediate AVFs with more than 2 passes 
performed: 0 vs 7.3% (p=0.08). The median number of glomeruli per total sample was 
16 (range 4-44). Biopsies with more than 2 passes provided larger cumulative core 
length: median 30 vs. 26,5 mm (p=0.07) and more glomeruli: median 18 vs 16 (p=0.04). 
No difference in median number of glomeruli was found between biopsies employing 
18G needle only and biopsies with larger 16G needle or both needles (16 (IQR 13) vs. 
16.5 glomeruli per sample (IQR 13), p=0.63.)

RESULTS 

CONCLUSIONS 

KIDNEY BIOPSY IN THE VERY ELDERLY: TECHNICAL CONSIDERATIONS AND 

PROCEDURAL OUTCOMES

KIDNEY BIOPSY IN THE VERY ELDERLY: TECHNICAL CONSIDERATIONS AND PROCEDURAL OUTCOMES

RESULTS 

No

Immediate active bleeding 30

Immediate hematoma 21

Immediate arteriovenous fistula 3

Hematuria 2

Next-day hematoma 18

Next-day arteriovenous fistula 6

No / Median Range

Patients /Biopsies 97/101 -

Men 41 -

Age (years) 78 75-89

Serum creatinine (µmol/l) 269 55-770

Left kidney 95 -

Kidney length (mm) 105 72-133

Resistance index 0.82 0.51-1.0

Cummulative core length (mm) 27 5-47



Clinical case: bilateral renal 
artery stenosis

• 37 years old male

• Peripheral artery disease, both femoral arteries 
occluded, strong collaterals

• Clinical manifestations resembles atherosclerosis

• Billateral ostial renal artery stenosis (CTA), left 
artery higher grade

• Normal renal function, creatinine clearance 90 
ml/min, Biuret 80 mg/day










