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ABSTRACT

OBJECTIVE: The aim of this study was to evaluate the safety of 16 G automated biopsy needles, and 
the incidence of AVF and pseudoaneurysm in patients undergoing renal biopsy.

MATERIAL and METHODS: Patients who underwent renal biopsy from January 2010 to December 
2012 were prospectively evaluated. Color Doppler USG, hemoglobin and platelet counts, spot urine 
analysis were performed perormed before and after the biopsy procedure, AVF and pseudoaneurysm 
that developed secondary to percutaneous renal biopsy were evaluated by Doppler USG at 12 h, and 24 
h, and 6 and 12 months after biopsy.

RESULTS: Postbiopsy small perirenal, subcapsular, or parenchymal bleeding without clinical relevance 
were detected in 59 patients (89.2 %) 12 and 24 hours after procedure. RBC counts per high power fi eld 
increased signifi cantly after the procedure in all subjects (p<0.05). Signifi cant retroperitoneal bleeding, 
macroscopic hematuria, arteriovenous malformation, and pseudoaneurysm were not detected in our 
cohort. Glomeruli counts were acceptable in all subjects.

CONCLUSION: To optimize safety, patient comfort, and diagnostic yield, a 16 G automated biopsy 
needle with real-time U/S guidance may be prefered as the standard approach.
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ÖZ

AMAÇ: Bu çalışmanın amacı, nefrotik sendrom nedeni ile böbrek biyopsisi yapılan hastalarda, 
psödoanevrizma ve A-V fi stül sıklığını, 16 G otomatik biopsi iğnesinin güvenilirliğini değerlendirmektir.

GEREÇ ve YÖNTEMLER: Çalışmaya Ocak 2010 ile Aralık 2012 yılları arasında nefrotik sendrom 
tanısı nedeni ile böbrek biyopsisi yapılan hastalar alındı. Biyopsi işleminden sonra psödoanevrizma 
ve A-V fi stül gelişip gelişmediğini değerlendirmek için işlem sonrası 12. saat, 24. saat, 6. ay ve 12. 
ayda hastalar renkli Doppler USG, hemogram, trombosit değerleri ve spot idrar tahlil sonuçları ile 
değerlendirildi.

BULGULAR: Biyopsi işlemi sonrasında 12. Saat ve 24. saatlerde 59 hastada (% 89.2)  klinik önem 
taşımayan perirenal, subkapsüler ve parenkimal kanama saptandı. 12. ve 24. saatlerde gözlenen 
mikroskobik hematüri oranı 6. ay ve 12. aylarda görülen mikroskobik hematüri oranına göre istatistiksel 
olarak anlamlı oranda yüksek saptandı (p<0.05). Ancak klinik olarak anlamlı kanama, hemogramda 
anlamlı düşme, makroskobik hematüri saptanmadı. Hastaların işlem sonrası takibi sırasında 
psödoanevrizma ve de A-V fi stül saptanmadı.

SONUÇ: Böbrek biyopsi işlemi sonrasında A-v fi stül görülme oranı nadir olmamakla birlikte genellikle 
sessiz seyretmektedir. Klinisyenler yeterli doku elde etmek için ideal iğne kalınlığı ve görüntüleme 
yöntemi konusunda dikkatli olmalıdırlar. Güvenli işlem, hasta rahatlığı ve yeterli tanı materyali için 
USG eşliğinde 16-G otomatize böbrek biyopsi iğnesi kullanmalıdırlar.

ANAHTAR SÖZCÜKLER: Böbrek biyopsisi, Arteriovenöz fi stül, Psödoanevrizma
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INTRODUCTION

Renal biopsy is the most sensitive tool to evaluate causes of 
kidney diseases (1). Possible complications after renal biopsy 
are usually related to hemorrhage and include hematoma, 
pseudoaneurysm, hematuria, and formation of arteriovenous 
fi stula (AVF) (2). Minor complications of renal biopsy such as 
microscopic hematuria and post-biopsy hematoma are common 
features and usually resolve within weeks after biopsy (3). 
However, an incidence of AVF that varies between 0.5 (4) and 
16 % after renal biopsy (5) and complications developing up to 
25 years later have been reported. The time period between the 
creation of the fi stula and the clinical presentation can be very 
variable (6), ranging from 7 to 365 days post-biopsy (6). Some 
of the complications such as AVF and  pseudoaneurysm may be 
due to the needle size (7). Using ultrasound-guided automated 
biopsy guns has lowered the complication rate in a signifi cant 
way (8) so that the procedure is now carried out more frequently 
and renal biopsy can be considered a safe procedure (3). Color 
Doppler sonography (CDS) permits a safe, inexpensive, and 
noninvasive diagnosis and follow-up of postbiopsy AVF and  
pseudoaneurysm (7). 

In the literature, only a few case reports have been presented 
with AVF in patients with nephrotic syndrome that underwent 
renal biopsy (9, 10, 11). The aim of this prospective study was 
to evaluate the safety of the 16 G automated biopsy needle, and 
to obtain the incidence of AVF and  pseudoaneurysm in patients 
undergoing percutaneous renal biopsy.

PATIENTS and METHODS

The study was approved by our institutional review board. 
The investigation included only data of biopsy procedures 
performed for a clinical indication of the patients. 

Patients who underwent renal biopsy from January 2010 to 
December 2012 were prospectively evaluated. After renal biopsy, 
the patients were placed under absolute bed-rest and monitored 
for at least 6 hours to reduce the risk of any bleeding. No patient 
died during the 12 months. Color Doppler USG, hemoglobin 
and platelet count, spot urine analysis were performed during 
the biopsy and after procedure. AVF and pseudoaneurysm 
that developed secondary to percutaneous renal biopsy were 
evaluated by Doppler USG at 12 h, and 24 h, and 6 and 12 
months after biopsy.

The indications for renal biopsy were several renal diseases: 
clinically asymptomatic proteinuria with or without hematuria, 
to account for causes of glomerulonephritis or nephrotic 
syndrome.

Exclusion criteria included patients with bleeding diatheses 
such as those with an elevated International Normalized Ratio 
(INR), activated partial thromboplastin time (aPTT), signifi cant 
thrombocytopenia, or elevated bleeding time or symptomatic 
cardiovascular disease including coronary artery disease, 
cerebral vascular disease, peripheral artery disease, and aortic 

aneurysm, patients with rapidly progressive glomerulonephritis, 
acute nephritic syndrome, renal failure as well as hypertensive 
patients. Patient undergoing renal surgery or had a neoplasm 
and patients taking anticoagulants or antiaggregant were also 
excluded. 

One radiologist, who had 10 years of experience in US-
guided biopsy, performed the procedures. Biopsies were 
performed under ultrasound guidance using a 16G automated 
needle (C.R. Bard, Covington, UK). A needle guidance device 
in metal was attached to the transducer and the needle path was 
indicated on the screen by two parallel lines to facilitate correct 
needle insertion. The path was put along the cortex as close to the 
surface of the kidney as possible and major vessels were avoided 
by CDS evaluation. The skin entrance site was marked and the 
area washed with 5% chlorhexidine. Under local anesthesia 
with lidocaine, and with sterile dressing, the needle was inserted 
with the bevel pointing away from the kidney to avoid needle 
deviation into the central part of the kidney. The biopsy was 
preferably performed from the peripheral cortex either at the 
upper or lower pole of the kidney. Three biopsy specimens were 
removed. Procedural success was assessed according to Banff 
97 criteria (12). An adequate specimen was defi ned as one that 
has 10 or more glomeruli and two or more arteries and a minimal 
specimen was defi ned as one that has at least seven glomeruli 
and at least one artery.

All of the Doppler US assessments were performed with a 
color Doppler US device (Aplio, Toshiba Tokyo/Japan) with the 
help of 3-6 MHz broadband convex probe (PLT 3.75 Toshiba 
Tokyo, Japan) prior to, during, and immediately after the 
procedure by radiologist. A comparison with the other kidney 
was attempted in all patients. Additional US examinations were 
performed only if clinically indicated, e.g., in cases of pain, 
fever, and a drop in serum hemoglobin, indicating hemorrhagic 
complications.

All data and fi ndings were evaluated for prevalence of 
complications (bleeding and hematoma, AVF). 

Demographical Data

Systolic and diastolic blood pressures (SBP, DBP) were 
obtained in all subjects. Arterial blood pressure measurements 
in “mmHg” were performed with the oscillometric system 
using the device in a seated position by taking the mean of 
two consecutive measurements performed within 5 minutes 
(OMRON M6 Comfort, Kyoto, Japan). 

Laboratory Tests

A complete blood count was performed after an 8-hour 
overnight fasting period with blood obtained from the antecubital 
vein. Samples were drawn with a 20 gauge “vacutainer” needle 
into dry and EDTA containing tubes with amounts of 5 cc and 
3 cc respectively. Hemoglobin (Hb) level, thrombocyte (PLT) 
count were assessed with the Sysmex XI2000 device (Sysmex 
Corporation of America, Long Grove, Illinois, USA) within 10 
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groups involved, 1-way analysis of variance (ANOVA) was 
applied. Multiple comparisons were done with Tukey Honestly 
Signifi cant Difference (HSD) test. For the assessment of the 
effects of interactions of 2 different variables on the mean 
values, the factorial ANOVA test was used. Linear association 
between 2 variables was evaluated with the Pearson correlation 
test. Type I error level was determined to be 0.05 in all of the 
comparisons.

RESULTS

A total of 65 patients (34 males, 31 females) with a mean age 
of 40.25 ± 14.2 years were included in the study. All biopsies 
were successful and yielded suffi cient material for diagnostic 
histologic workup. The mean number of glomeruli per patient 
was found to be 8.9 ± 1.0. The fi nal diagnoses were various 
types of FSGS in 19 patients, minimal change disease in 12 
patients, MPGN in 10 patients, membranous glomerulonephritis 
in 9 patients, and others in 15 patients.

All patients’ blood pressure was normal (mean systolic 
pressure was 117.6 ± 10.7 mmHg, mean diastolic pressure was 
77.9 ± 5.1 mmHg) and none of patients used antihypertensive 
medication.

Postbiopsy small hematomas, mainly small perirenal, 
subcapsular, or parenchymal bleeding without clinical relevance 
were detected in 59 patients (89.2 %) in the fi rst 12 and 24 
hours after the biopsy procedure. Red blood cell counts per 
high power fi eld increased signifi cantly after the procedure in 
all subjects (p<0.05). Signifi cant bleeding with clinical fi ndings, 
macrohematuria and signifi cantly decreasing hemoglobin and 
platelet levels were not observed. Some biochemical laboratory 
fi ndings during and following renal biopsy were shown in Table 
I. Neither AVF nor pseudoaneurysm was detected at the 12 and 
24th hours and in the 6 and 12th months of after the procedure.

minutes after the blood samples were drawn. Serum creatinine, 
fasting plasma glucose (FPG), albumin, total cholesterol (TC), 
high-density lipoprotein-cholesterol (HDL-C), and triglyceride 
(TG), were evaluated (Olympus AU 640, Japan). Low-density 
lipoprotein cholesterol (LDL-C) level was assessed with the 
Friedewald formula which can be formulated as LDL =TC - 
(HDL-C) – (TG/5) (13). Estimated glomerular fi ltration rate 
(eGFR) was evaluated with the “Modifi cation of Diet in Renal 
Disease” MDRD formula which can be shown as MDRD: 
GFR=170 x [Scr]– 0.999 x [age]– 0.176 x (0.762 if the subject 
is women) x (1.180 if the patient is black) x [BUN]– 0.170]  
(14). APTT (reference interval, 23–36 seconds) was obtained 
by a using the HemoTech device (Medtronic, Minneapolis, 
Minnesota), INR (reference interval, 0.9–1.2) was measured by 
a BCS-XP device (Siemens-Germany), and the bleeding time 
(reference interval, 2-9 minutes) was also measured.

Spot urine analysis performed by using the dipstick test. 
Microscopic hematuria was considered in the case of two of 
three urine samples with 3 or more red blood cells per high 
powered fi eld (RBCs/hpf). Visible hematuria was defi ned as a 
macroscopic or gross hematuria. 

Proteinuria was evaluated by 24 h urinary protein excretion. 
Samples were obtained at two different times and assessed with 
the Olympus AU 640 device by immunoturbidimetric methods 
(SOR). The average of proteinuria values at two different times 
was calculated.

STATISTICAL ANALYSIS 

MedCalc were used for statistical analysis. To test the 
normal distribution for permanent data, the Shapiro-Wilk 
test was applied. According to the results gathered from this 
test, parametric methods were used if necessary. The mean 
comparisons of binary groups were done with Student’s t test. 
For the mean comparisons of the groups where more than 2 

Table I: During and following renal biopsy, comparison of laboratory data’s and detect of both AVF and  pseudoaneurysm in CDU 

Prebiopsy 12 hours AB 24 hours AB 6 months AB 12 months AB p value

Hb, g/dL 14.25 ± 1.3 14.14 ± 1.2 14.21 ± 1.2 14.33 ± 1.3 14.28 ± 1.3 NS

PLT, x103/mL 275.85 ± 80.7 270.25 ± 79.6 302.54 ± 83.3 298.74 ± 73.2 301.23 ± 68.9 NS

RBCs in spot urine, 
hpf

0.82 ± 0.5 122.13 ± 8.3 113.24±5.4 0.7±0.3 0.6±0.3 <0.05

AVF ND ND ND ND ND NS

PSD ND ND ND ND ND NS

Creatinine, mg/dL 0.79 ± 0.2 0.78 ± 0.2 0.80 ± 0.3 0.76 ± 0.2 0.77 ± 0.2 NS

SBP, mm Hg 117.62 ± 10.7 116.53 ± 10.4 118.32 ± 11.1 120.63±11.3 119.49 ± 11.2 NS

DBP, mm Hg 77.91 ± 5.1 76.56 ± 4.9 78.85 ± 5.3 79.12 ± 5.3 79.10 ± 5.6 NS

Abbreviations: AB, After biopsy; ND, not detected; AVF, arteriovenous fi stula; CDU, color doppler ultrasonography; Hb, hemoglo-
bin; PLT, platelet; RBCs, red blood cell; PSD, pseudoaneurysm
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automated). Although the larger manual needles provided more 
glomeruli per fi eld (16), they were related with an increased 
rate of complications (17). The only comparative study of the 
same gauge (14 G) removed more glomeruli with the automated 
needle without an alteration in complications (18). Recently, 
a prospective study using 14-G and 16-G automated needles 
showed no difference in the incidence of complications or in 
the number of glomeruli (19). In another prospective study (20) 
16-G and 18-G automated needles were investigated. There was 
no difference in major complications, but patients had more 
pain in the 16-G group. The biopsy specimen was signifi cantly 
better in the 16-G group, with more glomeruli and less artifact. 
Additionally, a prospective randomized controlled trial using 
automated needles of 3 different sizes (14, 16, and 18 G) in 
kidney allograft biopsies revealed no difference in complication 
rates between the 3 sizes, but a higher diagnostic adequacy 
and more pain in the group with the largest needle (21). The 
mean number of glomeruli per subject in our study was found 
as 8.09 ± 1.1 (range=0–86) and was signifi cantly higher by use 
of automated 16 G needle. In our subjects, glomeruli count was 
comparable as reported in literature.

Although the ultrasonography-guided procedure is simple 
to perform, it carries the risk of vascular complications such as 
AVF and pseudoaneurysm (22). While the reported incidence 
of AVF has been between 5 and 10 % so far (23), the incidence 
of symptomatic post-biopsy AVF is between 0.3 and 4 % (24). 
Seventy percent of AVF are asymptomatic, and usually resolve 
spontaneously within weeks or months (25).

The statistical signifi cance of demographic and laboratory 
data’s prebiopsy and 12th month of after the procedure were 
shown in Table II. Gender, age, systolic blood pressure, diastolic 
blood pressure, creatinine levels, fasting plasma glucose 
levels, bleeding time levels, INR levels, aPTT levels, and 
eGFR prebiopsy were not found to be signifi cantly different 
as compared to 12th month of after the renal biopsy (p>0.05). 
The total cholesterol, low-density lipoprotein cholesterol, 
high-density lipoprotein cholesterol, 24 hours proteinuria, and 
albumin values prebiopsy were signifi cantly different from the 
values 12 months after biopsy procedure (p<0.05). 

DISCUSSION

This study is a rare prospective observational study to 
investigate the reliability of 16 G sizes of automated biopsy 
needle, and risk of AVF and pseudoaneurysm in patients 
undergoing percutaneous renal biopsy. In upper and lower pole 
of kidney where removed biopsy specimen is safety procedure 
in patient with normotensive and with normal kidney function. 
If biopsy specimen was removed in these regions with 16 G 
needle, AVF and pseudoaneurysm were not occurring in short 
and long time duration. The most common iatrogenic biopsy-
related vascular injuries in native kidneys as well as in renal 
allografts are AVF and pseudoaneurysm. Size of needle and 
location are important factors that determine presentation. It 
has been suggested that the complication rate is lower with the 
use of thin biopsy needles (15). However, the previous studies 
that compared needle sizes (14 and 18 G) had confl icting 
results due to the use of different types of needles (manual and 

Table II: Demographic and laboratory data during and after renal biopsy.

Prebiopsy 12 months after procedure p value

Age, year 40 ± 14.2 41 ± 14.1 >0.05

FPG, mg/dL 97 ± 17.7 99 ± 18.1 >0.05

TC, mg/dL 260 ± 87.5 221 ± 54.7 <0.05

LDL-C, mg/dL 152 ± 76.3 122 ± 63.3 <0.05

HDL-C, mg/dL 53 ± 29.9 58 ± 33.2 <0.05

Triglyceride, mg/dL 267 ± 145.3 194 ± 99.5 <0.05

Albumin, g/dL 2 ± 0.6 3 ± 0.8 <0.05

24 hours proteinuria, mg/day 6071 ± 4780 1275 ± 654.3 <0.05

eGFR, mL/min 108 ± 12.7 113 ± 13.6 >0.05

aPTT,  seconds 28 ± 2.8 29 ± 2.9 >0.05

INR 1 ± 0.1 1 ± 0.2 >0.05

Bleeding time, minutes 5 ± 2.2 5 ± 2.4 >0.05

Abbreviations: SBP, systolic blood pressure; DBP diastolic blood pressure; FPG, fasting plasma glucose; TC, total cholesterol; 
LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; eGFR, estimated glomerular fi ltration 
rate; APTT, activated partial thromboplastin time; INR, International Normalized Ratio.
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arteriography is essential (4). There was none of these fi ndings 
or signifi cant bleeding post-biopsy in our patients so we did not 
consider an angiography procedure. 

It is suggested that the particular route of the biopsy track, 
precise position of the real-time ultrasonography during biopsy 
(43), renal medullary disease, nephrocalcinosis, hypertension, 
renal insuffi ciency, and number of attempts and depth of the 
biopsy are more relevant to the incidence of complications 
than the size of the needle used (44). Any core-cutting biopsy 
needle introduced through a large renal artery or vein is likely 
to cause a serious complication irrespective of the needle size. 
There is a well-documented range of AVF and pseudoaneurysm 
after percutaneous core biopsies in both native and transplanted 
kidneys ranging from 0.9 to 15 % (45). Selim et al. (46) reported 
that parenchymal  pseudoaneurysm of a renal allograft may 
appear after core needle biopsy. They suspected that the size of 
the core biopsy needle which was 14 G was a likely contributor 
as well as the biopsy region which was the corticomedullary 
junction. In contrast, our biopsy specimens were usually 
removed from the lower and upper pole with an ultrasonographic 
automated 16 G biopsy needle. While ultrasound guidance is 
helpful in avoiding major vascular injuries of this sort, it is more 
diffi cult to avoid penetrating the renal medulla even with the 
help of imaging. Bleeding would be expected to be more likely 
when the biopsy needle penetrates the renal medulla, as this is 
the site of the larger renal blood vessels.

CONCLUSION

AVF occurring after renal biopsies are not rare, but are 
mostly silent. Clinicians should be aware of the ideal needle 
size and method of imaging to obtain tissue. To optimize safety, 
patient comfort, and diagnostic yield, they can  use to a 16-G 
automated needle with real-time U/S guidance as a standard 
approach. Future studies evaluating AVF as a complication of 
renal biopsy should focus methods and needle size to modify 
this risk for patients who require this procedure.
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