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Introduction

Percutaneous renal biopsy (PRB) has become one of the 
fundamental diagnostic techniques in nephrology since its 
introduction in 1951 (1-4). As for the pediatric population, 
PRB is a valuable procedure for the diagnosis of renal 
disease, and is often helpful in guiding medical therapy and 
establishing prognosis. Biopsy device and guidance methods 
have been refined progressively during the past two decades 
with the use of surface anatomic landmarks for guidance 
superseded by ultrasonography (US). 

PRB is a safe and practical procedure that provides 
important information to the pediatric nephrologist in 
establishing the diagnosis, evaluating the acuteness and 
severity of the disease, monitoring disease progression, 

and assessing the response to therapy (3,4). However, 
pediatric renal biopsy may result in serious hemorrhagic 
complications, requiring additional diagnostic procedures, 
blood transfusion, vascular interventions, and prolongation 
of hospitalization. When performing a renal biopsy, the 
principle is to remove the minimum amount of tissue 
necessary for accurate diagnosis by obtaining the maximum 
amount of diagnostic tissue per biopsy, while minimizing 
the risk of major hemorrhagic complications. In the past, 
PRB was performed blindly after using sonography to mark 
the lower pole of the kidney on the skin. During the recent 
years, real-time ultrasound-guided renal biopsy using an 
automated biopsy gun, has been adopted as the standard of 
care by many nephrologists (1-4).
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In this study, we aimed to propose the angled tangential 
approach technique for real-time ultrasound-guided 
pediatric percutaneous renal biopsy. The biopsy method 
described was assessed for utility in consecutive patients 
requiring renal biopsy.

Materials and methods

We retrospectively reviewed consecutive pediatric patients 
who had undergone real time ultrasound guided renal 
biopsy with angled tangential approach from June 2004 to 
May 2009. Ethical Committee approval was obtained. The 
study protocol conformed to the Helsinki declaration.

After obtaining informed consent from parents, subjects 
were screened with systemic arterial blood pressure, 
complete blood count, coagulation parameters, and urine 
analysis. PRB procedure was delayed after the management 
of uncontrolled hypertension, treatment of coagulopathy 
and urinary tract infection. 

All procedures were performed under sedation with 

midazolam (0.03 mg/kg, IV), ketamine (1 mg/kg, IV) and 
locally administrated prilocaine (4 mL, 2%) combination due 
to the rapid effect, effective sedation and strong analgesia by 
the same radiologist (E.C.) (5). All ultrasound examinations 
were performed with a high-resolution ultrasound scanner 
(Toshiba Nemio 20; Toshiba Medical Systems Co, Ltd, 
Tokyo, Japan) equipped with a 3.5 to 5 MHz convex probe. 
Renal biopsies were performed utilizing an 18-gauge,  
15 mm biopsy needle with a spring-loaded biopsy gun  
(Pro-Mag; Manan Medical Product, Northbrook, IL, USA). 
Core biopsy materials were obtained in prone position 
from the left kidney at least twice. The main characteristic 
of this technique is that the biopsy needle route with angle 
between 45-60 degrees with reference to the renal capsule 
or base line of the convex probe as much as possible with 
the tip of the needle directed away from the renal hilum into 
the corticomedullary region (Figure 1). This tract passed 
from the ‘Brödel’s line’ (a relatively avascular line between 
the anterior and posterior segmental branches of the renal 
artery) which is located posterior to the lateral convex 
border of the kidney (Figure 2) (6). We also used color 
Doppler mode imaging to avoid major vascular structures 
on the needle pathway. The central echogenic hilum was 
avoided (Figure 3). In the postprocedural follow-up, patients 
were instructed to remain in bed with a sandbag at back for 
24 h following the biopsy. Vital signs were measured at half 
hour intervals for the first two hours and hourly for a day 
thereafter. Each urine sample voided was examined for gross 
hematuria for a day. Follow-up hemoglobin measurements 
were performed 2-4 and 6-12 h after biopsy. Doppler US 
examination of the punctured kidney has been performed in 
all patients on the next day and the patients were discharged 
after 24 h if there was no complication. Patients who 
developed macroscopic hematuria were followed up until the 

Skin

α

Abdominal Probe

Tru-cut Needle

Figure 1 Schematic diagram showing the ultrasonography guided 
angled tangential approach. The kidney is roughly divided into 
three sections in sagittal axis during ultrasonography. Minding the 
alfa angle, the biopsy needle is guided towards the verge between 
1/3 inferior and 1/3 mid sections of the kidney. Right after the 
needle penetrates renal capsule, biopsy is performed, thus by a 
single shot, equal amounts of sample can be obtained from both 
renal cortex and medulla. Because by this way biopsy material 
contains all segments of glomerule, examination of all glomerular 
diseases can be possible (Copyright of the image belongs to the 
senior author).

Figure 2 Needle pathway shown in ultrasonography.
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bleeding stopped. Patients with perirenal hematomas were 
discharged but US has been repeated at a two-week interval 
in outpatient clinics until hematomas resolved.

Complications have been classified as “major” and 
“minor”. Major complications are those which require 
a clinical intervention or invasive procedure, whether 
transfusions of blood components, the formation of an 
obstruction of the urinary tract with subsequent acute 
renal insufficiency, septicemia, or the death. Minor 
complications are those which do not require a clinical 
intervention beyond simple observation, such as transient 
macrohematuria, mild lumbar pain at the biopsy location, 
or a small perirenal hematoma (<5 cm) that will resorb 
spontaneously without the need for any intervention (1,2,7).

All biopsy specimens were studied by light microscopy 
and immunofluorescence microscopy at the Pathology 
Department of our hospital. Biopsy samples were subjected 
to preliminary evaluation under light microscope and in 
regions containing glomeruli; tissue was separated for 
immunofluorescence examination and frozen with liquid 
nitrogen. Biopsy material containing at least ten glomeruli 
has been considered as adequate for proper diagnosis.

Results

The biopsy method detailed herein was attempted in 166 
patients (82 males, 84 females; mean age 8.1±3.0 years). 
Among cases indicated for biopsy, clinical presumptive 
diagnosis were as follows: 75 (45.2%) nephrotic syndrome, 
39 (23.5%) nephritic syndrome, 24 (14.5%) hematuria and/
or proteinuria, 23 (13.8%) renal failure (acute and chronic) 
with unknown reason, and 5 (3%) macroscopic hematuria.

According to the histopathological  results ,  38 
(22.9%) cases were diagnosed with focal segmental 
glomerulosclerosis (FSGS), 29 (17.5%) with minimal change 
disease; 32 (19.3%) with Henoch Schönlein nephritis, 13 
(7.8%) with membrano-proliferative glomerulonephritis 
(MPGN), 15 (9%) with acute post infectious nephropathy, 
9 (5.4%) with amyloidosis; 9 (5.4%) with congenital 
nephrotic syndrome, 9 (5.4%) with hemolytic uremic 
syndrome, 6 (3.6%) with chronic nephropathy, and 2 (1.2%) 
with hereditary nephropathy. In three cases, renal biopsies 
revealed normal renal tissue. One case (0.6%) was not 
established any diagnosis due to inadequate material.

Recognized complications of PRB including pain that 
necessitated medical treatment or hospital admission, 
b leeding,  b lood transfus ion,  c l in ica l  hematoma, 
pneumothorax, or post-biopsy infection were not observed 
in the present study. 

In patients who underwent surgery, there was no sign 
that biopsy either complicated the nephrectomy. The most 
frequently occurring minor complication was macroscopic 
hematuria, which occurred at the rate of 9.6%. Hematoma 
was detected in three cases and regressed spontaneously in 
all cases.

Discussion

Renal biopsy in children is considered technically more 
difficult than in adults (2,4). In May 2004, a consensus 
meeting among radiology, pathology and pediatric 
nefrology clinicians were performed for a better approach 
to decrease the rate of nondiagnostic biopsies and pediatric 
PRB was standardized for passing through Broödel’s 
line, which involved the angled tangential approach. In 
the present study, biopsy material was obtained from the 
posterolateral area. The speciality feature of the defined 
technique is that the biopsy needle route with angle 
between 45 and 60 degrees with reference to the renal 
capsule or base line of convex probe as much as possible 
with the tip of the needle directed away from the renal 
hilum for recieving into the corticomedullary region. The 
preferred site of the renal biopsy is the inferior pole of the 
left kidney because the renal pelvis and large caliber vessels 
are relatively far from this level (7-9). The superiority of 
angled tangential approach technique defined in this study 
over tangential technique defined by Patel et al. is that it 
increases rates of adequacy, and accuracy of the examination 
of the biopsy material in diseases involving only distal 
tubule and loop of Henle, rather than proximal nephron. 

Figure 3 Color Doppler mode imaging to avoid major vascular 
structures on the needle pathway.
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In the study by Patel et al. adequacy of the biopsy material 
was quite improved in glomerular diseases. However, in 
diseases which involve components of distal nephron (distal 
tubuli, and loop of Henle) theoretically decrease the rates of 
accuracy, and adequacy. Since it is possible to obtain biopsy 
material from both proximal and distal components of 
nephron, procedural sensitivity and specificity will increase 
in all disease states independent of the diseased location 
of the nephron. The technique presented in this report 
mainly let the physician to get the biopsy samples from the 
appropriate site of the kidney with avoiding hilum.

Indication for renal biopsy was nephrotic syndrome, 
accounting for approximately 42-47% of patients (10,11). 
In the present study, the most frequent indication for PRB 
was also nephrotic syndrome (45.2%) which was followed 
by nephritic syndrome (23.5%). 

The use of an automated gun for puncture under real-
time ultrasound observation combines a noninvasive 
method of renal localization to a precise and fast system of 
PRB. This association of techniques improves the chance 
of yielding renal fragments with larger content of glomeruli 
and higher adequacy for histological analysis than those 
obtained by free hand, with potential reduction of the 
procedure’s inherent complications (12,13). In the present 
study, no renal tissue was obtained from one patient and the 
rate of inadequate material obtained was 0.6 percent. The 
most frequent histopathological group of diseases found in 
studies in the literature is primary glomerulonephritis in 
both children and adult patients (14,15). IgA nephropathy 
is the most frequent glomerulopathy in adults whereas 
MPGN and FSGS are the most common in children (14,15). 
In the present study, the most frequent histopathological 
finding was focal segmental glomerulosclerosis (22.9%). 
Histopathologically adequate tissue sampling was reported 
to be at the rate of 96% in literature, while in the present 
study the corresponding rate was 99.4% (16). 

The frequency of major complications of PRB has varied 
substantially in different reports, being less than 1% in 
some reports and 5.6-6.6% in other series (8). The reasons 
for these differences are not readily apparent, but may be 
related to the patient population, method of renal biopsy, 
or operator experience. Walker et al. found that less than 
1% of those with macroscopic hematuria require blood 
transfusion (17). Mortality is reported at the rate of 0.1% (4).  
The complication rate associated with the performance of 
PRB has significantly decreased in recent years as a result of 
the technological advances applied to the procedure. The 
use of automatic biopsy needles with guidance of US to 

localize the biopsy site and to visualize the needle trace for 
the execution of a safe procedure (1-3,7,8). In the present 
study, minor complications (including perirenal hematoma 
and macroscopic hematuria) occurred in 16 cases (9.6%) 
and no major complications were observed. To decrease 
the risk of hemorrhagic complications, we used color 
Doppler US guiding. The lower risk of major hemorrhagic 
complications with the ultrasound-guided technique may be 
attributable to the use of smaller biopsy needle (18-gauge) 
in the present study.

The main l imitat ion of  our study includes the 
retrospective design. In addition, some details of history 
and factors that may influence the outcome may not 
be completely documented. Due to these restrictions, 
associations should be interpreted with caution. 

We have found the technique to work well under a 
variety of clinical conditions (that is. renal size, patient size, 
and underlying disease). Our complication rate and success 
rate in obtaining adequate renal tissue for diagnosis are 
comparable to that reported with the traditional techniques. 
Angled tangential approach may be considered for pediatric 
renal biopsies.
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