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Background: Percutaneous kidney biopsy (PKB) is the gold standard for diagnosing various kidney diseases, but it can result in 
potential complications. This study aimed to compare kidney tissue adequacy and safety between the two biopsy techniques, including 
cranial direction (CN) and caudal direction (CD), of needle biopsy under real-time ultrasonogram guidance.
Methods: This single-center, prospective, single-blinded, randomized trial included patients undergoing native PKB from July 5, 
2017, to June 30, 2019. Patients were randomized to the CN and CD groups. Adequacy and complications between the two groups 
were analyzed. All PKBs were performed under real-time ultrasonogram guidance with a 16-gauge kidney biopsy needle.
Results: A total of 107 participants were enrolled (53 in the CD group and 54 in the CN group). The CD group has more glomeruli 
than the CN group but with no statistical significance (16 versus 11, p = 0.0865). The CD group obtained more adequate kidney tissue 
samples than the CN group (69.8% versus 59.3%, p = 0.348). The number of inadequate glomeruli tissue sampling is similar in both 
groups (14 versus 15, respectively). Furthermore, the CN group had more adverse events, including Hb decline ≥10% after kidney 
biopsy, perinephric hematoma size ≥1 cm, hematuria, and the need for blood transfusion, than the CD group.
Conclusion: The CD technique of the percutaneous kidney biopsy in the native kidney has fewer complications and was possibly 
more effective than the CN technique.
Keywords: kidney biopsy, needle trajectory, post-biopsy complication

Introduction
Percutaneous kidney biopsy (PKB) is the gold standard to obtain information for diagnosing various kidney diseases.1,2 

Adequate tissue samples are necessary for diagnosis. Ideally, the biopsy tissue should contain a predominate kidney 
cortical area because this is the location of the glomerulus.2 A sufficient number of glomeruli improves the accuracy of 
pathological diagnosis of focal kidney lesions. However, biopsy complications, such as hematuria, hematoma, and 
perinephric hemorrhage, which are associated with multiple procedures, should be a concern.

The real-time ultrasonogram-guided PKB with the automated kidney biopsy needle shows more benefits in 
biopsy yield and decreases post-kidney biopsy complications.3,4 This modality has become a widespread techni
que in this era. The cortex of the inferior pole of the kidney is usually a target for performing a native kidney 
biopsy, and biopsy needle direction in clinical practices has two techniques: cranial direction (CN) and caudal 
direction (CD). CD obtained more cortex and glomeruli in ex vivo porcine kidneys.5 Other retrospective and 
prospective observational studies revealed that the CD biopsy technique is safe and effective.6,7 However, this was 
not confirmed by human randomized controlled trials (RCTs). Thus, this study aims to compare the efficacy and 
complications of CN versus CD biopsy techniques.
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Materials and Methods
Design
This randomized, single-blinded, single-center study compares the efficacy and complications of CD versus CN in 
patients undergoing native PKB from July 5, 2017, to June 30, 2019, in a university hospital in Bangkok, Thailand.

Participants
Patients who underwent PKB during the study were eligible participants. The inclusion criteria were ages of 18–65 years 
and indications of performing a PKB decided by a consultant nephrologist. All screened participants have a complete 
blood count (CBC), prothrombin time/international normalized ratio (PT/INR), activated partial thromboplastin time 
(aPTT), and serum creatinine for any bleeding risk. Any medications that increase bleeding risk, including antic
oagulants, antiplatelet agents, and nonsteroidal anti-inflammatory drugs, were noted and discontinued before PKB, and 
informed consent was obtained.

The key exclusion criteria were (1) patients who underwent a kidney transplant, (2) serum creatinine of >3.5 mg/dL 
for 3 months, (3) small-size kidneys (length of <8 cm, width of <3.5 cm), (4) coagulopathy and/or thrombocytopenia, (5) 
uncontrolled hypertension (>160/100 mmHg), (6) obesity (body mass index [BMI] of >35 kg/m2), (7) single kidney, and 
(8) refusal to sign the inform consent. The full exclusion list was announced at the Thai Clinical Trial Registry 
(TCTR20170706001: https://www.thaiclinicaltrials.org/show/TCTR20170706001). We generated participants’ randomi
zation groups by a web-based block of four after study enrollment.

Intervention
All PKBs are performed by 4 nephrologists who were well-trained in both techniques with kidney biopsy experience at 
least 20 times per year. Prior this study started, all of the nephrologists who included to perform a kidney biopsy in this 
study have experience in CD and CN technique at least 10 times. The biopsy needle was a 16-gauge, automated, spring- 
loading gun kidney biopsy needle (Biox®). All participants underwent kidney biopsy in the prone position with local 
anesthesia. All eligible patients were randomly assigned to the CN or CD group. The lower pole of a kidney was selected 
as the biopsy target under real-time ultrasonogram guidance.

Kidney biopsies were planned with two attempts for each individual; however, adding more attempts to collect 
adequate tissue depended on the operator’s decision. A pathologist blinded from the procedure promptly examined the 
specimens under light microscopy to obtain sufficient renal tissue for light, immunofluorescence, and electron micro
scopy studies.

CD Technique
The kidney biopsy needle tip is pointed to the legs and 45–60 degrees with the participant’s back. The needle was 
directed to the cortex of the inferior pole of the kidney. The needle tip was advanced to the kidney capsule, and then the 
biopsy needle was triggered to collect the kidney tissue (Figure 1).

CN Technique
The kidney biopsy needle tip is pointed to the head and 45–60 degrees with the participant’s back, then proceeded the 
same as the CD technique (Figure 2).

Post-Kidney Biopsy Monitoring
All participants were admitted for post-kidney biopsy care and monitoring for 24 h. We prescribe bed rest in a supine 
position for 8 h and monitored vital signs every 15 min for 2 h, every 30 min for 4 h, and then hourly for the remaining 
observation period. Post-biopsy kidney ultrasonogram by blinded radiologist (1 person) and CBC were checked after 24 
h to detect complications. Moreover, the participant receives the standard of care as an attending physician if a clinically 
suspected complication is observed.
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Outcomes
The primary outcome was the average number of glomeruli, which is calculated from the total number of glomeruli 
divided by the number of core tissue. The secondary outcomes were an adequate sampling of tissue and the number of 
undiagnostic tissues by a pathologist. The adequate sampling tissue was defined as tissue comprising the cortex and 
medulla part, >20 glomeruli, and at least one vessel. The undiagnostic tissue was the tissue with an insufficient structure 
for pathological diagnosis by a pathologist. The outcomes were reported by a pathologist who was blinded for the 
randomization. Factors associated with obtaining adequate sampling tissue were also analyzed.

Adverse Events
Specific adverse events include Hb decline ≥10% after kidney biopsy, perinephric hematoma size ≥1 cm, hematuria, 
blood transfusion, embolization, nephrectomy, and post-kidney biopsy complication-related mortality. Serious adverse 
events and other adverse events were observed.

Figure 1 (a) Caudal direction of the needle with ultrasonogram probe, in which the tip of the needle angulated toward the legs. (b) Ultrasonogram imaging of caudal 
direction technique showing the needle trajectory line and target area of the biopsy. The white arrow indicates the direction of the biopsy needle.

Figure 2 (a) Cranial direction of the needle with ultrasonogram probe, in which the tip of the needle angulated toward the head. (b) Ultrasonogram imaging of caudal 
direction technique showing the needle trajectory line and target area of the biopsy. The white arrow indicates the direction of the biopsy needle.
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Statistical Analysis
Chunduri et al reported an average number of glomeruli of 21 ± 12.8 A sample size of 52 participants per group was 
necessary to detect a 10-glomeruli efficacy difference between the two techniques with a two-sided 5% significance level 
and a power of 85%.

Continuous variables were tested for normal distribution by histogram and the Kolmogorov–Smirnov test. Normal 
distribution variables were analyzed for mean and standard deviation (SD) and both groups were compared by the 
Student’s t-test. We performed the non-parametric analysis by the median, interquartile range, and comparison with the 
Mann–Whitney U-test for the non-normal distribution variable. The categorical variables were presented by number and 
percentage. The Chi-Square or Fisher’s exact test was performed to compare statistical differences between the groups 
for categorical variables. We analyzed the univariable and multivariable logistic regression model from the univariable 
model to find the factors associated with adequate sampling tissue. Variables with a p-value of <0.3 were selected to 
perform the multivariable model. A p-value of <0.05 was used as a threshold for statistical significance. R version 3.4.4 
(R Foundation for Statistical Computing, Vienna, Austria) was used for all statistical analyses.

Result
Baseline Characteristic
This study included 208 patients who met the inclusion criteria from the 343 patients referred for PKB and screened from 
July 5, 2017, to June 30, 2019. Of the 208 patients, 91 were excluded and 10 refused to participate. Thus, 107 
participants were randomized at an approximate 1:1 ratio into the CD and CN groups with 53 and 54 participants, 
respectively (Figure 3). The baseline characteristics were similar between both groups (Table 1). The overall mean (SD) 
age was 41.6 (13.3) years. Female was predominant in the study. Waist circumference was not different in both groups 
(p = 0.205). However, some BMI in the CD group is lower than in the CN group (CD, 23.5 ± 3.9 versus CN, 25.2 ± 5.7; 
p = 0.075). The top three most common comorbid disease was hypertension (35.5%), systemic lupus erythematosus 
(27.1%), and type 2 diabetes mellitus (15.9%). The biopsy indication was comparable in both groups—the common 
indications included nephrotic syndrome, acute glomerulonephritis, and undiagnosed proteinuria. Additionally, labora
tory parameters regarding creatinine, hemoglobin, platelet, and coagulation were not statistically different.

Figure 3 Study flow chart. Of the 208 patients who met the inclusion criteria, 107 participants were randomized at an approximate 1:1 ratio. Ultimately, there were 53 
participants in the caudal direction (CD) group and 54 in the cranial direction (CN) group.
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Table 1 Baseline Characteristic

Parameter Overall  
(n = 107)

Cranial  
(n = 54)

Caudal  
(n = 53)

p-value

Age, year 41.6 (13.3) 40.8 (13.4) 42.5 (13.4) 0.513

Female, n (%) 66 32 34 0.748

Comorbid diseases, n (%)

- Type 2 diabetes 17 9 8 1.000

- Hypertension 38 23 15 0.180

- Hypercholesterolemia 11 7 4 0.546

- Cardiovascular disease 3 2 1 1.000

- CKD 7 4 3 1.000

- SLE 29 15 24 1.000

- Other 4 1 3 0.363

Body weight, kg 63.5 (15.6) 66.2 (17.9) 60.8 (12.3) 0.072

Height, m 1.61 (0.08) 1.62 (0.08) 1.61 (0.08) 0.541

BMI, kg/m2 24.3 (4.9) 25.2 (5.7) 23.5 (3.9) 0.075

Waist circumference, cm 85.6 (12.5) 87.1 (13.9) 84.1 (10.8) 0.205

Indication for biopsy, n (%) 0.395

- Nephrotic syndrome 32 (29.9) 13 (24.1) 19 (35.8)

- Glomerulonephritis 27 (25.2) 12 (22.2) 15 (28.3)

- Asymptomatic proteinuria 26 (24.3) 16 (29.6) 10 (18.9)

- Rapidly progressive GN 10 (9.3) 6 (11.1) 4 (7.5)

- Unexplained AKI 8 (7.5) 3 (5.6) 5 (9.5)

- Unexplained CKD progression 2 (1.9) 2 (3.7) 0

- Asymptomatic hematuria 2 (1.9) 2 (3.7) 0

Serum creatinine, mg/dL 1.12 (0.75, 2.26) 1.24 (0.77, 3.05) 1.20 (0.75, 1.88) 0.273

Hemoglobin, g/L 11.6 (2.2) 11.6 (2.3) 11.6 (2.1) 0.836

Platelet, × 103 295 (234, 347) 295 (236, 347) 300 (224, 343) 0.642

INR 0.96 (0.90, 1.00) 0.97 (0.91, 1.00) 0.95 (0.90, 1.00) 0.276

Kidney dimension

- Left kidney, n(%) 100 (93.5) 52 (96.3) 48 (90.6) 0.270

- Length, cm 10.0 (1.1) 10.1 (1.0) 9.9 (1.1) 0.281

- Width, cm 4.9 (0.7) 5.0 (0.7) 4.9 (0.7) 0.392

- Cortex, cm 1.5 (1.2, 1.8) 1.5 (1.1, 1.7) 1.5 (1.1, 1.7) 0.316

- Distance skin to kidney 3 (2.2, 4) 3 (2.1, 4.6) 3 (2.3, 4) 0.888

Attempt, n 2 (2, 3) 2 (2, 3) 2 (2, 3) 0.180

Abbreviations: AKI, acute kidney injury; BMI, body mass index; CKD, chronic kidney disease; GN, glomerulonephritis; INR, international 
normalized ratio; SLE, systemic lupus erythematosus.
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The left-side kidney (93.5%) was preferable for performing PKB. The kidney dimension was not statistically different 
in both groups, as shown in Table 1. The median number of a needle biopsy pass was 2 (interquartile range [IQR], 1) 
times, which was not different between both groups (p = 0.180).

Outcome
The number of glomeruli from the CD group (median [IQR]: 16 [11] glomeruli) was more than the CN group (median 
[IQR]: 11 [12] glomeruli) but not statistically significant, as shown in Table 2 (p = 0.865). Regarding kidney tissue 
adequacy, the CD group obtained more adequacy sampling tissue than the CN group (69.8% versus 59.3%, respectively). 
Reasons for inadequate tissue sampling from the CN technique include an inadequate number of vessels (77.2%), an 
inadequate number of glomeruli (68.2%), no obtained medulla (31.8%), and no obtained cortex (4.5%), whereas the CD 
technique was the inadequate number of vessels (87.5%), an inadequate number of glomeruli (87.5%), and no obtained 
medulla obtained (50.0%). The number of inadequate glomeruli tissue sampling is similar in both groups (14 versus 15, 
respectively).

Adverse Events
The CN group had more complications than the CD group, ie, perinephric hematoma size ≥1 cm, hematuria, and required 
blood transfusion (Table 3). However, no serious adverse events, including biopsy-related death or hematoma requiring 
embolization or nephrectomy, occurred in either group.

Factors Associated with Adequate Kidney Tissue
Younger age, higher waist circumference, higher length of the kidney, lower serum creatinine, and CD techniques were 
associated with adequate sampling tissue (p < 0.3) by the univariable logistic regression model (Table 4). However, the 
remaining factor was waist circumference after the multivariable model analysis (p = 0.0283).

Table 3 Adverse Event

Outcomes Cranial Caudal

Hb decline ≥ 10% after kidney biopsy 8 (14.8) 1 (1.9)

Perinephric hematoma size ≥ 1 cm, n (%) 9 (16.7) 0

Hematuria, n (%) 6 (11.1) 1 (1.9)

Blood transfusion, n (%) 7 (13.0) 0

Embolization or nephrectomy, n (%) 0 0

Death related to biopsy complication, n (%) 0 0

Table 2 Outcomes

Outcomes Cranial Caudal p-value

Total glomeruli 20 (13, 32) 24 (13, 33) 0.629

Total glomeruli per core 11 (7, 19) 16 (10, 21) 0.087

Adequate tissue, N (%) 32 (59.3) 37 (69.8) 0.348

Un-diagnosis tissue by a pathologist, n (%) 4 (7.4) 2 (3.7) 0.678

Note: Data are expressed as the median and interquartile range.
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Discussion
PKB plays an essential role in obtaining information about diagnoses, treatment options, and prognoses of various kidney 
diseases. The pathological kidney disease diagnosis depends on specimen quality.1,2,9 Inadequate kidney tissue may lead 
to misdiagnosis; for example, an insufficient number of glomeruli cannot provide an exclusion diagnosis of focal 
segmental glomerulosclerosis (FSGS) from minimal change disease.10,11 In contrast, kidney biopsy remained an invasive 
procedure with potential risks. Several post-kidney biopsy complications, such as pain, hematuria, perinephric hema
toma, or serious adverse events, including massive perinephric hematoma requiring blood transfusion, embolization, or 
nephrectomy needed for significant bleeding, may occur.1,2,9

Several PKB research studies about various PKB techniques for efficacy and safety issues, such as real-time 
ultrasonogram guidance,3,4,12,13 size of gauge needles,8,14,15 type of kidney biopsy needle,16,17 and prophylactic medica
tion before kidney biopsy.18–20 However, the comparison of cranial and caudal directions of the kidney biopsy needle is 
rarely discussed.

Ideally, the biopsy core should be predominately contained cortical tissue because this is the location of 
glomeruli.2 However, the juxtamedullary junction and medulla portion remained necessary to diagnose some 
kidney diseases such as myeloma cast kidney,21 FSGS,22 or polyoma nephropathy.23 Additionally, the needle 
was fired transverse to the kidney cortex and medulla directly in the CD PKB technique (Figure 2). A needle tip 
may direct to the renal sinus, resulting in renal vessel injury and significant hematoma. The kidney cortex, where 
the needle was fired parallel, may have lower risk of reaching the renal sinus and decreased risk of renal vessel 
injury compared to the CD of kidney biopsy (Figure 1). Then, the CN technique angulation is more likely to 
advance the needle biopsy tip injury toward nearby organs such as the spleen, liver, or diaphragm.

Previous studies by Karam et al revealed that caudal needle direction biopsy to ex vivo porcine kidney obtained more 
yield than cephalic needle direction.5 Other retrospective and prospective observational studies revealed the caudal 
angulation needle approach under real-time ultrasonogram guidance in obtaining cortical tissue from the lower pole of 
the native kidney as an effective technique with very few complications.6,7 Hence, our study is the first human RCT that 
compared CD to CN in native kidney biopsy.

Our result demonstrates more glomeruli obtained in the CD group than in the CN group, with the same kidney tissue 
adequacy outcome but not statistically significant. The average glomerular obtained by real-time ultrasonogram guidance 
from previous studies ranged from 11 to 21 glomeruli, similar to our study. Interestingly, the CD group revealed a lower 

Table 4 Logistic Regression for Factors Associated with Adequate Tissue

Parameter ORs (95% CI) p-value ORs (95% CI) p-value

Age, year 0.98 (0.95, 1.01) 0.264 0.98 (0.94, 1.01) 0.066

Female 1.08 (0.48, 2.43) 0.855

Body weight, per 1 kg increase 1.01 (0.98, 1.03) 0.431

BMI, per 1 kg/m2 increase 1.04 (0.97, 1.13) 0.362

Waist circumference 1.04 (1.00, 1.07) 0.048 1.05 (1.00, 1.09) 0.028

Distance skin to kidney, per 1 cm increase 1.01 (0.79, 1.30) 0.910

Cortical thickness, per 1 cm increase 1.52 (0.60, 3.87) 0.385

Length of kidney, per 1 cm increase 1.40 (0.94, 2.08) 0.097 1.30 (0.82, 2.04) 0.262

Width of kidney, per 1 cm increase 1.27 (0.73, 2.21) 0.402

Scr, per 1 mg/dL increase 0.84 (0.68, 1.04) 0.102 0.82 (0.65, 1.05) 0.117

Caudal projection 1.59 (0.72, 3.54) 0.255 1.81 (0.74, 4.42) 0.192
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risk of complication, probably because more cortex and less medulla tissue were obtained. This hypothesis was 
confirmed by Sawicka et al24 who reported that the needle biopsy angle results in less medulla tissue associated with 
adequate sampling specimen and lesser complication.

However, the CD technique usually requires patients to hold their breath to access the lower pole of the kidney. 
Patients with volume overload or who are not cooperative will have difficulty holding their breath. The CD technique is 
difficult in these populations, while the lower pole of the kidney in the CN technique is easy to access and does not 
require patients to hold their breath during the procedure.

Interestingly, in multivariate analysis, waist circumference is the only factor associated with adequate kidney tissue 
biopsy. It is possibly due to performance bias. The nephrologist tends to insert a kidney biopsy needle deeply into the 
kidney cortex and possibly more carefully when performing a kidney biopsy if the patient is overweight and has 
increased weight circumference. However, it is less likely to have a clinical significance (OR 1.05).

As its strength, our study is the first RCT that revealed the CD technique’s efficacy and safety. However, our study has 
some limitations. First, the angle of the needle biopsy was not recorded. We allowed the operators to perform kidney biopsy 
as an assigned technique by varying the needle angle (45–60 degrees). Second, CN still has more experience than CD, 
although our nephrologists who performed PKB are well-trained in both techniques. Third, the CN group tends to have more 
body weight and waist circumference compared to the CD group, although it is not statistically significant. Lastly, 
standardized biopsy adequacy is not available.1,2 We use this definition based on the ability to diagnose focal kidney disease 
although almost kidney diseases in non-transplantation patients usually do not require a medulla portion for diagnosis.

In conclusion, the CD technique of the percutaneous kidney biopsy in native kidney has fewer complications and was 
possibly more effective than the CN technique.
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