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Abstract: 

Background: Percutaneous renal biopsy (PRB) of native 

kidneys is an essential tool in the diagnosis and 

management of renal disease. Since its introduction, 

advancements have been made in biopsy technique to 

improve diagnostic yield while minimizing complications. 

This study aimed to compare the diagnostic efficacy and 

safety between 18-gauge and 16-gauge semi-automated 

biopsy needles, in ultrasound guided percutaneous native 

renal biopsy. Methods: This prospective diagnostic 

accuracy study included 100 patients who were candidates 

for native kidney parenchymal biopsies. The study included 

two equal groups based on needle size: size 16 and size 18. 

All studied cases were subjected to clinical evaluation, 

laboratory investigations, percutaneous renal parenchymal 

biopsy and microscopic pathological examination. Results: 

Univariate and multivariate analysis was done to predict 

insufficient samples. Needle size 18 was significantly 

associated with an increased risk of insufficient sample in 

the univariate model. In the multivariate analysis, needle 

size remained significantly associated with the risk of 

insufficient samples. It was associated with about 10 times 

increased risk of insufficient sample compared to size 16 

(OR = 9.965, 95% CI: 1.123–88.457, P = 0.039), 

controlling for all other parameters. Conclusion: 16-gauge 

semiautomated needle provided superior diagnostic efficacy 

compared to the 18-gauge needle, with a significantly lower 

risk of insufficient samples. Despite its larger size, the 16-

gauge needle demonstrated comparable safety profiles without an increased 

complication rate, making it a more effective and reliable choice for achieving 

optimal histopathological outcomes in renal biopsy procedures. 

Keywords: Complications, Semiautomatic Needles, Ultrasound Guided, 

Percutaneous Native Renal Parenchyma Biopsy. 
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Introduction 
Percutaneous renal biopsy (PRB) of native 

kidneys is an essential tool in the diagnosis 

and management of renal disease. Since its 

introduction, advancements have been 

made in biopsy technique to improve 

diagnostic yield while minimizing 

complications 
(1)

. Today, real-time 

ultrasound guidance and automated spring-

loaded biopsy devices are common 

practice. Among the different types of 

biopsy needles available ,14 to 18 Gauge 

(G) are generally used. The number of 

passes needed to obtain sufficient biopsy 

material should be limited whenever 

possible 
(2)

.  

Adequate tissue (the criteria for which 

differs between diagnoses) is obtained in 

95%–99% of PRBs, with a typical yield of 

about 10–20 glomeruli when using 14- and 

16-gauge needles. The diagnostic yield 

does not seem to differ significantly when 

comparing 14- and 16-gauge needles, but 

some (although not all) studies indicate 

lower yield with smaller (18-gauge) 

needles. At present, 16G needles or 18G 

needles are used for percutaneous renal 

biopsy, but there is still controversy about 

the effect and safety of 18G and 16G 

biopsy needles in terms of the two 

different diameters 
(3)

. 

Although most renal biopsies are 

performed under direct ultrasound 

guidance with automated biopsy needles, 

techniques that have substantially reduced 

the risks of the procedure, however, the 

kidney biopsy still carries a considerable 

risk of bleeding complications. Although 

certain risk factors for bleeding, including 

hypertension, acute kidney injury, female 

sex, and older age, have been well 

documented, the association between the 

biopsy needle size and the rate of bleeding 

complications is unclear 
(4)

.  

Major complications, including 

hemorrhage, requiring transfusion, 

angiographic intervention, nephrectomy, 

or death, have been reported in only 

around 2%–8% of renal biopsies, whereas 

minor complications, such as hematoma, 

are seen in anywhere from 17% to 33% 
(5)

. 

The purpose of this study was to compare 

the diagnostic efficacy and safety between 

18-gauge and 16-gauge semi-automated 

biopsy needles, in ultrasound guided 

percutaneous native renal biopsy. 

Patients and Methods 
This prospective diagnostic accuracy study 

included 100 patients who were candidates 

for native kidney parenchymal biopsies 

and presented to the Radiology 

Department at Benha University Hospital 

and other private centers, including 

Goneim Urology and Nephrology Center, 

Sama Scan Private Center, and Al Alami 

Medical Complex, between November 

2021 and May 2023. 

An informed written consent was obtained 

from the patients. Every patient received 

an explanation of the purpose of the study 

and had a secret code number. The study 

was done after being approved by the 

Research Ethics Committee, Faculty of 

Medicine, Benha University. 

Inclusion criteria were all patients with 

renal disease indicating performing 

ultrasound guided percutaneous renal 

parenchymal biopsy. 

Exclusion criteria were patients with 

major coagulopathy that hinders the 

performance of any invasive procedure, 

patients using manual or automatic Tru-

Cut needle, patients using semiautomatic 

Tru-Cut needles with sizes other than 16G 

or 18G and those whose pathological data 

were not be available. 

Grouping:  

The study included two equal groups 

based on needle size; size 16 (n=50) and 

size 18 (n=50). 

All studied cases were subjected to the 

following: Clinical evaluation, 

including: [brief clinical history taking]. 

Laboratory investigations including 

[prothrombin time (PT), partial 

thromboplastin time (PTT), international 

normalized ratio (INR), and platelet count, 

to exclude bleeding disorders].  
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Percutaneous renal parenchymal 

biopsy: The following procedural data 

were recorded: Needle details including 

size and type of needle used, biopsy 

attempts including the number of attempts 

and number of cores obtained (cores less 

than 1 cm in length were excluded) and 

complications including any complications 

and their management (categorized as 

conservative, interventional, or surgical). 

Complications categorization: 

Minor complications including 

macrohematuria and/or hematoma that did 

not require intervention, such as blood 

transfusion or angiography. Major 

complications including hematuria or 

hematoma with a fall in hematocrit 

requiring blood transfusion, angiography, 

surgery, or causing hypotension that 

necessitated intervention. 

Microscopic pathological examination: 

Data extracted from the pathological report 

including the number of nephrons in the 

specimen and whether the specimen was 

sufficient for diagnosis. 

Approval Code: MD 5-3-2022 

Statistical analysis  

Data management and statistical analysis 

were done using SPSS version 28 (IBM, 

Armonk, New York, United States). 

Quantitative data were assessed for 

normality using the Shapiro-Wilk test and 

direct data visualization methods. 

According to normality, quantitative data 

were summarized as medians and ranges. 

Categorical data were summarized as 

numbers and percentages. Quantitative 

data were compared between the studied 

groups using the Mann-Whitney U test for 

quantitative variables. Categorical data 

were compared using the Chi-square or 

Fisher’s exact test. Multivariate logistic 

regression analysis was done to predict 

insufficient samples for diagnosis. The 

odds ratios with 95% confidence intervals 

were calculated. All statistical tests were 

two-sided. P values less than 0.05 were 

considered significant. 

Results 
No significant differences were observed 

between the studied groups regarding age 

(P = 0.208) and gender (P = 0.688). Table 

1 
The analysis revealed that needle size was 

significantly associated with both the 

number of cores obtained and the number 

of nephrons. Size 18 needles yielded a 

higher proportion of cases with ≤2 cores 

than size 16 needles (90% vs. 74%, P = 

0.037). Furthermore, the median number 

of nephrons was significantly lower with 

size 18 needles than with size 16 needles 

(16 vs. 27, P < 0.001). The number of 

attempts was not significantly associated 

with needle size. Table 2 

Complications did not significantly differ 

according to needle size, with comparable 

rates between the studied groups (28% vs. 

30% in sizes 16 and 18, respectively). The 

analysis revealed that size 16 needles were 

significantly associated with a lower risk 

of insufficient samples than size 18 

needles. Insufficient samples occurred in 

2% of cases with size 16 needles versus 

16% with size 18 needles, corresponding 

to a relative risk (RR) of 8 (95% CI: 

1.039–61.624, P = 0.031). Table 3 

Univariate and multivariate analysis was 

done to predict insufficient samples. 

Needle size 18 was significantly associated 

with an increased risk of insufficient 

sample in the univariate model. In the 

multivariate analysis, needle size remained 

significantly associated with the risk of 

insufficient samples. It was associated 

with about 10 times increased risk of 

insufficient sample compared to size 16 

(OR = 9.965, 95% CI: 1.123–88.457, P = 

0.039), controlling for all other 

parameters. Table 4 
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Table 1: General characteristics of the studied groups 

 Needle size P-value 

Size 16 (n = 50) Size 18 (n = 50) 

Age (years) Median (range) 22 (4 - 72) 27 (6 - 65) 0.208 

Gender Males 22 (44%) 24 (48%) 0.688 

Females 28 (56%) 26 (52%) 

 

Table 2: Procedural characteristics, safety and efficacy in the studied groups 
 Needle size P-value 

Size 16 (n = 50) Size 18 (n = 50) 

Number of attempts ≤ 2 35 (70%) 37 (74%) 0.656 

>2 15 (30%) 13 (26%) 

Number of cores ≤ 2 37 (74%) 45 (90%) 0.037* 

>2 13 (26%) 5 (10%) 

Number of nephrons Median (range) 27 16 <0.001* 
* Significant P-value at P < 0.05.  

 

Table 3: Procedural safety and efficacy in the studied groups 

 Needle size RR (95% CI) P-value 

Size 16 (n = 50) Size 18 (n = 50) 

Complications 14 (28%) 15 (30%) 1.071 (0.580 to 1.98) 0.826 

Insufficient sample 1 (2%) 8 (16%) 8 (1.039 to 61.624) 0.031* 
* Significant P-value at P < 0.05; n: Number; RR: Risk ratio; 95% CI: 95%: 95% Confidence interval.  

 

Table 4: Univariate and multivariate logistic regression analysis to predict insufficient 

sample 
 Univariate Multivariate 

OR (95% CI) P-value OR (95% CI) P-value 

Age (years) 0.989 

(0.947 - 1.033) 

0.617 0.987 (0.937 - 1.04) 0.62 

Gender (ref = male) 3.277 

(0.646 - 16.629) 

0.152 3.527 

(0.649 - 19.15) 

0.144 

Needle type (ref = 

semiautomatic) 

2.176  

(0.494 - 9.588) 

0.304 1.393  

(0.282 - 6.886) 

0.684 

Size 18 (ref = size 16) 9.333 

(1.121 - 77.704) 
0.039* 9.965 

(1.123 - 88.457) 
0.039* 

* Significant P-value at P < 0.05; OR: Odds ratio; CI: Confidence interval; P: P-value; ref: Reference. 

Case presentation: 

Case (1): 

Diagnosis: renal biopsy. The light 

microscopic and immunoperoxidase 

finding were compatible with Lupus 

glomerulonephritis class IV (Activity 

index; 12/24, chronicity index;4/12). 

Additional features included focal 

segmental and global glomerulosclerosis 

(45%), mild interstitial fibrosis and tubular 

atrophy (10%) and mild arteriosclerosis. 

Figure 1 

Case (2): 

Diagnosis: Renal biopsy. The light 

microscopic and immunoperoxidase 

finding were compatible with proliferative 

glomerulonephritis with 40% crescents 

probably infection- related for clinical 

correlation, global glomerulosclerosis 

(45%), mild interstitial fibrosis and tubular 

atrophy (25%) and moderate 

arteriosclerosis and mild arteriolar 

hyalinosis. Figure 2 
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Figure 1: Percutaneous ultrasound guided Tru-Cut biopsy from left kidney 

 

 

Figure 2: Percutaneous ultrasound guided Tru-Cut biopsy from left kidney 

 

 

Discussion 
The success of the PRB has resulted from 

the ability to safely obtain an adequate 

number of glomeruli allowing a diagnosis 

which will then guide management 

decisions. 

Our study demonstrates that 16-gauge 

needles outperform 18-gauge needles in 

procedural efficacy, yielding significantly 

more biopsy cores and a higher median 

number of nephrons, while maintaining 

comparable safety profiles. The larger 

diameter of 16-gauge needles likely 

accounts for their superior tissue sampling 

capability, as they capture more renal 

parenchyma per pass, which is critical for 

obtaining sufficient glomeruli for accurate 

histopathological diagnosis. Despite 

concerns that larger needles might increase 

procedural complexity, the absence of a 
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significant difference in the number of 

biopsies attempts between the two groups 

suggests that operator technique and 

procedural efficiency were not 

compromised underscoring the clinical 

advantage of 16-gauge needles in 

achieving diagnostic adequacy without 

increasing procedural burden or 

complication rates. 

Clinically, an increased number of 

obtained glomeruli potentially enhances 

the diagnostic accuracy of renal biopsies. 

This is vital in several pathological 

conditions, where a greater tissue yield 

may lead to more precise histopathological 

characterization, aiding in a more 

definitive diagnosis and targeted 

therapeutic approach 
(6)

. 

Furthermore, our results revealed that 16-

gauge needles significantly reduce the risk 

of obtaining insufficient samples 

compared to 18-gauge needles, with 

insufficient samples occurring in only 2% 

of cases with 16-gauge needles versus 

16% with 18-gauge needles. This eight-

fold relative risk highlights the superior 

diagnostic reliability of the 16-gauge 

needle. The findings are further supported 

by multivariate analysis, which 

demonstrated that the 18-gauge needle was 

independently associated with a nearly ten-

fold increased risk of insufficient samples, 

even after adjusting for potential 

confounders. 

Confirming our study, Zhan and Lou 
(6)

 

showed that 16-gauge needles yielded 

significantly more glomeruli (pooled SMD 

0.61, p < 0.001) and required fewer passes 

(pooled SMD −0.57, p = 0.004) compared 

to 18-gauge needles. However, the 16-

gauge needle was associated with higher 

odds of total complications (pooled OR 

1.57, p = 0.004), while individual 

complications such as hematuria, pain, and 

transfusion rates did not significantly 

differ between the two sizes. While their 

observation of no significant difference in 

individual complication rates aligns with 

our results, suggesting that the 16-gauge 

needle achieves better efficacy without 

increasing the procedural risk, however, 

the reported higher total complications 

with 16-gauge needles in their study 

contrasts with our findings, which showed 

comparable safety profiles between the 

two gauges. This discrepancy might stem 

from differences in study populations, 

procedural techniques, or the inclusion of 

complications cumulatively. 

In consistency with our results, Sousanieh 

et al. 
(7)

 found that PRB with an 18-g 

needle yielded the lowest number of total 

glomeruli per biopsy (N14g vs. N16g: 33 

± 13 vs. 29 ± 12, p < 0.01 and T16g vs. 

T18g: 34 ± 16 vs. 21 ± 11, p < 0.0001), 

significantly fewer total glomeruli per core 

(T16g vs. T18g: 12.7 ± 6.4 vs. 9.6 ± 5.0, p 

< 0.001 and N16g vs. T18g: 14.2 ± 6.3 vs. 

9.6 ± 5.0, p < 0.001). Despite this lower 

diagnostic yield, the safety profiles, 

including hematoma rates, complications, 

and transfusion requirements, were similar 

across the needle sizes. The study 

concluded that 16-gauge needles provide 

an optimal balance of diagnostic adequacy 

and safety, while the 18-gauge needle 

compromises sample adequacy without 

offering significant safety benefits. 

Furthermore, Nissen et al. 
(8)

 found a 

significant increase in biopsy miss rates, 

rising from 2% in 2005 to 14% in 2020. 

This increase was strongly associated with 

the use of smaller diameter needles 

(18G/20G), utilized in 92% of biopsies by 

radiologists, who performed 95% of 

procedures in 2018 compared to only 5% 

in 2005. Smaller needles yielded 

significantly fewer glomeruli per 

centimeter of core and narrower biopsy 

cores, contributing to the higher miss rates, 

while nephrologists using larger needles 

consistently maintained lower miss rates 

over time. The correlation between the 

increased use of smaller needles and 

higher miss rates emphasizes the 

limitations of 18G needles in achieving 

sufficient diagnostic yield. 

Interestingly, Roth et al. 
(9)

 found that 

larger needles (16G and 18G) provided 

significantly more diagnostic material, 
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with 16G needles yielding an average of 

69.7 ± 7.8 glomeruli per biopsy, compared 

to 58.5 ± 4.4 for 18G needles and only 

12.2 ± 1.5 for 22G needles (P < 0.001). 

The smaller needles, particularly 20G and 

22G, produced thinner and fragmented 

biopsy cores, which were difficult to 

handle and resulted in inadequate samples. 

The study also noted that complications, 

such as the need for transfusion or 

hospitalization, were similar between 16G 

and 18G needles and did not significantly 

decrease with smaller needle sizes. 

In contrast, Xie et al. 
(10)

 found no 

significant difference in the mean number 

of glomeruli under light microscopy 

between the 16G and 18G groups (25 ± 11 

vs. 24 ± 11, P = 0.265) or in the adequate 

sample rates (93.94% vs. 90.28%, P = 

0.298). However, more glomeruli were 

observed in the 16G group under 

immunofluorescence microscopy (5 ± 3 vs. 

3 ± 2, P < 0.05). Minor complication rates, 

including lumbar pain, gross hematuria, 

and asymptomatic perinephric hematoma, 

were similar between groups. Two serious 

complications occurred in the 16G group 

(1.02%), whereas none were reported in 

the 18G group, though this difference was 

not statistically significant (P = 1). The 

absence of significant differences in 

diagnostic adequacy their study may be 

attributed to differences in biopsy 

protocols, sample processing, or 

population characteristics. Additionally, 

the observation of severe complications 

exclusively in the 16G group, albeit rare, 

highlights the potential safety trade-offs 

that should be considered in certain 

clinical contexts. Nevertheless, the higher 

glomerular yield under 

immunofluorescence in the 16G group 

reinforces its diagnostic advantage, 

aligning partially with our findings on 

tissue adequacy. 

Additionally, Antunes et al. 
(11)

 found 

differing results regarding safety. While 

16-gauge needles collected significantly 

more glomeruli per biopsy (22.1 ± 10.8 vs. 

17.5 ± 9.4, P < 0.001), they were 

associated with a higher likelihood of 

complications (OR 5.1, 95% CI 1.7–15.4, 

P = 0.001). Additionally, patients with 

complications after 16-gauge biopsies 

experienced significantly larger 

hematomas compared to those without 

complications (44 ± 56.1 mL vs. 5.9 ± 6.6 

mL, P < 0.001). The authors concluded 

that while 16-gauge needles offer superior 

tissue yield, 18-gauge needles provide 

adequate histological samples with fewer 

complications. The discrepancy may stem 

from differences in patient populations, 

procedural protocols, or definitions of 

complications, particularly hematoma 

volume thresholds. 

Contrarily, Xu et al. 
(12)

 found no 

significant difference in the number of 

glomeruli obtained between the two 

groups (P = 0.078). However, large 

hematomas were significantly more 

frequent in the 16G group compared to the 

18G group (9.31% vs. 5.98%, P = 0.003), 

and arteriovenous fistulae were also more 

common in the 16G group (1.14% vs. 

0.23%, P = 0.005). The incidence of other 

complications was similar between the two 

groups. This might be attributed to 

procedural differences, operator 

variability, or population-specific factors. 

While their results suggest potential safety 

advantages for 18G needles, the lack of 

significant improvement in diagnostic 

efficacy reinforces our conclusion that 

16G needles remain the optimal choice 

when prioritizing tissue adequacy for 

diagnosis. 

Limitations of the study were a relatively 

small number of patients and the study 

primarily focused on immediate 

procedural outcomes and complications 

without assessing long-term safety or 

diagnostic impact. The adequacy of 

samples was based on the number of 

nephrons obtained, but the impact of 

needle size on specific diagnoses requiring 

different histopathological criteria was not 

evaluated. 
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Conclusion 

This study concludes that the 16-gauge 

semiautomated needle provided superior 

diagnostic efficacy compared to the 18-

gauge needle, with a significantly lower 

risk of insufficient samples. Despite its 

larger size, the 16-gauge needle 

demonstrated comparable safety profiles 

without an increased complication rate, 

making it a more effective and reliable 

choice for achieving optimal 

histopathological outcomes in renal biopsy 

procedures. 

Therefore, encouraging future research 

with larger sample sizes and longer 

follow-up periods is recommended 

Implementing protocols prioritizing 16-

gauge needles in cases where diagnostic 

adequacy is critical, while considering 18-

gauge needles for patients with specific 

clinical contraindications. 
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