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Abstract
Renal biopsy plays an important role in the diagnosis and management of renal disease, and core needle
biopsy remains one of the most important investigation tools for this purpose in dogs. The size and
quality of the biopsy material are likely to be important factors in achieving an accurate diagnosis. The
aim of this study was to compare the success and complication rates of renal biopsy procedures
performed in triplicates using needles of different gauges during open surgery. RESULTS: One hundred
�fty-six biopsy samples were obtained from 52 dogs. Renal biopsies were performed using semi-
automated biopsy needles of three different gauges, and subjected to histopathological examination and
evaluation of complications. The 14G needle produced more severe hematomas than the 18G and 16G
needles ( P = 0.019 ). The longest post-biopsy microscopic hematuria observed ceased within �ve days
after the procedure. Microscopic hematuria lasted longer in animals subjected to biopsy using 18G
needles. There were no signi�cant differences between needle gauges regarding macroscopic hematuria
and number of erythrocytes in the urine immediately after biopsy. The numbers of glomeruli retrieved
using 14G (29.8±26.5) or 16G (27.1±14.6) needles differed from those retrieved using 18G needles
(17.5±9.3). CONCLUSION: The three needle gauges tested in this study are safe for use in renal biopsy
using a semi-automated biopsy gun. The thicker needles provide more glomeruli, and, therefore, are more
useful for diagnostic purposes. The use of 14G needles may be associated with more complications, and
the 16G needle appears to offer the best compromise between diagnostic usefulness and biopsy-related
complications.

Background

In patients with renal disease, renal biopsy provides a tool to determine the cause of

the disease, predict the prognosis, and direct treatment. Histological examination of renal

biopsy specimens remains the gold standard for diagnosis of kidney diseases [3;6;8;14].

Although needle renal biopsy is considered a safe procedure [12; 13;14], complications can

occur and are mainly related to bleeding [3]. It is logical that using larger gauge needles

would increase the number of glomeruli available for evaluation, but doing that would

concurrently increase the risk of complications, especially hemorrhage. Similarly,

experience of the individual obtaining the biopsy, severity or chronicity of disease, size of

the patient, and a variety of other factors may affect not only the diagnostic yield of renal

biopsy, but also complications associated with it [3,13]. As observed in humans [9; 10],

canine renal biopsy samples show that an increase from 18 to 14 gauge (G) is associated

with significant increases in number of glomeruli per biopsy core [3; 11]. Bleeding,

however, is more severe in human patients undergoing ultrasound-guided renal biopsies
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using 14G needles compared to those subjected to the same procedure using 18G needles

[7]. These results have not yet been replicated in veterinary medicine, as most studies on

this topic consist of retrospective analyses, or have not checked for complications in the

same manner as described for humans [3].

In most cases, appropriate evaluation of a renal biopsy specimen taken from a dog

with glomerular disease must include light, electron, and immunofluorescence microscopy

[8;12] Light microscopy analysis requires that at least 2-3 samples are available to allow

accurate histopathological interpretation [1;5] So far, no studies in veterinary medicine

have evaluated the complications the patient may suffer as a consequence of renal biopsy,

especially when this procedure is performed multiple times. Due to the lack of conclusive

data on the effect of needle gauge on complications of renal biopsy in dogs, this prospective

controlled study investigated the prevalence of hemorrhagic complication rates, ultrasound

findings, and persistence of microscopic hematuria after biopsy was performed during open

surgery with a semi-automated spring-loaded biopsy device. Additionally, biopsy sample

quality and complication rates were compared between biopsy specimens obtained with

18G, 16G, or 14G needles.

Results

Glomerular analysis

Seven of 156 renal samples contained no glomeruli (4.49%). Of these, 5 samples were

obtained using 18G needles (71.4%), one using a 14G needle (14.3%), and one using a 16G

needle (14.3%). The total numbers of glomeruli harvested using 18G, 16G, and 14G needles

were 17.5±9.3, 27.1±14.6, and 29.8±26.5, respectively (P = 0.0457), as assessed by light

microscopy. However, when the numbers of glomeruli per core were analyzed, there was

no statistical difference among specimens harvested using 18G, 16G, and 14G needles

(11.9±7.0, 14.1±8.8, and 14.9±12.1, respectively; P = 0.4051).

Weight was not a factor involved with bleeding (P = 0.439), hematuria (P = 0.279),

hematoma (P = 0.478), or number of glomeruli (0.6322). Weight was not important for
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presence of medulla in the cores harvested (P = 0.1043) or number of glomeruli per core (P

= 0.8923).

 

 

 

 

 

 

 

 

 
 

Table 1. Mean number of glomeruli as assessed by light microscopy, and percentages of

kidney samples with less than 10 glomeruli.

  n Light Microscopy < 10 glomeruli

LM (%)

< 5 glomeruli

LM (%)  Mean number of

glomeruli

  Samples with

medullar tissue (%)

18

Gauge

21 17.5±9.3a   33.3 9.5 9.5

16

Gauge

25 27.1±14.6b   28.0 12.0 4.0

14

Gauge

6 29.8±26.5b   16.0 16.7 0

Mean values followed by different superscript letters in the same columns are statistically

different (p<0.05). LM, light microscopy.

 

Medulla

The percentage of renal biopsy samples that contained renal medulla fragments was

similar between specimens harvested using 18G, 16G, and 14G needles (P=0.5862).
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Crushes

Kidney biopsies were considered adequate (good or excellent) by the histopathologist

after light microscopy examination of the samples in 57.1% (18G), 72.0% (16G), and 66.7%

(14G) of the specimens. Although higher amounts of fragmentation and crushing artifacts

were observed in specimens harvested with an 18G needle, no statistical difference was

observed between the three needle gauges in this regard (P =0.8738).

Material for immunofluorescence was successfully obtained in 90.5%, 96.0%, and

83.3% of the cores harvested using 18G, 16G, and 14G needles, respectively. Material for

electron microscopy was successfully obtained in 95.2%, 96.0%, and 100% of the cores

harvested using 18G, 16G, and 14G needles, respectively.

Table 2. Complications observed during execution of 156 renal biopsy procedures. Data on

hematoma severity, microscopic hematuria, and persistence of microscopic hematuria are

expressed as means ± standard deviations. Data on macroscopic hematuria are expressed

as percentages.

  18 Gauge 16 Gauge 14 Gauge

Hematoma severity (0-3) 0.82 ± 0.81a 0.71 ± 0.78ab 1.02 ± 1.08b

Microscopic Hematuria (1-6) 4.53 ± 1.28 4.02 ± 1.45 3.58 ± 1.43

Macroscopic Hematuria (%) 21.7 20.0 16.7

Persistence of microscopic hematuria (days) 3.08 ± 1.85a 1.28 ± 1.32b 1.75 ± 0.96ab

Mean values followed by different superscript letters in the same row are statistically

different (P < 0.05).

 

Hematoma

            Hematoma was recognized immediately after harvesting the third core using 18G,

16G, and 14G biopsy needles in 57.1% (n=12), 48.0% (n=12), and 83.3% (n=5) of cases,

respectively. Hematomas produced by 14G needles were more severe than those produced

by 18G or 16G needles (P = 0.019).
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Bleeding

Macroscopic hematuria was observed in one dog in the 14G needle group (16.7%),

five dogs in the 16G needle group (20%), and five dogs in the 18G needle group (21.7%) (P

= 0.858). None of these episodes were associated with clot retention, and all cases subsided

spontaneously after 24 hours. There was no requirement for blood transfusion or

reoperation in any of the cases.

Microscopic hematuria was the most common consequence of the biopsy procedure

(96.1% of cases), and the patient could be followed at home using urinalysis dipsticks

during 7 days in 71.2% (n=37) of the cases. The longest case of postbiopsy microscopic

hematuria lasted for 5 days. There were no significant differences in number or

erythrocytes in the urine immediately after biopsy using any of the needle gauges (P =

0.417), but persistence of postbiopsy microscopic hematuria was statically different after

biopsy using the three biopsy needle gauges (P = 0.0264).

 

Ultrasound

An asymptomatic perirenal hematoma was detected by ultrasound 10 days after renal

biopsy in one case (16G needle). Local tissue reaction was recognized nearby the biopsy

site in 2 cases (18G and 16G needles), and presence of a small amount of liquid in the

subcapsular area was detected in one case (14G needle). All the cases were managed

conservatively with ultrasonographic reevaluation within 1 to 3 months.

Figure 1. Microscopic evaluation of renal biopsy using 18G, 16G, or 14G needles in 156

renal samples. Mean ± standard deviation of the number of days of persistence of

microscopic hematuria (A), hematuria severity score (B), total number of glomeruli

obtained by biopsy (C), and glomerular crushing score (D). Asterisks indicate statistical

differences between the groups evaluated.

 

Discussion

This study is, to our knowledge, the first trial to compare the safety and effectiveness

of 14G, 16G, and 18G core-cutting needles in triplicate biopsies in dogs in a prospective
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fashion. The 14G needle group could be considered small. This fact likely reflects clinical

practice and indications for renal biopsy as well as information from the latest studies that

showed that 14G and 16G biopsy needles do not affect the number of glomeruli in biopsy

specimens [3].

The three biopsy cores obtained from each animal were taken from the middle aspect

of the kidney. This made the biopsy sample a good representative of the renal tissue, as the

specimen would contain predominantly renal cortex tissue, and yield the maximum number

of glomeruli [13].

The most important requirement for any biopsy procedure is that it should be safe

and have a low incidence of clinically significant hemorrhage. The macroscopic hematuria

frequency observed in this study (20.4% of the cases) was greater than those described in

other studies (1-4%) [12; 13]. It is possible that this difference is due to the fact that

hematuria was assessed 24-48 hours after kidney biopsy in most other studies [14], while it

was assessed right after the procedure in this study. This complication may upset the

owner; however, maintaining the dog at the hospital for 24 hours after renal biopsy could

minimize this problem, as macroscopic hematuria subsided spontaneously within 24 hours

in the cases described in this study. In this trial, there were no significant differences

between the three core-cutting needle gauges used regarding hematuria as a complication

of the biopsy procedure, which suggests that even larger needles can be safe from this

standpoint. Worse bleeding complications were not observed in this study, but were

described elsewhere [3;14].

Veterinarians may be reluctant to use 14G or 16G needles for renal biopsy because

they might be expected to cause more complications than thinner needles. Our findings

partly support this assumption, as 14G needles were associated with greater hematoma

severity than 18G and 16G needles. Importantly, all the other complication parameters

were similar, independent of needle gauge. We suggest that biopsy route is more relevant

for the occurrence of complications than the gauge of the needle used. The same has been

shown in renal biopsy in humans [10].
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A previous study found that renal biopsy performed during open surgery is

surprisingly associated with greater amounts of medullar tissue in the specimens harvested

when compared to ultrasound-guided biopsy [3]. In this study, we could not replicate those

results, as needle biopsy performed during open surgery exhibited reduced penetration into

the renal medulla. This difference could be explained by the fact that the needle is often

inserted too deeply when biopsy is performed during open surgery, thus missing the cortex.

Probably, that can happen owing to a tendency to reach the outer cortex and, then, insert

the needle a little deeper ‘‘to make sure it is well inserted’’. Therefore, that last push makes

the needle get past the cortex [3;8].

            Dipsticks appear to be easy and cheap tools to monitor the patients for microscopic

hematuria. Although the results obtained using dipsticks did not change the treatment in the

cases described in this study, it could help to detect persistent bleeding complications.

Future studies on the diagnostic value of this type of test are necessary.

A persistent silent perirenal hematoma was found in only one case (1.8%) in this

study. This frequency is lower than that reported in humans (65%) [15; 16]. Possible

reasons for hematoma variability include timing of ultrasonographic examination [15], and

diligence of the search [2] and imaging methods [16]. It is likely that the low number of

hematomas found in this study is due to the time at which the ultrasound examination was

conducted (only 10 days after the procedure). The optimal timing of scanning to detect

hematomas and predict complications is not known, but ultrasonographic examination at

10 days after the procedure appears to be appropriate for biopsies performed during open

surgery because, under these conditions, bleeding complications can be easily visualized

right after biopsy. Perhaps ultrasound imaging immediately to 48 hours could be more

important after percutaneous kidney biopsy to find complications, as described [14]. In this

study, other types of complication like subcapsular or perirenal hematomas,

pseudoaneurysm, and arteriovenous fistula could not be found.  

Samples from small animals have been shown to be affected by needle gauge [14];

specially, in small breeds. However, in this work, neither number of glomeruli nor the
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frequency of samples with presence of medullar tissue in the cores was verified. Probably

the results difference is due to the fact of small breeds have renal thin cortex. We suggest

that short-throw (first-stage) biopsy needles could be more appropriate in those cases.

The thicker 14G and 16G biopsy needles provide greater tissue yield and number of

glomeruli than the thinner 18G needles. The 18G biopsy needles, albeit thought to be less

invasive, provide insufficient tissue, relatively poor sample quality, and, apparently, are not

safer than thicker needles, especially 16G needles. The use of 16G needles provides the best

compromise between diagnostic usefulness and patient safely.

Conclusion

Our analysis finds that the risk of hemorrhagic complications is low if the appropriate

technique is applied. Urine evaluation by the patient's owner during the first days after

renal biopsy can be a cheap and easy method, and postbiopsy ultrasound scanning can be

useful. The three needle gauges tested in this study are safe for use in renal biopsy using a

semi-automated biopsy gun. The thicker needles (14G and 16G) provide more glomeruli,

and, therefore, are more useful for diagnostic purposes. The use of 14G needles may be

associated with more complications, and the 16G needle appears to offer the best

compromise between diagnostic usefulness and biopsy-related complications.

Methods

  One hundred fifty-six biopsy samples were obtained from 52 dogs. Biopsies were

performed using semi-automated biopsy needles (M.D.L aghi specialli e componenti

medicali - Italy) of three different gauges. A single operator performed the biopsy

procedure. The operator chose between the 16G and 18G randomly for breeds of all sizes,

and used 14G needles for medium and large breeds. A completely randomized approach

was not performed because some veterinary studies recommend not to use large needles in

small dogs (< 10 kg) [8;14]; additionally, there is no difference in number of glomeruli

between samples obtained using 16G or 14G needles [3].
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All the biopsies were carried out during open surgery for better evaluation of

complications. Light, immunofluorescence, and electron microscopy were performed as

part of another study to investigate subclinical proteinuria in different glomerular diseases

in routine patients. The following inclusion criteria were used, to avoid factors that could

affect in sample quality and complications rates: creatinine within the normal range (< 1.4

mg/dL), normoalbuminuria, proteinuria within non-nephrotic range, and absence of

important laboratorial alterations.

Renal biopsies were performed with patients in dorsal recumbency during spaying

surgery. No imaging guidance was needed or used for this experimental study; the needle

was advanced horizontally for a few millimeters into the renal cortex under direct

visualization, and then biopsy samples were obtained from an intact cortical surface. The

two-stage tissue cutting action of the biopsy needle was activated.

Samples were obtained from the middle aspect of the left kidney. All the cores

obtained were collected regardless of the gross quality of the sample; triplicate biopsies

were performed on all animals, as this is standard practice in various institutions [3,4,5].

Cores were removed from the shaft of the needle by gentle tapping of the needle tip

immersed within saline solution for subsequent sectioning. For histopathological

examination, the biopsy specimens were divided into samples for light,

immunofluorescence, and electronic microscopy.

Samples were preferentially reserved for light microscopy and immunofluorescence.

Two small fragments of the third biopsy specimen were reserved for electron microscopy,

while the remaining tissue fragment was reserved for light microscopy.

Following the biopsy, firm pressure was applied to the needle entry site during 3-5

minutes. An auxiliary surgeon blinded to the needle gauge used provided an assessment of

bleeding severity (mild, moderate, or severe) and size of hematomas (none, small, medium,

or large) after the procedure was completed.
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After the biopsy procedure, the patients were monitored closely; a postbiopsy urine

sample was collected, and presence or absence of macroscopic hematuria was recorded. If

no macroscopic hematuria was found, presence of erythrocytes was assessed by

microscopy and categorized in a scale from 1 to 6, in which 1 represented less than 5

erythrocytes per high power field, and 6 denoted TNTC (too numerous to count). Presence

of microscopic hematuria was evaluated using dipsticks every 24 hours during 7 days by

the patients’ owners at home. Only presence or absence of occult blood was analyzed

statically because the intensity of color in dipsticks could be perceived – and reported –

differently by the owners and, therefore, skew the results.

All paraffin sections were examined by two researchers who were blinded to the type

of the needle used. The quality of the material was categorized according to a score system

(poor, good, or excellent).

Doppler ultrasound examination was performed a few days before the renal biopsy,

and was repeated 10 days after the procedure. If necessary, an additional Doppler

ultrasound exam was performed 1-3 months later to search for evidence of hydronephrosis,

hematoma, or infection of the biopsy site that might have developed after the biopsy

procedure.

Results were subjected to statistical analysis to compare mean values; the multiple

comparison Tukey-Kramer test was used. Differences were considered significant at P <

0.05. Calculations were performed using JMP® software.
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Figure 1

Microscopic evaluation of renal biopsy using 18G, 16G, or 14G needles in 156 renal samples. Mean ±
standard deviation of the number of days of persistence of microscopic hematuria (A), hematuria severity
score (B), total number of glomeruli obtained by biopsy (C), and glomerular crushing score (D). Asterisks
indicate statistical differences between the groups evaluated.


