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Abstract

The use of renal biopsy through laparoscopy is increasingly present both in human and vet-

erinary medicine. However, both techniques require skill and training to make the operator

capable to do it. The learning curve allows the quantitative and qualitative assessment of

the number of attempts and minimum time for the surgical procedure. The objective included

establish the learning curve for laparoscopy-guided kidney biopsy procedures in dog and

pig corpses. Six dogs and six pigs corpses weighing less than 10 kg were used for this

study. All corpses underwent kidney biopsy performed through laparoscopy. Twenty-four

operators, two per animal, performed 20 renal biopsies each (10 for each kidney), with 480

collection-procedures in total. Duration and difficulty of the procedure and the biopsy sample

quality were evaluated and statistical analysis was performed using a mixed regression

model with a random effect of individuals and multivariate analysis of data. There were

91.5% of the samples that were adequate for evaluation. There was no significant difference

in the number of glomeruli or cortex percentage considering the attempts in either species,

demonstrating the operator’s ability since first collection. Swine samples showed higher

amounts of renal cortex than canine samples. The procedure duration was shorter as more

attempts were performed in dogs and pigs. From the fourth repetition, the professional

reached a plateau for the variable related to ‘collection’, and from the second, the profes-

sional presented uniform duration for ‘sample storage’. Operators of the swine model

acquired more agility than the dog ones. The variable ‘difficulty’ decreased as more repeti-

tions were performed, reaching a plateau in the sixth attempt. Seven renal biopsies laparos-

copy-guided are required for an operator to be considered ‘capable’ to perform the
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procedure in the referred species included. The learning curve for image-guided kidney

biopsy procedures improves the implementation of this technique and benefits patients that

undergo this procedure.

Introduction

Various nephropathies occur frequently in veterinary medicine, and although a great part of

them are detected through clinical-laboratory and imaging examinations [1] there are cases

mainly glomerular diseases and acute nephropathies where a kidney biopsy can be indicated

for the best definition of diagnosis, treatment method, and prognosis [2]. Video-surgeries have

become a modality widely used for diagnostic reasons given the difficulty of acquiring a final

diagnosis in multiple diseases and the high risk of performing a laparotomy for investigative

biopsy sample collection, mainly because this technique is minimally invasive [3–5]. Among

the organs biopsied for diagnostic purposes, multiple reports can be found in the literature,

both for human and veterinary medicine [1–3, 6, 7].

Ultrasound-guided kidney biopsies are considered the standard method for humans and

animals [2, 8], but laparoscopy can be recommended in specific cases, as seen for obese or

pediatric human patients, cases of high blood pressure or hemostasis disorders, and for small-

sized dogs in veterinary medicine [1, 8, 9]. Various researchers highlight the safety of the lapa-

roscopic procedure [3, 4, 10–12] supported by studies where it was shown to be better than the

ultrasound-guided biopsy [7]. However, the inadequate performance of this technique and the

lack of skills of the operator enhance the risks for complication due to the kidney biopsy proce-

dure, among other factors [1, 7, 13]. Considering that previous experiences executing a certain

technique as one of the determinants of the success rate of this specific procedure for various

modalities, including laparoscopy, the use of a learning curve can guarantee that a professional

is suitable to perform the defined procedure [14, 15]. Due to the increasing necessity of kidney

biopsies, together with the arrival of laparoscopy-guided diagnostic procedures and the

required skills to use it, establishing a learning curve for the laparoscopy-guided kidney biopsy

procedure can be considered fundamental to help with the training of capable professionals to

use this technique, bringing benefits to the patients that will undergo kidney biopsy.

This study aims to establish a learning curve for laparoscopy-guided kidney biopsy proce-

dures in dogs and pigs using the duration of the procedure, quality of the samples, and diffi-

culty level of multiple and subsequent attempts as the indicator variables for perfecting the

procedure. The number of attempts necessary for a professional to be considered capable of

performing this technique can be determined using this curve, focusing on how many tries

were required until the plateau.

Material and methods

Animals

The following study was approved by the Veterinary Ethics Committee of UNIFRAN–Univer-

sidade de Franca (protocol n˚ 6439100517).

In total, six dog corpses (3 males and 3 females) (patients who died at the Veterinary Teach-

ing Hospital of the University of Franca—after consent of their tutors) and six pig corpses

(females) (research animals donated by the University of Franca) were used. Animals present-

ing clinical history or examination before death compatible with renal diseases (e.g., azotemia),
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the ones that deceased more than 48 hours before the procedures (began autolysis), or animals

presenting more than 10 kg (this technique is indicated in smaller animals) were excluded

from the study.

Personnel performing the procedures (operators)

Twenty-four veterinarians with surgical knowledge were selected that were without previous

experience in laparoscopic procedures or percutaneous kidney biopsies. The operators were

randomly divided into pairs per animal, and each one collected 20 fragments, 10 from left and

right kidney (also randomly assigned to each pair). The samples were displayed to the opera-

tors after the collection in order for them to evaluate the gross characteristics of the biopsy and

possibly encourage improvement of subsequent collections.

Laparoscopy

Animals were placed in dorsal recumbence and fur from the epigastric region to the pubis was

trimmed. The pre-procedure preparation of the animal followed the surgical standards

required for this procedure [16]. A one-centimeter incision into the cutaneous and muscular

layers was made using the scalpel as the entry point of the laparoscope. A 4 mm trocar with an

insufflation valve (Endoscopy Surgery, Rio de Janeiro, Brazil) was inserted in the right or left

flank, depending on which kidney would be biopsied and the abdomen was inflated with CO2

up to 8 mmHg of intra-abdominal pressure, with an inflation rate of 1 liter per minute.

Kidney biopsy

Percutaneous kidney biopsies were performed with a semi-automatic Tru-cut1 (US BIOPSY,

Franklin, USA) needle, 16 G (1.2 mm × 13 cm), guided by laparoscopy. For the biopsy proce-

dure, the animal was laterally recumbent right or left, depending on the kidney accessed. A

small cutaneous incision close to the kidney location was made using a scalpel to facilitate the

needle puncture.

Every operator collected, sequentially, 10 fragments of each kidney from one animal, total-

ing 20 fragments per operator or 40 per animal since operators were in pairs and each pair

worked with one animal. Animals and kidney sides were randomly assigned to operators.

Sample collection was guided by laparoscopy to place the Tru-cut1 needle in the cortical

region of the kidney, which performed the biopsy cut (Fig 1A and 1B). Fragments were

Fig 1. Percutaneous kidney biopsies guided by laparoscopy. (A) Percutaneous targeting of the Tru-cut1 needle based on the video image.

(B) Insertion of the Tru-cut1 needle into the kidney to collect the fragment (video image). (C) Deposition of the renal fragment on designated

cardboard cut for storage.

https://doi.org/10.1371/journal.pone.0257653.g001
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retrieved from the inner part of the needle, placed in designated cardboard cuts (Fig 1C), and

stored in vials with 10% formalin as described in the literature [17].

Kidney histological examination

After 24 hours in formalin, samples were processed sequentially with ethanol and xylol and

included in a paraffin block from which 3 μm cuts were acquired using the microtome and fur-

ther stained in Hematoxylin and Eosin on a light microscopy slide. All slides were evaluated

using a Universal Zeiss microscope (10X magnification), and the cortical percentage, as well as

the number of glomeruli, were counted.

Operator evaluation

Besides the fragment evaluation, other criteria of the operators were considered. Quantitative

criteria included the duration of the collection (time spent from needle introduction to sample

retrieval), the duration of the storing process (time spent to place the fragment on cardboard),

the total amount of samples obtained, and the mean time taken from one biopsy to another.

Qualitative criteria included the difficulty of the procedure according to the operator (3 = diffi-

cult; 2 = moderate; 1 = mild) and difficulty as each sample was collected.

Statistical analysis

Descriptive statistics of the ‘difficulty of the procedure’ were presented with the median value

and standard error and statistical calculation was made using post-test Bonferroni analysis.

The species effect (dog vs. pig), the cortical percentage in the fragment, the number of glomer-

uli, and the duration of collection, as well as the storing process, were analyzed through

ANOVA (PROC MIXED). Each variable was evaluated separately (fixed independent vari-

ables, animal species and attempts; random variables and treatment repetitions), and an

appropriate variance structure for each variable was used. When significant interaction hap-

pened among the main effects (animal species and attempts), additional analysis of the vari-

ance was performed for each treatment.

The data were analyzed to determine whether they met the assumptions required for

ANOVA analysis, i.e., normality and homoscedasticity (homogeneous variance), which were

verified using Cramer-von Mises and Bartlett tests, respectively. When significant differences

when observed among treatments, the means were compared using Tukey’s test with 5% sig-

nificance (P< 0.05). Statistical analyses were performed using SAS Studio1 [18] and Graph

Pad Prisma1 [19].

Results

Animals

From the twelve animal corpses included in this study, 6 were dogs (3 males– 50% and 3

females– 50%) and 6 were pigs (all females—100%). Dog corpses were composed of two Teckel

(33.3%), Schnauzer (16.6%), Shih Tzu (16.6%) and mongrel (16.6%). Dog’s mean weight was

8.25±0.6 kg and mean age was 80±26 months. The selected pigs were Large White breed, 2

months years old and mean weight was 9±0.6 kg (Table 1).

Sample quality

The mixed regression model showed that the glomerular evaluation and the percentage of

renal cortex did not differ among the biopsy attempts in either species (Fig 2). The results

showed the mean number of glomeruli to be adequate for a kidney biopsy since the first
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attempt (Fig 3). Even though there was no significant difference, it was possible to observe a

tendency of increasing glomeruli count as the collections took place, as well as an increase in

the cortical percentage of the fragment in the swine model. Moreover, when comparing the

samples between species, the ones from pigs presented a higher mean cortical percentage of

the fragments compared to the dog samples. No large blood vessels were detected in the

samples.

Table 1. Characteristics of the animals selected in the study.

Animals

Dogs (n = 6) Pigs (n = 6)

Weight (kg) 8.25±0.6 9±0.6

Age (months) 80±26 2

Sex

female 3 (50%) 100%

male 3 (50%)

Breed Teckel (33.3%), Large White (100%)

Schnauzer (16.6%),

Shih Tzu (16.6%)

Mixed Breed (16.6%)

https://doi.org/10.1371/journal.pone.0257653.t001

Fig 2. Mean glomerular count and cortical percentage of the kidney fragments collected by the operators

throughout the study in the different species (canine and swine). (A) Mean glomerular count throughout the study

attempts collected from dogs. (B) Mean glomerular count throughout the study attempts collected from pigs. (C) Mean

kidney cortical percentage throughout the study attempts collected from dogs. (D) Mean kidney cortical percentage

throughout the study attempts collected from pigs. The Y, F, and P values are indicated in each evaluation and show

the presence (or not) of statistical differences of the variables considered for this figure among the attempts and

between species.

https://doi.org/10.1371/journal.pone.0257653.g002
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Operators evaluation

The duration of the procedure (both collection and storing process) throughout collection

attempts showed statistical differences in both animal models. A clear reduction in the time to

perform the procedure was detected as sequential collections took place. A statistical difference

was also observed between species, which initially showed the collection procedure to last lon-

ger in pigs, but as the sequential collections progressed, the operators working with the pigs

showed to be faster than the ones working with the dog models. Nevertheless, operators work-

ing with the swine model were faster in placing the samples on the cardboard (storing process)

in almost all procedure sequences (Fig 4). It was possible to observe a difference in the collec-

tion duration from the fourth attempt on, where the operator started to reach the plateau of

the learning curve. Regarding the duration of the storing process, multivariate analysis demon-

strated that one attempt is enough for the operator to perform this part of the procedure at

similar times for the subsequent attempts (Fig 5).

Difficulties

The direction and angulation of the needle observed through the video images were some of

the main initial difficulties indicated by the operators. This was supported by the fact that two

samples were lost due to the angle of the needle during the procedure in the pig model, which

was a consequence of the anatomical proximity of the kidneys to the rib bones, given that two

different operators hit this bone with the needle. Similarly, the retrieval of the fragment from

the inner part of the needle and its placement onto the cardboard were largely indicated as ini-

tially difficult some operators lost the sample or cut the tissue section during this process.

Excluding all lost samples, 439/480 fragments (91.5%) were in good enough condition to be

evaluated. The overall difficulties of the procedure in each attempt of the collection, according

to the operators, are shown in the learning curve pictured in Fig 6. The first collections pre-

sented meaningful difficulty and a large oscillation in the opinion of the operators, showing a

large standard error. As sequential procedures took place, the standard error became smaller,

Fig 3. Pig kidney section stained in Hematoxylin and Eosin (HE). Glomerular amount higher than 10 (arrow) in a

microscopic field of a cortical region of the kidney (10X magnification).

https://doi.org/10.1371/journal.pone.0257653.g003
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Fig 4. Mean times (seconds) spent in the laparoscopically guided kidney biopsy (duration of collection and

storing process) throughout the attempts of the operators in both species (canine and swine). (A) Mean collection

duration throughout the study from dogs; B) Mean collection duration throughout the study from pigs. (C) Mean

storing process duration throughout the study from dogs. (D) Mean storing process duration throughout the study

from pigs. The Y, F, and P values are indicated in each evaluation and show the presence (or not) of statistical

differences of the variables considered for this figure among the attempts and between species.

https://doi.org/10.1371/journal.pone.0257653.g004

Fig 5. Multivariate analysis of the data. (A) Analysis acquired for the duration of the collections in both species (canine and swine) throughout the

attempts in this study. (B) Analysis acquired for the duration of the storing process in both species (canine and swine) throughout the attempts in this study.

(�) Moment when subsequent evaluations of this variable are stabilized—plateau (for the duration of collection and storing processes).

https://doi.org/10.1371/journal.pone.0257653.g005
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and at the sixth attempt, the difficulty reported was smaller, and the operators reached the pla-

teau of the learning curve. However, once the side of the collection changed (in the 11th collec-

tion of each operator) another almost independent learning curve was produced for this

variable (difficulty of the procedure), even though the starting difficulty for the second side

was smaller than for the starting side.

Discussion

Through this study, we showed that good quality tissue samples from kidneys could be

obtained using laparoscopically guided techniques since the professional’s first attempt at per-

forming the procedure. However, an improvement in the collection is achieved as the operator

repeats it more times faster and less difficult for the operator reaching a plateau in this

improvement at the seventh time of collection. The main reason for one to consider the neces-

sity of knowing how and developing enough skills to perform this procedure demonstrated by

a learning curve is the requirement of a histopathological diagnosis for several conditions

affecting the kidneys, together with the increasing demand for interpretation of these samples

originated from small animals [6, 20, 21]. The pig models were added in this study due to their

being the model commonly used in human medicine studies [22–25], indicating this study

could be beneficial not only for small animal veterinarian practitioners but also for physicians,

and with greater importance.

Our results showed that in laparoscopy-guided kidney biopsy procedures performed in dog

and pig corpses, the sample quality measured using the cortical percentage of the fragment

and the count of glomeruli is considered satisfactory for further histological analysis, indepen-

dent of the professional experience. This conclusion can be taken using the thresholds estab-

lished in previous papers, where the cortical percentage of the fragment should be larger than

the medullar percentage and the required glomerular count is 5 or 10 glomeruli per fragment

[26, 27]. This can be a direct result from seeing the kidney through video during the procedure,

which provides the professional with the ability to locate exactly the place where the biopsy

needle should puncture the organ, and thus gives a higher control over the process [7, 10, 28].

Contrastingly, the duration of the procedure decreased as the operators made more

attempts until it reached a plateau, agreeing with finding from other studies that also focused

on establishing learning curves and showed that the practitioner’s increase of experience leads

to a decreased procedure time [29–31]. Time shortening in anesthetic and surgical procedures’

Fig 6. Learning curve for the variable ‘difficulty’. Median and standard error of the difficulty scores (1 = mild;

2 = moderate; 3 = difficult) reported by the 24 operators regarding the laparoscopic-guided kidney biopsy procedure

throughout the attempts. (�) Moment when subsequent evaluations of variable ‘difficulty’ were stabilized—plateau; (˚)

Moment of residual return of the variable ‘difficulty’.

https://doi.org/10.1371/journal.pone.0257653.g006
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duration are beneficial and lower the chances of post-surgery complications [32], specially in

patients with nephropathies.

As demonstrated in this study, the duration of the procedure decreased as more attempts

were performed by the operators, both in dogs and pigs, and the operators working with pigs

acquired the samples faster than the ones working with dogs. This could be a result of the ana-

tomical differences between those species, besides the different location and morphology of

this organ in those animal species. Pigs have parallel kidneys arranged close to the abdominal

wall, together with an adipose tissue capsule, granting more stability to those when compared

to dogs [33]. This particularity might have helped the operators of pigs since the needle was

already near the organ once it penetrated the abdominal wall, requiring less manipulation and

repositioning of the instrument. No difference was observed between the right and left kidney

according to the variables considered in this study. This diverging result when compared to

other studies that reported the right kidney to be easier to collect a sample than the left1 could

indicate that this observation is more related to the professional/operator performing the tech-

nique and not the procedure itself.

According to the literature, when a laparoscopic-guided method is performed by a profes-

sional without experience, higher stress and level of difficulty can be detected in its execution,

directly leading to complications from the procedure [34]. As showed by our results and also

other researches, directing an instrument (e.g., needle) towards the targeted tissue using the

help of video-images in a monitor is one of the initial difficulties for professionals working

with this technique since the movements are inverted in the image and help of touch is almost

null [30, 35, 36]. This factor can also be the explanation for why there is an increase in diffi-

culty to perform this procedure once the contralateral kidney needs to be assessed, even if for-

mer collections were performed on the opposite side, since the side change directly affects the

display of internal organs showed in the video images and how the operator will assess those

images. This shows the importance of training the collection on both sides to guarantee greater

skills and safety for the animal during an in vivo procedure.

It is important to highlight that the present study included variables pertaining to the proce-

dure itself and the operators, but not the patient’s (the corpses, in our case). However, some of

those variables (e.g., blood loss, time of hospitalization, trans- and post-procedure complica-

tions, and mortality) could be assessed by the samples’ consistency, size, and the number of

arterioles present. Therefore, we were able to predict this procedure to be safe, even in the first

biopsies, mainly because no large blood vessels or lesions in vital locations were observed dur-

ing and after the procedures, which is an observation supported by other studies [37]. Despite

this, training on cadavers cannot capture all the possible impacts of an in vivo procedure, such

as the actual duration of the procedure and intraoperative complications, especially consider-

ing the laparoscopic procedure and pneumoperitoneum, which represents a limitation. How-

ever, our results show that training on cadavers is an important preliminary step before the

procedure is performed on living beings.

In conclusion, we showed that veterinary professionals are capable of collecting good qual-

ity samples from kidneys using laparoscopic-guided techniques since their first attempt; how-

ever, for a faster procedure with lower difficulties for the operator, at least seven kidney

biopsies would be required according to the learning curve assembled in this study.
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