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Burden et al. Maximizing the success of bile duct cannulation studies in rats: recommendations for best practice, pp. 457-464
Primary Species: Rat (Rattus norvegicus)
Domain 3: Research

 

SUMMARY: Bile duct cannulation (BDC) studies are usually carried out in the rat to support the absorption, distribution, metabolism and excretion (ADME) profiling of novel agrochemicals and pharmaceuticals. Preparation of the animals for BDC studies is technically complex, requiring relatively invasive surgical techniques and skilled surgeons. Following cannulation animals need to be singly housed which poses a welfare impact.

A working group of experts (study directors/metabolism leaders, veterinarians and surgeons) with a combined experience of 35 years and approximately 2500 BDC surgeries was convened by the UK’s National Centre for the Replacement, Refinement and Reduction of Animals in Research (NC3Rs), with the goal to produce recommendations to maximize the amount of useful data generated while ensuring the highest possible standards of animal welfare.

The group recommends that before choosing BDC - pharmacokinetics and mass balance studies will have to be conducted. It is not recommended to do a BDC study unless for substances where >20 % of substance is present in faeces and formulation does not permit IV study. In these cases, it is recommended to first select doses using PK data and/or other existing data and assess sex differences in metabolism and select appropriate sex(es). Only then conduct BDC studies with one dose and one sex. Authors define success rate as the proportion of animals that are surgically prepared which provide usable data at the end of the study are monitored. With optimal animal preparation and study set up, success rates should routinely exceed 80%. As a minimum the following should be recorded and monitored: how many animals survive surgery; how many fully recover from surgery; rates of bile flow during recovery and post administration; how many provide useful information at the end of the study. Highest success rates are achieved when both the bile duct and gastrointestinal tract (duodenum) are cannulated, to allow for simultaneous collection of bile and reinfusion of bile salts. Single cannulation of the bile duct without reinfusion of bile is not recommended, since the bile can become depleted, requiring the provision of supplements. Animals should be at least 200-250 g, preferably 225-275 g, at the time of surgery. This will ensure that the bile ducts are of a sufficient size for cannulation. Surgery should be performed in a serviced surgical facility suitable for aseptic procedures as asepsis is crucial for surgical success and for full recovery. Specific issues can arise because of suboptimal position of the bile duct cannula. If suboptimal success rates are experienced, the position of the cannula should be one of the first factors examined. Use of anaesthesia and analgesia (e.g. carprofen and buprenorphine as analgesics pre- and post-surgery) should be in line with recommendations for veterinarians and standard practice in individual facilities. After surgery, the animal should show a satisfactory food and water intake, urine and faecal production and weight loss of no higher than 15% compared to pre-op weight. Bile flow should be approximately 10-20 ml/day (0.5-1 ml/h) from a 250-g rat. If an animal cannot enter the data collection phase of the study it is important that a necropsy is performed to understand the cause of the problem, including examination of the cannula positioning.

In conclusion, it is imperative that BDC studies are only carried out when there is no alternative, and/or a less invasive means of answering the scientific questions posed. The authors welcome feedback from practitioners in the field who have identified other techniques and key factors that impact on the success rates of these studies.

 

QUESTIONS
1. Bile duct cannulation studies should only be performed where the percentage of the administered substance is present in the faeces?
a. > 10%

b. > 20%

c. > 50%

d. > 80%

2. T/F. Bile duct cannulation studies should be done with multiple doses and sexes.
3. What are some of the challenges of bile duct cannulation surgeries (select all that apply)?
a. Aseptic technique is required

b. incorrect positioning can lead to leakage or complete dislodgement of the catheter

c. Catheter can become kinked or twisted

d. Some animals have larger bile ducts, even if they are of similar weight

e. Animals must be singly housed 

4. What is a common acceptable success rate based on the experience of 2500 BDC surgeries?

a. 50%

b. 60%

c. 70%

d. >80%

5. T/F. The dual cannulation method whereby both the bile duct and the duodenum are cannulated to allow for simultaneous collection of bile and reinfusion of bile salts has the lowest success rate.
 

ANSWERS
1. b

2. False. BDC studies should only be done with one dose and one sex

3. All answers correct

4. d

5. False. This method has the highest success rates

 

REVIEW ARTICLE

Lauber et al. State of the art in vivo imaging techniques for laboratory animals, pp. 465-478

SUMMARY

· Small-animal, high-resolution imaging techniques have become indispensable tools in preclinical research and in modern drug development.

· In vivo imaging technologies allow the study of biological processes of living organisms in real time on a molecular level.

· In vivo imaging techniques provide non-invasive images rich in quantitative anatomical and functional information.

· In vivo imaging techniques allow longitudinal studies providing precise monitoring of disease progression and response to therapy in different disease models.

· In vivo imaging techniques is ethical and compliant with the 3Rs, since allow a substantial reduction in the overall number animals used in research.

· In vivo imaging techniques can help reduce biological variability, since each animal serves as its own control.

· The most suitable and commonly used in vivo imaging techniques are optical imaging (OI), ultrasonography (US), computed tomography (CT), magnetic resonance imaging (MRI), and methods of nuclear medicine such as positron emission tomography (PET) and single photon emission computed tomography (SPECT).

· The combination of high-resolution modalities (micro-MRI, micro- or nano-CT) and techniques bearing highly sensitive functional information (micro-PET or micro-SPECT) has become a major cornerstone in preclinical research and modern drug development.

QUESTIONS

1. 
Which of the following in vivo imaging techniques for small animals offers the highest resolution?

a.
Optical imaging

b.
Ultrasonography

c.
Magnetic resonance imaging

d.
Positron emission tomography

e.
Single photon emission computed tomography

2. 
In contrast to conventional ex vivo techniques, preclinical imaging (one is not correct):

a.
Allows for real-time monitoring

b.
Has a non-destructive and non-invasive nature

c.
Provides molecular, functional and anatomical information simultaneously

d.
The possible radiation level to the animal model is so minimal that it is never associated with mortality or morbidity (e.g. changes in immune response and other biological pathways that may alter experimental outcomes)

 

ANSWERS

1. 
d. Positron emission tomography.

2. 
d. Although radiation levels used in, e.g. micro-CT, are not lethal to animals, the levels may still surpass the threshold associated with changes in immune response and other biological pathways that may alter experimental outcomes.

 
ORIGINAL ARTICLES

Thomas et al. Minimally invasive technique for intrathecal administration of morphine in rats: practically and antinociceptive properties, pp. 479-489
Domain 2

Primary Species: Rat (Rattus norvegicus)

 

SUMMARY: Refinement in biomedical research stresses the importance of effective pain relief in animals. However, only a minority of laboratory animals receive postoperative analgesia after surgical procedures. Morphine is considered the gold standard for opioid analgesia. Relevant side-effects in rodent are very rare at appropriate dose rates. However, potential interactions can still be of concern. Only 0.1% of morphine administered intravenously (IV) penetrates the central nervous system. The equipotent morphine analgesic effects can be expected with a dose 200 times using the intrathecal (IT) route compared with the IV route. Techniques of neuroaxial injection have been described in rats, but methodology described so far is associated with mortality and neurological deficit. The report describes a simplified technique for IT administration of morphine in rats. 28 female Wistar groups-housed rats were used. Animals were anesthetized with sevofluorane. Rats were randomly allocated to a treatment group: NaCl subcutaneous (SC), NaCl IT, buprenorphine SC, morphine SC or morphine IT. IT injection consisted in positioning the rat arching the distal vertebral spine and inserting a hypodermic needle perpendicularly to the spine between the last lumbar and the first sacral vertebrae. IT location was confirmed by the presence of a tail twitch.  Thermal nociceptive stimuli cycles were carried out at nine locations alongside successive decrease of sevofluorane by 15%. Presence or absence of gross purposeful movement (GPM) was recorded during each stimulation. All IT injections were performed successfully. IT administered morphine reduced the frequency of GMP in a similar way than morphine or buprenorphine SC. This technique could be used to refine protocols by minimizing potential interactions of non-analgesic opioids effects with research protocols and handling stress.

 

QUESTIONS (True or False)
1. 
Immunomodulatory properties of morphine may alter tumor growth profiles. Such effects are dose-dependent and can be minimized by reducing the dosage.

2. 
99.9% of the total administered amount of morphine potentially interacted with the animal model without having the desired effect.

3. 
Placement of a spinal catheter to administer morphine neuraxially is associated with 5-15% of mortality.

4. 
IT administered morphine significantly reduced the frequency of GMP when compared to morphine or buprenorphine SC.

ANSWERS
1. 
True

2. 
True

3. 
True

4. 
False

Moneo et al. Caloric restriction in grouped rats: aggregate influence on behavioural and hormonal data, pp. 490-497

Primary Species: Rat (Rattus norvegicus)

 

SUMMARY: Caloric restriction (CR) can influence health and behavior by increasing life expectancy, resulting in cognitive function decrement, modifying biological parameters, enhancing or decreasing drug effects, inducing anxiolytic effects, and inducing hyperactivity amongst others. Usually, CR experiments need extended time periods, weight control and the avoidance of potential aggressive behavior by single housing, which can result in logistical issues (e.g. use of more cages and racks, more space for placement, more personnel for monitoring experiments, etc.) as well as problems with animal wellbeing (e.g. stress). The authors aimed to compare how a 70% CR affect weight, eating and relationship behaviors of sibling and non-sibling grouped rats. They measured the corticosterone as an indicator of stress and its relation to animal welfare.

Male Wistar rats, siblings and non-siblings were housed in groups of 3 together 6–7 weeks after their birth (22 days after weaning). Over the 23-day experiment, water was accessible ad libitum and food was administered ad libitum (control group, 200g of pellets) or 70% alimentary restriction (siblings and non-siblings groups). Rats were observed and recorded every day for 5 min in each cage immediately after food was provided in both groups under the CR conditions. After the experimental procedure ended, the social behaviors of the animals in the recorded videos were analyzed (the time that each rat was eating under the feeder and the number of ‘pushes’ that each rat imposed on their cage mates while they were eating). The ‘push’ action is defined as a defense from the other rats with the front or back paws reflecting fighting behavior or trying to submit (submission response) to the rats that receive it. Corticosterone was measured on the 10thday of the experiment. On the last day, the proportion of weight in the restricted groups was 79% lower versus the Ad Libitum rats. No major differences were seen in both restricted groups. No significant changes were seen in both restricted groups for both the time under the feeder and the number of pushes. Always the same rat of the group of 3 was the one spending more time under the feeder and showing more pushed. The group restriction prevented the increase in corticosterone levels typically associated with CR. In conclusion, the results suggest the viability and the suitability of group housing rats for at least up to a month of CR maintenance.

 

QUESTIONS (True or False)

1. 
Experimental design involving caloric restriction housing of the animals can be in groups independently if they are siblings or not siblings.

2. 
Higher corticosterone values found in single housing rats when working with caloric restriction can be avoided without affecting behavior and other parameters independently if the rats are siblings or not.

 

ANSWERS

1. 
True

2. 
True

Gasthuys et al. Repetitive urine and blood sampling in neonatal and weaned piglets for pharmacokinetic and pharmacodynamic modelling in drug discovery: a pilot study, pp. 498-508

Primary Species: Pig (Sus scrofa)
Domain 3: Research Replacement, Reduction, and Refinement Techniques


SUMMARY: The aim of this study was to optimize blood and urine collection techniques to adequately perform repetitive PK/PD studies in piglets. A longitudinal study was one in four piglets starting when they were six days old until they were eight weeks old. The age groups tested (six days, four and eight weeks) correspond to the same important age categories of the human paediatric subgroups (neonate, infant and child).

The study comprised four homozygote stress-resistant piglets with a common health status (less sensitive to malignant hyperthermia, landrace x large white), two females and two intact males. A double-lumen catheter was surgically placed in the jugular vein of the four six-day-old piglets and a urine pouch was additionally placed around the prepuce of the two male piglets. The external jugular vein was surgically exposed, and the heparinized catheter was introduced using the Seldinger technique. The catheter was advanced over the guide wire, and the guide wire was then removed. The catheter was tunneled towards the neck region, immediately cranial to the withers, and attached to the skin with sutures. After one day of acclimatization, blood was sampled at 12-time points (5, 15 and 30 min; and 1, 1.5, 2, 3, 4, 6, 8, 10 and 12 h) within a 12 h time period, drawing one milliliter of blood each time from the distal lumen and flushing the catheters afterwards. Urine collection in both studies was performed using human stoma rings and pouches. Stoma rings were then placed around the prepuce and pouches were attached to the ring during the urine sampling period according to the manufacturer’s instructions. Multiple urine collections (4-time points, with renewal of the urine pouches at 0, 3, 6 and 9 h) were performed within a 12 h time period.

Catheterization was successful, despite the relatively large diameter of the catheter compared with the diameter of the jugular veins. At the age of four weeks, catheterization and direct venipuncture were compared to determine the most appropriate technique for blood collection. Histological analysis of the jugular veins did not reveal inflammation around the catheterized veins, and the damage to both veins was negligible. Taking these observations into account, it is possible to catheterize the jugular vein without severe damage. Consequently, recatheterization of the vein may be possible. The urine collection technique described by the authors, reduces significantly the risk of tract infections, surgery is not required and can be easily performed in piglets; however, the inability to attach the urine pouches to the perineum of female piglets, causing the pouches to be loosened, consequently faecal contamination of the urine.

In conclusion, porcine PK/PD studies can be easily performed in these different age categories, being catheterization of piglets the better option since this is a more ethical method of collecting multiple blood samples - comparing with direct venipuncture, the traditional selection for 4-8wks piglets.
QUESTIONS
1.
Which is the answer not correct during a Seldinger technique?
a.
Vessel are punctured with a trocar
b.
A guide wire is introduced to lead the catheter
c.
Clotting handling involves 1 minute of pressure per French diameter of the catheter
d.
Ultrasound make easier the vessel detection
2.
Why urine pouches are a better option that bladder catheterization?
a.
No surgery is needed
b.
No urinary tract infections
c.
The pouches can be easily applied to the abdomen with minimal restraint of the animal
d.
Can be used in neonatal piglets
e.
All of them
3.
T/F. A non-invasive technique for collecting urine from female piglets is still lacking.

ANSWERS
1.
c.  To avoid the vessel bleeding you need at least 3 minutes per French diameter of the catheter.
2.
e
3.
True

Manell et al. Anaesthesia and changes in parameters that reflect glucose metabolism in pigs – a pilot study, pp. 509-517

Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions; Task 1. Prevent spontaneous or unintended disease or condition; TT1.9. Pharmacology with emphasis on drugs used to treat spontaneous or induced disease (e.g., indications, use and contraindications of drugs; adverse reactions; adverse interactions; mechanisms of action; species-specific toxicity), and drugs used to induce disease (e.g., azoxymethane to induce neoplasia, or DSS to induce colitis).

Primary Species: Pig (Sus scrofa)

 

SUMMARY
Introduction-Problem-Interest:  Laboratory pigs must lie completely still, and thus needs to be anaesthetized in order achieve and performing imaging procedures. Most anaesthetic drugs used in laboratory animals affect carbohydrate metabolism by the inhibition of insulin release. 
Aim: This pilot study was primarily aimed to evaluate the effects of two anaesthetic protocols, Propofol and a combination of tiletamine, zolazepam and butorphanol (TZB), and develop an anaesthetic protocol for pigs that did not influence blood glucose levels throughout the 3 h of anaesthesia; and secondly, to evaluate the most promising protocol in combination with an oral glucose tolerance test (OGTT).

Material and Methods: Animals— Four growing pigs. Study Design- Experiment 1: Two anaesthetic protocols were used in the pigs, Propofol and a combination of TZB, for their effect on blood glucose levels. Experiment 2: The pigs underwent OGTT without anaesthesia, and subsequently OGTT with anaesthesia (TZB), which was induced after glucose intake.

Results: Intravenous Propofol infusion caused hyperglycaemia in three out of four pigs within 5–10 min after induction and was therefore excluded. Intravenous infusion with tiletamine, zolazepam and butorphanol (TZB) for 3 h did not affect blood glucose levels. Anaesthesia during OGTT resulted in a lower area under the curve (AUC) of glucose (P<0.05), higher AUC of glucagon (P<0.05) and an insulin response less than 10% of that during OGTT without anaesthesia.

Discussion and Conclusion: In conclusion, results from this pilot study indicate that IV infusion of a combination of TZB can be used for 3 h of anaesthesia in pigs without affecting glucose homeostasis. The anaesthetic protocol described is especially useful for studies involving glucose-related physiology. The protocol should not, however, be used in combination with OGTT as glucose, insulin and glucagon levels are affected by these agents.

 

QUESTIONS
1. 
True or False. Pigs are especially useful in different imaging procedures such as positron emission tomography (PET) scans, since a larger-sized animal is often required to achieve high resolution images.

2. 
Most anaesthetics and sedative agents that are used in laboratory animal medicine are known to affect carbohydrate metabolism, including:
a. 
Xylazine and medetomidine

b. 
Isoflurane and sevoflurane

c. 
Barbiturates

d. 
All of them are true

3. 
True or False.  The cause of shivering in pigs during anaesthesia is well known, and neuromuscular blocking agents (NMBs) may not be used in addition to anaesthetics to reduce shivering.

4. 
N-methyl-D-aspartate (NMDA) receptor antagonists such as ketamine and tiletamine have little or no effect on carbohydrate metabolism in:
a. 
Rats

b. 
Humans

c. 
Nonhuman primates

d.
Cats

e. 
Bears

f. 
All of them are true

5. 
True or False: Morphine and other opioid mu-agonists inhibit gastric emptying and intestinal transit, even at low doses.

 
ANSWERS
1. 
True

2. 
d. All of them are true.

3. 
False. The cause of shivering in pigs during anaesthesia is unknown, and in the present experiment the same two pigs shivered during both anaesthetic protocols, while the other two pigs did not. Neuromuscular blocking agents (NMBs) may be used in addition to anaesthetics to reduce shivering.

4. 
f. All of them are true.

5. 
True

Bertrand et al. Comparison of emergence times and quality between isoflurane and sevoflurane in rhesus macaque (Macaca mulatta) undergoing neurosurgical procedure, pp. 518-525

Primary Species: Macaques (Macaca spp.)
Domain 2

SUMMARY: Non-human primates are considered useful models in biomedical research in neuroscience. Neuroscience often require prolonged anaesthesia and volatile anaesthetics are frequently used since they are non-cumulative, enable rapid and easy adjustments and rapid induction and recovery. Sevoflurane allows shorter emergence time and an earlier post-operative neurological examination compared to isoflurane. The aim of the study was to assess the recovery following long-term maintenance of either isoflurane or sevoflurane in rhesus macaques undergoing neurosurgical procedures.

Twelve male and female rhesus macaques were used. Animals were sedated with ketamine and induced with propofol. Anaesthesia was maintained with either isoflurane or sevoflurane mixed with 100% oxygen. Analgesia was provided by means of meloxicam subcutaneously and intravenous infusion of alfentanil and methylprednisolone.

There was no statistical difference in the duration of anaesthesia between the treatment group and no difference in any of the physiological parameters monitored or the quality of recovery. The time between discontinuing delivery of volatile anaesthetic and extubation was significantly lower in sevoflurane. At the same time, sevoflurane presented a lower total emergence time. In conclusion, both volatile anaesthetics can be considered suitable agents for the maintenance of general anaesthesia for neurosurgical procedures. However, sevoflurane resulted in a more rapid recovery.

 

QUESTIONS (True or False)
1.
Sevoflurane presented a better recovery compared to isoflurane after a long-term anaesthesia.

2.
Both sevoflurane and isoflurane are suitable for maintenance of anaesthesia for neurosurgical procedures.

3.
Volatile anaesthetics provide rapid induction and recovery with slow adjustments.

4.
Volatile anaesthetics are recommended in procedures that require prolonged anaesthesia.

ANSWERS
1.
False

2.
True

3.
False

4.
True

SHORT REPORTS

Moreno-del Val and Munoz-Robledano. Revitalizing genetically-modified mouse strains using frozen-thawed sperm after up to 192 h of refrigerated epididymis transportation, pp. 526-529

Primary Species: Mouse (Mus musculus)
Domain 3: Research

 

SUMMARY: Authors evaluate the transportation of refrigerated epididymis in front of live animal transportation. They evaluated the recovery of embryos and pups form refrigerated and frozen-thawed embryos after up to 192h transportation. They concluded that enhancement of transport conditions and sperms selection before IVF are the factors that can improve the use of epididymis transportation as alternative to transportation live animals for exchange transgenic mice between different locations.

 

QUESTIONS
1.
T/F. Refrigerated mouse epidydimal sperm can maintain fertility after_____ hours of transportation.
a.
24 h

b.
48 h

c.
72 h

d.
96 h

2.
T/F. Frozen thawed sperm fertilization potential decreases after 48 h of cold storage.
3.
T/F. The main limitation for shipping mouse epididymis is travel conditions.
4.
T/F. The main limitation for shipping mouse epididymis is travel duration.
5.
T/F. Mouse epididymis appear brighter when maintained at room temperature during transportation. 

6.
T/F. Dead or damaged sperm during transportation release factors that inhibit sperm IVF capacity.
7.
T/F. It is possible to obtain pups from frozen-thawed sperm if sperm selection is performed before IVF.
8.
What are the two factors that allow epididymis transportation an alternative of transportation of live mouse?

 

ANSWERS
1.
c

2.
T

3.
F

4.
T

5.
F

6.
T

7.
T

8.
 Transport conditions and sperm selection before IVF.

 

 

Cheng et al. A novel method for intratracheal injection of infectious agents into mice, pp. 530-533

Primary Species: Mouse (Mus musculus)

Domain 3: Research; K1. Biomethodology techniques 

SUMMARY: In this study, B6 mice were challenged with intratracheal doses of Mycobacterium bovis using a novel CAD designed and 3D printed platform. Mice were anesthetized and suspended from an incisor hanger, and were dosed using a micropipette. Successful dosing was later confirmed by lung tissue homogenization and bacterial plating. The authors proposed the design would improve ergonomics and minimize risks of human and animal injury. 
QUESTIONS

1.
Intratracheal administration is used to induce infections of what kinds of disease agents?

2.
What 2 processes are becoming widely used processes to create custom designed and difficult to manufacture products? 

3.
What is the etiologic agent of tuberculosis?

4.
Mycobacterium tuberculosis is a BSL ____ agent?

ANSWERS

1. 
Highly contagious airborne pathogens

2.
Computer aided drafting (CAD) and three-dimensional (3D) printing

3.
Mycobacterium tuberculosis

4.
3

Eiseman et al. Estimation of body surface area in the musk shrew (Suncus murinus): a small animal for testing chemotherapy-induced emesis, pp. 534-537

Domain 3: Research

Tertiary Species: Other Rodents
 

SUMMARY: This article looked at estimating body surface area (BSA) through image analysis of the skin area to determine the Meeh constant (Km). Km is a conversion factor between BSA and BW (Km = BSA/(BW2/3)9. 

 

Results: The calculated Km was used to determine BSA, which was in close agreement with other mammals with calculated BSA. Km was significantly different between the two sexes of musk shrew. 

 

QUESTIONS
1.
Which animal is the musk shrew (Suncus murinus)? Can you name the remaining animals?

a.    [image: image1.png]



b.    [image: image2.emf]
c.     [image: image3.emf]
d.    [image: image4.emf]
2.
What areas of research are musk shrews used for?

a. 
Metabolic syndrome

b.
Female reproduction

c.
Periodontitis 

d. 
Emesis in chemotherapy treatment

 

ANSWERS
1.
a; b. Naked mole rat, c. White-footed deer mouse, d. Vole 

2.
All the above

 

de Jonge et al. Clinical protocol levels are required in laboratory animal surgery when using medical devices: experiences with ureteral replacement surgery in goats, pp. 538-541
Secondary Species: Goat (Capra hircus)

Domain 3: Research; TT3.8 Experimental Surgery Techniques
SUMMARY

Background: Large animals are used for the evaluation of medical devices and development of new surgical techniques. In the event of ureter trauma or injury, a segment of the ureter must be surgically replaced. In the procedure, a stent is put inside the ureter to avoid obstruction of the lumen. Traditionally, pigs have been used as a model of ureter replacement in which the stent is located in a blind fashion (blind technique). Nonetheless, the use of pig is not appropriate owing to its growing potential and rapid-healing process that can interfere with the research outcomes. As an alternative, goats have been also used.
Methodology and Results: Seven goats (Saanen breeds) were used in this study using the same protocol as in pigs (blind technique). After 3 months, animals were euthanized, and necropsy was performed. In 57% of the cases kidney lesions were found (renal cortex penetration, urinoma and inflammation) resulting from an imprecise insertion of the stent. In the following study the researchers decided to perform an imaged-guided stent insertion using X-ray and iodine contrast. Using this methodology, the stents were correctly inserted in the kidney and none of the animals developed renal lesions as it occurred with the blind technique.

Conclusions: The use of imaging techniques in the experimental protocol optimized stent insertion in a model of ureter replacement in goats. X-ray application in the protocol contributed to the refinement of the procedure by reducing the lesions induced in goats. The development of the inflammatory lesions, induced by the blind technique, could alter the experimental results. Therefore, the new methodology also contributed to reduce the number of animals used in research.

 

QUESTIONS (True or False)
1. 
The study was not performed in males as the curved urethra of males makes catheterization more difficult

2.
The study was performed in females as the non-curved urethra of females facilitates the catheterization.

3. 
The smaller size of goat’s kidneys (with respect to pigs) makes the blind technique for stent insertion inappropriate in this species (goat)

4.
The authors of the report evaluated the kidney anatomy in the goat and took into consideration differences with pigs.

5. 
This report is an example of translational medicine from patients (humans) to animal studies.

 

ANSWERS
1.
T
2.
T
3.
T
4.
F 
5.
T
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