N
N

N

HAL

open science

Improving Stereotaxic Neurosurgery Techniques and
Procedures Greatly Reduces the Number of Rats Used
per Experimental Group-A Practice Report

Barbara Ferry, Damien Gervasoni

» To cite this version:

Barbara Ferry, Damien Gervasoni. Improving Stereotaxic Neurosurgery Techniques and Procedures
Greatly Reduces the Number of Rats Used per Experimental Group-A Practice Report. Animals,
2021, 11 (9), pp.2662. 10.3390/ani11092662 .

hal-03374352

HAL Id: hal-03374352
https://hal.science/hal-03374352

Submitted on 14 Oct 2021

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-03374352
https://hal.archives-ouvertes.fr

e animals

Article

Improving Stereotaxic Neurosurgery Techniques and Proce-
dures Greatly Reduces the Number of Rats Used per Experi-
mental Group — A Self-Experience Report

Barbara Ferry 12 and Damien Gervasoni !

Citation: Lastname, F.; Lastname, F.;
Last-name, F. Title. Animals 2021, 11,
x. https://doi.org/10.3390/xxxxx

Received: 28 December 2020
Accepted: date
Published: date

Publisher’s Note: MDPI stays neu-
tral with regard to jurisdictional
claims in published maps and insti-

tutional affiliations.

Copyright: © 2020 by the authors.
Submitted for possible open access
publication under the terms and condi-
tions of the Creative Commons Attribu-
tion (CC BY) license
(http://creativecommons.org/licenses/by/
4.0/).

1 Centre of Research in Neuroscience Lyon CNRS UMR 5292 - INSERM U 1028 - Université Claude Bernard
Lyon 1, Université de Lyon

2 Centre Hospitalier Le Vinatier - Batiment 462 — Neurocampus, 95 boulevard Pinel, 69675 Bron Cedex, France

* Correspondence: barbara.ferry@cnrs.fr; Tel.: + 33 4 81 10 65 57

Simple Summary: Techniques of stereotaxic surgery are commonly used today in research labor-
atories by a diversity of students, technicians and researchers. Over the past twenty years, technical
and scientific progresses have been made in neurosurgery to meet the evolving requirements im-
posed by international legislation, and to promote the implementation of « three R » rules. These
improvements were motivated by a greater awareness of animal welfare and the necessary effort in
the reduction of the number of animals used in experiments. The data presented in the present
study show that technical and methodological improvements brought to our surgical procedures
from 1992 resulted in reproducible stereotaxic neurosurgeries and in a significant reduction ex-
perimental errors and animal morbidity. The decreasing effect of these improvements on the final
number of animals used in our experiments, including (1) management of pain during and after
surgery, (2) appropriate aseptic techniques and (3) correct stereotaxic surgical approaches are pre-
cisely described throughout the text.

Abstract: Techniques of stereotaxic surgery are commonly used today in research laboratories by a
diversity of students, technicians and researchers. To meet the evolving requirements imposed by
international legislation, and to promote the implementation of 3R rules (replacement, reduction
and refinement) by reducing experimental error, animal morbidity and mortality, it is essential that
standard operating procedures and proper conduct to follow during such complex surgeries be
precisely described and respected. The present report shows how refinements of our own neuro-
surgical techniques over decades, have significantly reduced the number of animals (rats) used in
experiments and improved the animals” well-being during the post-surgical recovery period. The
current way of conducting pre-, per- and post-surgical procedures used in our laboratory is de-
tailed. It describes, with high standard levels, the practical aspects of stereotaxic neurosurgery that
has been refined in our laboratory since 1992 and that cover various areas including appropriate
anaesthesia, pain management during and after surgery, method to determine the stereotaxic co-
ordinates and the best approach to the target brain structure. The application of these optimal
surgical methods that combines reliable and reproducible results with an acute awareness of ethics
and animal welfare leads to a significant reduction in the number of animals included in experi-
mental research in accordance with ethical and regulatory rules as required by the European Di-
rective on laboratory animal welfare.

Keywords: stereotaxic neurosurgery; refinement; reduction; 3R; well-being; rat model

1. Introduction

Stereotaxic neurosurgery is used in combination with other diverse techniques
necessary for addressing the specific objectives of a proposed neuroscience study. These
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techniques include in vivo experimental procedures for activating or inactivating brain
structures or transmitter systems, permanent selective lesioning, functional neuroana-
tomy using tracers, and acute or chronic measurements or recordings. With the Directive
2010/63/EU for the protection of laboratory animals 2010, Europe has reinforced the im-
plementation of the Three Rs principle (Replacement, Reduction and Refinement) on the
use of animals for experimental and other scientific purposes, originally put forward by
Russell and Burch in their “The Principles of Humane Experimental Technique”.? As in
the preceding Directive (86/609/EEC), appropriate formation and training are required
for all those engaged in the use of stereotaxic neurosurgery in rodents for scientific pur-
poses. A high standard level of formation in stereotaxic neurosurgery implies a good
knowledge in various areas of expertise but also a great awareness of ethics and animal
welfare.

While legal frameworks applicable to animal research have considerably evolved
since the early 1980s, animal care and use guidelines and recommendations have also
been provided and regularly updated by expert groups or entities (eg National Research
Council 201),% Canadian Council on Animal Care 2013,* Federation for Laboratory Ani-
mal Science Associations, animal welfare bodies, see Guillén & Steckler for review,5).
Overall, in conjunction with regulatory incentive these helpful recommendations and
advices have promoted better practices and improved the day-to-day follow-up and care
of laboratory animals. Additionally, with a general public being more and more in-
formed, animal researchers have also become increasingly aware of societal expectations
on laboratory animal welfare. Compliance with the 3R principle, implementation of
humane endpoints, higher scrutiny in pain recognition and management have now be-
come essential requirements.

Animals, especially rodents, are widely used in neuroscience research in order to
study normal and abnormal brain functions.® Since 1992, our research is focusing on the
role of the central structures involved in learning and memory. In particular our exper-
iments have addressed the involvement of several temporal lobe structures in the suc-
cessive memory phases underlying associative learning task in the rat model. For this
purpose, we have used different techniques aimed at testing the effect of local activation
or inactivation of target structures on these processes. Such approach involves the stere-
otaxic placement of guide cannulas in adult rats, that allow intracerebral injections (and
collections) of fluids.

The present work describes the techniques based on common standard procedures
of stereotaxic surgery, during which material can be inserted into the brain in order to
microinfuse drugs in behaving animals performing a task. Based on the data published or
collected in the laboratory notebooks, reports and theses from master and PhD-students
under our supervision, we provide a detailed report on the changes that were introduced
over time in our experimental procedures, and we show their effect on the proportion of
animals that were excluded from the final experimental groups due to per- and
post-surgical complications or intra-brain misposition of the material, throughout our
research activities. The description of the general methodology includes the chronologi-
cal list of the refinements (modification, additional or abandon of a component of the
overall procedure) that have been introduced in the stereotaxic procedures during the
period that covers our research activity from 1992 to 2018.

2. Material and Methods
2.1. Implementation of Aseptic Techniques
2.1.1. Environment and Material

Aseptic techniques have received a special attention since we started our experi-
ment in 1992 and sterilization of the surgical equipment was a first step implemented in
our procedure. To this end, surgical tools (surgical drapes, gowns, compresses, cannulae,
electrodes, micrometer screws, obturators, tools used for drilling the skull bone, scalpel,
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retractors, scissors and needle holder) were sterilized by placing them for 30 minutes at 96

170°C. 97
The ear and incisor bars, the hand piece of the dental drill and the stereotaxic frame 98
were simply cleaned with disinfectant wipes. 99

From 1994 on, a change was introduced in the procedure and the cannulas were not 100
sterilized by heat anymore. Instead, cannulas were put in a bath of hexamidine solution 101
and the inside was systematically infused by a solution of hexamidine and rinsed witha 102
sterile NaCl solution. 103

From 2005, we implemented from the beginning to the end of surgery a sequence of 104
steps under the go-forward principle in order to limit contacts between soiled and sterile 105
instruments or materials and therefore to keep a high level of asepsis. The organisation 106
of space was included in this process with the delineation of two distinct areas, one 107
called “dirty” area for the preparation of the animal (see below), and a "clean" zone for 108
the surgery. 109

2.1.2. Preparation of the Surgeon 110

From 2005 on, an assistant was always present and helped the experimenter to 111
conform with the go-forward principle and to prepare the surgical set-up. After a thor- 112
ough surgical handwashing, the surgeon is helped for gowning and gloving, with a ster- 113
ilized gown and mask as well as sterile gloves prepared in advance. Once the surgeonis 114
equipped, the assistant places the instrument box on a sterile drape next to the stereotaxic 115
frame. 116

2.1.3. Preparation of the Animal 117

A clinical exam is made to ensure that each animal has a good health status before 118
proceeding. Importantly, none of the rats was subject to food restriction before surgery. 119
The animals’ weight is carefully measured for the adjustment of anaesthesia dosage and 120
kept as reference for the post-surgical follow-up. An animal is first being anesthetized 121
and prepared (surgical shearing) in the “dirty” area. Second, the paws and tail of the 122
animal are gently cleaned with an iodine or hexamidine scrub solution. The animal is 123
then brought by the assistant to the "clean" zone. From 1994 on, a thermostatically con- 124
trolled heating blanket with a rectal probe was used to ensure an optimal control of in- 125
ternal body temperature. At this point, the surgeon takes charge, checks the depth of 126
anaesthesia and install the animal into the stereotaxic frame by fixing its head between 127
ear- and nose-bars. An ophthalmic ointment is applied on the eyes to protect the cornea 128
from desiccation. The top of the animal’s head is then scrubbed with an iodine foaming 129
solution (Vetedine Scrub ®), rinsed with sterile water and disinfected with iodine solu- 130
tion (Vetedine Solution ®). Alternatively, chlorhexidine-based soap and solution (Hib- 131
itane ®) were used. The surgeon then let the antiseptic solution dry out and checks the 132
position of the head. 133

2.2. Anaesthesia and Presurgical Analgesia 134

From 1992 to 1999, anaesthesia was induced by an intraperitoneal (i.p.) injection of 5 135
mg/kg diazepam followed by 100 mg/kg ketamine (Ferry et al., 1995; 1996). From 1999 to 136
2006, anaesthesia was induced by using i.p. injection of sodium pentobarbital (50 mg/kg) 137
and supplemented with given atropine sulfate (0.4 mg/kg, i.p.) to suppress salivation and 138
bronchial secretions.”$9101112 From 2006, anaesthesia was induced by i.p. injection of a 139
mixture of 3/4 part of ketamine (Imalgene ®; 100 mg/kg) and V4 part of the alpha-2 agonist 140
xylazine hydrochloride (Rompun ®, 10 mg/kg).1314151617181920 Anaesthesia was main- 141
tained by reinjections of a half and quarter-dose after an initial phase of 30 to 45 min. 142

From 1992, the animals received a subcutaneous injection of lidocaine (Xylocaine ®) 143
at the incision site once deeply anesthetized (suspension of consciousness, loss of tail- or 144
toe-pinch withdrawal reflex, pain sensitivity and mobility.?%?> From 2006, the animals 145
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received also a general analgesic through a subcutaneous injection of an analgesic dose 146
of the mu opioid receptor agonists butorphanol (Dolorex ®) 0.4mg/kg and later on bu- 147
prenorphine (Buprecare©) 0.05 mg/kg in order to reduce pain during surgery.22* 148

2.3. Stereotaxic surgery procedure 149

Incision of the skin and exposure of the cranial surface is made using a scalpel with 150
sterile blade and tissue retractors are placed on each side of the cranial area of interest. 151
The bone surface is gently scraped with a periosteal raspatory or a bone scraper. Sterile 152
cotton-tips and saline solution are used to remove bone debris and dry the skull surface. 153

The cannula holder, or injection needle is installed on the object carrier and its ver- 154
ticality relative to the coronal and median planes is checked. The coordinates of the 155
bregma and lambda landmarks are measured in order to position the skull in a horizontal 156
position (“flat-skull”). The dorso-ventral (DV) coordinates of both landmarks are 157
checked and the inclination of the head is adjusted whenever the difference between 158
both DV coordinates exceeds 0.1 mm. Sterile anchor screws (when needed; for most 159
procedures two or three screws are used) are then inserted to the skull to strengthen the 160

fixation of the implant. 161
From 1995, the “flat-skull” position was verified once. From 2004, the flat position of 162
the skull was checked twice before and after the insertion of the anchor screws. 163

Then, the ML and AP coordinates of the target structure are calculated relatively to 164
the appropriate reference (Bregma or Lambda) with support of a reference atlas and its 165
updated versions.?>?¢?” The needle/cannula is then positioned above the target and its tip 166
used to determine the final DV coordinate of the target from the skull surface. The skull 167
is then drilled, and the dura is hooked using the tip of a small sterile hypodermic needle, 168

and incised in a circular motion. 169
From 1995, the verification of the vertical position of the holders was also checked 170
after having positioned the carrier on the micromanipulator on the stereotaxic frame. 171

From 2004, the final DV coordinates of the target were calculated from the dura 172
surface and the cannula, or injection needle, was installed on the object carrier after the 173

dura was resected. This step was repeated in the case of bilateral insertion. 174
Then, the cannula or injection needle is carefully lowered according to the DV co- 175
ordinates, with a speed of about 1 millimeter per minute. 176

In 2012, we introduced a new holder with groves aligned at fixed intervals to 177
maintain two cannulas strictly in parallel for bilateral implantations. This tool allowed 178
the simultaneous insertion of two parallel guide cannulas in a single move of the holder. 179
From this period on, the axial position of the skull was also systematically verified before 180
inserting the material. 181

When the material has been inserted correctly in the brain, the skull is dried and a 182
self-curing adhesive resin (Super-Bond C&B®, Sun Medical Co., Japan) is applied.?® The 183
guide cannula and anchor screws are then fixed solidly to the skull of the animal using 184
dental acrylic cement (e.g. Unifast Trad® powder and solvent, GC America Inc.). The 185
cement is applied in successive thin layers to protect the brain from the thermal effect of 186
the acrylic polymerisation. The edges of the implant are made as smooth as possible. 187
When the cement has completely dried out, the object carrier is slowly raised leaving the 188
guide cannula in place and visible on the skull. A sterilized obturator (stylet) is then in- 189
serted into the guide to avoid clogging during the post-operative recovery period. De- 190
pending upon the size of the skin incision and the volume of the implant, the wound is 191
sutured at the end of the procedure. For this purpose, sterile suture material is used. 192
Single stiches are done using resorbable suture wire on a 3/8 curved needle. At the end 193
of the procedure, the wound is cleaned with a compress soaked with a 1:10 dilution of 194
disinfectant in sterile water. Any trace of cement, hair or blood clots or other debris that 195
can interfere with wound healing is removed. Before the animal fully recovers from an- 19
aesthesia, the nails of all paws are trimmed to minimize any impact of the animal’s nor- 197
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mal scratching and grooming behaviour on the healing process. The return of the palpe- 198
bral reflex is checked using a cotton-tip applied on the eye’s corner. 199

From 1995, pilot studies were conducted with injections of dye at the target sites and 200
immediate histological verification of the position of dye deposits to determine the cor- 201
respondence between the theoretical coordinates and actual placement within the target 202
area. Occasional discrepancies between actual and atlas coordinates were thus correct- 203

ed.? 204
From 2004, cannulas with reduced diameter were used (from 22 to 23 gauge). 205
2.4. Monitoring Vital Signs During Surgery 206

Toe- or tail-pinch withdrawal reflexes, breathing rhythm and amplitude, colour of 207
the mucous membranes, body temperature and possible dehydration of the animal are 208
checked throughout the surgery. This monitoring was applied since 1992. From 1994, in 209
addition to the visual control of the animal’s breathing and the colour of its mucous 210
membranes, internal temperature was systematically monitored and maintained 211
throughout the surgery. 212

2.5. Post-surgical Procedure 213

At the end of the surgical procedure, the animal is temporarily placed in the recov- 214
ery zone with an infrared spot above the cage. Importantly, the light is placed such that 215
an animal can move away from the hot spot once recovering its righting reflex. 216
Post-operative care procedures such as manual feeding and facilitated access to drinking 217
source are provided until an animal recovers its autonomy and a complete restoration of 218
normal behaviour. Each animal returns to the housing facilities only after complete 219
awakening from anaesthesia and is placed back in its home cage with its litter mates. 220

From 1992 to 1994 systematic i.p. injection of 5 ml of NaCl and heating of the animal 221
at the end of surgery have been used. From that period, animal facilities staff were in- 222
volved in daily post-surgical care and nursing. Individual follow-up sheets were filled 223
for each animal which lists all the substances an animal had received pre- per and 224
post-surgery. In some rare circumstances of severe complication, the involvement of the 225
technical staff enabled rapid euthanasia according to predefined endpoints, thus avoid- 226
ing unnecessary suffering. Also, from 1992 to 2000, a prophylactic antibiotic treatment 227
(penicillin 0.12 MU/0.4 ml, im) was used in order to complete our aseptic tech- 228
niques.”30,31,32 229

From 2012, i.p. injections of 5 ml of glucose Ringer lactate 5% replaced the use of 230
NaCl at the end of the surgery and all animals received a subcutaneous injection of a 231
nonsteroidal anti-inflammatory drug (carprofen, Rimadyl ®). An evaluation of signs of 232
distress and pain was done daily, observations were written on the individual’s fol- 233
low-up sheet.?* Anti-inflammatory treatment was maintained for at least 48h and pro- 234
longed when needed. Contemporaneous records of each animal served to prepare a final 235
report on animal use, and to determine the actual level of pain and distress of the pro- 236
cedures. With the improvement of the aseptic conditions, the antibiotic prophylaxis was 237
discontinued in 2000. 238

2.6. Pharmacological Experiments 239

Animals were allowed to completely recover from the surgery for at least two weeks 240
before performing behavioural and pharmacological studies. During this period, the ex- 241
perimenter visited the animals once daily, and check the integrity of the implant and 242
wound, as well as the operability of the guide cannula. For this purpose, each animal was 243
carefully handled and restrained by hand while the experimenter checked the presence 244
of the stylet and the absence of resistance when sliding it up and down. This daily han- 245
dling contributed to the habituation of the animals to the experimental conditions. The 246
injected drugs were always freshly prepared on the day of the experiment using aseptic 247
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techniques and frozen aliquots of sterile medium (sodium chloride 0.9%, or artificial
cerebrospinal fluid solution). In addition, the inside of the tubing was infused with a 70%
alcoholic solution before each microinfusion. From 1994 on, the animal care staff was
involved in the follow-up of the animals and would inform the experimenter whenever
an abnormal or unexpected situation occurred.

2.7. Post-mortem Examination of Animals

After completion of behavioural and pharmacological testing, each rat was eu-
thanized for brain removal and histological examination of the injection sites. Euthanasia
was obtained with an overdose of anaesthetic.

2.8. Statistics

All analyses were performed with Prism (GraphPad Software Inc.). For normaliza-
tion purpose, a ratio of the “total number of animals discarded from the statistical anal-
yses / total number of animals used in experimental research in our group from 1992 to
2018” was calculated and analysed. The Agostino Pearson’s analysis was used to test the
normality of the distribution and this was followed by Pearson’s parametric correlation
test.

3. Results and Discussion

Data has been obtained from a total of 113 studies and reports in our research group
from 1992 to 2018. A total of 3228 animals, weighing 250-300g at surgical period, were
involved in the present study (n = 348 wistar; n = 1880 Long-Evans and n = 1000 Spra-
gue-Dawley strains). The numbers of animal finally discarded in each study are compiled
and presented as proportions for normalization and inter-studies comparison purposes.

The proportion of animals that were discarded from the final statistical analyses are
spread relatively to the category of improvement brought in our experimental procedure.
Figure 1 shows the effect of refinements in anaesthesia and control of vital signs on the
general recovery of the animals (clinical signs of post-surgical pain and distress); Figure 2
illustrates the effect of improvement of aseptic techniques on the number of infectious
complications (internal and external) and Figure 3 shows the effects of stereotaxic
methodology improvement influenced the number of animals discarded because 13.

248
249
250
251
252

253

254
255
256

257

258
259
260
261
262
263

264

265
266
267
268
269
270
271
272
273
274
275
276

277



Animals 2021, 11, x FOR PEER REVIEW 7 of 14

Figure 1. Effect of refinement in anaesthesia, pain management and rehydration on animal recovery. Letters indicate the 278
chronology of various improvements introduced in the surgical procedure. (a): from 1994-96, internal temperature has 279
been monitored and maintained. Systematic i.p. injection of 5 ml of NaCl and heating of the animal at the end of surgery 280
have been used. Involvement of animal facilities staff in daily post-surgical care and nursing. Individual follow-up is 281
filled for each animal which lists all the substances the animal received pre- per and post-surgery and daily evaluation of 282
signs of distress. (b): from 2004-06, diazepam/xylazine or sodium pentobarbital anaesthetics have been gradually re- 283
placed by the association of ketamine and xylazine. (c): from 2012, systematic i.p. injections of 5 ml of glucose Ringer 284
lactate 5% at the end of the surgery and a subcutaneous injection of an anti-inflammatory were done at the end of the 285
surgery. 286
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Figure 2. Effect of refinement in the surgical and microinjection procedures on aseptic complications. Letters indicate the 288
chronology of various improvements introduced in the procedures. (d): from 1994, the inside of the cannulas was sys- 289
tematically sterilized. In addition, during the microinfusion procedure, the inside of the tubing, the injection needles and 290
the injected drugs were prepared in careful aseptic conditions. (e): from 2005, we implemented an asepsis chain follow- 291
ing a “go-forward” workflow. 292

293
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Figure 3: Effect of refinement in the stereotaxic procedure on the accuracy of placement of the implanted item(s).
LetTable 1995. verification of the flat-skull position before each surgical session. Verification of the vertical position of the
holders. Introduction of pilot studies and immediate histological verification of implantation site to check the corre-
spondence between the theoretical coordinates and actual placement within the target area. (g): from 2004, reduction of
the cannula diameter, final DV coordinate of the target structure is calculated from the dura; systematic verification of the
flat position of the skull after screw position and on each animal (h): from 2012, development of a fixed spaced slide for
cannulas (bilateral implantation); systematic verification of the axial position of the skull.

As illustrated in the figures, we observed significant decreases in the number of
animals excluded from final analyses following the implementation of technical (in ste-
reotaxic pre-, per- and post-surgery) and welfare (pain and distress managements, an-
aesthesia) refinements in our procedures from 1992. Statistical analyses confirmed these
observation and Pearson rank correlation revealed a significant relationship between the
proportion of animals discarded from the analyses and the refinement in the different
techniques throughout the successive periods of research (r=-0.93, P <0.001 for Figure 1; r
=-0.94, P < 0.001 for Figure 2 and r = -0.95, P < 0.001 for Figure 3). These refinements
concern different areas of expertise that are listed below.

3.1. Pain and Distress

Figure 1 shows how technical improvements in our anaesthesia and pain manage-
ment procedures positively impacted post-surgical welfare of the animals. While the
priority was to monitor the proper depth of anaesthesia during the operation by checking
the various reflexes in 1992, gradual increase in the attention to general homeostasis,
body temperature and proper hydration maintenance of the animal prompted us to
complete our surgical procedure. As shown in Figurel (event a), improvements brought
to the monitoring technique from 1994 lead to a substantial decrease in the post-surgical
mortality of the animals. From 2004 (event b), replacement of diazepam/xylazine or so-
dium pentobarbital by the association of ketamine and xylazine improved the overall
quality of surgical anaesthesia, by reducing the time of induction and nociception and
increasing myorelaxation.* Moreover, from 2012, other refinements such as
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post-operative management of pain by administration of a NSAID at the end of the pro- 323
cedure, introduction of health follow-up checks involving the animal facility staff and 324
modification of the rehydration procedure resulted in a reduction of the number of ani- 325
mals discarded from the experimental groups. 326

The welfare of animals included in an experiment is essential to ensure reliable and 327
reproducible the results. From their arrival in the laboratory facilities, animals were kept 328
under a constant supervision in order to detect signs of pain and distress as early as pos- 329
sible. Recognition of these signs can sometimes be difficult especially in prey animals, but 330
helpful information can be found in the literature.’>353 From 1994, animal caretakers 331
were trained to evaluate post-operative signs of distress and involved in the daily fol- 332
low-up of animals. This involvement of the animal facility staff improved the level of 333
animal care and nursing. 334

Minimizing pain and discomfort during and after a surgery strongly relies on the 335
choice of sedation, anaesthetic and analgesic compounds, and an appropriate rehydra- 336
tion procedure when needed, but also on the monitoring procedure. Depth of anaesthe- 337
sia, and vital signs such as respiratory rhythm and amplitude, should frequently be 338
checked throughout surgery in order to react rapidly. General anaesthesia causes a 339
dose-dependent impairment of thermoregulation, a depression of cardiovascular and 340
respiratory systems,?>¥ a lowering of metabolic activity and a peripheral vasodilation 341
that can lead in a matter of minutes to a drop in body temperature and a fatal hypo- 342
thermia under 32°C. Moreover, prolonged hypothermia during a surgery can lead to 343
difficulties in awaking, discomfort and complications from poor blood perfusion, inad- 344
vertent coagulation and ischemia. Conversely, hyperthermia might lead to death. Sincea 345
faulty heating blanket or probe can cause severe harm, appropriate check and mainte- 346
nance of heating devices is recommended when preparing the surgery and attention 347
should be paid to its correct functioning throughout the procedure. From a general point 348
of view, a good monitoring procedure can prevent complications occurring during sur- 349
gery. 350

3.2. Surgical Asepsis 351

Surgical asepsis refers to the absence of infectious microorganisms during an inva- 352

sive procedure. Such organisms are naturally present in the environment, in animals and 353
humans, and on all foreign material that can be introduced in a living tissue (biofilm). 354
Aseptic techniques are thus essential to prevent surgical site infections, post-surgical 355
complications and to minimize the risk of mortality. 356
Figure 2 shows the effect of asepsis-related refinements on the post-surgical welfare 357

of the animals. As shown in the figure, a first noticeable decrease in the number of ani- 358
mals discarded from the analyses was observed at period 1994-96 (event d). Less paren- 359
chymal over-reactions were observed post-mortem when surgical tools and the material 360
such as cannulas, anchoring screws, stylets and cannula holders were chemically decon- 361
taminated by a bath of antiseptic solution. A special attention was paid to the decon- 362
tamination of the inside of the cannulas. Stylets that were replaced in the cannulas 363
throughout the experiment were always decontaminated with 70% alcoholic solution 364
before being re-inserted. The second important event that influenced the number of an- 365
imals discarded from the final experimental groups after the 2004-2006 period (event ) 366
corresponded to the enforcement of the “go-forward” process. With the clear spatial de- 367
lineation of three zones (i.e. “dirty”, “intermediate” and “clean”), we were able to im- 368
plement a “go-forward” workflow whatever the type of manipulation, i.e. the surgery 369
itself, single microinfusion or stylets replacement. As shown on the figure, all these re- 370
finements lead to a sustained reduction of the number of animals used in the analyses so 371
that today there is no more animals excluded from experimental groups due to contam- 372
ination event. 373
374
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3.3. Stereoaxic Coordinates and Angle of Approach During Surgery 375

When determining stereotaxic coordinates of a target structure one should consider 376
its anatomical and functional characteristics, its spatial coordinates as given by the atlas, 377
the organization of the cerebral vascular system, and the age or state of development of 378
the animal. In order to ensure a high precision and reproducibility of stereotaxic surger- 379
ies, the implantation of material such as cannulas, electrodes or microdialysis probes 380
should aggregate all these informations. 381

In this regard, from 1992, a series of improvements have been brought to our stere- 382
otaxic calculation of the brain target coordinates by a systematic verification of the ade- 383
quacy between the theoretical position of the target structure found in the atlases?>26? 384
and its actual position in our animal model.?” In addition, the cerebrovascular anatomy, 385
especially the arrangement of the leptomeningeal vessels has been taken into account 386
for the calculation of the angle of approach in order to avoid critical danger of rupturing 387
important vessels such as the transverse sinus during material insertion. 33940 388

As shown in figure 3, the first event observed after the 1994-96 period corresponded 389
to a refinement in the method to verify the angle of insertion of the cannula into the 390
brain. From that period, the flat position of the skull was verified before each session of 391
surgery. To do this, the correspondence between the DV (+ 0.1 mm) coordinates meas- 392
ured at the Lambda and Bregma reference points was verified before inserting anchor- 393
ing screws. From that period, we also systematically verified the vertical alignment of 394
the cannula holders. Both operations significantly contributed to improve the repeatabil- 395
ity in the intracerebral A/P placement of the cannula. Also, pilot non-survival surgeries 39
and immediate histological verification of implantation site were conducted at that pe- 397
riod on animals previously used in other experiments. This helped to adjust the stereo- 398
taxic coordinates indicated in the Paxinos and Watson atlas in Wistar rats (1) to those 399
found in other type of rats (Sprague Dawley, Long Evans) and (2) to those found in rats 400
of a different weight. 401

The second important improvement was observed during the 2002-2004 period 402
when cannulas of a smaller diameter were introduced (from 23 to 24 gauge); less inva- 403
sive, thinner cannulas have a better tissue tolerance and allow a more precise positioning 404
into the brain. Also, from that period, due to the imprecision observed in some cases 405
between the theoretical DV coordinate of the target structure and the position of the 406
canula observed post-mortem (i.e. convex shape of the cranial bone), the final D/V coor- 407
dinate of the target structure was calculated from the dura. In addition, from 2002, the 408
flat position of the skull was verified before and after the screw anchoring. 409

The third significant progress in the method appeared in the 2010-12 period and 410
resulted from the development of custom-made holders maintaining a given distance 411
and a strict parallelism between cannulas for bilateral implantations in symmetric areas. 412
Such holders were manufactured with parallel groves to fit exactly the M/L distance 413
between each structure targeted. Also, the ML axial flat skull position was systematically 414
verified in order to ensure perfect vertical position and right M/L position of the cannu- 415
las. To this aim, the D/V coordinates of the point above the target structure was bilater- 416
ally checked for correspondence. 417

As shown on the figure, these refinements lead to a steady decline of the number of 418
animals discarded from the analyses due to misplacement of lesion or injection site. Our 419
method has gained in accuracy and reproducibility so that only 1/166 subject was ex- 420
cluded from the final analysis in the last period. 421

3.4. Further Refinement Perspectives 422

The refinements introduced in our research are somewhat diverse and might not 423
apply to any stereotaxic surgery. Stereotaxic surgeries can indeed be used a variety of 424
research projects; while general recommendations can apply, such as the systematic use 425
of aseptic techniques in survival procedures, others need to be considered on a 426
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case-by-case basis. This seems particularly true when considering the nature of anaes- 427
thetic, analgesic and other drugs to administer to an animal. Dosage and administration 428
route are obvious parameters, but others such as half-life and potential side-effects also 429
deserve attention especially in neuroscience research. Some drugs acting on the central 430
nervous system can have delayed effects that can impact the animal’s behaviour and 431
well-being. For example, compounds like buprenorphine?* or fentanyl offer nice pain re- 432
lief properties but can also cause nausea*' and a decrease of intestinal motility.4>4> Some 433
anaesthesia methods can cause excessive salivation and bronchial secretion. To minimize 434
such effect, experimenters can consider the use of atropine sulfate. Because of its central = 435
parasympathomimetic effect, especially at low dose, atropine sulfate can also induce 436
bradycardia instead of tachycardia. Experimenters can alternatively consider glyco- 437
pyrrolate (Robinul ®) that does not cross the blood-brain barrier or choose another an- 438
aesthesia method that does not cause excessive secretions. The choice of a drug should 439
also take into account the potential delayed effect, such as anxiety signs, that may need a 440
specific test to be objectivated. 441
Regarding anesthesia in our own research, we observed a significant decrease in 442
mortality following the refinement in the method. As an alternative to fixed anaesthesia, 443
we have introduced inhalational anaesthesia, since it has been shown to be safer and 444
more effective than parenteral anaesthetics.**> Isoflurane, the most used compound* has 445
a rapid induction and awakening due to its low solubility.#” It provokes little or no sali- 446
vation or tracheobronchial secretions. By adjusting the vaporizer, the level of anaesthesia 447
can be rapidly adjusted. Recommended levels for use in the rodent are 2 to 3% for in- 448
duction, and 0.25 to 2% for maintenance. Moreover, a supplement of oxygen should be 449
used during surgery to avoid hypoxia.*® In order to control this, several devices now ex- 450
ist for monitoring blood gases (oximetry, capnography) and arterial pressure in rodents. 451
Although not widely considered as being necessary for operatory procedures of rela- 452
tively short duration, they will be tested for use in the next future in our laboratory dur- 453
ing long surgeries. 454
Because of its poor analgesic properties and its rapid elimination, switching to 455
isoflurane anaesthesia prompted us to reconsider our analgesia protocols. Since pain can 456
be much more difficult to control once the animal has become conscious of it, we sys- 457
tematically use local anaesthetic drugs (lidocaine, bupivacaine), and opioids (butor- 458
phanol, buprenorphine) for surgery and a post-operative 48h treatment with NSAIDs 459
(carprofen) to provide good analgesic levels and comfort for the animals. 460
Any significant change in a procedure should therefore be thoroughly thought be- 461

fore being implemented. A cost/benefit approach might be appropriate in this matter. 462
Such methodology implies a careful assessment of many parameters, not only during the 463
surgery itself, but also during the immediate and long-term periods that follows. These 464
parameters can strongly differ between research studies. When targeting a brain area 465
involved in motor control, the follow-up of animal’s well-being should include signs of 466
motor deficits or handicap. Such signs can be extremely subtle, or even somehow com- 467
pensated, but they should always be anticipated. Animal caretakers are the first-line ac- 468
tors, because of their presence in animal facilities, but refining a complete procedure will 469
also benefit from close interactions between experimenters, the animal welfare body in- 470
volved in the follow-up of projects and the designated veterinarian. If required by the 471
ethical oversight body or institutional animal care and use committee, a retrospective 472
assessment can also provide guidance and suggestions for future improvements. 473
Although the proportion of animals excluded from our experiment today has 474
reached a low level, we continue our efforts to further improve our procedure and the 475
welfare of the animals without forgetting the well-being of the experimenter and facility =~ 476
staff, bearing in mind that good working conditions (physical and mental) will contribute 477
to high-quality care to the animals and limit compassion fatigue. For this purpose, we 478
regularly update and enrich our training program for experimenters and caretakers in 479
our animal facility on stereotaxic surgery, nursing skills and ethical requirements. 480
481
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4. Conclusion

Over the past twenty years, technical and scientific progresses have been made in
neurosurgery to meet higher ethical standards. These improvements of pre- per and
post-surgical approaches were motivated by a greater awareness of animal welfare and
the necessary effort in the reduction of the number of animals used in experiments. We
identified three major domains where improvements allowed us to achieve reliable and
reproducible stereotaxic neurosurgeries with a lower number of subject rejections. These
domains include (1) management of pain during and after surgery, (2) appropriate asep-
tic techniques and (3) correct determination of stereotaxic coordinates and surgical ap-
proaches.

The data presented in the present study show that refinements made on our pro-
cedures from 1992 to 2018 resulted in a significant reduction in the number of animals
used in experimental research through continuous decrease in experimental errors and
animal morbidity over time. These technical and methodological improvements were
guided by our growing ethical and animal welfare that prompted us to evaluate and
implement new practices and technologies found in the literature and throughout nu-
merous exchanges within the Neuroscience community.

The Authors declares that there is no conflict of interest.
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