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28  Subarachnoid hemorrhage continues to carry a high burden of mortality and morbidity in man.
29  To facilitate further research into the condition and its pathophysiology, a pre-chiasmatic, single
30 injection model is presented.
31
32  ABSTRACT:
33  Despite advances in treatment over the last decades, subarachnoid hemorrhage (SAH) continues
34  to carry a high burden of morbidity and mortality, largely afflicting a fairly young population.
35 Several animal models of SAH have been developed to investigate the pathophysiological
36 mechanisms behind SAH and to test pharmacological interventions. The pre-chiasmatic, single
37 injection model in the rat presented in this article is an experimental model of SAH with a
38 predetermined blood volume. Briefly, the animal is anesthetized, intubated, and kept under
39 mechanical ventilation. Temperature is regulated with a heating pad. A catheter is placed in the
40  tail artery, enabling continuous blood pressure measurement as well as blood sampling. The
41  atlantooccipital membrane is incised and a catheter for pressure recording is placed in the
42  cisterna magna to enable intracerebral pressure measurement. This catheter can also be used
43  for intrathecal therapeutic interventions. The rat is placed in a stereotaxic frame, a burr hole is
44  drilled anteriorly to the bregma, and a catheter is inserted through the burr hole and placed just
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anterior to the optic chiasm. Autologous blood (0.3 mL) is withdrawn from the tail catheter and
manually injected. This results in a rise of intracerebral pressure and a decrease of cerebral blood
flow. The animal is kept sedated for 30 min and given subcutaneous saline and analgesics. The
animal is extubated and returned to its cage. The pre-chiasmatic model has a high reproducibility
rate and limited variation between animals due to the pre-determined blood volume. It mimics
SAH in humans making it a relevant model for SAH research.

INTRODUCTION:

Non-traumatic subarachnoid hemorrhage (SAH) is a form of stroke, representing around 5% of
all cases. The most common cause of non-traumatic SAH is the sudden rupture of an aneurysm
(aSAH), which accounts for 85% of SAHs. Other causes include the rupture of an arterio-venous
malformation, coagulopathies, and rupture of veins in perimesencephalic hemorrhage®. The
incidence rate is 9 per 100,000 person-years with mortality around one in three and another third
requiring the support of daily living following SAH%3.

Following initial stabilization and diagnosis confirmation, treatment depends on the severity of
the hemorrhage. The most severely afflicted patients will have an extra-ventricular drain inserted
into the ventricles to reduce the intracerebral pressure (ICP) and be admitted to the
neurointensive care unit, where they are monitored closely. Patients will undergo an angiography
to identify the (probable) aneurysm and afterward have the aneurysm coiled or clipped to
prevent rebleeding®. Despite numerous trials of pharmacological therapies, only nimodipine, a
calcium-channel antagonist, has shown to improve outcomes®. Multiple clinical trials are
currently underway. Please see the review by Daou and colleagues for an extensive list®.

The rupture of an aneurysm has been described as the sudden onset of the worst headache ever
experienced or a thunderclap headache. The rupture results in a steep rise in the ICP followed by
a reduction in the cerebral blood flow (CBF). This reduction results in global ischemia of the brain,
which can result in a loss of consciousness. This more mechanistic pathway, along with the
initiated breakdown of the extravasated elements of blood, gives rise to cytokine release and
activation of the innate immune system resulting in sterile neuroinflammation. Furthermore,
breakdown of the blood-brain barrier, resulting in cerebral edema and disturbance in the ion
homeostasis, is often observed. All these changes and more, coined early brain injury (EBI), occur
within the first couple of days and results in neuronal loss and apoptosis’.

Approximately 1/3 of patients afflicted with aSAH will develop delayed cerebral ischemia (DCl)
between day 4—-148. DCl is defined as either the debut of a focal, neurological impairment or a
drop of minimum two points on the Glasgow coma scale lasting for a minimum of 1 h, when other
causes, including seizures and re-bleeding is excluded. DCl is associated with an increased risk of
death and decreased functional outcome following aSAH®. Cerebral vasospasm (CVS), the
narrowing of the cerebral arteries, has been known to be associated with DCI for decades and
was formerly thought to be the sole reason for DCI. It has since been shown that CVS can occur
without the development of DCI and more factors, including microvascular thrombosis and
constriction, cortical spreading depression, and an inflammatory response of EBI have since been
identified'%-12,
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Due to the large influence of EBI and DCI on the course of the disease and the outcome of the
patients afflicted, animal models need to mimic these to the largest degree possible, while still
being reproducible. Researchers have employed a wide range of different models in a variety of
animals from mice to non-human primates to try and simulate aSAH. Sprague-Dawley and Wistar
wildtype rats are currently the most commonly used laboratory animals, and the most common
models are the endovascular perforation model, the cisterna-magna double injection model, and
lastly the pre-chiasmatic single injection model, which will be described in this article®3.

The pre-chiasmatic, single injection model was originally developed by Prunell and colleagues to
counter some of the shortcomings of the other experimental models!*. The surgery, when
mastered, is highly reproducible and minimizes variation between animals. The model mimics
SAH in humans on multiple points, including the sudden rise in ICP following the injection of
blood, resulting in transient global ischemia due to a fall in the CBF*>1®, It affects the anterior
circulation, which is where most aSAH in humans occur!’. The mortality ranges from 10%—33%
depending on the study and amount of blood injected*!®. Delayed cell death and
neuroinflammation can be detected on day 2 and 7 thereby providing variables to study the
consequences of EBl and DCI**%,

The study presents an updated description of the pre-chiasmatic single injection model in the rat
along with a description of how to utilize the ICP-probe as a port for intrathecal administration
of pharmaceutics.

PROTOCOL:

This procedure is done in accordance with the European Union’s Directive 2010/63/EU regarding
the protection of animals used for scientific purposes and approved by the Danish Animal
Experiments Inspectorate (license no. 2016-15-0201-00940). Surgery is performed using aseptic
technique to the widest extent possible, including sterile instruments, catheters, and sutures.
The study used male and female Sprague-Dawley rats weighing 230-350 g, group housed in 12-
h light/dark cycle, with constant temperature of 22 °C (+ 2 °C), and humidity of 55% (+ 10%). The
animals are provided with standard chow and water ad libitum. The animals are housed in single
cages following surgery but can be returned to group caging when the ICP-probe has been
removed. The anesthetic in this protocol is isoflurane gas but a 1.5 mL/kg of 3:2 intraperitoneal
mixture of ketamine (100 mg/mL) and xylazine (20 mg/mL) is also effectful??.

1. Preparations
1.1. Modify a 16 G peripheral vein catheter for intubation. To modify, shorten the needle by
1 cm and bend the remaining distal 1 cm by 30° toward the injection valve. Remove the catheter

wings (multiple use).

1.2. To make an ICP probe, cut a 20 mm piece of polythene tubing (inner diameter (ID): 0.58
mm, outer diameter (OD): 0.96 mm) and burn one end to make a circular plate, keeping an open
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lumen. Circumvent the polythene tubing with 1 mm of silicone tubing (ID: 1.0 mm, OD: 3.0 mm)
before connecting 10 mm of silicone tubing (ID: 0.76 mm, OD: 2.4 mm) to the end of the
polythene tubing.

1.3.  Power on the laptop and open the data acquisition software. Calibrate the blood pressure
(BP) and intra cerebral pressure (ICP) transducers, and the Laser-Doppler according to the
manufacturer’s instructions.

1.4. Prepare the blood gas analyzer apparatus.

CAUTION: Make sure there is enough isoflurane in the vaporizer.

1.5. Turnon the O; and N2O flow. Set the flow of O, at 30% and N,O at 70%.

1.6.  Place the heating pad and set the temperature to 37 °C.

2. Anesthesia

2.1.  Place the rat in the anesthesia chamber with a flow of 30% of O, and 70% of N>O.
Administer 5% of isoflurane gas into the chamber. Adequate anesthesia will take around 4 min.

Control the breathing carefully.

2.2. When anesthetized, place the rat in supine position on a heavy plate circumvented by a
rubber band. Place the front teeth of the rat below the rubber band.

2.3.  Draw the tongue out carefully with curved forceps. Clean the larynx with a cotton tip.
Place an external light in the midline of the throat to visualize the vocal cords.

2.4. Intubate during inspiration using the modified 16 G peripheral vein catheter. When
correctly inserted, remove the stiletto. Connect the catheter to the ventilator.

NOTE: Correct placement of the tube is confirmed by chest movements in sync with respiration
rate. If movements of the abdomen are seen, extubate and reintroduce the rat into the
anesthesia bell. Do not repeat the procedure more than three times due to the risk of damaging
the airways.

2.5. When intubated, keep the animal on artificial respiration with 30% of O, and 70% of N,O.
Maintain the anesthesia at 1.5%—2% of isoflurane. Adjust the isoflurane to keep the blood
pressure between 80-100 mmHg.

2.6. Keep the inspiratory volume of the respirator at 3 mL and the frequency at 40-45
inspirations/min. Adjust the inspiratory volume according to the blood gas analysis.
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2.7. Make a stitch through the inner soft tissue of the cheek with a 2-0 suture. Tie the suture
around the injection tube and the injection valve of the peripheral vein catheter to fasten the
catheter.

2.8. Move the rat to the operating field and place it in supine position with the tail facing
toward the surgeon.

2.9. Apply the eye gel when needed to counter dry eyes.

3. Tail catheter

3.1.  Disinfect the proximal 3—4 cm of the tail with 0.5% of chlorhexidine ethanol.

NOTE: From now on, use the surgical microscope upon the surgeon’s discretion.

3.2.  Make a 15-20 mm skin incision in the proximal end of the tail on the ventral side. Be
careful not to incise the artery.

3.3.  Loosen the skin from the underlying connective tissue using a curved forceps.
3.4. Carefully penetrate the fascia exposing the artery.
3.5.  Carefully release the tail artery from the underlying tissue using a curved forceps.

3.6.  Slip three black silk threads under the vessel. Place one thread as distally as possible and
tie a surgical knot tightly around the artery. Hold the loose ends of the thread with a hemostat.

3.7. Tie the two remaining threads loosely around the artery.
3.8.  Push the proximal thread as proximally as possible. Apply a hemostat to hold the ends of
the proximal thread. Pull the hemostat lightly, but enough to restrict and block the blood flow.

Place the hemostat on the abdomen.

3.9. Cut the tip of the catheter at a 45° angle. Cut the sharp point to prevent arterial wall
penetration.

3.10. Usinga Vannas scissor, make an artery incision 1/3 of the artery’s diameter at a 30° angle,
3-5 mm from the distal knot.

3.11. Insert the catheter into the artery using two straight forceps. Use one forceps to hold the
catheter and the other to carefully pull the artery over the catheter.
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3.12. Insert the catheter up the vessel to the proximal knot and loosen the knot from the
hemostat. Visualize the blood flow in the catheter. Fasten the middle thread loosely to the
catheter.

3.13. Continue insertion to, and if possible, just beyond, the point where the artery is covered
again by fascia.

3.14. Fasten the two proximal threads using surgical knots.
3.15. Control the catheter placement and possible leak by flushing with saline.

NOTE: The blood pressure measurement needs to be pulsatile; if not, the catheter is not properly
placed.

3.16. Fasten the catheter at the end of the incision by tying a surgical knot using the distal
thread.

3.17. Stitch the skin incision loosely together with two non-resorbable monofilament 4-0
suture. Be careful not to penetrate the catheter.

NOTE: Throughout the surgery be aware of the amplitude of pulsation. If this is low, flush the
catheter with saline.

3.18. Loosen the arterial catheter from the pressure transducer to allow blood flow for blood
gas sampling. Place a micro capillary tube at the end of the catheter. Let the blood flow into the

tube. Re-attach the catheter to the transducer after blood collection and flush the catheter.

3.19. Insert the capillary tube in the blood gas analyzer. Measure the pH, pC0O2, and p0O2 and
note them down.

NOTE: Depending on the blood gas and blood pressure values, change the ventilation rate. If
the mean arterial pressure (MAP) is too low, try to turn down the flowrate of isoflurane. Test
the reflexes to ensure proper depth of anesthesia.

4. ICP probe

4.1. Place the rat in the stereotaxic frame. It is important to position the rat symmetrically.

4.2. Place a cylindrical pillow under the stereotaxic frame to create anterior flexion of the
neck.

4.3. Shave the rat’s scalp, neck, and the area behind the ears. Remove the superfluous hair.

4.4, Disinfect the area with 0.5% of chlorhexidine ethanol.
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4.5.  Anesthetize locally with 0.7 mL of 10 mg/5 pg/mL lidocaine with adrenaline, insert the
needle at the caudal end of the skull in the midline. Inject into the musculature of the neck with
0.3-0.4 mL. Inject the rest subcutaneously around and anterior to the bregma.

4.6. Make a skin incision from the needle puncture ~8 mm caudally in the midline.

4.7. Dissect all the muscles bluntly in layers to identify the atlantooccipital membrane (marble
colored triangle caudally to the skull in the midline).

4.8. Use the Alm retractor to restrain the neck musculature. Place the pronged retractor
caudally if needed.

4.9. Check whether the sterile ICP-probe is connected to the ICP transducer. Flush the ICP
probe with saline. Ensure no air bubbles are present in the ICP probe.

4.10. Incise the atlantooccipital membrane using a 23 G needle. Make a hole to coax the ICP
probe through the membrane.

4.11. Coax the probe through the atlantooccipital membrane gently. Pull the probe lightly and
ensure that it shows a pulsating curve ranging between 0-5 mmHg. If not, remove the probe,

check the connection to the transducer, and confirm the flow through the lumen.

4.12. Apply two drops of the tissue glue. Move the 1 mm silicone tubing forward to the
membrane and apply additional glue to minimize the risk of ICP-probe displacement.

4.13. Remove the retractor(s).

4.14. Make one horizontal mattress suture to the cephalic end of the incision and one simple
interrupted suture to the caudal end using a non-resorbable monofilament 4-0 suture.

5. Placement of the needle and the Laser-Doppler probe
5.1. Make anincision in the midline just anterior to the eyes, 15 mm caudally.

5.2. Remove the connective tissue and the muscles with forceps. Use the end of a sterile
cotton swab as a rougine making it possible to identify the bregma and the coronal sutures.

5.3. Place the Alm retractor.

5.4. Place a 25 G spinal needle in the stereotaxic frame. Place the needle exactly on the
bregma and note the position.

NOTE: Place the midline joint of the stereotaxic frame at 30° toward the animal in the vertical
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plane.

5.5. Remove the needle from the bregma, move the frame by 65 mm anteriorly and then
replace the needle in the midline to mark the site of drilling.

5.6.  Drill until the dura mater is identified below the bone. Gently remove the bone
fragments using straight forceps and fill the cavity with bone wax.

5.7.  Drill another hole 3—4 mm lateral to the right of the bregma and just anterior to the
coronal suture for the Laser-Doppler. It is not necessary to drill all the way through the bone. Be
careful not to penetrate the dura mater.

5.8. Look for the vessels where the laser-doppler can measure the blood flow. Place the
laser-doppler and check the values. A minimum value of 100 FU is required. Remove the
microscope (artificial light).

5.9. If the values are still acceptable, add one drop of glue to fix the probe.

5.10. Recheck to confirm whether the value is above 80 FU. If the value is below 80 FU,
remove and reposition the probe to reach a value above 80 FU.

NOTE: The value, FU, is an arbitrary unit showing cerebral blood flow (CBF).

6. Induction of SAH

6.1. Insert the needle gently through the skull in the midline between the hemispheres until
resistance of the base of the skull is felt. Retract the needle by 1 mm to ensure correct

placement just anteriorly to the optic chiasm.

6.2. Turn the needle 90° clockwise so that the needle tip points to the right to ensure the
most homogenous result when injecting the blood. Remove the stiletto (Figure 3).

6.3. Equilibrate for 15 min and adjust the level of anesthesia to obtain a mean arterial blood
pressure in the range 80-100 mmHg.

6.4. Perform a blood gas analysis. Adjust the level of anesthesia accordingly.

6.5. Withdraw 500 pL of blood from the tail catheter using a 1 mL syringe with a blunt 23 G
needle.

6.6.  Fill the dead space of spinal needle chamber with blood to avoid injection of air.
Remove the 23 G needle from the blood-filled syringe and confirm that the syringe contains 300
ulL of blood.
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6.7. Connect the syringe to the spinal needle. Grasp firmly and inject the blood manually to
surpass MAP.

6.8. Observe a steep rise in ICP and a steep fall in CBF on the laptop.

NOTE: CBF should be 50% or lower compared to the baseline score for at least 5 min for the
surgery to be successful, see Figure 4.

7. Recovery and awakening

7.1.  Administer 0.1 mL/100 g of animal weight of 5.0 mg/mL of carprofen and 1 mL/100 g of
animal weight of isotonic saline subcutaneously. Make sure the liquids are at least at room
temperature before administering.

7.2.  Subsequently keep the rat under anesthesia for 30 min following the SAH.

7.3. Remove the needle, the laser doppler probe, and then fill the cavities with bone wax.
Close the incision using two horizontal mattress sutures with non-resorbable monofilament 4-0

suture.

7.4. To use the ICP probe for injections into the cisterna magna, remove the silicone tubing
and insert a pinpoint adapter to the polythene tubing.

7.5. If nointervention is planned, cut the simple, interrupted suture. Shorten the ICP probe as
much as possible using a scissor and then glue the end to prevent leak of cerebrospinal fluid (CSF).

Close the incision with a non-absorbable monofilament 4-0 suture.

7.6. Remove the rat from the stereotaxic frame and place in a supine position. Remove the
loose sutures from the tail incision.

7.7.  Place asingle suture proximal and deep to the arterial catheter. Remove the catheter and
tie the suture to prevent bleeding. Suture the tail-incision with a non-absorbable monofilament
4-0 suture.

7.8.  Turn off the isoflurane.

7.9. Clean the rat and its fur as much as possible.

7.10. When the pedal withdrawal reflex is regained and the rat has spontaneous respiration
when decoupled from the ventilator, extubate it.

7.11. Place the rat in a single cage with food and water ad libitum. Place one half of the cage
under a heating plate and place the rat in this area of the cage.
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7.12. Perform intrathecal administration by adapting the pinport injector to a precision syringe
and administer the treatment through the pinport adapter. This intervention is feasible in
animals that are awake. See Figure 5.

8. ICP-probe removal (if not removed during surgery)
NOTE: Use a surgical microscope upon the surgeon’s discretion.
8.1.  Place the rat in the anesthesia chamber as described earlier.

8.2.  When anesthetized, place the rat in supine position in the operation field with heating
pad.

8.3. Place the nose in the anesthesia mask. Set the levels of O, to 30%, N.O to 70%, and
isoflurane to 2%.

8.4.  Continuously apply the eye gel to counter dry eyes.

8.5.  Cut the caudal simple interrupted suture. Open the incision and remove the possible
necrotic tissue or blood clots.

8.6.  Shorten the ICP probe as much as possible using a scissor and glue the end to prevent the
leak of cerebrospinal fluid (CSF). Close the incision with a non-absorbable monofilament 4-0
suture.

8.7.  Turn off the isoflurane.

8.8.  When the rat starts to move, place it in a single cage with food and water ad libitum. Place
one half of the cage over a heating plate and place the rat in this area.

8.9. When returned to habitual state, reintroduce the animals to each other in a joint cage
under supervision for the first 15 min.

NOTE: Sham rats do not undergo the steps 6.1-6.7, thereby omitting the introduction of the
spinal needle into the cerebrum, minimizing possible spontaneous hemorrhage, and iatrogenic
brain damage.

REPRESENTATIVE RESULTS:

Women have an increased risk of aSAH compared to men. Despite this, male rodents are
primarily used in experiments due to possible bias from heterogeneity of estrus cycle in females.
The representative results presented here are from a recent publication comparing female and
male rats, confirming that the model produces similar results in female animals compared to
male?!. The study included 34 female Sprague-Dawley rats (18 SAHs and 16 shams). Shams did
not have the spinal needle descended to the optic chiasm or blood injected. All other procedures
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were performed on Shams identical to SAHs. All the physiological parameters between groups
were comparable. Lastly, a meta-analysis of data from previous experiments on the male rats
was done and compared with the results of the present study?'.

The rotating pole test is a test of gross sensorimotor function. The animal is placed on one end
of a 150 cm by 45 mm pole, which can rotate up to 10 rpm. The goal is to reach the far end of the
pole where a cage is placed. SAH rats did significantly worse on day 1 and 2, compared to sham
animals on the rotating pole (Figure 1).

Following SAH, both the ET-1 and 5-HT receptor family are upregulated in the cerebral arteries
resulting in an increased contraction when stimulated and thereby contributing to CVS?223.The
basilar artery (BA) and middle cerebral arteries (MCA) were removed following decapitation and
used for myograph experiments. Both endothelin 1 (ET-1), an agonist for the ET-1 receptor family
and 5-carboxamidotryptamine (5-CT), an agonist for the 5-HT-receptor family produced
significantly increased vascular contraction in SAH compared to sham (Figure 2). Sensitivity can
be observed by the lower concentrations needed to elicit contraction following SAH in both
sexes.

Increased water content (edema) following SAH is a measure of reduced functional outcome in
humans?4. Significantly increased cerebral edema was found in SAH compared to sham on day 2.
There was also a tendency toward increased edema in the hippocampus, but this was not
statistically significant (p = 0.0508)%.

When comparing the above-mentioned data to historical male data, the results are comparable.
The metadata shows increased contractility in male SAHs following addition of ET-1 or 5-CT
(Figure 2). Furthermore, the SAH rats performed significantly worse compared to shams when
doing the rotating pole test. The result indicated a decreased sensorimotor function (Figure 1).

Figure 5A shows the distribution of the autologous, injected blood following saline perfusion 30
min after induction of the SAH. The figure shows that the blood has been distributed in the
subarachnoid space following pre-chiasmatic injection.

Figure 5B and Figure 5C shows the distribution of intrathecally injected dyes, followed by whole
body saline perfusion for 30 min after the injection. Figure 5B shows the distribution of 25 pL of
20 mM Evans Blue (water soluble) and Figure 5C shows the distribution of 25 uL of 10 mM OQil
Red O (water insoluble). Both dyes were found to be distributed in the subarachnoid space
following the injection into the cisterna magna, confirming that this is a feasible model of
intrathecal injection of both water soluble and insoluble compounds. Worth noticing is the
formation of deposits around the arteries for the water insoluble compound.

FIGURE AND TABLE LEGENDS:

Figure 1: Analysis of sensory-motor cognition in the first 2 days after SAH in male and female
rats. Rotating pole test was performed on day 1 and day 2 after SAH. Rats of both genders had
significant deficits compared to sham-operated rats of the same gender. Statistical differences in
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behavior between groups were tested by 2-way ANOVA on day 0, day 1, and day 2. Female no
rotation and 3 rpm: p < 0.05. Female 10 rpm and all male data: p < 0.01. Values are means + SEM.
Republished with permission from Spray, S. et al.?.

Figure 2: Analysis of increased sensitivity to ET-1 and 5-CT induced contractions in the basilar
artery (BA) and middle cerebral artery (MCA) 2 days after SAH in male and female rats. (A,B)
60 mM K*-evoked (K*max) contractile responses were used as reference values for normalization
of agonist-induced responses. The sensitivity to ET-1 was significantly increased 2 days after SAH
compared to sham-operated rats of the same gender in both the BA and MCA. (C,D) The
sensitivity to 5-CT was significantly increased 2 days after SAH compared to sham-operated rats
of the same gender in both the BA and MCA. The concentration-response curves were statistically
compared with two-way ANOVA. All data: p < 0.001. Values are means + SEM. Republished with
permission from Spray, S. et al.?%.

Figure 3: Overview of the setup before induction of SAH. From the top of the picture, note that
the 1) injection needle, 2) laser-Doppler probe, and 3) the ICP probe are all in place.

Figure 4: Sample trace following intrathecal injection. The red graph shows the blood pressure
in mmHg. The blue graph shows the ICP in mmHg and the green graph shows the CBF in the
arbitrary unit FU. The spike in ICP is the result of blood injection. Notice that this results in a drop
in the CBF > 50% of baseline for more than 5 min. The ICP rise furthermore results in a small rise
in blood pressure which normalizes within seconds.

Figure 5: Distribution of intrathecally injected blood and colored dyes. (A) Distribution of
autologous blood 30 min after SAH induction. (B) Distribution of 25 uL of 20 mM Evans Blue
following intrathecal injection through ICP-catheter. (C) Distribution of 25 pL of 10 mM QOil Red O
following intrathecal injection through ICP-catheter. All animals were anesthetized with
intraperitoneal ketamine/xylazine mixture followed by saline perfusion.

DISCUSSION:

The pre-chiasmatic single injection model of SAH mimics several important elements of human
SAH, including the spike in ICP, reduction of CBF, transient global ischemia, upregulation of
neuroinflammatory markers, and CVS'41618-20_ The |CP-probe was also used as a port for
intrathecal administration (Figure 5). Furthermore, the study shows that the model performs
similarly in male and female animals?'. The model does not include the development of and the
subsequent rupture of an aneurysm. A range of models have attempted to produce SAH from a
ruptured aneurysm by induction of systemic hypertension either surgically or pharmacologically
and by weakening the arterial wall using elastase?>=%’. All attempts have produced aneurysmal
SAH in a subset of animals, but these models have an inherent variability including the inability
to predict when the aneurysm will rupture. The models are not very suitable for pre-clinical
research on SAH!828,

Among other murine, SAH models, the endovascular perforation model includes the rupture of a
vessel, somewhat mimicking the rupture of an aneurysm, but prone to high variability and
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mortality. The model described here is better traceable and more reproducible as the blood
volume is pre-determined and injection pressure can be controlled. The double injection model
has a higher probability of producing delayed CVS, but primarily affects the posterior circulation
and includes an unphysiological second blood injection. In comparison, this model resembles SAH
in humans as it is a single injection of the anterior circulation and it produces a reproducible ICP
rise!8,

The influence of different anesthesia regimes on experimental SAH is unclear and the
experimental data is contradictory. One study reported possible inhibition of cytokines and
general neuroinflammation in an endovascular perforation model in mice when using isoflurane
inhalations?®. Another rodent model resulted in reduced respiratory parameters and increased
brain edema along with reduced regional CBF when using isofluranes3°. However, a meta-analysis
comparing mortality in mouse models showed no difference in mortality between isoflurane and
other types of anesthesia3l. In agreement, the above protocol has successfully used either
isoflurane inhalation or an intraperitoneal ketamine/xylazine mixture with similar results in both
groups?L.

To ensure high reproducibility and proper data acquisition, overall emphasis is on the steps
regarding placement of the monitoring equipment. Correct placement of the tail catheter
facilitates continuous monitoring of blood pressure and the ability to do blood gas analyses.
Proper placement of the ICP catheter ensures correct ICP monitoring and the subsequent
possibility of intrathecal intervention. Appropriate placement of the Laser-Doppler probe
ensures that the reduction of CBF can be monitored, where a reduction of 50% or lower of
baseline score for at least 5 min following SAH induction ensures a strong ischemia32. By ensuring
that all monitoring steps are in order, the researcher can secure correct data collection following
the SAH induction.

The protocol describes the pre-chiasmatic single injection model of subarachnoid hemorrhage
with updates and modification. The model has been valuable for SAH-research and will probably
continue to contribute toward a better understanding of subarachnoid hemorrhage, including
early brain injury and delayed cerebral ischemia.
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Name of material/ Equipment Company Catalog Number
16 G peripheral vein catheter BD Venflon 393229
Anesthesia bell/ chamber Unknown

Blood gas analyzer Radiometer ABL80

Blood pressure (BP) monitor Adinstruments ML117

Curved forceps, 12 cm x 3 F.S.T 11001-12
Cylindrical pillow, 28 cm x 4 cm Homemade

Data acquisition hardware

Adinstruments

ML870 Powerlab

Data acquistion software

Adinstruments

LabChart 6.0

Drill KMD 1189
Drill controller Silfradent 300 IN
Flexible light Schott KL200
Heating pad Minco 1135
Hypodermic needle, 20 G KD Medical 301300
ICP monitor Adinstruments ML117
Isoflurane vaporizer Ohmeda TEC3
Laptop Lenovo T410
Laser doppler monitor Adinstruments ML191
Laser doppler probe Oxford Optronics [MSF100XP
Needle holder, 13 cm FS.T 12001-13
Precision syringe, 0.025 mL Hamilton 547407
Stereotaxic frame Kopf Instruments |M900
Surgical microscope Carl Zeiss F170
Suture needle Allgaier 1245
Temperaure controller CWE,INC. TC-1000
Transducer x 2 Adinstruments MLT0699
Ventilator Ugo Basile 7025
Veterinary clipper Aesculap GT421
3-pronged Blair retractor, 13.5 cm Agnthos 17022--13
Blunt Alm retractor F.S.T 17008-07
Curved forceps, 12 cm x 2 F.S.T 11001-12
Needle holder, 13 cm F.S.T 12001-13
Straight Dumont forceps, 11 cm F.S.T 11252-00
Straight Halsted-Mosquito hemostat x 2 F.S.T 13008-12
Straight Iris scissor, 9 cm F.S.T 14090-09
Straight Vannas scissor, 10.5 cm F.S.T 15018-10
Absorpable swabs Kettenbach 31603
Black silk thread, 4-0, 5 x 15 cm Vomel 14757
Bone wax Aesculap 1029754
Carbomer eye gel 2 mg/g Paranova

Cotton swab Heinz Herenz WA-1
Cotton tipped applicator x 4 Selefa 120788
Hypodermic needle, 23 G x2 KD Medical 900284
Hypodermic needle, 23 G x3 KD Medical 900284
ICP probe: Homemade

Polythene tubing, 20 mm Smiths medical 800/100/200
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Silicone tubing, 10 mm Fisher 15202710
Silicone tubing, 2 mm Fisher 11716513
Micro hematocrit tubes Brand 7493 11
OP-towel, 45 cm x75 cm Molnlycke 800430
PinPort adapter, 22 G Instech PNP3F22
PinPort injector Instech PNP3M
Polythene tubing, 2 x 20 cm Smiths medical 800/100/200
Rubberband Unknown

Scalpel, 10 blade Kiato 23110
Spinalneedle, 25 G x 3.5" Braun 5405905-01
Stopcock system, Discofix x 2 Braun 16494C
Suture, 4-0, monofil, non-resorbable x 3 Ethicon EH7145H
Syringe, 1 mL BD Plastipak 1710023
Syringe, luer-lock, 10 mL x 4 BD Plastipak 305959
Tissue adhesive glue 3M 1469SB
0.5% Chlorhexidine spirit Faaborg Pharma 210918
Carprofen 50 mg/mL ScanVet 43715
Isoflurane Baxter

Isotonic saline Amgros 16404
Lidocaine-Adrenaline 10 mg/5 pg/mL Amgros 16318




Comments/Description

Needle shortened, distal 1 cm curved. Wings removed

Connects to Powerlab

For anesthesia

Made from surgical towels

Connects to stereotaxic frame

Connects to Powerlab

Connects to laser doppler monitor

For anesthesia

For anesthesia

Connects to BP and ICP monitor

Connects to stopcock. Remove distal end

Remove distal end. 2 connects to stopcock, 1 to syringe

Made of the following:

Inner diameter (ID): 0.58 mm, Outer diameter (OD): 0.96 mm.




ID: 0.76 mm, OD: 2.4 mm.

ID: 1.0 mm, OD: 3.0 mm.

Connects to syringe. ID: 0.58 mm, OD: 0.96 mm.

Connects to transducer

Connects to transducer

Diluted 1:10
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Dear Editor,

Hereby comments regarding the editorial revisions

Comment 1-3: Solved

Comment 4: Solved. Note that the lines 201-213 has been rewritten to accommodate and the two
subheadings has been increased to three.

Comment 5-7: Solved.

Comment 8: Solved. Please note the point has been increased to two subheadings.
Comment 9: Solved. Please note the point has been increased to two subheadings
Comment 10-12: Solved.

Comment 13: Solved

Comment 14: Solved. Description added to figure legend and Vascular constriction section in representative
results.

Comment 15-16: Solved

Best regards,

Jesper


https://www.editorialmanager.com/jove/download.aspx?id=1322171&guid=d18b7540-3079-456e-a599-f7485a568e0c&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1322171&guid=d18b7540-3079-456e-a599-f7485a568e0c&scheme=1

Author License Agreement (ALA)

ELSEVIER LICENSE

TERMS AND CONDITIONS

Jan 29, 2021

Click here to access/download;Author License Agreement

(ALA);License agreement.docx

This Agreement between RegionH -- Kristian Agmund Haanes ("'You") and
Elsevier ("Elsevier™) consists of your license details and the terms and conditions
provided by Elsevier and Copyright Clearance Center.

License Number
License date

Licensed Content Publisher
Licensed Content Publication

Licensed Content Title

Licensed Content Author

Licensed Content Date
Licensed Content Volume
Licensed Content Issue
Licensed Content Pages
Start Page

End Page

Type of Use

Requestor type

Portion

Number of
figures/tables/illustrations

Format
Are you the author of this

Elsevier article?
Will you be translating?
Title of new article

Lead author

4998210112263

Jan 29, 2021

Elsevier

Microvascular Research

Subacute phase of subarachnoid haemorrhage in
female rats: Increased intracranial pressure,
vascular changes and impaired sensorimotor
function

Stine Spray,Kristian Agmund Haanes,Lars
Edvinsson,Sara Ellinor Johansson

May 1, 2021

135

n/a

1

104127

0

reuse in a journal/magazine
academic/educational institute
figures/tables/illustrations

2
electronic
Yes

No

Pre-chiasmatic, single injection of autologous
blood to induce experimental subarachnoid
hemorrhage in a rat model

Jesper Peter Bomers


https://www.editorialmanager.com/jove/download.aspx?id=1322165&guid=44e4d641-1d52-40fc-afcd-d5a1896b999a&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1322165&guid=44e4d641-1d52-40fc-afcd-d5a1896b999a&scheme=1

Title of targeted journal Journal of Visualized Experiments

Publisher MyJove Corp

Expected publication date Apr 2021

Order reference number 1357

Portions Figure SP5 and Figure SP6
RegionH

Nordstjernevej 42

Requestor Location
Glostrup, 2600

Denmark

Attn: RegionH
Publisher Tax ID GB 494 6272 12
Total 0.00 USD
Terms and Conditions

INTRODUCTION

1. The publisher for this copyrighted material is Elsevier. By clicking "accept" in
connection with completing this licensing transaction, you agree that the
following terms and conditions apply to this transaction (along with the Billing
and Payment terms and conditions established by Copyright Clearance Center,
Inc. ("CCC"), at the time that you opened your Rightslink account and that are
available at any time at http://myaccount.copyright.com).

GENERAL TERMS

2. Elsevier hereby grants you permission to reproduce the aforementioned
material subject to the terms and conditions indicated.

3. Acknowledgement: If any part of the material to be used (for example, figures)
has appeared in our publication with credit or acknowledgement to another source,
permission must also be sought from that source. If such permission is not
obtained then that material may not be included in your publication/copies.
Suitable acknowledgement to the source must be made, either as a footnote or in a
reference list at the end of your publication, as follows:

"Reprinted from Publication title, Vol /edition number, Author(s), Title of article /
title of chapter, Pages No., Copyright (Year), with permission from Elsevier [OR
APPLICABLE SOCIETY COPYRIGHT OWNER]." Also Lancet special credit -


http://myaccount.copyright.com/

"Reprinted from The Lancet, Vol. number, Author(s), Title of article, Pages No.,
Copyright (Year), with permission from Elsevier."

4. Reproduction of this material is confined to the purpose and/or media for which
permission is hereby given.

5. Altering/Modifying Material: Not Permitted. However figures and illustrations
may be altered/adapted minimally to serve your work. Any other abbreviations,
additions, deletions and/or any other alterations shall be made only with prior
written authorization of Elsevier Ltd. (Please contact Elsevier’s permissions
helpdesk here). No modifications can be made to any Lancet figures/tables and
they must be reproduced in full.

6. If the permission fee for the requested use of our material is waived in this
instance, please be advised that your future requests for Elsevier materials may
attract a fee.

7. Reservation of Rights: Publisher reserves all rights not specifically granted in
the combination of (i) the license details provided by you and accepted in the
course of this licensing transaction, (ii) these terms and conditions and (iii) CCC's
Billing and Payment terms and conditions.

8. License Contingent Upon Payment: While you may exercise the rights licensed
immediately upon issuance of the license at the end of the licensing process for
the transaction, provided that you have disclosed complete and accurate details of
your proposed use, no license is finally effective unless and until full payment is
received from you (either by publisher or by CCC) as provided in CCC's Billing
and Payment terms and conditions. If full payment is not received on a timely
basis, then any license preliminarily granted shall be deemed automatically
revoked and shall be void as if never granted. Further, in the event that you
breach any of these terms and conditions or any of CCC's Billing and Payment
terms and conditions, the license is automatically revoked and shall be void as if
never granted. Use of materials as described in a revoked license, as well as any
use of the materials beyond the scope of an unrevoked license, may constitute
copyright infringement and publisher reserves the right to take any and all action
to protect its copyright in the materials.

9. Warranties: Publisher makes no representations or warranties with respect to
the licensed material.

10. Indemnity: You hereby indemnify and agree to hold harmless publisher and
CCC, and their respective officers, directors, employees and agents, from and


https://service.elsevier.com/app/contact/supporthub/permissions-helpdesk/

against any and all claims arising out of your use of the licensed material other
than as specifically authorized pursuant to this license.

11. No Transfer of License: This license is personal to you and may not be
sublicensed, assigned, or transferred by you to any other person without
publisher's written permission.

12. No Amendment Except in Writing: This license may not be amended except in
a writing signed by both parties (or, in the case of publisher, by CCC on
publisher's behalf).

13. Objection to Contrary Terms: Publisher hereby objects to any terms contained
in any purchase order, acknowledgment, check endorsement or other writing
prepared by you, which terms are inconsistent with these terms and conditions or
CCC's Billing and Payment terms and conditions. These terms and conditions,
together with CCC's Billing and Payment terms and conditions (which are
incorporated herein), comprise the entire agreement between you and publisher
(and CCC) concerning this licensing transaction. In the event of any conflict
between your obligations established by these terms and conditions and those
established by CCC's Billing and Payment terms and conditions, these terms and
conditions shall control.

14. Revocation: Elsevier or Copyright Clearance Center may deny the permissions
described in this License at their sole discretion, for any reason or no reason, with
a full refund payable to you. Notice of such denial will be made using the contact
information provided by you. Failure to receive such notice will not alter or
invalidate the denial. In no event will Elsevier or Copyright Clearance Center be
responsible or liable for any costs, expenses or damage incurred by you as a result
of a denial of your permission request, other than a refund of the amount(s) paid
by you to Elsevier and/or Copyright Clearance Center for denied permissions.

LIMITED LICENSE
The following terms and conditions apply only to specific license types:

15. Translation: This permission is granted for non-exclusive

world English rights only unless your license was granted for translation rights. If
you licensed translation rights you may only translate this content into the
languages you requested. A professional translator must perform all translations
and reproduce the content word for word preserving the integrity of the article.

16. Posting licensed content on any Website: The following terms and
conditions apply as follows: Licensing material from an Elsevier journal: All



content posted to the web site must maintain the copyright information line on the
bottom of each image; A hyper-text must be included to the Homepage of the
journal from which you are licensing

at http://www.sciencedirect.com/science/journal/xxxxx or the Elsevier homepage
for books at http://www.elsevier.com; Central Storage: This license does not
include permission for a scanned version of the material to be stored in a central
repository such as that provided by Heron/XanEdu.

Licensing material from an Elsevier book: A hyper-text link must be included to
the Elsevier homepage at http://www.elsevier.com . All content posted to the web
site must maintain the copyright information line on the bottom of each image.

Posting licensed content on Electronic reserve: In addition to the above the
following clauses are applicable: The web site must be password-protected and
made available only to bona fide students registered on a relevant course. This
permission is granted for 1 year only. You may obtain a new license for future
website posting.

17. For journal authors: the following clauses are applicable in addition to the
above:

Preprints:

A preprint is an author's own write-up of research results and analysis, it has not
been peer-reviewed, nor has it had any other value added to it by a publisher (such
as formatting, copyright, technical enhancement etc.).

Authors can share their preprints anywhere at any time. Preprints should not be
added to or enhanced in any way in order to appear more like, or to substitute for,
the final versions of articles however authors can update their preprints on arXiv
or RePEc with their Accepted Author Manuscript (see below).

If accepted for publication, we encourage authors to link from the preprint to their
formal publication via its DOI. Millions of researchers have access to the formal
publications on ScienceDirect, and so links will help users to find, access, cite and
use the best available version. Please note that Cell Press, The Lancet and some
society-owned have different preprint policies. Information on these policies is
available on the journal homepage.

Accepted Author Manuscripts: An accepted author manuscript is the manuscript
of an article that has been accepted for publication and which typically includes


http://www.sciencedirect.com/science/journal/xxxxx
http://www.elsevier.com/
http://www.elsevier.com/

author-incorporated changes suggested during submission, peer review and editor-
author communications.

Authors can share their accepted author manuscript:

« immediately

(o]

(¢]

O

via their non-commercial person homepage or blog

by updating a preprint in arXiv or RePEc with the accepted
manuscript

via their research institute or institutional repository for internal
institutional uses or as part of an invitation-only research
collaboration work-group

directly by providing copies to their students or to research
collaborators for their personal use

for private scholarly sharing as part of an invitation-only work group
on commercial sites with which Elsevier has an agreement

« After the embargo period

O

(o]

via non-commercial hosting platforms such as their institutional
repository
via commercial sites with which Elsevier has an agreement

In all cases accepted manuscripts should:

o link to the formal publication via its DOI

« bear a CC-BY-NC-ND license - this is easy to do

« if aggregated with other manuscripts, for example in a repository or other
site, be shared in alignment with our hosting policy not be added to or
enhanced in any way to appear more like, or to substitute for, the published
journal article.

Published journal article (JPA): A published journal article (PJA) is the definitive
final record of published research that appears or will appear in the journal and
embodies all value-adding publishing activities including peer review co-
ordination, copy-editing, formatting, (if relevant) pagination and online

enrichment.

Policies for sharing publishing journal articles differ for subscription and gold
open access articles:

Subscription Articles: If you are an author, please share a link to your article

rather than the full-text. Millions of researchers have access to the formal



publications on ScienceDirect, and so links will help your users to find, access,
cite, and use the best available version.

Theses and dissertations which contain embedded PJAs as part of the formal
submission can be posted publicly by the awarding institution with DOI links back
to the formal publications on ScienceDirect.

If you are affiliated with a library that subscribes to ScienceDirect you have
additional private sharing rights for others' research accessed under that
agreement. This includes use for classroom teaching and internal training at the
institution (including use in course packs and courseware programs), and
inclusion of the article for grant funding purposes.

Gold Open Access Articles: May be shared according to the author-selected end-
user license and should contain a CrossMark logo, the end user license, and a DOI
link to the formal publication on ScienceDirect.

Please refer to Elsevier's posting policy for further information.

18. For book authors the following clauses are applicable in addition to the
above: Authors are permitted to place a brief summary of their work online
only. You are not allowed to download and post the published electronic version
of your chapter, nor may you scan the printed edition to create an electronic
version. Posting to a repository: Authors are permitted to post a summary of
their chapter only in their institution's repository.

19. Thesis/Dissertation: If your license is for use in a thesis/dissertation your
thesis may be submitted to your institution in either print or electronic form.
Should your thesis be published commercially, please reapply for permission.
These requirements include permission for the Library and Archives of Canada to
supply single copies, on demand, of the complete thesis and include permission
for Proquest/UMI to supply single copies, on demand, of the complete thesis.
Should your thesis be published commercially, please reapply for permission.
Theses and dissertations which contain embedded PJAs as part of the formal
submission can be posted publicly by the awarding institution with DOI links back
to the formal publications on ScienceDirect.

Elsevier Open Access Terms and Conditions

You can publish open access with Elsevier in hundreds of open access journals or
in nearly 2000 established subscription journals that support open access


http://www.crossref.org/crossmark/index.html
http://www.elsevier.com/about/open-access/open-access-policies/article-posting-policy

publishing. Permitted third party re-use of these open access articles is defined by
the author's choice of Creative Commons user license. See our open access license
policy for more information.

Terms & Conditions applicable to all Open Access articles published with
Elsevier:

Any reuse of the article must not represent the author as endorsing the adaptation
of the article nor should the article be modified in such a way as to damage the
author's honour or reputation. If any changes have been made, such changes must
be clearly indicated.

The author(s) must be appropriately credited and we ask that you include the end
user license and a DOI link to the formal publication on ScienceDirect.

If any part of the material to be used (for example, figures) has appeared in our
publication with credit or acknowledgement to another source it is the
responsibility of the user to ensure their reuse complies with the terms and
conditions determined by the rights holder.

Additional Terms & Conditions applicable to each Creative Commons user
license:

CC BY: The CC-BY license allows users to copy, to create extracts, abstracts and
new works from the Article, to alter and revise the Article and to make
commercial use of the Article (including reuse and/or resale of the Article by
commercial entities), provided the user gives appropriate credit (with a link to the
formal publication through the relevant DOI), provides a link to the license,
indicates if changes were made and the licensor is not represented as endorsing
the use made of the work. The full details of the license are available

at http://creativecommons.org/licenses/by/4.0.

CC BY NC SA: The CC BY-NC-SA license allows users to copy, to create
extracts, abstracts and new works from the Article, to alter and revise the Article,
provided this is not done for commercial purposes, and that the user gives
appropriate credit (with a link to the formal publication through the relevant DOI),
provides a link to the license, indicates if changes were made and the licensor is
not represented as endorsing the use made of the work. Further, any new works
must be made available on the same conditions. The full details of the license are
available at http://creativecommons.org/licenses/by-nc-sa/4.0.

CC BY NC ND: The CC BY-NC-ND license allows users to copy and distribute
the Article, provided this is not done for commercial purposes and further does not


http://www.elsevier.com/about/open-access/open-access-policies/oa-license-policy
http://www.elsevier.com/about/open-access/open-access-policies/oa-license-policy
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/licenses/by-nc-sa/4.0

permit distribution of the Article if it is changed or edited in any way, and
provided the user gives appropriate credit (with a link to the formal publication
through the relevant DOI), provides a link to the license, and that the licensor is
not represented as endorsing the use made of the work. The full details of the
license are available at http://creativecommons.org/licenses/by-nc-nd/4.0. Any
commercial reuse of Open Access articles published with a CC BY NC SA or CC
BY NC ND license requires permission from Elsevier and will be subject to a fee.

Commercial reuse includes:

« Associating advertising with the full text of the Article
« Charging fees for document delivery or access

« Article aggregation

« Systematic distribution via e-mail lists or share buttons

Posting or linking by commercial companies for use by customers of those
companies.

20. Other Conditions:

v1.10

Questions? customercare@copyright.com or +1-855-239-3415 (toll free in the
US) or +1-978-646-2777.



http://creativecommons.org/licenses/by-nc-nd/4.0
mailto:customercare@copyright.com

Microvascular

Research

Thank you for your order!
Dear Dr. Kristian Agmund Haanes,

Thank you for placing your order through Copyright Clearance Center’'s
RightsLink® service.

Order Summary

Licensee: RegionH
Order Date: Jan 29, 2021
Order Number: 4998210112263

Publication: Microvascular Research
Subacute phase of subarachnoid haemorrhage in female rats:
Title: Increased intracranial pressure, vascular changes and

impaired sensorimotor function
Type of Use:  reuse in a journal/magazine
Order Ref: 1357
Order Total: 0.00 USD

View or print complete details of your order and the publisher's terms and
conditions.

Sincerely,

Copyright Clearance Center

Tel: +1-855-239-3415 / +1-978-646-2777 us (hm’l'ishf ' L
customercare@copyright.com V Clearance R|ghTSL| N kﬂ
https:/myaccount.copyright.com @ Center



https://s100.copyright.com/order/47b884b9-be71-497e-8b9c-4662955957dc
mailto:customercare@copyright.com
https://myaccount.copyright.com/
http://www.copyright.com/

