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Abstract

Active sampling, such as respiration, is known to play a major role in modulating how sensory information is perceived and
encoded in the field of olfaction. Hence, monitoring respiration is crucial for understanding olfactory-guided behavior and
physiology. Several methods used to measure respiration, such as infrared cameras, piezoelectric sensors, video monitoring,
temperature probes, intubation, and intranasal cannula, require the animal or at least its head to be fixed. However, telemetry-
based sensors can be used wirelessly, allowing animals to move freely. Here, we describe the surgical protocol to implant a
telemetry pressure sensor in the internal jugular vein to detect changes in thoracic pressure. The sensor can thus help in
monitoring respiration by transmitting the signal wirelessly. We describe a way of inserting the probe into the right jugular
vein aseptically while housing the transmitter underneath the skin on the back of the animal. Next, based on the optimal spot
for the best signal, we secure the position of the probe and suture the skin. The animal then undergoes regular post-operative
care with painkillers and soft diets for up to a week. The method offers two main advantages; first, it uses a strategy similar
to the jugular vein catheterization, which is widely established in rodents. Second, it minimizes the need for extensive post-
operative care, including not having to shift to a liquid diet post-recovery. This makes the animals fit for most behavioral
experiments requiring water or food restrictions.

Key features

e Based on Dasgupta et al. [1], this protocol describes the surgical procedure involved in the aseptic implantation of the
telemetry-based pressure sensor in the internal jugular vein.

e  Reduces the need for extensive post-operative care and eliminates dietary restrictions post-recovery.

e The procedure helps in obtaining mice with an implanted sensor for wireless respiration recording.

Keywords: Wireless respiration recording, Telemetry-based pressure sensor, Aseptic surgery, Catheterization of the internal
jugular vein, Thoracic cavity
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Background

Breathing patterns have been linked to rhythms occurring at different regions of the brain [2] and have been associated with
distinct physiological states, e.g., sleeping [1] and attention [3], and diseased states [4], e.g., Parkinson's disease [4—6] and
Alzheimer's disease [7-9]. Given that respiration has been observed to be coupled with such different behavioral states, it is
important to monitor it simultaneously while estimating other behavioral and physiological parameters. Different methods
have been developed to monitor respiration in different model organisms [10]. In rodents, some of those methods [11] are
whole-body plethysmography [12], infrared cameras [13], piezoelectric sensors [ 14—16], video monitoring [17], temperature
probes [18], intubation [19], intranasal cannula for flow/pressure sensing [19], face masks [20,21], and telemetry-based
sensing [1,22]. However, only a few can be used for freely behaving animals, which is critical during ethologically relevant
tasks like navigation.

The mammalian olfactory system has been observed to be capable of perceiving and encoding odors with a high temporal
bandwidth [23-26], which gets multiplexed with the sampling rate, which is controlled by the respiration frequency [27—
29]. Navigation is a critical feature in animals, and the use of the sense of smell in navigation has been observed in different
organisms [30-32], including humans [33—35]. Monitoring respiration during such odor-guided tasks is critical, as active
sampling has been observed to be crucial in modulating sensory perception [1,29,36—40]. These experiments would require
unrestrained movement of the animal, thus requiring an untethered method of monitoring respiration. Most of the usual
respiration monitoring methods require the animal to be restricted at least to the extent of head fixation and hence are not
suitable for tasks involving freely moving mice.

In 2014, Reisert et al. came up with a novel method that required implanting a telemetry pressure sensor in the thoracic
cavity alongside the wall of the esophagus [22]. However, this method required intensive post-operative care and switching
to a liquid diet post-surgery. This can be a problem for behavioral training protocols requiring water restriction. Here, we
describe a protocol that uses a novel surgical approach that reduces post-operative care and the need for a liquid diet after
surgery. We established a way to implant the pressure sensor tip of the probe through the internal jugular vein into the
thoracic cavity while securing the transmitter on the back of the animal underneath the skin. After recovery, the animal can
lead a normal life without any diet restrictions and hence can be used for regular behavioral assays.
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Materials and reagents

Biological materials
1. 6-8 weeks old mice (C57/B16) (males and females)
Reagents

Pre-surgery

1. Meloxicam oral suspension (1.5 mg/mL) (Metacam, Boehringer Ingelheim Animal Health USA Inc., Item code:
NDC:0010-6015)

2. Meloxicam for injection (5 mg/mL) (Metacam, Boehringer Ingelheim Animal Health USA Inc., Item code: NDC:0010-
6013)

3. Fentanyl (Hameln Pharma, ATC code: NO1AHO1)

4. Midazolam (Hameln Pharma, ATC code: NO5CDOS)

5. Medetomidine (Virbac, CAS No.: 86347-14-0)

6. Chlorhexidine (Merck, CAS No.: 55-56-1)

7. Chloramphenicol (eye ointment) (Ethypharm, ATC code: SOIAAOQ1)

8. Egg custard (for babies) (Cowgate)

9. Buprenorphine (Reckitt & Colman, CAS No.: 52485-79-7)

10. Trigene/Anistel (Ceva Animal Health Pty Ltd, catalog number: APVMAS59998)

Surgery
1. NaCl (Merck, CAS No.: 7647-14-5)

Post-surgery

1. Naloxone (Hameln Pharma, ATC code: VO3AB15)
2. Flumazenil (Hameln Pharma, ATC code: VO3AB25)
3. Atipamezole (Dechra, product code: 0DEA070)

4. Emla cream (Aspen, ATC code: NO1BB20)

Solutions

1. Sterile saline solution (see Recipes)

2. Anesthesia mix solution (see Recipes)
3. Wake mix solution (see Recipes)

4. Oral analgesic (see Recipes)

5. Chlorhexidine solution (see Recipes)

Recipes

1. Sterile saline solution

Reagent Final concentration Quantity or volume
NaCl 0.9% (w/v) 8.5g

Distilled water - 1L

Total - 1L

2. Anesthesia mix solution

Reagent Final concentration Quantity or volume

Water for injection (sterile) - 15 mL

Fentanyl 50 pg/mL 2mL

Midazolam 5 mg/mL 2mL

Medetomidine 1 mg/mL 1 mL

Total - 20 mL
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Notes:
1. Anesthesia mix working dose is 0.05 mg/kg fentanyl + 5 mg/kg midazolam + 0.5 mg/kg medetomidine.
2. Inject 0.1 mL of anesthesia mix per 10 g of mouse body weight.

3. Wake mix solution

Reagent Final concentration Quantity or volume
Flumazenil 0.1 mg/mL 10 mL
Naloxone 400 pg/mL 6 mL
Water for injection (sterile) - 3mL
Atipamezole 5 mg/mL 1 mL
Total - 20 mL
Notes:

1. Wake mix working dose is 1.2 mg/kg naloxone + 0.5 mg/kg flumazenil + 2.5 mg/kg atipamezole.
2. Inject 0.1 mL of wake mix per 10 g of mouse body weight.

4. Oral analgesic

Reagent Final concentration Quantity or volume
Metacam oral suspension 1.5 mg/mL 1 mL
Egg custard - 1 mL
Total - 2mL

5. Chlorhexidine solution (25% v/v)

Reagent Final concentration Quantity or volume
Chlorhexidine - 25mL
Water - 75 mL
Total Volume - 100 mL
Laboratory supplies
1. 500 mL plastic beaker (Merck, catalog number: BR90224)
2. 50 mL glass beaker (Merck, catalog number: CLS100050)
3. 50 mL centrifuge tubes (Merck, catalog number: CLS430829)
4. Sterile drape non-absorbent 35 x 50 cm (Vet Direct, catalog number: DRP00S5)
5. Syringe, 1 and 3 mL (BD microfine, catalog number: 00382903096244 and 00382903096565)
6. Transparent film (Glad Press N Seal) (The Glad Products Company, catalog number: TMMDH)
7. Suture thread (6-O silk) (Ethicon, Johnson & Johnson, USA, catalog number: NW5029)
8. Sterile cotton buds (Medline Scientific, SKU: 300230S)
9. Face mask (MediSupplies, catalog number: AEC8720)

10. Sterile gloves (MediSupplies, catalog number: PMC3066)
11. Non-sterile gloves (Merck, catalog number: Z412392)
12. Non-woven swabs (MediSupplies, catalog number: PMC1987)

Equipment

Pre-surgery
1. Mice hair shaver (Wella Professionals, model: Contura Hair Clipper)
2. Weighing scale (Merck, model: CR221)

Surgery

1. Stereomicroscope (Leica Microsystems, model: M80)

2. Micro Serrefines (venous clips) (Fine Science Tools, catalog number: 18055-01) (Figure 1A7).
3. Extra fine Graefe forceps (Fine Science Tools, catalog number: 11151-10) (Figure 1A4).

Cite as: Kushwaha, N. and Dasgupta, D. (2025). Surgical Implantation of a Telemetry-Based Pressure Sensor in the Internal
Jugular Vein to Monitor Respiration Wirelessly. Bio-protocol 15(12): e5343. DOI: 10.21769/BioProtoc.5343



bib—pl‘OtOCOI Published: Jun 20, 2025

4. Adson tissue forceps, 12.0 cm, 1 x 2 teeth, with suture platform, 2 stoppings, 0.8 mm (blunt forceps) (Harvard
Apparatus, catalog number: ST2 72-8573) (Figure 1A2).

5. Jeweler’s forceps, titanium, 11.0 cm, No. 4, extra delicate tips, 45°angle (Harvard Apparatus, catalog number: ST2 72-
0461) (Figure 1A3).

6. Probe, double-ended (Harvard Apparatus, catalog number: ST2 72-8913) (Figure 1A8).

7. Eye scissors, 11.5 cm, straight (Harvard Apparatus, catalog number: ST2 72-8428) (Figure 1AS5).

8. Olsen-Hegar needle holders with scissors and tungsten carbide jaws straight, serrated (mosquito scissor) (Harvard
Apparatus, catalog number: ST2 72-88980)

9. Analogue to digital converter (Cambridge Electronic Design Limited, model: CED Micro1401 with ADCI12 expansion)
10. Computer

11. Stellar implantable transmitter for mice (10x normal gain, TSE Systems, catalog number: E-430001-IMP-22) (Figure
1B).

12. Stellar receiver and antenna (TSE Systems, catalog number: 430001-REC-01)

13. Temperature monitor probe (FHC, catalog number: 40-90-5D-02)

14. Heating pad (FHC, catalog number: 40-90-2-07)

15. Mice temperature controller (FHC, catalog number: 40-90-8D-DC)

B

Figure 1. Dissection kit and sensor. (A) Dissection kit. 1. Dissection box. 2. Adson tissue forceps. 3. Jeweler’s forceps. 4.
Extra fine Graefe forceps. 5. Eye scissors. 6. Mosquito scissors. 7. Micro Serrefines (venous clips). 8. Double-ended probe.
9. 50 mL glass beaker. (B) Steller telemetry pressure sensor.

Post-surgery
1. Recovery chamber (Tecniplast, [VC recovery rack)

Software and datasets

1. Spike2 (Cambridge Electronic Design Limited, UK, Version 7)

Procedure
A. Pre-surgical preparation of mice

1. To acclimatize, put the mice in separate cages for 2 days before the surgery.

a. Offer egg custard (meant for babies) in a small Petri dish (0.4 mL/mouse) (Day -2).

b. Twenty-four hours pre-surgery, give oral analgesic (see Recipe 4) in a small Petri dish (0.2 mL/mouse) (Day -1).
2. Pre-sterilize the surgery dissection kit, glass beaker, aluminum foil, implant, and cotton swabs.
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B. Surgery setup

1. Disinfect all the surgical areas using Trigene/Anistel.

Note: You can use any other disinfectant—whichever is easily available.

2. Turn on the heating pad to maintain the animal’s body temperature during surgery.

3. Open two sterile drapes from the corners and place them on the dissection table as required, taking care not to touch the
sterile face of the drape.

Note: The first drape has the heating pad underneath for animal placement, and the second drape is used to organize all
other sterile surgical accessories.

4. Open all the items from their sterile covers and drop them on one of the sterile drapes (first drape) (Figure 1A).

Note: Make sure not to touch the sterile objects directly.

5. Weigh the animal on which the surgery will be performed.

6. Inject Metacam (10 mg/kg) + Buprenorphine (0.1 mg/kg) subcutaneously.

Note: Do not inject more than 0.2 mL per 10 g of body weight into a conscious animal.

7. Put the animal on the heat pad, apply eye ointment, and shave off its hair from the center of its chest to the edge of the
back and from its neck to the middle of its body. Clear up all the loose hair with the cotton wipe.

Note: Shaving approximately 2 cm from the incision site is better.

8. Disinfect the naked skin of the animal using 25% (vol/vol) chlorhexidine solution (see Recipe 5). The wiping needs to be
done from the center to the periphery of the shaved area.

9. Tear a piece of the sterile transparent film (approximately the size of the surgical drape) carefully so that the sterile
surfaces of the foil are not touched.

10. Place this film on top of the paper towel (Figure 2A), place the anesthetized animal on top of the transparent film, and
insert the rectal temperature probe (Figure 2B).
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Figure 2. Preparing the anesthetized mouse for surgery. (A) Transparent film placed on top of the paper towel. (B)
Anesthetized mouse placed on the transparent sheet, placement of a cut 3 mL syringe on its snout, and a rectal temperature
probe. (C) Wrapped mouse in the transparent film. Note that the open end of the syringe is out of the transparent film. (D)
The third drape is placed on top of the wrapped mouse. (E) The mouse is flipped 180° and placed on the first drape. (F) The
fourth drape is placed on top of the wrapped animal lying on its back.

11. Place a cut 3 mL syringe onto the mouse’s snout and tape it to the film, ensuring a substantial amount of its length
protrudes out of the film (Figure 2B). Be careful to touch the sterile film as minimally as possible.

Note: Putting the cut 3 mL syringe in place is required to allow mice to breathe normally during the surgery.

12. Wrap the film over the animal completely (Figure 2C)
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13. Open another (third) drape on top of the film such that the sterile face of the drape covers the film (Figure 2D). Next,
place one hand on top of the third drape (the outside surface) and the other hand on the bottom of the paper towel on which
the animal is lying, and flip the animal upside down so it finally lies on its back. Remove the paper towel (Figure 2E).

14. Place the wrapped animal onto the sterile drape (first drape) on the heating pad (Figure 2E).

15. Switch on the heating pad and set the temperature to 37 £ 0.5 °C.

Note: Regularly check the mice's body temperature during the surgery. Maintain the body temperature of mice at 37 + 0.5 °C.
16. Put the fourth sterile drape on top of the animal (Figure 2F).

17. Wear a face mask.

18. Switch on the stereomicroscope and adjust the light source to point it appropriately at the dissection area.

Note: Keep some sterile gauge or cotton to do fine adjustments of the gooseneck during the surgery.

19. Open the sterile surgical gloves and keep them ready for wearing.

20. Wash your hands, wipe off extra water, and wear sterile surgical gloves.

Note: Keep in mind that parts of the gloves that will remain outside of the hand should be sterile.

C. Mice surgery and insertion of the pressure sensor probe

1. Cut and open the topmost drape enough to view up to the abdomen of the animal (which is wrapped in the transparent
drape).

Note: The animal is lying on its back with its head toward the surgeon.

2. Make an incision on the transparent drape to expose the area around the right jugular vein (Figure 3A).

Note: Ensure that the body parts with fur are still enclosed in the drape.

3. Make a small ~2 cm incision on the skin in the area over the jugular vein (Figure 3A).

Note: To identify a suitable spot, either look for the vein under the skin or cut it at the intersection of the line connecting the
underarms to the ears.
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Figure 3. Key steps of the surgery. (A) Skin incision. (B) Clipped open skin with the transparent film using a pair of
Venous clips. (C) Transmitter inserted under the skin. (D) Knot tied on the rostral end of the internal jugular vein (IJV). (E)
Suture loop placed on the caudal end of the IJV. (F) Small incision made on the 1JV using a pair of eye scissors. (G) Sensor
tip inserted inside the IJV. (H) The sensor is secured in position using a knot on the caudal end of the IJV with the probe
wire. (I) The wound is closed with the appropriate number of 2-2-1 suture knots.
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4. Open the skin toward the heart.

Note: Try to make the incision as smooth and straight as possible for good wound closure and healing.

5. Use a pair of venous clips to keep the open skin and the transparent film together (Figure 3B). This ensures a good
passageway for placing the transmitter under the skin.

6. Clear the space between the skin and the subcutaneous tissue using blunt forceps and a double-ended probe.

7. Place the transmitter under the skin while keeping the probe (which will be inserted in the vein) outside and remove the
clips (Figure 3C).

8. Find the internal jugular vein and isolate it from the tissue using the Jeweler’s forceps and angled forceps.

9. Tie a 1-1-1 knot using a 6-O silk suture thread on the rostral-most portion of the exposed vein to block the blood flow in
the vein. Place a venous clip on the free end of the thread, which can help manipulate the position of the vein during the
later steps (Figure 3D).

10. Place another piece of the same suture thread caudally and make a loose loop to keep it ready for the final knot (Figure
3E).

11. Make a small incision on the vein using microdissection scissors (Figure 3F).

Note: Use sterile cotton buds to soak residual blood in the vein.

12. Insert the sensor tip of the catheter into the vein (Figure 3G).

Note: Please refer to the Probe insertion in the IJV video (Video S1).

13. Find the best position for the sensor tip of the catheter:

a. Start the spike2 software on the computer and initiate a new data recording document.

b. Find the best spot for the probe where you get the best amplitude and shape of the signal in spike2 (Figure 4).

c. Secure the probe at the best spot by tying the second knot on the vein and the probe wire (Figure 3H).

Critical: Ensure the knot is tight enough to secure the probe from any movement, as that can lead to artifacts in the recorded

signal.

Mouse 1

Mouse 2

0.05 au

|

500 ms

Figure 4. Five-second respiration signal recordings from two mice

14. Remove the clips and close the skin using a 6-O silk suture.
15. Tie 2-2-1 knots on the incision to ensure proper wound closure (Figure 31).

D. Post-surgery

1. Remove the drape and temperature probe from the animal.

2. Inject 1 mL of saline solution (see Recipe 1) subcutaneously immediately after the surgery.

3. Apply Emla cream over the incision site.

4. Anesthesia reversal: Inject the wake mix solution intraperitoneally at 0.1 mL per 10 g of body weight (see Recipe 3).
Note: Do not inject more than 0.2 mL per 10 g of body weight into an animal.

Critical: The wake mix solution must be used only to reverse the anesthesia induced with the anesthesia mix.
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5. Put the animal in the recovery chamber maintained at a temperature of ~25-27 °C and 60% relative humidity.
6. Offer a wet diet to the recovering animal.

7. On the day after the surgery, inject Meloxicam 1-2 mg/kg with saline.

8. Offer custard and a wet diet as well.

Validation of protocol

This protocol has been used and validated in Dasgupta et al. [1]. Wireless monitoring of respiration with EEG reveals
relationships between sniffing, behavior and brain activity in freely moving mice. Journal of Neurophysiology (Figures 2B
and 3).

General notes and troubleshooting

General notes

1. Ensure regular irrigation of the open wound to maintain an optimum hydration level.

2. A regular dose of saline (i.p.) is recommended during the entire duration of anesthesia to keep the animal properly hydrated.
In our experience, this also helps with quicker recovery and wound healing.

3. Regular monitoring of the body temperature and the foot reflex to check for the level of anesthesia is critical, as the
surgery can last long enough to require a top-up dose of the anesthesia mix.

Troubleshooting

Problem 1: During insertion of the probe, the animal shows choking-type symptoms.

Possible cause: Most probably, the probe has been inserted too far (can be up to the heart).

Solution: There is a huge chance that the animal will succumb; hence, it is better to restart the surgery with a fresh animal.
As such, it is recommended to start with at least two animals.

Problem 2: The animal shows sluggish and slow recovery, even a few hours after anesthesia reversal.

Possible cause: Most probably, the animal is dehydrated and in pain. The animal might have refused the custard with the
oral analgesic.

Solution: Administer Meloxicam (Metacam) at 1-2 mg/kg with saline (total volume: 0.4—0.5 mL) (i.p.).

Supplementary information

The following supporting information can be downloaded here:
1. Video S1. Probe insertion in the IJV.
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