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Scisense PV Surgical Protocol

APPLICATION BASICS
Site: Left Ventricle - Closed Chest, Right 

Femoral Artery or Right Carotid 
Artery Access

Species: Pig (minipig)

Body Weight: 20 - 70 kg

Duration: Acute

CATHETER
Size: 5.0F or 7.0F

Type: VSL Pressure Volume

Catalog #: FDH-5018B-E(1, 2, 3 or 4)45 (A or D) 
FDH-7018B-E(2, 3 or 4)45(A or D)

SYSTEM ADV550 / ADVantage

Pig Left Ventricle Acute Pressure-Volume Measurement 
(Two Closed Chest Approaches)

Right Carotid Artery (RCA) passes cranially along the right side of the trachea near the larynx in the 
close proximity of vago-sympatic trunk. In pigs the RCA is located deeper as compared to humans 
without ability to palpate the arterial pulse. Major muscles (sternohyoid and sternomastoid) in the 
area might be moved aside to allow better ventral neck access. RCA divides into: right external 
carotid artery to supply head and neck and right internal carotid artery passing through carotid canal 
into base of skull.

Pre-Surgical Preparations and General Anesthesia
Prepare an area for scrubbing in a separate location from the surgical OR. For cardiac surgery, it is 
best to find low-traffic area. Hose down animal if needed. Disinfect surfaces using disinfectants that 
are less affected by organic materials e.g. phenolics (Lysol, TBQ). 

Basic surgical supplies for swine cardiac surgery should include sterile surgical instrument packs and 
sterile supplies (drapes, gauze squares, electrical cautery, syringes, saline rinse, tray, ties, gloves, 
mask, head bonnet and sterile suture packs). Surgical instruments should be inspected for damage 
before sterilizing. 

If using surgical loupes when dissecting, set it up beforehand including intrapupilary distance, 
hinge mechanism, side-shields and check the light source. Organize surgical table and fine-tune 
in a comfortable surgical position. Prepare 0.9% saline or 
similar isotonic fluid and pre-warm it, if it will be given pre-
operatively. 

Swine should be acclimatized in the experimental unit at 
least one week before anesthetic is administered. Day before 
anesthesia record weight, age, sex and health status of each 

Application
The hemodynamic properties measured by 
the pressure-volume system can be used to 
determine cardiac function. Performing an 
IVC occlusion (balloon catheter occlusion)as 
part of the pressure-volume measurement 
process allows for the determination of 
load-independent indices.

Anatomical Landmarks
Right femoral artery (RFA) is approached 
while swine is placed in dorsal recumbence 
and the right rear leg is retracted laterally. 
RFA is located by palpation in the area 
of inner thigh and pressure is applied 
to detect pulsation of the artery in the 
femoral canal.
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pig, and determine whether animals have had enough 
acclimatization by observing undisturbed swine 
behavior in the unit. Swine cardiovascular surgery is 
moderately long and for this reason it is obligatory to 
withhold food from pig prior to procedure (10-12 h), 
but keep water available to avoid dehydration. Note: 
food might still be present in the torus pyloricus past 
12 h of fasting, which will not interfere in cardiac 
procedures. Later, check and record pig’s respiratory 
rate RR (45-60 breaths/min), heart rate HR (74-116 
beats/min) and temperature T (37.8-39.8ºC). If you are 
using minipigs values are RR (11-29 breaths/min), HR 
(68-98 beats/min) and T (37-38 ºC). 

PV CATHETER & SYSTEM PREPARATION
Pre-soak the tip of the 5F or 7F VSL PV Catheter in 0.9% saline for ~20 min before 
its insertion into the LV cavity (Fig. 2). At this time collect 2 mL of non-heparinized 
arterial blood to measure blood properties. Place the tip of Calibration Probe in 
the sample of freshly drawn blood (35-37°C) and touch the blood meniscus (Fig. 
1). Please do not submerge the Probe into blood. The procedure has to be finished 
quickly as blood will change properties as it clots. Please press [OK] on ADV550 box 
to sample blood resistivity (ρ). Determine stroke volume (SV) by using cardiac MRI, CT scan or high resolution 
echocardiography. Enter this value into Study Parameters. 

Prepare the system according to the manual and quick start guides. Before 
using PV Catheter, perform calibration and interface the ADVantage 
control box to Data Acquisition system.

ANIMAL PREPARATION & ANESTHESIA INDUCTION
Use butterfly catheter to deliver combination of pre-anesthetics, for 
selection and dose information see Pig Anesthesia Guidelines (RL-201-tn). 
Place swine in supine position and shave surgical field(s) while on warming mat, using #40 blades attached 
to Oster animal clipper or similar. Apply surgical scrub alternating between disinfectants such as iodophores, 
chlorhexidines and alcohol. Please remember: iodophores will inactivate a wide range of microbes, however 
literature describes their reduced activity in the presence of organic matter. Do not wet large area of skin with 
alcohol to avoid hypothermia. Consider using drapes to maintain a sterile field and preserve body temperature. 
Use thermo-blankets (mats) to prevent hypothermia as swine have poor thermoregulation. 

Transfer pig into prep-area and initiate 3-4% Isoflurane anesthesia using gaseous mixture with driving gas 22-
44 mL/kg/min (oxygen) using plexiglas nose cone. Set up partial re-breathing circuit. Clinical signs that indicate 
the pig is ready for intubation include loss of jaw tone, ventral rotation of the eye, and prolapsing of the third 
eyelid. The palpebral reflex is slowly disappearing, while anal tone and 
corneal reflex are retained.

Apply an ophthalmic ointment to both eyes following induction of 
anesthesia to prevent corneal drying. Ideally, pig should be positioned 
in dorsal recumbence. Place pulse oximetry sensor on one of swine’s 
earlobe and monitor SpO2. Apply EKG leads to detect and record 
heart’s electrical activity. 

Be sure to consider cardiovascular 
impact of anesthetic choice. 
Please adhere to your institutions 
guidelines for anesthesia and 
pain management. See Pig 
Anesthesia Guidelines (RL-201-tn) 
for more considerations.

Fig. 1: Calibration Probe is used to 
determine blood resistivity.

Fig. 2: Soak PV Catheters in 
saline prior to use
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ENDOTRACHEAL (ET) INTUBATION
Endotracheal intubation ensures artificial control of respiration and protects the airways from aspiration of 
foreign material. When anesthetizing swine for more than 1 hour it is recommended to use ET intubation. ET 
intubation is typically performed orotracheally after 10-15 min of gaseous anesthesia. Prepare Laryngoscope 
with long straight handle (250 mm), local anesthetic spray (Xylocaine endotracheal spray, 2% Lidocaine), 
syringe with air, tape for tracheotube (TT) fixation and slings to open the mouth. Allow pig’s head to 
be situated close the end of surgical table. V shaped stainless steel surgical table is one of best for head 
stabilization. Constantly aspirate saliva, to limit salivation and use Atopine or Glycopyrrolate. For use in PV 
measurements please see dosage in “Swine Anesthesia Guide (RL-201-tn)” Table 3.

To introduce tracheotube (TT), the mouth is opened wide using slings while 
tongue is pulled out. Introduce the laryngoscope to the vocal chords and spray 
both chords with Lidocaine. Withdraw the laryngoscope and about 5 min 
later re-introduce both the laryngoscope and tracheotube, pre-sprayed with 
xylocaine. The laryngoscope is passed into the pharyngeal cavity and depresses 
the tongue, making the epiglottis visible. The tip of the laryngoscope is then 
used to press the epiglottis upward towards the base of the tongue, revealing 
the laryngeal opening. Introduce TT into larynx through the vocal cords. TT 
is then advanced into trachea during expiration. Swine will cough reflexively 
when TT is inserted, and might expel a large amount of air through TT. Inflate 
the balloon cuff with air, and connect TT to the anesthesia machine. TT is then fixed on the snout and taped. 
Any signs of cyanosis or gasping may indicate improper TT placement. If possible, shorten the anesthesia 
circuitry to limit dead space.

Insufficient anesthesia and unsuccessful repeats to insert TT may lead to laryngospasm. Resistance should 
not be felt on insertion. If you feel resistance on TT introduction, please remember that pig have right 
cranial bronchus located before the tracheal bifurcation and also some breeds have small deep pharyngeal 
diverticulum dorsal to the larynx that can start profusely bleeding when penetrated. Additionally, over-
inflation of balloon cuff might cause swelling and edema of airways and its obstruction. 

ANESTHESIA MAINTENANCE & MONITORING
Use control mechanical ventilation for this type of PV catheterization 
procedures that allows to preselect ventilatory rate, tidal volume and 
inspiratory flow rate independent of spontaneous effort of swine. 
See table at right for example respiration rate and tidal volume based 
on weight. More information about tidal volume can be found in 
“Ventilation Table (RL-1-ds).”

When connected to ventilator, inspect breathing pattern, color of 
membranes and capillary refill time. If feasible, use pulse oximetry for the length of the procedure.

When intubated, use 3-4% of Isoflurane for about 4 min then switch to lower concentration, 1.3-2%, as 
respiration becomes shallow. Introduce a 22-gauge angiocatheter using the posterior auricular vein. Start IV 
Lactate ringer+ 5% dextrose. Use 100-300 units per kg of heparin, based on selected procedure and establish 
baseline ACT (activated clotting time). For closed chest PV artery catheterization values above 100 sec. are 
preferable.

Adequate anesthesia can be monitored by examining cardiovascular 
system and/or pulmonary system (arterial blood gas analysis). See 
Swine” Anesthesia Guide (RL-201-tn)” for more information.

Pig Left Ventricle Acute PV Measurement (Closed Chest) Cont.

BODY WEIGHT (KG) TT SIZE (F) 

2.5 to 4 12

4 to 6 14 to 16 

8 to 18 18 to 22 

20 to 26 20 to 24 

30 to 40 26 to 30 

50 to 70 27 to 42

PIG WEIGHT (KG) RR (MIN-1) VT (ML)

15 26 96

82 17 531

125 15 831

Formula is based on animal mass (Mb):

Respiration rate RR= 53.5 * Mb-0.26

Tidal volume Vt = 6.2 * Mb1.01
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Surgical Approach: Artery and Vein Catheterization

FEMORAL PERCUTANEOUS APPROACH
To facilitate access to the femoral canal, retract the rear hooves 
caudally with slight flexion of the hip joint and restrain them 
in place. To use the percutaneous approach, locate the right 
femoral artery (RFA) by using anatomy landmarks and/or pulse 
palpation in the femoral canal or with help of ultrasound 
guidance (USG). Use large 18-gauge, 2 3/4-inch Seldinger needle 
or trocar to percutaneously introduce it into the arterial lumen 
while advancing round tipped 0.038-inch Seldinger guidewire 
through the needle lumen into the RFA (Fig. 3). Trocar is withdrawn from 
the skin. Do not damage the Seldinger guidewire. If under USG, examine 
position of the wire in the vessel lumen. Thread the dilator cannula 
through the guidewire into the RFA and advance it to desired position. 
Small incision might be necessary to insert the introducer past dilator. 
Seldinger guidewire and introducer are removed, leaving a blunt 7-10F 
cannula with blood sampling port in the RFA. It is advisable to use an 
access port at least 2 french sizes bigger than the PV Catheter. Cannula is 
sutured to skin to prevent its movement (Fig. 4). 

The femoral vein is located in the same adventitia, just medial to the 
artery. Use a similar method, as for the femoral artery, for cannula 
insertion. Use the LFV to insert the balloon catheter. It is best to use an 
access port at least 2F size bigger than the balloon catheter. 

FEMORAL CUT-DOWN APPROACH
RFA and LFV are approached while swine is placed in dorsal recumbence 
and the rear legs are retracted laterally. Pulsation of the superficial part 
of medial saphenous artery is identified in the skin fold between mm. 
gracilis and sartorius. Perform skin incision cranial to this point using 
scalpel or electric cautery. Dissect the underlying subcutaneous tissue use 
blunt-tip scissors. Divide fascia of mm. sartorius and gracilis using blunt-
tip surgical forceps. Use self-retaining tissue retractor to further separate 
m. pectineus while taking care not to damage the femoral nerve and 
vessels. Isolate the RFA for a length of 2 to 3 cm using blunt dissection. 

SWINE 
WEIGHT (KG)

BALLOON 
CATHETER SIZE

INSERTION 
APPROACH

DATE, AUTHOR, PMID

24-36 7 F Left Fem. vein 2010, Filseth, 21926602

25-29 7 F Open Chest 2012, Stenberg, 22307666

25-35 8 F Right Fem. vein 2007, Kubitz, 17505303

27-30 14 F Fem. vein 2013, Marshall, 23104696

31-44 7 F RA 2002, Haney, 12151935 

34.3-35.9 8 F
Fem. vein or  
ext. Jug. vein

2012, McCall, 22790084

38.3-43.1 8 F Fem. vein 1998, Tayama, 9841537

Fig. 3: Introduction of guidewire into the femoral 
artery using the Seldinger technique

Fig. 4: Femoral vasculature access via 
percutaneous Seldinger technique.

Fig. 5: Introduction of 5F pigtail pressure-
volume admittance catheter into 
percutaneously catheterized right 
femoral artery (RFA)



Pressure-Volume

Your Trusted Partner in Research

Pig Left Ventricle Acute PV Measurement (Closed Chest) Cont.

Surgical Approach Cont.
Rotate the beveled introduction needle to follow the contour of the RFA curvature. Insert the guidewire. The 
insertion needle is withdrawn. Thread the introducer through the guidewire into the vessel lumen the blunt 
7-10F cannula is passed over the guidewire into widened the RFA’s lumen and advanced into desired position. 
It is advisable to use an access port at least 2 french sizes bigger than the PV Catheter. Attach the cannula with 
blood sampling port to surrounding tissue restraining its movement. 

The femoral vein is located in the same adventitia, just medial to the artery. Isolate the vein using blunt 
dissection. Secure 7-10F access sheet in the RFV. Confirm correctly catheterization by withdrawing blood from 
both cannulas and run the blood gas from the RFA line, then flush the catheter with heparinized saline in 
order to maintain catheter patency, flush catheter every 5-7 min. Secure both lines with 5-0 silk to skin that is 
closed with sutures. It is recommended to label the arterial and venous lines.

Use the LFV to insert the balloon catheter. 
It is best to use an access port at least 2F 
size bigger than the balloon catheter. 

FEMORAL APPROACH (PERCUTANEOUS OR CUT-
DOWN) CATHETER INSERTION
The femoral approach uses the full length of the PV Catheter upon its introduction. The Catheter is introduced 
through previously established Sedlinger port. Manipulation of Catheter in the abdominal and ascending aorta 
and also in the aortic arch requires practice to limit vascular injury and induction of clotting cascade. Also be 
cautious when manipulating Catheters inside swine arteries, they are predisposed to vasospasms. Although 
the major difficulty while introducing the Catheter into the LV come when Catheter is passing through the 
aortic valve, other difficulties include its misplacement into the LCA and truncus brachiocephalicus. Use 
of fluoroscopy guidance for this femoral access introduction is essential. Note: Make sure there is not an 
excessive resistance present on introduction (vasoconstriction, vessel lumen distortion). If you encounter 
resistance, please stop moving forward and try to carefully pull back. 
Use fluoroscopy to determine the cause of an obstruction before the 
Catheter re-introduction. 

With the 5F pigtail VSL Catheters use the pigtail straightening 
introducer to uncurl the pigtail tip (Fig. 6). For 7F straighten the pigtail 
with a guidewire. Ideally using 5F or 7F PV Catheters, there should be 
a very low amount of bleeding on introduction. For this remote LV 
catheterization, VSL Catheters with pigtail tip (both 5F or 7F) work 
the best as the manipulation with straight tip Catheter usually leads 
to its misplacement into the above mentioned vascular structures in 
the aortic arch. With the Catheter in the RFA, get feel for the degree 
of resistance while gently rotating the catheter. Manipulation of 
pigtail Catheter in the aortic arch is easier for its ability to slide down 
along the aortic curvature. Also in the final destination, pigtail can 
be anchored more easily in the LV apex as compare to the straight 
tip. If necessary, 7F closed or open pigtail Catheter can be used with 
internal guidewire to manoeuvre the tip through all above mentioned 
structures giving the user additional capability to make sharp left turn 
in the area of ascending aorta-at the origin of the aortic arch. 

Note: If you choose to cut the end of 7F VSL closed pigtail Catheter to 
insert guidewire past the otherwise closed end, ensure that blood is 
not erupting through the Catheter lumen. Position a hemostatic valve 
and/or stop cock at the end of the guidewire port.

Fig. 6: 5F PV Catheter with straightening introducer retracted (top) and 
engaged (bottom) to uncurl pigtail.

Fig. 7: Surgical site for right carotid approach
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Surgical Approach Cont.

RIGHT CAROTID CUT-DOWN APPROACH
Use scalpel to make about 9 cm skin incision perpendicular and medial 
to the line from the point of the jaw to the point of the shoulder. When 
using the el. cautery for dissection please disconnect the PV Catheter. 
Use retractor to open the incision (Fig. 7, page 5). Use blunt scissors or 
medium hemostats to bluntly dissect an underlying glandular tissue from 
skin. Next, bluntly dissect the subcutaneous fascia and the facial plane 
between the trachea and the sternohyoideus and the sternomastoideus 
mm. to palpate the RCA pulse and localize the carotid adventitial 
sheath. Isolate using blunt dissection in order to prevent damage to the 
vagus nerve or its branch, the recurrent laryngeal nerve, that lies within 
the carotid sheath (Fig. 8). Also avoid damaging the nearby truncus 
sympaticus. Ligate/cauterize all arterial branches to reduce blood loss and 
minimize risk of dissection of the artery.  Avoid major bleeding in the 
area. Minor bleeding can be stopped by digitally applied pressure on pre-
cut gauze squares. Keep area moist with warm sterile saline or PBS.

Continue blunt dissection to expose the RCA to about 7 cm length. 
Dissect alongside the RCA distally towards the head. Ensure that section 
of the RCA is completely separated from all adjacent tissues to limit 
unexpected bleeding during the retraction and/or clamping procedures. 

At this stage 2-0 silk sutures can be placed caudally around the RCA or 
internal jug. vein and ligated. To determine the anatomical location of 
this suture, please refer to Fig. 11. Place the vessel loop to the caudal end 
on the RCA (close to sternum) on successfully exposed RCA from vascular 
fascia and vagus nerve to create tension. 

Use sharp pointed scissors to make arteriotomy (Fig. 9). A 0.038-inch 
guide wire is passed into RCA lumen (Fig. 10) before the introduction 
of a 7-10F blunt cannula (Fig. 11). Guidewire is then withdrawn. At 
this point the RCA has been retracted proximally and distally and 
cannulated (Fig. 12). The same process is repeated with the jugular vein.

Fig. 11: Cannula is inserted over the guidewire 
and positioned using the vessel loop.

Fig. 12: Both the RCA and jugular vein are 
cannulated and ready for Catheter 
insertion.

Fig. 10: Guidewire is inserted into the openingFig. 9: Caudal control of the RCA is 
provided by lifting the vessel loop 
with exposed vascular segment in 
order to make an arteriotomy.

Fig. 8: Separation of the right common 
carotid artery
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Measurement Procedure

CATHETER POSITION ADJUSTMENT IN LV
Before the Catheter reaches the LV, a typical arterial pressure tracing 
with dicrotic notch pattern, and a downward deflection on the down 
stroke of an arterial pressure waveform representing closure of aortic 
valve, can be observed (Fig. 11). On entering the LV cavity, changes in 
the pressure tracings occurs (Fig. 12).

Allow the Catheter to stabilize in the LV for about 15 min before 
data collection. Position the Catheter using the live volume feedback 
function of the ADV550.  Additional data provided by phase and 
magnitude will help in this process as well and is covered in several of 
our technical notes.  All signals should have a sinusoidal wave profile 
If the PV Catheter lies in an off- center position, the phase signal may 
be distorted (signals will be relatively high with a low amplitude). 
Reposition the Catheter until a more central position is found, 
where magnitude waves are at their largest and phase waves are 
stable and devoid of noise or spikes. This position will coincide with 
physiological data coming from the volume channel. Record steady 
state values for at least 10 min for each animal before attempting 
IVC occlusion. 

IVC OCCLUSION
Prepare the Fogarty balloon catheter and prime the inflation syringe 
with Iopamidol or similar contrast material. Inferior vena cava (IVC) 
occlusion is used to derive various load-independent indices of 
systolic function. Carefully insert the tip of the Catheter through 
the venous access port and pass necessary amount of Catheter 
shaft under the fluoroscopic guidance into the IVC and localize 
the tip of the balloon catheter past the diaphragm(Fig. 16, page 
8). Before inflating the balloon in the IVC, confirm its position 
by angiography.

Preload reduction: Before IVC occlusion record pressure-
volume steady state (Fig. 15). When heart rhythm is stable, 
stop controlled mechanical ventilation and record baseline, 
uninfluenced by the lung motion artifacts. Record 5 sec of PV 
loop data and proceed to manometer- radio-opaque contrast 
dye balloon inflation to visualize the inflated balloon in-situ. Its 
correct position is indicated by an immediate LV pressure and 
volume drop (Fig. 17, page 8). Deflate balloon and repeat 
these steps to obtain more than one stable occlusions, while 
allowing the swine to recover for at least 5 min in-between each 
IVC occlusion. If premature ventricular contractions (PVCs) occur during 
recording of baseline or IVC occlusion, exclude resultant PV loops. 
In case of multiple incidents, all IVC occlusion recordings should be 
discarded and repeated. 

Fig. 13: Pressure trace in ascending aorta

Fig. 14: Pressure trace in left ventricle

Fig. 15: Baseline (steady-state) PV loops for pig left ventricle.
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Measurement Procedure Cont.
Promptly, while animal is recovering from an IVC, perform offline 
analysis of the preload reduction using data analysis software. Start 
the occlusion analysis at the point at which both systolic pressure 
and volume decline simultaneously and end at the point at which 
their decline reaches a plateau. Also pay attention to heart rate. 
Use data where HR does not change more than 30% from baseline 
during the IVC occlusion.

Fig. 16: Insertion of deflated Fogarty occlusion balloon 
catheter into the IVC through the percutaneous 
LFV access. The insertion port on the LFV 
access has to be at least 2F sizes bigger to allow 
smooth access of the balloon catheter.

Fig. 17: Cardiac fluoroscopic image showing 
placement of pigtail VSL Pressure-Volume 
Catheter along the long axis of the left 
ventricle. Red arrow points to a 30 mm 
Fogarty occlusion balloon catheter that 
has been introduced through the left 
femoral vein (LFV) and inflated using 
Iopamidol to decrease preload during 
pressure-volume data collection.

Fig. 18: Tracings of Pressure, Volume, Phase and Magnitude during inferior 
vena cava (IVC) occlusion 

Fig. 19: PV loops during inferior vena cava (IVC) occlusion 



Transonic Systems Inc. is a global manufacturer of innovative biomedical measurement 
equipment. Founded in 1983, Transonic sells “gold standard” transit-time ultrasound 
flowmeters and monitors for surgical, hemodialysis, pediatric critical care, perfusion, 
interventional radiology and research applications. In addition, Transonic provides 
pressure and pressure volume systems, laser Doppler flowmeters and telemetry systems.www.transonic.com
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END OF EXPERIMENT
Terminate the experiment by carefully removing the PV Catheter by gently pulling it back through the access 
port. Please make sure that this manoeuvre is controlled, ensuring not overly extending the Catheter shaft as 
it houses electronics. Insert Catheter tip into 20 mL saline centrifuge tube. Stop digital acquisition and save 
the data. 

Clean Catheter as soon as possible according to proper care guidelines to considerably prolong the Catheter’s 
life. See our cleaning guidelines for more information.


