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Scisense Pressure Technical Note
Ex-vivo Isolated Langendorff Heart Model for Cardiac
Assessment using Pressure Measurements
The practise of isolating the heart from an animal’s circulation simplifies the examination of inotropic
(contractile) and chronotropic (heart rate) effects without confounding vascular responses. As isolated/
hanging heart models lack fresh blood circulation, hormonal and autonomic nervous responses
and otherwise very complex in-vivo factors are decoupled which helps to perform a variety of basic
analyses of fundamental cardiac properties. This allows for testing of pharmacological compounds,
unmasking potential direct action of studied compounds or studying basic cardiac muscle physiology.
The preparation also allows direct inductions of ischemia or arrhythmias with precise mapping the
conduction pathways, coronary blood flow regulation and cardiac metabolism.
There are two basic types of isolated heart models:
• Langendorff: retrograde perfusion via the cannulated aorta closing the aortic valve filling the
Valsalva sinuses while entering into left and right coronary arteries through left and right coronary
ostia. Perfusion buffer then passes through the coronary vascular bed before its drainage into
coronary veins into coronary sinus in the RA. In this preparation the ventricle chamber(s) are not
perfused. This set up is very important to discern mechanical behavior of smooth vascular muscle
cells in the coronary vasculature expressed as changes in vessel radius. Set-up can be either constant
pressure via gravity-fed apparatus or using constant perfusion flow (1).
• Working Heart: antegrade perfusion where perfusate enters through the mitral valve and is
ejected through the aortic valve. This major modification in the isolated heart model was made by
Neely and Morgan in 1967 (12). Isolated heart preparations that performed mechanical work are
commonly referred to as the “working heart,” but more appropriate term is the ejecting heart as the
Langendorff heart is also “working” (13). See “Working Heart Model for Cardiac Assessment” for
more information.

Langendorff Model
Langendorff preparation is widely used for species-specific pathways using hearts isolated from
all mammalian species including human hearts (2). Selection of the model heart is very important
especially when a variety of genetically modified strains are available (4-7). Most common prepped
hearts are from mice, rats, guinea pigs, ferrets and hamsters.
Some disadvantages of using hanging heart preparation include:
1. Possibility of ischemic preconditioning of the organ during dissection, mounting and other
manipulations.
2. Lack of colloid osmotic pressures leading to cardiac edema (8).
3. Likelihood of high coronary perfusion pressures with pre-mixed crystalloid solutions (as different
from blood or plasma) causing coronary endothelial damage during perfusion.
4. Chance of baselines inconsistencies if using perfusate with different Ca2+ levels such as a modified
Krebs-Henseleit buffer (9).
5. Possibility of bacterial contamination of the perfusate causing
the exogenous peroxynitrite activation (10).
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EXCISION OF THE HEART AND ITS CANNULATION (MOUSE)
Note: All animal protocols have to follow local and institutional guidelines.
Heparinized blood is circulated through the heart before excision. Excision is done under general anesthesia
using median sternotomy and quick cardiac dissection, or by ventilating the animal and slowly exposing the
heart by chest retractor and in-situ cannulation of the aorta before its full cardiac dissection. Note: cannulation
time has to be kept to a minimum; highly metabolically active mouse heart has oxygen and substrate for up to
60 sec. from the time of removal.
Removal of the heart is done by cutting across the arch of the aorta (leaving enough space for mounting on
the cannula) along with all other vascular structures in the area. The heart is removed into ice-cold heparinized
phosphate buffered saline (4°C) to arrest beating. The ascending aorta is then mounted on the aortic cannula.
Sizes of cannulas for mouse range from 22-16, for rats from 14-8 gauge (1).
During transfer of the mounted and cannulated heart the perfusate should be running to establish quick liquid
communication. During cannula mounting please pay special attention to preventing rupture of the aortic
valves or associated structures. If valves are compromised it limits the ability to maintain coronary perfusion
pressure as the perfusate leaks inside the LV. Free drainage of coronary artery effluate/perfusate is enabled
by an incision in the area of the pulmonary artery. At this time a RV thermocouple wire can be inserted
to monitor cardiac temperature (11). Please note: complete cardiac isolation will cause denervation and
bradycardia in part due to limited blood supply to the SA pacemaker node e.g. reduced heart rate in mouse to
380-450 bpm from normal in vivo 600 bpm.
Perfusate is typically a nutrient rich (NR), oxygenated (O2) solution-buffer (e.g. oxygenated Krebs-Henseleit
bicarbonate-KHB or Thyrode’s buffer at 37.5°C, pH 7.4, Conductivity of 16-20 ms/cm). This solution is
supplied at a constant flow rate up to 15 ml/min/g or at a constant hydrostatic pressure (60-80 mmHg with
commencement between 50-60 mmHg), allowing the heart to work for several hours after excision.

Correct aortic cannula placement (on the left) when heart is mounted by as
compared to incorrect cannula placements (on the right). The difference is in
the ability to perfuse both coronary sinuses with similar hydrostatic pressure to
ensure the viability of tissue.
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As the heart is mounted, the first couple minutes are critical in determining the success of the preparation. At
this time it is also important to establish fluid to fluid communication to limit preconditioning due to delayed
cardiac perfusion. Experiments can start 10-15 min after successful heart beat and last up to 4 hours. In most
cases investigation should be time-limited as non-blood perfusion invites protein loss leading to tissue edema.
Pacing can be used to increase heart rate to physiological levels allowing better direct comparisons with in-vivo
cardiac contractility.

INTRODUCTION OF FLUID-FILLED BALLOON INTO THE LV TO TEST MAX DEVELOPED PRESSURE AND PRELOAD
A fluid filled balloon is introduced into the LV through a cut in the atrial appendage then passing the balloon
through the mitral valve and inflating to yield a constant end-diastolic pressure (EDP). The balloon has to be
very compliant with low elasticity and frequency response (11). The balloon is filled with saline using a 3 way
stopcock and syringe. As the balloon deteriorates over time it is necessary to calibrate often and exchange
for a new balloon if not performing adequately. When the balloon is in position, it should be inflated to
pre-stretch myocardial fibers using up to 10 mmHg pressure. The preload on the balloon should be increased
gradually while monitoring developed ventricle pressure (LVdp). Every increment of balloon pressure should be
followed by an assessment of maximum developed pressure and systolic pressure. Continue with the process
until such time as an optimum developed pressure is achieved while maintaining a physiological normal systolic
pressure.
A constant pressure is set using gravity and elevation of aortic bubble trap compliance chamber (1 mmHg =
13.6 mm of water column). As LVdp causes the aortic valve to shut, it forces the perfusate into the coronary
arteries. In this mode, the aortic valve prevents the solution from entering the LV, but coronary arteries are still
perfused through coronary ostia located at outside the valve, maintaining the viability of myocardium.
Care should be taken not to penetrate the aortic valve and position the aortic cannula such that it can
perfuse both coronary ostia. Perfusate drains as effluent from the coronary circulation via coronary sinus and
pulmonary artery and tends to drip from the apex where it is collected. This system as set up provides basic
application for physiological monitoring and/ or cardiomyocyte isolation.
• Mounted heart should be perfused by flow of up to 15 ml/min/g of heart.
• Initial perfusion pressure should be about 50-60 mmHg, later can go up to 100 mmHg.

PXN Inline Flowsensors insert into the tubing circuit
to allow for direct measurement of volume flow into
the heart. This ensures that the heart is receiving
adequate nutrients.

Pressure

Langendorff Model for Cardiac Assessment
CONSTANT PRESSURE LANGENDORFF
Pressure is held constant (fixed known pressure) and changes in coronary resistance are detected as changes
in blood flow (changes measured volumetrically). Constant pressure is achieved by elevating the aortic bubble
trap compliance chamber. Typically ~1 m of elevation above the isolated heart is recommended as 1 mmHg =
13.6 mm of water column therefore 0.816 m would be needed to create 60 mmHg. By using syringe pump(s)
or multiple reservoirs, different compounds in variety of concentrations can be delivered to or collected from
the heart for pharmacological setting dose response studies. A flow sensor can be added after the oxygenator/
heater/bubble trap and a solid state pressure catheter can be introduced to measure perfusion pressure. See
drawings below for more details.

Drawing on the left shows buffer reservoir and its later collection as effluate as it is drains from coronary sinus
and pulmonary artery. On the right the effluate is recirculated using peristaltic pump (e.g. drug compound testing
application). The inline volume flow sensor helps to determine the LV preload (ml/min). The solid state pressure sensor
can be used to measure inflow (perfusion pressure). In configuration with the fluid filled balloon, the 3 way stopcock
with valve could also accommodate a pressure catheter (not shown).
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CONSTANT FLOW LANGENDORFF
Flow is held constant at fixed (known flow rate) via peristaltic pump and changes in coronary resistance are
detected as changes in pressure. This set up is predominantly used when studying coronary vascular tone
(vasoconstrictors, vasodilators), and smooth muscle or endothelial function. The peristaltic pump is usually set
to deliver perfusate at 1.5 to 2 times of anticipated flow rate. There is formula based on heart weight that is
used to calculate coronary flow in constant flow Langendorff (8).
Coronary flow = 7.43* HW0.56
Setting the flow rate high allows the return of buffer to supply the reservoir. Fluid delivery rate is a function of
tubing size and pump rotations per minute. Bubble trap elevation should not be more 100 mm from the heart.
A pressure transducer might be used at the aortic cannula. In configuration with the fluid filled balloon, the 3
way stopcock with valve could also accommodate a pressure catheter.

Basic set up of constant flow Langendorff. On the left, a peristaltic pump after the oxygenator/heater/ (bubble trap)
provides constant flow. Inline flow sensor can be added to enable measuring the flow rate of buffer or perfusate (also known
as effluate).Depicted on the right, effluate is collected as it drains from the coronary circulation via coronary sinus and
pulmonary artery and drips from the cardiac apex and is recirculated back into the reservoir using second (return) peristaltic
pump. Please note the location of pressure catheters. Pressure measurements are
important in this setting to help adjusting the flow rate/speed of the roller pump.
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(Above) Data from the rat
constant flow Langendorff system
configuration. Channel 1 records
perfusion pressure, while channel 2
captures LVdp. Channel 3 is set up to
capture live dPdt, the derivative of
LVdp, and the last channel captures
HR.

(Right) Sample of the LVdp trace with
end diastole location (ED); dp/dt max
(MaxDP); peak systolic pressure (S);
and dp/dt min (MinDP) displayed.
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Sample of calculated values available using data acquisition software with mean and SD values, performed out of 15 cycles.
Systolic duration (DURs), diastolic duration (DURd); cycle duration (DURc); peak pressure (Pmax); min pressure (Pmin); pulse
height (PH); Tau Mirsky (Tau M); time to peak pressure (TT Peak).
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Please note: When using inotropes or during arrhythmias, release of adenosine by coronaries creates situation
of higher oxygen consumption while decreases coronary resistance with fall of coronary flow. With constant
flow the heart might not be able to autoregulate coronary flow as compared to constant pressure system.
Resulting severe ischemia or increases in cardiac work may result in a much severe insult than with using
constant pressure set up. Additionally, pressure read outs should be within species specific ranges.

TIPS FOR SETTING UP THE SYSTEM
1. It is critical to not to damage the valve
during cannulation.
2. Correctly tighten the suture around
the ascending aorta (best in the
groove of the cannula).
3. Properly set up Pressure Catheters to
trace perfusion pressure and LVdP.

Dual pressure sensor set-up with constant flow Langendorff
1.
2.
3.
4.
5.
6.
7.
8.

Right semilunar cusp
Posterior semilunar cusp
Left semilunar cusp
Ascending Aorta
Suture location (in the groove)
Mitral valve
Left Pulmonary veins
Pressure catheter inserted into fluid filled balloon through
Tuohy Borst
9. Pressure catheter measuring perfusion pressure
10. Fluid filled balloon inserted through mitral valve into LV
a. Opening of the right coronary artery
b. Opening of the left coronary artery
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CONSTANT PRESSURE AND CONSTANT FLOW PERFUSION
Both perfusion systems, when using non-blood perfusate, have coronary flow rates higher than in-vivo (8-12
ml/min/g of heart) (3). Constant flow system might override the auto-regulatory cardiac mechanisms otherwise
guarded by pressure development in the system. Additionally, constant small flows sent from the roller pump
into coronaries might not develop into enough constant pressures resulting in overall low-cardiac perfusion.
Limitations of Langendorff prep include induction of arrhythmias especially in larger hearts, cardiac
arrests, regional ischemia (anoxia, hypoxia) based on limited coronary flows, and constant deterioration of
chronotropic and contractile function about 5-10% per hour (3). To limit the coronary blood flow insufficiency
switching between a constant pressure and constant flow mode while working with Langendorff apparatus is
desirable.
Most common reasons why cardiac contraction of the prepped heart fails:
• Miscalculations and inaccuracies in the formulation of perfusate
• Addition of toxic agent to perfusate
• Temperature of final perfusate is low
• Bacterial contamination of the perfusate or perfusion apparatus (e.g. stopcocks, valves, aerators, bubble
traps etc.)
• Surgical errors during excision
• Incidence of developed and uncontrollable arrhythmias

APPLICATIONS OF LANGENDORFF SET-UP USING PRESSURE CATHETER MEASUREMENTS
• Investigation of positive inotropic effect (pharmacology)
• Investigation of negative inotropic effect (pharmacology)
• Coronary vasculature dilations (pharmacology)
• Gradual determination of hypoxic damage
• Calcium antagonism
• Metabolic studies with nuclear magnetic resonance
• Arrhythmogenic, anti-arrhythmic, anti-fibrillatory effects (pharmacology)
• Electrophysiological evaluation of cardiovascular agents
Species

HR (bpm)

LVV (mL)

Rat

330-360

0.1-0.2 *

Rabbit

205-220

0.4-0.7 *

Guinea Pig

280-300

0.1-0.2 *

*LVV values are for fluid filled balloon
inserted in to LV
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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.
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