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Abstract 
A novel long-term implantable blood pressure monitoring 
system is proposed. The system employs an instrumented 
elastic cuff, wound around a blood vessel, operating in a 
linear “diameter v.s. pressure” region of the vessel for real 
time blood pressure monitoring. The elastic cuff is made of 
soft bio-compatible rubber, filled with bio-compatible insu-
lating fluid with an immersed MEMS pressure sensor. The 
MEMS sensor detects the vessel blood pressure wave form 
with a constant scaling factor, independent of the cuff bias 
pressure exerting on the vessel. This technique avoids ves-
sel insertion and also substantially minimizes vessel re-
striction due to the soft cuff elasticity, thus attractive for 
minimizing long-term adverse biological effects. A scaled 
up prototype system is developed. It is used to verify and 
demonstrate the concept. 
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INTRODUCTION 
Long-term in vivo real time arterial or veinous blood pres-
sure monitoring of small laboratory animals is critical for 
various biomedical and genetic research to discover new 
genetic functions and develop effective treatments for dis-
eases, such as hypertension, obesity, epilepsy, and cancers. 
This capability will significantly impact the advanced bio-
medical research as well as future health care. The most 
common techniques used for monitoring blood pressure in 
small animals rely on an invasive catheter-tip transducer 
inserted into an artery or a tail cuff device. The implantable 
catheter pressure transducers require a complex surgical 
procedure and potentially suffer from an increased blood 
pressure, blood clotting, and reduced sensitivity with drift 
over time. Tail cuffs are inadequate for long-term monitor-
ing due to constraining animal movement, thus resulting in 
a stress-induced signal distortion. Furthermore, tail cuffs 
can only obtain systolic and diastolic blood pressure levels 
instead of a continuous blood pressure waveform, which is 
critical for advanced biomedical research. Miniature im-
plantable pressure sensor cuffs for tonometric blood pres-
sure measurement have been demonstrated [1]. The tech-
nique can solve the forth-mentioned issues associated with 
the conventional methods but significantly deforms the 
blood vessel shape, which could cause adverse physiologi-
cal effects to the vessel property and thus may not be suit-

able for a long-term monitoring. It is, therefore, highly de-
sirable to develop a long-term implantable blood pressure 
monitoring system without the aforementioned concerns.  
 
A novel long-term implantable blood pressure monitoring 
system is presented in this paper. The system employs an 
instrumented elastic cuff, wound around a blood vessel, 
operating in a linear “diameter v.s. pressure” region of the 
vessel for real time blood pressure monitoring, as shown in 
Figure 1. The elastic cuff is made of silicone or latex rub-
ber, filled with low viscosity bio-compatible insulating 
fluid with an immersed highly sensitive MEMS pressure 
sensor. The MEMS sensor enclosed in the cuff measures 
the pressure waveform, which represents a scaled version 
of the blood pressure in the vessel, independent of the cuff 
bias pressure exerting on the vessel. This method avoids 
vessel insertion, bleeding, and potential blood clotting. 
Furthermore, since the cuff is made of soft elastic material 
such as latex or silicone rubber, and the stiffness of the cuff 
can be much smaller than that of a blood vessel, the restric-
tive effect on the blood vessel is thus substantially mini-
mized while the soft cuff is in close contact with the vessel. 
This can reduce the sliding-motion-induced signal drift, 
thus attractive for tolerating long-term implant variations 
and minimizing adverse biological effects. 
 
 

Figure 1. Implantable blood pressure monitoring system 
 



IMPLANT SYSTEM ANALYSIS 
Figure 2 shows the cross section of a blood pressure moni-
toring cuff wound around a blood vessel. Since the fluid in 
the cuff is incompressible, the volume of fluid is constant, 
and it is reasonable to assume that the cuff cross-sectional 
area is constant. 
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Figure 2. Cross section of cuff wound around blood vessel 

 
The following equations can be derived from analysis. 

wbm PPP ∆−∆=∆ ,                         (1) 

where mP∆ , bP∆ , and wP∆  represent the pressure change 
measured by the sensor in the cuff, the blood pressure 
change in the blood vessel, and the pressure change exerted 
on the blood vessel wall and inside cuff wall, respectively. 

wP∆ can be further expressed as: 
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where BWK , InsideCWK , and TotalK  are the elastic 
modulus of the blood vessel wall, the cuff inside wall, and 
the total equivalent elastic modulus associated with the 
blood vessel wall and the cuff, respectively. Substituting 
(2) into (1) results in 
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where η  is a scaling factor. Using the assumption that the 

cuff cross-sectional area, 2
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where OutsideCWK is the elastic modulus of the cuff outside 
wall. 
 

The pressure waveform measured by the sensor would be 
the same as that in the blood vessel with a scaling factor. 
From Equation (5), it can be seen that η  is a constant if the 

elastic modulus of the blood vessel, BWK , is a constant. In 
a typical blood vessel, the vessel wall consists of three lay-
ers: smooth muscle, elastin, and collagen. Elastin and 
smooth muscle can be appropriately characterized as a 
Hookean material. Collagen is a protein consisting of a 
triple helix, which is much stiffer than elastin and smooth 
muscle. It is responsible for the reinforcement of the vessel 
wall against rupture at high pressure levels. In a certain 
blood pressure range, blood vessel walls exhibit a nearly 
constant elastic modulus as shown in Figure 3 [2][3]. 
Therefore, a constant scaling factor can be achieved for an 
accurate real time continuous monitoring of the blood pres-
sure within the linear region. 

 
Figure 3 Elastic modulus K vs blood pressure in 8-week-old 

rats. ● = normotensive, ▲ = hypertensive 
 
The blood pressure waveforms can be expressed as shown 
in Equation (6). 
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η
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where )(tPm and )(tPb  are the pressure measured in the 
cuff and blood vessel pressure as a function of time, re-
spectively. BiasP  is the cuff bias pressure. η and BiasP can 
be accurately obtained by a calibration process during the 
implant using either a catheter-tip transducer or tail-cuff 
device. In practice, η could vary over time due to the 
change in blood vessel elastic modulus caused by diseases 



and aging [4]. BiasP  could also vary due to system implant 

packaging limitation. However, the changes of η  and 

BiasP are relatively slow and thus can be effectively cali-
brated by using the systolic and diastolic blood pressure 
levels, which can be readily obtained by using a tail-cuff 
device or other ultrasound means [5]. 
 

EXPERIMENTAL SETUP 
A prototype system with an enlarged dimension is devel-
oped for concept demonstration. A segment of latex rubber 
tubing with a diameter of 3/8 inch and sidewall thickness 
of 1/16 inch is used to emulate a blood vessel. An elastic 
cuff made of the similar material but with a much-reduced 
dimension (a diameter of 5/32 inch and sidewall thickness 
of 1/64 inch) is wound around the vessel-emulating tubing, 
as shown in Figure 4. Both tubings are filled with insulat-
ing fluid and inserted with MEMS pressure sensors. The 
bias pressure in the cuff can be adjusted by a clamp. A time 
varying pressure waveform applied to the vessel-emulating 
tubing can be generated by a motor shown in the figure. 
The pressures in the tubing and in the cuff are measured by 
MEMS pressure sensors simultaneously for comparision. 
The elastic modulus of the cuff tubing and the vessel-
emulating tubing is measured as 94 kPa and 780 kPa, re-
spectively. A scaling factor is thus estimated as 0.074 by 
Equation (5). 
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Figure 4. Prototype testing setup 

 
MEMS piezoresistive pressure sensors with a Wheatstone 
bridge configuration are used for the pressure measure-
ment. Piezoresistive devices are selected for the prototype 
demonstration due to a nearly constant operating tempera-
ture environment. Figure 5a presents a microscope photo of 
the sensor diaphragm area. The packaged device occupies 
an area of 1.3 mm x 3.75 mm with the sensor characteristic 
curve shown in Figure 5b, achieving a sensitivity of 20 
µV/mm Hg and an nonlinearity of 0.4 % of full scale.  

 
Figure 5a. Piezoresistive pressure sensor 

        

 
Figure 5b. Piezoresistive pressure sensor characteristics 

EXPERIMENTAL RESULT 
Figure 6 shows the measured pressure waveforms from the 
vessel-emulating tubing and cuff at different cuff bias pres-
sures, indicating closely matched waveforms with a con-
stant scaling factor of 0.06, which is independent of the 
bias pressure and is close to the estimated scaling factor.  

 



 

 
Figure 6. Pressure waveforms in vessel-emulating tubing 

and cuff at different bias pressures 
 

 
Figure 7. Pressure in cuff vs. pressure in vessel-emulating 

tubing at 18 mm Hg bias pressure 

 

Figure 7 shows the pressure in the cuff vs. the pressure in 
the vessel-emulating tubing with a bias pressure of 18 mm 
Hg above 1atm. The linear characteristic with a 1.2% of 
full scale nonlinearity indicates a constant scaling factor 
over the entire cycle. A miniature in vivo blood pressure 
monitoring system based on the proposed technique is cur-
rently under development for small animal implant study. 
 

CONCLUSION 
A novel long-term implantable blood pressure monitoring 
system is proposed in this paper. The proposed method 
avoids vessel insertion, bleeding and potential blood clot-
ting, thus is suitable for long-term implant application. A 
prototype system with an enlarged dimension has been 
developed for concept demonstration. The result shows the 
pressure in a vessel-emulating tubing can be measured by 
an MEMS pressure sensor in a monitoring cuff with a con-
stant scaling factor independent of the cuff bias pressure.  
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