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ABSTRACT 

We have developed a model permitting the control of the hemodialysis patient status. We have represented the 
functioning of each body compartment by a set of differential equations that express the mass balance of the carbonate 
and bicarbonate concentrations in each one. Experimental data from bibliography were analyzed and compared to our 
calculus. Results were well satisfying. 
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1. Introduction 

With advances in technology, dialysis has now become 
cheaper and less onerous. As there is a shortage of ca- 
daveric donors, only one-third of those on the list will 
receive a kidney transplant. This means that the majority 
of such patients will spend the rest of their lives on di- 
alysis [1]. The yearly mortality among patients being 
treated with dialysis is mainly due to cardiovascular dis- 
eases and respiratory infection. Hypertension continues 
to be a major risk factor for cardiovascular disease. Good 
evidence suggests that improvements in dialysis effi- 
ciency reduce morbidity and mortality of hemodialysis 
patients. Dialysis efficiency has also been related to bet- 
ter control of carbon dioxide arterial blood pressures, 
systolic and diastolic blood pressures, cardiac output, 
brain blood flow, pulmonary blood flow, renal blood 
flow, urea/creatinine levels and sympathetic nerve activ- 
ity [1]. That’s why a physiologic model based on an in- 
tegration over all human body compartments can help to 
control those parameters. In fact, the new emphasis of 
research in dialysis modelling is on developing models 
that more closely resemble the physiology of the body 
[2-4]. In this direction, by using the mass balance equa- 
tions principles and the notions of control theory, this 
paper focuses on modelling the interaction between the 
different physiological control systems in human (sym- 
pathetic nerve, cardiopulmonary and renal) and their link 
with an important health problem in the worldwide: 
hemodialysis. The model proposed can help to detect the  

eventual dysfunction at each physiologic level by con- 
trolling the systolic/diastolic pressures, carbon dioxide 
arterial pressure and the sympathetic nerve activity. For 
this goal, I will begin with introducing relationships among 
blood pressures (systolic/diastolic pressures), respiration, 
peripheral resistance, and sympathetic nerve activity [2- 
4]. Then, I will propose a quantitative description of the 
respiratory processes responsible for the regulation of 
acid-base balance in man [5-8]. This will be done by 
formulating the carbon dioxide concentration and its ar- 
terial blood pressure for the brain compartment, lung 
compartment and body tissue compartment. The buffer 
content of whole blood, the bicarbonate content of plas- 
ma and the blood flows which are very useful for the 
fixed purpose, will also be treated [9-11]. I will incorpo- 
rate the glomerular filtration rate and the kidney/dialyser 
clearance [12-17] in order to test the effect of their 
change on the health indicators (biomarkers) of hemodi- 
alysis patient status (acid-base buffer systems, the pH of 
human plasma, concentration of bicarbonate content of 
plasma, the partial pressure of carbon dioxide, the sym- 
pathetic nerve activity and systolic/diastolic blood pres- 
sures [18]). 

2. Cardiac Compartment: Relationships 
between Systolic/Diastolic Pressures and 
Sympathetic Activity 

Sympathetic activity can be thought of as a complex 
output of the central nervous system, providing subtle 
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control over end organ function. This control is exerted 
in a number of frequency bands, including rhythms re- 
lated to the cardiac cycle, respiratory cycle and kidney 
cycle. Determining the blood pressures (diastolic and 
systolic pressures, arterial pressure, partial pressure of 
carbon dioxide in arterial blood) at different level of the 
body can help to deduce the sympathetic activity and 
after detect the eventual dysfunction if the frequency is 
not in the normal band. At any end-diastolic volume, an 
increase in sympathetic activity results in an increase in 
stroke volume due both to an increase in venous return 
and in contractility. The diastolic blood pressure (respec- 
tively the systolic blood pressure) defined as the force 
against the artery wall when the heart is at rest (respec- 
tively when the heart is beating) can be deduced from the 
following equations [2-4]: 
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Cv-Ne is the vascular concentration of norepinephrine 
(Ne) 

Cc-Ne is the cardiac concentration of norepinephrine 
(Ne) 

Pdi is the diastolic blood pressure at the beat i 

i 1d 
 is the diastolic blood pressure of the previous 

beat (i – 1) 
P

PS is the systolic blood pressure  
t is the duration of heart period 
ti is the duration of contraction (i) onset 
δνr is the time-varying relaxation of the Windkessel 

arteries 
τcc-i is the cardiac contractility at the beat i 
The increase in end organs function (heart, kidney, 

pulmonary) is mediated by sympathetic neurons which 
release norepinephrine in the vicinity of the authorythmic 
cells. The role of norepinephrine is to increase the rate of 
depolarisation of the pacemaker pre-potential by rising 
sodium and calcium conductance, while simultaneously 
decreasing potassium conductance [4]. If not measured, 
the vascular concentration of norepinephrine and the car- 
diac concentration of norepinephrine can be deduced 
from those relations [2,3]: 
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Cv-Ne is the vascular concentration of norepinephrine 
(Ne) 

Cc-Ne is the cardiac concentration of norepinephrine 
(Ne) 

P is the blood pressure 
Tresp is a constant respiratory period. 
φsa is the efferent sympathetic activity 
φba is the baroreceptor activity 
φri is the respiratory influences 
θ is an instantaneous phase of respiration, (0 < θ < 0.5 

correspond to expiratory period and 0.5 < θ < 1, corre- 
spond to inspiratory period). 

3. Modelling Partial Pressure of Carbon 
Dioxide in the Arterial Blood 

It has been observed that an increase in carbon dioxide 
concentration in the arterial blood greatly depresses neu- 
ronal activity in particular the sympathetic activity [2-4]. 
In fact any dysfunction of the kidney/dialyser provokes a 
deviation of the carbon dioxide concentration or its pres- 
sure from their normal values that will probably influ- 
ences the metabolic processes and after the systolic/dia- 
stolic pressures and the sympathetic activity. To deter- 
mine the carbon dioxide arterial blood pressures and con- 
centrations at all body’s compartments, I will apply the 
mass balance equation for the brain, lung and body tis- 
sue. 

3.1. Formulation of Carbon Dioxide Exchange 
in the Brain Compartment 

For the brain, the rate of change of carbon dioxide vol- 
ume is determined by a balance between the net rate of 
carbon dioxide transported to the brain tissue by the 
blood and the net rate at which carbon dioxide is pro- 
duced in the brain tissue. Also the carbon dioxide con- 
centration in brain tissue is, generally, equilibrated with 
the carbon dioxide concentration in the venous blood 
leaving the brain. This can be formulated by [9-11]: 
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 C
2B-CO  is the total CO2 concentration in the brain 

tissue at instant t 
 C

2a-CO  is the total CO2 concentration in arterial 
blood at instant t 

2a-COP  is the partial pressure of CO2 in the arterial 
blood 

2B-COP
V

 is the partial pressure of CO2 in brain tissue 

2B-CO  is the effective brain tissue volume for CO2 
generally equal to 0.9 

2mrB-CO  is the metabolic rate of carbon dioxide pro- 
duction in the brain (generally equal to 0.042) 



ΦB(t) is the brain blood flow at instant t 
ΦB0 is a parameter indicates the normal brain blood 

flow for  
2a-CO 40 mmHgP 

3.2. Formulation of Carbon Dioxide Exchange 
in the Lung Compartment 

Carbon dioxide can exist in the blood in many different 
forms: as free carbon dioxide, and in chemical combina- 
tions with water (bicarbonate), haemoglobin, and plasma 
protein. Carbon dioxide elimination is accomplished by 
bringing fresh air into the lungs, there is no other way to 
excrete the body’s carbon dioxide production. In fact, 
haemoglobin is the key chemical compound that com- 
bines with oxygen from the lungs and carries the oxygen 
from the lungs to cells throughout the body. The blood 
also transports carbon dioxide, which is the waste prod- 
uct of this energy production process, back to the lungs 
from which it is exhaled into the air. At every instant t 
the change of carbon dioxide volume is determined by a 
balance between the net rate of carbon dioxide diffusing 
into the lungs from the blood and that expired from the 
lungs. The formulations that express those phenomena 
are [9-11]: 
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2a-CO  concentration of bound and dissolved CO2 in 
arterial blood 

C

2v-CO  concentration of bound and dissolved CO2 in 
the mixed venous blood 

C

Hc the central controller gain 
Hp the peripheral controller gain  
Ic constant for central drive of ventilation  
Ip constant for peripheral drive of ventilation 
Pa is the mean arterial blood pressure 

2

Pa-p is the mean blood pressure in the arterial region of 
the pulmonary circuit 

a-COP  partial pressure of CO2 in arterial blood 

2

Pv-p is the mean blood pressure in the venous region of 
the pulmonary circuit 

I-COP  partial pressure of CO2 in inspired air 

2A-CO  is the effective CO2 storage volume of the al- 
veolar (lung compartment) 

V

Vs is the stroke volume 
ΦAv is the alveolar ventilation 
Φp(t) is the pulmonary blood flow at instant t 
τpr-p is the peripheral resistance in the pulmonary cir- 

cuit 
Γhr is the heart rate 

3.3. Formulation of Carbon Dioxide Exchange 
in the Body Tissue Compartment 

The body tissues are assumed to be lumped together in 
one compartment. The change of carbon dioxide concen- 
tration is determined by a balance between the net rate of 
carbon dioxide transported to the tissues by the blood and 
the net rate at which carbon dioxide is produced by the 
tissues. By assuming that the gas tensions in the body 
tissues are uniform and at every instant equal to those in 
the mixed venous blood returning to the lungs, the mass 
balance equations for the tissue compartment and the 
related formulas can be written [5-11]: 
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2a-CO  concentration of bound and dissolved CO2 in 
arterial blood 

C

Cbb is the buffer base concentrations 

2v-CO  concentration of bound and dissolved CO2 in 
the mixed venous blood 

C

2

Pa-s is the mean blood pressure in the arterial region of 
the systemic circuit 

a-COP  is the partial pressure of CO2 in arterial blood 

2v-COP  partial pressure of CO2 in the mixed venous 
blood 

Pv-s is the mean blood pressure in the venous region of 
the systemic circuitt is the time 

2T-CO

Φs the systemic blood flow 
V  effective tissue storage volume for CO2 

2

τpr-s is the peripheral resistance in the systemic circuit 
mr-CO  steady state metabolic CO2 production rate 

σ and k are constant parameters 
Generally, we assume the equality between left cardiac 

output, right cardiac output, the systemic blood flow and 
the pulmonary blood flow [11]. The results of those 
equations will be used to model the production and 
elimination of acids and bases wastes, subject of the fol- 
lowing paragraph. 

3.4. Formulations for the Kidney/Dialyser 
Compartment 

To simulate the production and elimination of acids and 
bases in body fluids, the buffer base concentration has 
been considered as a further state variable. The change in 
the buffer content of whole blood is determined as func- 
tion of the changes in plasma pH and in plasma’s bicar- 
bonate  content [16]. The buffer base concen- 
trations in the equations (21) and (22) can be deduced 
from the following equations [16]: 
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Cbb is the buffer base concentrations 
Chg is the haemoglobin content of whole blood 

3

pl

HCO
C   is the plasma’s bicarbonate content 

2a-COP  is the partial pressure of CO2 in arterial blood 

pH is the plasma pH (potential hydraulic) 
The plasma can be considered as a chemical system in 

which coexist bicarbonate and a non bicarbonate buffer 
[5-11]. An efficient buffering permits the balance of the 
net production of acids in the healthy patient. By contrast, 
due to an insufficient [H+] ions elimination through the 
kidneys/dialyser, the buffering term is strongly reduced 
in the uremic patient. Hemodialysis therapy rests on the 
premise that the control of blood concentrations for 
various toxic substances to some maximum value is re- 
quired for the adequate treatment. We will devise here a 
general equation system for predicting the concentration 
profile of any potential toxic substances in the blood 
during dialysis [1,13,14,17] that can be applied to the 
urea/creatinine substances: 
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   urea,w H W106.9 246.6 2097V B B       (31) 

Ag is the age in years 
BH is the body height 
Bw is the body weight 

post-d
WB  is the body post-dialysis weight  

Cb,urea is the urea concentration in blood 
Csub is the toxic substance concentration in the blood to 

be eliminated 
Ct,urea is the final solute concentration at the end of 

each dialysis session (t). 
Cu,urea is the urea concentration in dialysate or in urine 

post-d
ureaC  is the post-dialysis urea concentration in blood  
pre-d
ureaC  is the pre-dialysis urea concentration in blood 

C0,urea is the initial solute concentration at the begin- 
ning of each dialysis. 

qdc is the dialyser clearance for any substance 

per,dcq  is peritoneal dialysis clearance for any sub- 
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stance 
qrc is the renal clearance for any substance 
t is the treatment time 
Vuf is the ultrafiltrate volume 
Vurea is the body urea distribution volume 
Vurine is the dialysate or the urine volume in 24 h 
Vurea,m is the urea volume for man 
Vurea,w is the urea volume for woman 
Since the total kidney glomerular filtration rate is 

equal to the sum of the filtration rates in each of the 
functioning nephrons, it can be used as an index of func- 
tioning renal mass. A decrease of the total kidney 
glomerular filtration rate precedes kidney failure in all 
forms of progressive disease. Under steady-state condi- 
tions and by considering patient’s age, gender and eth- 
nicity, the total kidney glomerular filtration rate can be 
estimated, for the urea clearance and creatinine clearance, 
from the following equations [12,15]: 
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Ag is the patient age 
s
crC
B.NC

 is the serum creatinine concentration 

urea  is the blood urea nitrogen concentration 

qcr is the ceatinine clearance 
qurea is the urea clearance 
Γgf is the glomerular filtration rate 
The equations proposed above permit the calculus of 

the carbon dioxide arterial pressure, its concentration and 
the blood flow at each compartment (brain, lung, body 
tissue). The parameters estimated are directly linked to 
tissue metabolism, metabolite production and the buffer 
base concentration. Those later influence the kidney/ 
dialyser function and the status of the hemodialysis Pa- 
tient. The control role of the model, the function of each 
compartment and the link between them will be dis- 
cussed and clarified in the following paragraph. 

4. Block Diagram for the Model Functioning 

The equations proposed above permit the calculus of the 
carbon dioxide arterial pressure, its concentration and the 
blood flow at each compartment (brain, lung, body tis- 
sue). The parameters estimated are directly linked to tis- 
sue metabolism, metabolite production and the buffer 
base concentration. Those later influence the kidney/ 
dialyzer function and the status of the hemodialysis pa- 
tient. This approach is based on an integration over all 
human body compartments and on the argument that 
blood pressure is controlled by several physiological 

mechanisms acting in combination (Figure 1). 
The parameters indicators of the functioning of each 

compartment were detailed and explained in every cor- 
respondent equations. They represent the input or output 
quantities of the model depending on its usage sense. So 
the approach permits to quantify the change that can un- 
dergo the carbon dioxide arterial blood pressure, the sys- 
tolic/diastolic blood pressure, the blood flow and the 
sympathetic nerve activity in each body compartment 
when there is any anomaly in the kidney/dialyzer system. 
To verify the running of the model and because the dif- 
ferent compartments detailed above have a linked func- 
tioning which means that they work as entity in a closed 
circuit and every one uses the parameters furnished by 
the other we have make the calculus by considering a 
unique system embedding the four compartments and by 
treating the kidney/dialyzer as regulator of all system 
(Figure 1). So if we change a parameter in the kidney/ 
dialyzer compartment we must record a change for the 
parameters indicators of the functioning of other com- 
partments (lung compartment, body tissue compartment, 
brain compartment, cardiac compartment) with a propor- 
tional sensibility. The parameter indicator of the kid-ney/ 
dialyser efficiency for which we have made a variation is 
the glomerular filtration rate. We have chosen values in 
the band of chronic kidney failure, one near the normal 
band (Γgf = 75 ml/min) and the other far distant (Γgf = 30 
ml/min). The parameters indicators of the system func- 
tioning that we have chosen are carbon dioxide arterial 
blood concentration, the systolic/diastolic blood pressure, 
baroreceptor and sympathetic nerve activities. 

5. Results and Discussions 

Figure 2 shows the variation of the CO2 concentration in 
the arterial blood for the tissue compartment. 

We note that at the beginning of the dialysis session 
and for the two values of glomerual filtration rate the 
 

 

Figure 1. A block diagram for a potential monitoring use of 
the controlling model (L.C: Lung compartment, C.C: Car- 
diac compartment, B.C: Brain compartment, B.T.C: Body 
tissue compartment). 
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Figure 2. Variation of the CO2 concentration in B.T.C for 
(Γgf = 30ml/min ) and (Γgf = 75 ml/min ■). 
 
CO2 concentrations are close to each other, decrease 
slowly in the first five minutes of the session, increase 
later to reach a threshold closed to 1 l/l for (Γgf = 75 
ml/min) and 0.8 for (Гgf = 30 ml/min). We record a pro- 
gressive decrease for the CO2 concentration correspond- 
ing to (Гgf = 30 ml/min) to reach a value of about 0.6 l/l 
at the end of the dialysis session but the CO2 concentra- 
tion corresponding to (Γgf = 75 ml/min) retains the 
threshold value till the finish of the session. The variation 
of CO2 arterial blood pressure in the body tissue com- 
partment during the treatment is presented in Figure 3. 
We have noticed the following results: 

We record a CO2 pressure increase in the first 5 min of 
the dialysis session with a closed values for both situa- 
tions ((Γgf = 75 ml/min) and (Γgf = 30 ml/min). A 
treshold of about 40mmHg is reached 12 min after the 
beginning for the curve corresponding to (Γgf = 75 
mmHg) and the pressure maintains the same value till the 
end. For the trend of the case (Гgf = 30 ml/min) we re- 
mark that the CO2 arterial blood pressure reaches a maxi- 
mum of about 18 mmHg at the instant 8 min, it decreases 
after to attain a minimum of about 20 mmHg at the mo- 
ment 70 min and it continues with the same value until 
the end of the session. 

In Figure 4 we present the variation of the barorece- 
petor activity as average over all the dialysis session. 

We can say that, the baroreceptor activities for both 
(Γgf = 75 ml/min) and (Γgf = 30 ml/min) maintains closed 
values in the first 30 min of the dialysis session with two 
phases. In the first phase from the beginning of the ses- 
sion till the 10 first minutes there is a decrease of the 
baroreceptor activity to reach a value of about 0.6. After, 
the second phase, there is a progressive increase To at- 
tain the value 1. From the instant 30 min the slope of 
increase becomes more important and a net difference 
between the data of the two curves was recorded. It be- 
comes more significant later. The baroreceptor activity 
for (Гgf = 75 ml/min) reaches a treshold of about 1.7 at 
the moment 90 min while for (Γgf = 30 ml/min) the 
threshold was reached at 80 min and is about 1.4. 

The mean variation of the sympathetic activity for the 
two values of the glomerular filtration rate was revolted  

 

Figure 3. Variation of the CO2 arterial blood pressure 
(A.B.P.) in the tissue compartment for (Гgf = 75 ml/min ) 
and (Гgf = 30 ml/min ). 
 

 

Figure 4. Variation of the baraoreceptor activity (B.A) for 
two values of glomerular filtration rate (Гgf) during a di- 
alysis session (Гgf = 30 ml/min , Гgf = 75 ml/min ). 
 
in the Figure 5. 

We remark a fast decrease of the sympathetic activities 
in the first 7 min of session, to attain a minimum of about 
1.45, followed by a progressive increase to reach a 
maximum of about 2.2 (respectively 1.7) for (Γgf = 75 
ml/min) respectively (Γgf = 30 ml/min)) at 90 min and 
maintain those values until the end of session. We notice 
closed sympathetic activity values for both situation (Γgf 
= 75 ml/min) and (Γgf = 30 ml/min) in the first 30 min 
and after a net difference is recorded which becomes 
more clear later. 

The mean systolic blood pressure variation for the tow 
values of glomerular filtration rate was mentioned in 
Figure 6. Comparison between calculated and measured 
systolic blood pressure is in Figure 7. 

The measured values were taken from the bibliography 
and represent the mean systolic blood pressure from 32 
hemodialysis patients [19]. We remark that the global 
walk of the three curves is the same A complete valida- 
tion of the model necessitates to compare the other pa- 
rameters to those measured, which is a handicap. But, 
because the systolic blood pressure is considered as the 
result from the interaction between all the control pa- 
rameters in the different body compartments of the pa-  
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Figure 5. Variation of the sympathetic nerve activity 
(S.N.A.) for two values of glomerular filtration rate (Гgf) 
during a dialysis session (Гgf = 75 ml/min , Гgf = 30 
ml/min ). 
 

 

Figure 6. Variation of the systolic blood pressure (S.B.P) 
for two values of glomerular filtration rate (Гgf) during a 
dialysis session (Гgf = 75 ml/min , Гgf = 30 ml/min ). 
 

 

Figure 7. Comparing calculated systolic blood pressure 
(C.S.B.P) for two values of glomerular filtration rate (Гgf) to 
that measured (M.S.B.P) during a dialysis session (Гgf = 75 
ml/min , Гgf = 30 ml/min , M.S.B.P*). 
 
tient and the mirror of their normal functioning we can 
say that if validated for the systolic blood pressure the 
model can be judged satisfying. 

A comparison between the trends of the five parame- 
ters variations calculated by the model (CO2 concentra- 
tion, CO2 arterial blood pressure, baroreceptor activity, 
sympathetic activity and systolic blood pressure) shows a 
certain synchronization between them and that the same 
tendency is recorded. Which approve the right function- 

ing of the model and its controlling role. In fact that  
synchronisation can be explained when reminding that 
blood pressure oscillates with a respiratory cycle, and 
that ventilation causes changes in intra-thoracic pressure. 
Those changes affect venous return, cardiac output, 
blood flows (brain, pulmonary and renal) and arterial 
pressure. This, in turn, activates both arterial and cardio- 
pulmonary baroreceptors, inhibit vasoconstriction while 
increasing kidney filtration and renal blood flow. The 
kidney, help to regulate the blood pressure by increasing 
or decreasing the blood volume and also by the rennin- 
angiotension system. The baroreceptors, pressure sensi- 
tive nerve endings, are sensitive to the changes in arterial 
pressure due to changes in blood flow. The arterial 
baroreceptors are integrated with the autonomic nervous 
system and stimuli sent from the baroreceptors will either 
increase sympathetic tone or diminish sympathetic tone 
of the arterial system when the glomerular filtration rate 
is not in the normal band. In fact, the renal responses on 
the reduction of the total renal blood flow are character- 
ized by sodium and water retention and, subsequently, 
rising cardiac filling pressures. This increase is mediated 
by sympathetic neurons which release norepinephrine in 
the vicinity of the authorythmic cells. 

So the frequency band corresponding to sympathetic 
activity is deviated from its normal value. It is assumed 
that the overall aim of renal auto regulation is to maintain 
a constant glomerular filtration rate despite large changes 
in afferent blood pressure. The detection of an eventual 
imbalance can be done only by detection of the total 
carbon dioxide concentration and the carbon dioxide ar- 
terial blood pressure at any compartment. In fact, 
changes in oxygen, carbon dioxide and hydrogen ion 
concentration have very potent effects on blood flow. 

When oxygen supply does not meet the metabolism 
demand, then there is a build-up of metabolites and an 
increase in its production. This build-up of metabolites 
will then cause a reflex vasodilation to adjust blood flow 
and an increase in local flow that accompanies an in- 
crease in local metabolism. Which will influence the 
kidney/dialyser function and the status of the hemodialy- 
sis patient. The reason is that an increase in carbon diox- 
ide reacts with water to form hydrogen ions and bicar- 
bonate and an increased carbon dioxide is most probably 
exerted on the arterial side. Out of their normal bounda- 
ries (carbon dioxide concentration and carbon dioxide 
arterial blood pressure), we can say that there is dysfunc- 
tion at any level so we must verify the dialysis dose, the 
time of dialysing, and the state of the membrane. We can 
also detect the eventual dysfunction if the frequency cor- 
responding to the sympathetic activity of one organ is not 
in the normal band. In fact, progressive systolic dysfunc- 
tion of the heart results in a diminishing cardiac output, 
increasing systemic vacular resistance, smaller effective 
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circulating volume, lower arterial blood pressure, and,  
ultimately, a reduction of arterial blood pressure below 
the renal auto-regulatory capacity [20,21]. 

6. Conclusions 

As a way to get better assessment of the hemodialysis 
patient during dialysis session and to control his status, 
we have developed a model combining between different 
levels and systems of the body and describes mathemati- 
cally processes related to homodynamic, sympathetic 
nervous system, ventilation, cerebral blood flow, and 
renal/dialyser clearance. In fact, we have sub-devised the 
human body into five compartments (brain, lung, car- 
diovascular system, body tissue, kidney/dialyser) and we 
have made integration over all of them. This integration 
is backed by the argument that blood pressure is con- 
trolled by several physiological mechanisms acting in 
combination and that the body compartments work as 
entity in a closed circuit and every one uses the parame- 
ters furnished by the other. So we have applied for every 
compartment the equations of transfer after considering 
the usual relationships between flow, concentration and 
pressure. We have obtained, then, a set of simple differ- 
ential equations for which we have tried to give analytical 
solutions. They permit us to quantify the change that can 
undergo the carbon dioxide arterial blood pressure, the 
systolic blood pressure, the blood flow and the sympa- 
thetic nerve activity in each body compartment when 
there is any anomaly in the kidney/dialyser system. To 
test the running of the model, we have made the calculus 
by considering a unique system embedding the four com- 
partments and by treating the kidney dialyser compart- 
ment as regulator of all the system. So if we change a 
parameter in the kidney/dialyser compartment, we must 
record a change for the parameters indicators of the func-
tioning of the other compartments with a proportional 
sensibility. 

The parameter indicator of the kidney/dialyser effi- 
ciency for which we have made a change is the glomeru- 
lar filtration rate. We have recorded a clear discard be- 
tween the two situations for the parameters indicators of 
the system functioning. The rate of change recorded is 
about 16.9% for the CO2 arterial blood concentration, 
47.8% for the CO2 arterial blood pressure, 7.8% for the 
baroreceptor activity, 4.5% for the sympathetic nerve 
activity and 4.8% for the systolic blood pressure. To 
validate the model, we have compared the systolic blood 
pressures calculated by the model with those measured 
during a dialysis session taken from bibliography. The 
global walk of the three curves is the same. A complete 
validation of the model necessitates to compare the other 
parameters (sympathetic nerve activity, CO2 arterial 
blood pressure and concentration, baroreceptor activity) 
with those measured, which means we have to propose 

relationships that govern the measurable parameters, 
makes predictions, perturbs the object, and observes the 
fidelity with which the model describes the behaviour of 
the system. 

Finally, we can say that this approach, if completely 
validated, could prove to be utile to workers undertaking 
physiologic modeling in a variety of area and it provides 
practical examples of use in a clinical setting. In fact the 
model presented can be used to prepare a clinical practice 
guidelines that present useful equations to the laboratory 
assessment and as a framework within which clinical 
phenomena can be better understood by searching ideal 
biomarkers for acute kidney injury and to evaluate their 
accuracy as diagnostic tests for the risk identification 
phase, surveillance phase, diagnosis phase and prognosis 
phase. Those biomarkers, formulated in the text, would 
help clinicians and scientists diagnose the most common 
form of acute kidney injury in hospitalised patients, early 
and accurately and may aid to risk-stratify patients with 
acute kidney injury by predicting the need for renal re- 
placement therapy, the duration of acute kidney injury, 
the length of stay and mortality. So it can participate in 
differentiating between patients who would benefit from 
early initiation of renal replacement therapy and those 
from whom support should be withheld or withdrawn. 
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