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Abstract  In this paper, we have elaborated an analytical model to study the dynamics of the Smof-Lipid delivery in 

Neonate nutrition fluid with an Intravenous (IV) infusion system. For a simple configuration, containing two inlets and one 

outlet, used mainly in neonatology, analytical computations were performed in order to study the impact of different factors 

such as: the common dead volume (V), the cessation of the drug infusion and the variation of the carrier flow-rate on the 

dynamics of the drug delivery. The influence of the viscosity of different fluids used in the study on the head losses in all 

branches of the IV system as well as on the variation of the pressure at the inlets of the infusion system has been investigated 

as well. In a first step, the analytical model was validated for the steady-state administrated drug concentration with some 

analytical results existed in the literature [1]. In the second part, the influence of the common dead-volume (V) on the 

Smof-Lipid (𝑐𝑑  =  200[𝑚𝑔/𝑚𝑙]) administration with constant carrier and drug flow-rates  𝑄𝑐 = 4[
𝑚𝑙

ℎ
] and  𝑄𝑑 = 1[

𝑚𝑙

ℎ
], 

respectively, has been investigated for 250min of drug administration before proceeding a cessation. Different results 

illustrate that the achievement of the drug steady-state administration depends strongly on the common dead volume (V) of 

the mixing compartment. It’s determined that, for the fixed carrier and drug flow-rates cited above, going from V = 0.5ml 

to V = 1ml by adding an extension tubing to the catheter could provoke a lag of about 60min instead of 28min to reach the 

steady-state concentration. This time could be longer (almost 124min) if the common dead volume is increased up to V = 

2ml. After that, fixing the common dead-volume at V = 1ml, the impact of the cessation of the drug infusion on the evolution 

of the administered Smof-lipid concentration has been studied in function with the variation of the carrier flow-rate after the 

cessation phase. It has proved that an increasing in the carrier flow-rate provokes an acceleration of the elimination of the 

smof-lipid quantity contained in the dead-volume. Contrary, a decreasing in the carrier flow-rate causes further delay to 

achieve a complete elimination of the drug in the dead-volume. It’s also depicted that fixing the flow conditions, the head 

loss in different branches of the IV system depends principally on the viscosity of the fluid passing through, and the higher 

is the fluid viscosity, the more head loss is generated.  

Keywords  Drug infusion therapy, Bio-fluid dynamics, Fluid management, Matlab 

 

1. Introduction 

IV infusion systems are mostly used in neonatal and 

pediatric therapies where several drugs are injected 

simultaneously to patient babies. Many issues could be 

encountered in IV infusion systems like boluses and 

drug-drug incompatibilities where a precise quantification of 

the administered and eliminated drugs has to be present    

in order to  avoid all risks.  Several reasons  lead to a non  
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precision of drug quantities transformed to babies like the 

obstruction of the catheter allowing to a reflux of one drug in 

another branch where a second drug is injected [2]. Changing 

syringes containing drugs may provoke an imprecision in  

the quantification of the drug administered to babies [3].   

In order to analytically describe the dynamics of the drug 

concentration delivered with an IV infusion system to the 

patient baby, two models existed in the literature; the 

Plug-flow model and the Well-Mixed model [4]. Because of 

simplifications used in the description of the plug-flow 

model, it’s found that the steady-state concentration could  

be reached faster than when the well-mixed model is used 

[4-6]. Comparing results obtained with the latter and 

experimentations depicted that a good approximation could 
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be obtained [7]. For a continuous infusion process (without 

drug cessation), the only important difference observed 

between experimentations and the well-mixed model results 

is the time delay provoked in the real case that is due to   

the dead-volume washed out before that the drug starts 

coming out of the system. This is particularity missed in   

the well-mixed model, because it’s supposed that the 

dead-volume is already homogeneous and the administration 

starts with the first changing of the total flow-rate in the 

mixing compartment (dead-volume) [8]. Many studies 

determined that the lag spent before and after reaching    

the steady-state administered drug concentration depends 

strongly on the carrier flow-rate and the initial drug 

concentration [9-10]. It’s found that for a constant drug 

infusion, a step changing in the carrier flow-rate causes a 

variation in the administered drug concentration and the 

slower the final carrier flow-rate, the lower the elimination of 

the drug containing in the dead volume. The latter represents 

an important element on which researchers have focused in 

their studies of the administration of drugs in an IV infusion 

system. Many different factors can increase the dead-volume, 

such as: extension tubing and the architecture of connectors 

(T, Y or a specific configuration) [4,7]. It’s found in the 

literature that the time delay is increasing with of the 

dead-volume which causes a wrong quantification of the 

drug amount administered to the baby. That’s why 

researchers recommended that the drug inlet has to be as 

close as possible to the outlet of the system in order to 

diminish as possible the common-dead volume to wash out 

[7]. One of the most important reasons for why the infused 

drug quantity does not respect what was prescribed by 

healthcare teams is the performance of the syringe pumps 

used for the infusion and so the variation of the pressure    

at the inlets of the IV system [11-14]. For a simple 

configuration with Y junction, it’s proved that for the same 

flow rate inlets and using a usual syringe pump (PHD2000 

Harvard Apparatus), the fluid interface was not positioned at 

the center and some fluctuations in it position were remarked. 

This remark illustrates that the flow-rate was not stabilized at 

the outlet and does not respect what it was desired. However, 

adding a pressure feedback to the same setup to maintain a 

stable pressure at the inlets, those fluctuations were missed 

and the fluid interface was stabilized at the center which 

demonstrates that the outlet flow-rate respect accurately 

what was expected [15]. Recently, researchers have proved 

that a miniaturization of the pumping system seems to be 

suitable to guarantee an optimized time to well mixing fluids 

and a high precision of drug administration [16].  

Generally, in real IV infusion networks used for newborn 

therapy, very long branches are utilized. This will impact the 

common dead volume were drugs are flowing, the time 

needed for the administration as well as the pressure used by 

the pumping systems to deliver the desired drug flow-rates. 

That’s why, in this work, a series of analytical computations 

were performed in order to investigate, at first, the influence 

of different factors encountered in a real IV infusion system 

like the common dead-volume V, the cessation of the drug 

delivery as well as the variation of the carrier flow-rate  

after the drug cessation on the dynamics of the Smof-Lipid 

concentration transported in the Neonate nutrition fluid. 

After that, the influence of the physical parameters of 

different fluids used in the study (Neonate fluids and water) 

on the head losses generated in all branches as well as on  

the pressure at the inlets of the IV infusion system was 

presented. 

2. Analytical Model 

2.1. Computation of the Concentration  

In order to analytically predict the impact of the common 

dead volume (V), the variation of the carrier and drug 

flow-rate  (𝑄𝑐 , 𝑄𝑑) and the initial drug concentration  (𝑐𝑑) 

on the dynamics of the drug administration within an IV 

infusion system, Two algebraic models are generally 

proposed in the literature; Plug-flow model and Well-Mixed 

model [2]. The first present the simplest model which 

consider that the drug mixed instantaneously and 

completely with the carrier fluid at the junction and moves 

as a common-volume with a constant uniform concentration 

to the outlet of the catheter as shown in figure (1c) [3].   

In the Plug-flow model, the time spent to reach the outlet  

of the IV system with a steady-state administration is 

depending on the volume of the mixing branch to wash out 

which is presented as the volume between the junction where 

the drug and the carrier flow meet and the outlet of the 

infusion system (outlet of the catheter) together with the total 

flow rate pass through it. This time is given as: 

𝑡𝑝𝑓 =
𝑉

𝑄𝑐+𝑄𝑑
                (1) 

Before this time  (𝑡 < 𝑡𝑝𝑓 ) any concentration would be 

administrated to the patient  (𝑐 = 0). At  𝑡 = 𝑡𝑝𝑓 , the total 

flow-rate is supposed to start coming out of the system with 

a steady-state concentration value calculated as: 

𝑐 = 𝑐𝑑
𝑄𝑑

𝑄𝑐+𝑄𝑑
               (2) 

The plug-flow model does not reflect the real case 

encountered in an IV drug administration. Because in 

reality, the concentration takes shorter time  0 < 𝑡 < 𝑡𝑝𝑓  

before starting rising progressively to the steady-state value 

reached at  𝑡 > 𝑡𝑝𝑓  as shown in figure 2 (experimental 

results). Between these extreme cases (plug-flow model and 

experimentations), the Well-Mixed model is situated. In this 

model, all the dead-volume is supposed to be homogeneous, 

and any changes in the total flow-rate passing through the 

mixing compartment will influence instantaneously the 

uniform concentration containing in the volume which will 

provokes a time delay to reach the steady-state value. As 

cited in Lovich et al., [1], for a drug infusion initiates with  

a steady carrier flow, and for V free of drugs  (𝑐 = 0), 

equation (3) gives the variation of the administrated drug 

concentration in function with time: 

𝑐(𝑡) =
𝑐𝑟𝑒𝑠 𝑄𝑑

𝑄𝑐+𝑄𝑑
 1 − 𝑒−

 𝑄𝑐+𝑄𝑑 𝑡

𝑉         (3) 
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where  𝑐𝑟𝑒𝑠  is the concentration in the compartment 

[mg/ml],  𝑄𝑐  and 𝑄𝑑  are the carrier and the drug flow-rate 

[ml/s], respectively, t is the time [s] and V is the common 

dead-volume [ml]. 

Any variation in the carrier or drug flow-rate provokes a 

change of the concentration from it steady-state. This can be 

quantified as follow: 

𝑐 𝑡 =
𝑐𝑟𝑒𝑠 𝑄𝑑

𝑄𝑐+𝑄𝑑
𝑒−

 𝑄𝑐
′ +𝑄𝑑

′  𝑡

𝑉 +
𝑐𝑟𝑒𝑠 𝑄𝑑

′

𝑄𝑐
′ +𝑄𝑑

′  1 − 𝑒−
 𝑄𝑐

′ +𝑄𝑑
′  𝑡

𝑉     (4) 

with  𝑄𝑐
′ , 𝑄𝑑

′  are the new carrier and drug flow-rates, 

respectively.  

2.2. Computation of the Head Loss 

In function with the flow-rate passing through each 

branch, the viscosity of the fluid and the dimensions of the 

tubing, the head loss generated in each branch of the studied 

system is calculated using the Poiseuille's formula for the 

viscous fluid flows (eq. 5).  

∆𝑃 =
8𝜇𝑄𝐿

𝜋𝑅4                  (5) 

here  𝑄, ∆𝑃, 𝜇, 𝑅, 𝐿, are the flow rate [ml/h], head loss [Pa], 

dynamic viscosity [Pa.s], radius and length [m], 

respectively. 

 

Figure 1.  a) simple configuration of an IV infusion system used for the drug administration [5]; b) description of the common dead-volume (V), carrier and 

drug flow-rates inlets (𝑄𝑐 , 𝑄𝑑), and total flow-rate outlet (𝑄𝑇 ); c) schematic description of the Plug-flow model; d) schematic description of the 

Well-Mixed model [1] 

 

3. Results and Discussion 

3.1. Validation of the Analytical Model 

In order to validate our model, the obtained results have 

been compared to analytical results found by Lovich et al., [3] 

(which was validated in their study with other experimental 

results), as shown in figure 3. In their work, researchers [3] 

were fixed the carrier and drug flow-rates at 10ml/h and 

3ml/h, respectively. They have infused the drug (𝑐𝑑 = 1[
𝑚𝑔

𝑚𝑙
]) 

for about 33min before proceeding a cessation and tracking 

the evolution of the drug elimination from the dead-volume 

of 𝑉 = 1𝑚𝑙  (figure 2). They’ve found that the drug 

concentration reaches the steady-state after about 30min. 

After the cessation of the drug infusion (t = 33min), it’s 

determined that the drug elimination from the dead-volume 

takes about 10min experimentally to more than 20min using 

the well-mixed model. 

 

Figure 2.  Analytical (“dashed” plug-flow model, “solid” Well-Mixed 

model) and experimental results “symbols” obtained by Lovich et al., [3] 

As the latter gives more approximation to the real case 

results (experimentation), it was used in this study for the 
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validation of our model. Figure 3 shows a comparing of the 

drug concentration evolution in function with time obtained 

in the literature [3] and those obtained with our analytical 

model where a good agreement was found. This validation 

allows the extension of the study to investigate the influence 

of other parameters on the dynamics of the smof-lipid 

delivery in an IV infusion system. 

 

Figure 3.  Comparing between our analytical results and those found by 

Lovich et al., [3] 

3.2. Plug-Flow Model vs. Well-Mixed Model 

In this part, a quantification of the smof-lipid 

concentration (𝑐𝑑 = 200 [𝑚𝑔/𝑚𝑙]) administered through an 

IV infusion system is proposed using two analytical models; 

the Plug-flow model and the Well-Mixed model. Physical 

parameters of fluids used in this study are shown in table 1. 

Dynamic viscosities of the different fluids used in the study 

were obtained experimentally using a lab viscometer.  

Table 1.  Physical parameter for different fluids used in the study 

Fluid 
Density 

[𝑘𝑔 𝑚3]  

Dynamic viscosity 

[𝑃𝑎. 𝑠] 

Neonate nutrition fluid 1145 0.00133 

Smof-Lipid 817 0.00227 

Water 1000 0.001 

Figure 4 illustrates the configuration used in this study.  

 

Figure 4.  Simple configuration of an IV drug administration used in the 

study 

Except the extension tubing, the other branches of the IV 

system presented in figure 4 have the same length and the 

same diameter; L1,2 = 1m and D1,2 = 1.5mm, respectively. 

The extension tubing is composed of three parts: the first is a 

branch of L3 = 1m and D3 = 1.5mm; the second part presents 

a short tubing of L4 = 0.1m and D4 = 0.55mm and the third 

part is a catheter of L5 = 0.2m and D5 = 0.17mm. Calculating 

the total volume of the extension tubing which represents the 

common-dead volume, it’s found that V  1.77ml.  

 

Figure 5.  Plug-flow and Well-Mixed models used for quantifying the 

drug administration in an IV infusion system. 𝑄𝑐 = 4
𝑚𝑙

ℎ
;  𝑄𝑑 = 1

𝑚𝑙

ℎ
 

For a steady-state carrier (Nutrition neonate liquid) 

flow-rate  𝑄𝑐 = 4 𝑚𝑙/ℎ and a drug (smof-lipide) flow-rate 

 𝑄𝑑 = 1 𝑚𝑙/ℎ , figure 5 depicts that using the Plug-flow 

model, the smof-lipid reaches instantaneously it steady-state 

concentration of c = 3.33 [mg/min] after about t = 26min, 

while the Well-mixed model illustrates that the smof-lipid 

concentration starts rising progressively until almost 

reaching it steady-state c = 3.31 [mg/ml] after t  104min  

(4 times the lag obtained using the Plug-flow model). After 

the cessation of the smof-lipid infusion at t = 250min, it’s 

found that the elimination of the drug from the common dead 

volume takes about t = 26min with the plug flow model 

instead of about 104min with the well mixed model 

decreasing exponentially. 

3.3. Influence of the Common Dead-Volume on the 

Dynamics of the Drug Concentration 

The study was extended later to quantify the Smof-Lipid 

(𝑐𝑑 = 200 [𝑚𝑔/𝑚𝑙]) concentration delivery transported by 

the neonate nutrition fluid in function with the common 

dead-volume (V). Based on the Well-Mixed model, the 

influence of the dead-volume on the dynamics of the drug 

concentration during the initiation and after the drug infusion 

cessation is investigated. Figure 6 presents the variation of 

the administrated drug concentration in function with time 

for different common dead-volumes V (V = 0.5, 1 and 2ml). 

With a steady-state carrier flow-rate, the smof-lipid infusion 

is initiated at t = 0min before proceeding a subsequent 

cessation at t = 250min. It’s depicted that under the same 

flow conditions ( 𝑄𝑐 = 4
𝑚𝑙

ℎ
;  𝑄𝑑 = 1

𝑚𝑙

ℎ
) , increasing the 

dead-volume from 0.5ml to 1ml could provoke a lag of about 

60min in order to reach the concentration steady-state and 

about the same period in the elimination phase. For V=2ml, 

the time delay before reaching the steady-state and after the 

drug cessation (before reaching a complete drug elimination) 
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will increase enormously to be about 130min. this 

demonstrate that, in order to accelerate the administration, 

the injection of the drug should be as close as possible to the 

catheter.  

 

Figure 6.  Influence of the common dead-volume on the time delay provoked at the initiation phase and after the cessation drug delivery for the 

administration of the smof-lipid in the neonate nutrition fluid.  𝑄𝑐 = 4
𝑚𝑙

ℎ
;  𝑄𝑑 = 1

𝑚𝑙

ℎ
, 𝑐𝑑 = 200[𝑚𝑔/𝑚𝑙] 

3.4. Variation of the Carrier Flow-Rate after the Drug 

Infusion Cessation 

 

Figure 7.  Influence of the neonate nutrition fluid acceleration on the 

elimination time of the smof-lipid from the common dead-volume. 

𝑄∗ = 1, 2 𝑎𝑛𝑑 4, 𝑐𝑑 = 200  
𝑚𝑔

𝑚𝑙
 , 𝑉 = 1𝑚𝑙 

As cited before, the common dead-volume can serve    

as a reservoir of drugs which can lead to boluses and 

incompatibilities problems if a second drug would be infused. 

In order to avoid these different problems, an elimination of 

the drug staying in the common dead-volume after the drug 

cessation is considered as a crucial step. Hereafter, an 

investigation of the influence of the carrier flow-rate 

variation after the drug cessation on the drug concentration 

dynamics is illustrated. This carrier (neonate nutrition fluid) 

flow-rate variation (acceleration and deceleration) is 

presented in this study by the ratio  𝑄∗ =
𝑄𝑐
′

𝑄𝑐
, where  𝑄𝑐

′  is 

the new carrier flow-rate after the cessation of the drug 

infusion and 𝑄𝑐  is the initiation steady-state flow-rate. 

Fixing the common dead-volume at V = 1ml and the 

steady-state neonate nutrition fluid flow-rate at  𝑄𝑐 = 4
𝑚𝑙

ℎ
, 

figure 7 shows the effect of the carrier fluid acceleration after 

the cessation of the smof-lipid infusion on the drug 

elimination time from the dead-volume. 

 

Figure 8.  Influence of the neonate nutrition fluid deceleration on the 

elimination time of the smof-lipid from the common dead-volume. 

𝑄∗ = 1, 0.5 𝑎𝑛𝑑 0.25, 𝑐𝑑 = 200  
𝑚𝑔

𝑚𝑙
 , 𝑉 = 1𝑚𝑙 

It’s depicted from the figure that the acceleration of the 

neonate nutrition fluid (carrier fluid) just after the cessation 

of the smof-lipid infusion (𝑄∗ > 1 ) leads to a rapid 

elimination of the drug containing in the dead volume 

(about 40min for  𝑄∗ = 4 vs. 150min for  𝑄∗ = 1). In the 

opposite, a weakening on the neonate nutrition fluid after 

the cessation of the smof-lipid infusion causes further delay 
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in the elimination of the drug from the dead volume as 

shown in figure 8. The latter illustrates that after about 

150min from the cessation of the smof-lipid infusion, the 

drug is almost eliminated completely for 𝑄∗ = 1, while just 

75% of the containing drug is eliminated when the flow-rate 

ratio is decreased to 𝑄∗ = 0.25.  

3.5. Influence of the Flow Conditions on the Head Loss in 

the IV System Branches 

3.5.1. Head Loss Variation in Branches 

As mentioned above, the passage of a viscous fluid flow 

through a pipe provokes a loss of the pressure energy from it 

inlet to the outlet. The computation of different head losses 

and inlet pressures of an IV infusion system allows a deep 

understanding of the syringe pumps work. In this section, a 

quantification of the head losses in all branches as well as the 

pressure imposed at different inlets of the IV system is 

presented. The carrier and drug flow-rate at the initiation 

phase were fixed as  𝑄𝑐 = 4
𝑚𝑙

ℎ
;  𝑄𝑑 = 1

𝑚𝑙

ℎ
, respectively. 

At t=250min a cessation of the drug infusion has been 

proceeded. According to the different branches dimensions 

as well as the physical parameters of the fluids passing 

through (table 1), figure 9 (a, b) illustrates the variation of 

the head loss in each branch of the IV system (except the 

catheter). It’s depicted from the figure 9a that the head loss 

generated in the branch 1 (from where the carrier fluid 

“Neonate nutrition fluid” is injected) is keeping constant 

during time, contrary to the branch 2 containing the drug, 

where the generated head loss is kept constant up to t = 

250min (cessation instant) before it becomes null because 

of the flow stopping. According to eq.5 and for the physical 

proprieties of the fluids used in this study (table 1), these 

behaviors are due to the flow-rate imposed at the inlets 

which explains the fact that before the drug infusion 

cessation, the head loss generated in the Neonate nutrition 

fluid branch (11.88[Pa]) was greater than that in the 

Smof-Lipid branch (5.07[Pa]).  

  

(a)                                                      (b) 

Figure 9.  head losses generated at inlets as well as at the first and second extension tubing of the IV infusion system 

It’s found also that, despite the same tubing dimensions 

as the inlets branches, the head loss provoked at the first 

extension tubing (16.68[Pa]) before the drug cessation is 

greater than both head losses at the inlet branches during the 

same period. This is principally caused by the increasing of 

the flow-rate (the sum of the two flow-rates injected from 

the inlets) passing through the first extension tubing which 

leads to an increasing of the head loss (eq.5). After the 

stopping of the drug infusion, it’s demonstrated that the 

head loss provoked in the first extension tubing is equal to 

that generated in the branch 1. According to eq.5, this is  

due to the same flow-rate passing through both branches 

(branch 1 and first extension) as well as the same 

dimensions (L=1m and D=1.5mm). The small dimensions 

(especially the diameter, D=0.55mm) of the second 

extension tubing situated between the first extension and the 

catheter push the system to generate a greater head loss 

before and after the drug cassation (93.7[Pa] and 64.25[Pa], 

respectively). Arriving to the catheter, the flux encounters 

an abrupt change of the interior surface corresponding to 

the very small diameter of the catheter (D=0.17mm). This 

leads to a provocation of a huge head loss (compared to 

what obtained for the other branches) before and after the 

stopping of the drug infusion (20224[Pa] and 14078[Pa], 

respectively) as presented in figure 10.  

 

Figure 10.  Head loss generated in the catheter 

Since the head loss resulted in the catheter is higher than 

that provoked in all the other branches, in this part of the 

study, we focused on the influence of the the flow-rate ratio 

 𝑄∗ variation on the head loss generated in the catheter 

(𝑄∗ =
𝑄𝑐
′

𝑄𝑐
, where  𝑄𝑐

′  is the new carrier flow-rate after the 

cessation of the drug infusion and 𝑄𝑐  is the initiation 



 American Journal of Biomedical Engineering 2020, 10(3): 55-63 61 

 

 

steady-state flow-rate). Figure 11 depicts that the new 

carrier flow-rate 𝑄𝑐
′  has a direct influence on the head loss 

provoked in the catheter (like all the other branches). 

As found before, for 𝑄∗ = 1, the head loss decreases just 

after the drug cessation which is due to the decreasing of 

the flow-rate passing through the catheter (missing the drug 

flow-rate). The head loss could be weaker if 𝑄𝑐
′ < 𝑄𝑐  as 

shown for 𝑄∗ = 0.25 in figure 11. On the other hand,   

for  𝑄𝑐
′ > 𝑄𝑐 , the head loss would be higher like presented 

for  𝑄∗ = 4.  

3.5.2. Pressure Variation at the Inlets 

Depending on the head loss calculated in each branch of 

the IV system, our analytical model is able to calculate 

accurately the different pressures that should be imposed at 

the inlets of the infusion system taking into account the 

flow-rates prescribed by healthcare teams (clinicians and 

nurses), the physical parameters of fluids used in the 

process and the dimensions of the tubing. While fixing   

the outlet pressure at P=0[Pa], figure 12 (a, b) presents 

histograms depicting the pressure values imposed before 

and after the drug cessation, respectively, at the inlet (1)   

of the Neonate nutrition fluid ( 𝑃1 = 20345 𝑃𝑎 , 𝑃1 =
14166 𝑃𝑎  ) and the other imposed at the Smof-Lipid inlet 

(2) (𝑃2 = 20338 𝑃𝑎 , 𝑃2 = 14154[𝑃𝑎]). These pressures 

are those that should be exerted by syringe pumps in order 

to inject the desired flow-rate through each branch.  

 

 

Figure 11.  Head loss generated in the catheter in function with  𝑄∗  

  

(a)                                                      (b) 

Figure 12.  Pressures imposed at the inlets corresponding to the programmed flow-rates 

  

(a)                                                       (b) 

Figure 13.  Influence of the used fluids on the imposed pressure at the inlets of the IV infusion system 
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(a)                                                          (b) 

Figure 14a.  Influence of the physical proprieties of the carrier fluid on the pressure variation from the inlet 1 to the outlet f the IV infusion system; a) 

Before the drug cessation; b) after the drug cessation 

  

(a)                                                           (b) 

Figure 14b.  Influence of the physical proprieties of the drug on the pressure variation from the inlet 2 to the outlet f the IV infusion system; a) Before 

the drug cessation; b) after the drug cessation 

As cited above, these pressure values could vary if    

we change the fluids used in the study. Under the same  

flow conditions (𝑄𝑐 = 4
𝑚𝑙

ℎ
;  𝑄𝑑 = 1

𝑚𝑙

ℎ
) and for the same 

IV infusion configuration (figure 4), pressure values at the 

inlets were calculated using water as a carrier fluid and 

dyed water as a drug (physical proprieties are cited in table 

1). Figure 13 (a, b) shows that a significant difference in the 

imposed pressure at the inlets is remarked before and after 

the drug cessation. This is due mainly to the difference in 

the viscosity of the used fluids which influences directly, 

according to eq.5, on the head loss and so on the pressure 

values at the inlets when the outlet pressure is always fixed 

(𝑃 = 0[𝑃𝑎] in our study).  

The variation of the pressure from the inlets to the outlet 

of the IV system for two different fluids (Neonate nutrition 

fluid and water) is presented in figure 14 (a, b) for the two 

phases (before and after the drug cessation). The same 

behavior is remarked for both cases. A very slight variation 

of the pressure is observed from the inlet until the end of the 

second extension tubing (inlet of the catheter). After that, a 

strong fall is remarked from the inlet of the catheter to the 

outlet of the IV system. This behavior is due, principally, to 

the huge head loss provoked in the catheter due to its very 

small dimensions (D=0.17mm) as cited before. 

4. Conclusions 

In this work, two studies have been carried out. 

The first was about the influence of different factors 

encountered in a real IV infusion system like the common 

dead-volume V, the cessation of the drug delivery as well  

as the variation of the carrier flow-rate after the drug 

cessation on the dynamics of the Smof-Lipid concentration 

 (𝑐𝑑 = 200[𝑚𝑔/𝑚𝑙]) transported in the Neonate nutrition 

fluid. For a specific flow conditions (𝑄𝑐 = 4
𝑚𝑙

ℎ
;  𝑄𝑑 = 1

𝑚𝑙

ℎ
), 

it’s found that in function with the analytical model used   

to quantify the concentration dynamics of the smof-lipid,  

and for a common dead-volume of about V = 1.77ml, the 

necessary time to reach the steady-state and to eliminate the 

drug after it cessation could vary from 26 min using the 

Plug-flow model to 104min using the Well-Mixed model. As 

the plug-flow model does not reflect the real case that could 

be encountered, the Well-mixed model is used for the 

extension of the study. It’s determined later that varying the 

common dead-volume from V = 0.5ml to V = 1ml could 

provoke a lag of about 60min to reach the steady-state 

concentration as well as for eliminating the drug quantity 

contained in the dead-volume after the stopping of the drug 

injection. This lag could be longer (about 104min) if the 

common dead-volume is multiplied to be V = 2ml. in this 

first part of the study, the influence of the variation of the 

carrier flow-rate 𝑄𝑐  on the time to eliminate the drug from a 

dead volume V = 1ml is also investigated. It’s depicted that 

the more  𝑄𝑐  is increased, the quicker drug elimination is 

remarked. 

The second part of this study was about the effect of the 

physical proprieties of the used fluids on the head losses and 
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the variation of the imposed pressures at the inlets of the 

system. It’s depicted that for the same flow conditions 

 (𝑄𝑐 = 4
𝑚𝑙

ℎ
;  𝑄𝑑 = 1

𝑚𝑙

ℎ
), and a drug cessation proceeded at  

t = 250min, the head losses provoked before and after drug 

cessation at the different branches of an IV infusion system 

using Neonates Fluids (Neonate nutrition fluid as a carrier 

fluid and the Smof-Lipid as drug) is greater than the head 

loss generated when the carrier fluid and the drug used are 

water and dyed water, respectively. According to eq.5, this 

difference of head losses is due principally to the difference 

of the physical proprieties of fluids and especially their 

viscosities. It’s found, in addition, that the pressure which 

has to be imposed at the inlet of the IV system is greater 

when we use real neonate fluids than when we use water 

(which is generally used in lab experimentations). So that, in 

real infusion process, Syringe pumps need more power to 

mix biomedical fluids than what’s used for the same 

purposes in lab experimentations using lab fluids especially 

water and dyed water.  
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