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Abstract 

Over ninety percent of End Stage Renal Disease (ESRD) patients suffer from 

anemia due to insufficient endogenous production of human erythropoietin. Until 

the advent of Recombinant Human Erythropoietin (r-HuEPO) over 30 years ago, 

patients with ESRD were treated mainly with multiple blood transfusions. The 

high cost of r-HuEPO in addition to the narrow margin between an effective do-

sage and toxicity in drug administration calls for optimal dosage strategy capable 

of minimizing cost and toxicity while at the same time achieving the desired do-

sage outcome. It is well known from control theory that a controller can be de-

signed for any plant provided there is readily available a valid model for such a 

plant. We present Robust Identification procedure, a dimensionality reduction 

technique capable of capturing the inherent dynamics of anemia patients; conse-

quently producing individualized model suitable for robust control synthesis and 

any other controller design methodologies. 
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1 Introduction 

Recombinant Human Erythropoietin (r-HuEPO) is currently the drug of 

choice for the treatment of patients with secondary anemia due to Chronic 

Kidney Disease (CKD) in periodic hemodialysis [11]. Prior to the mid 1980s, 

patients suffering from CKD were primarily treated by regular blood transfu-

sions. The cumbersome process of blood transfusion and other health related 

complications associated with it called for an alternative method to ERSD 

therapy. By 1990, recombinant human erythropoietin (EPO) was developed 

and approved for such a purpose. The National Kidney Foundation-Kidney 

Disease Outcomes Quality Initiative (NKF-KDOQI) has a recommended 

guideline to maintain hemoglobin level for anemics to be between 11 and 12 

g/dL; however, there is no definitive strategy to achieve this range. As a re-

sult, several anemia management facilities developed their own Anemia Man-

agement Protocol (AMP), a dosing strategy often based on trial-and-error and 

prior experience. This approach often results to patient’s hemoglobin level 

overshooting and undershooting the target range. In fact, it has been reported 

that only 38% of ESRD patients fall within the recommended range at a given 

time with AMP dosage strategy [6]. The high cost of EPO in addition to the 

narrow margin between an effective dosage and toxicity demands an optimal 

dosage strategy for ESRD therapy. In an effort to improve on the AMP, sev-

eral attempts are made in the literature to stabilize erythropoiesis for ESRD 

patient ranging from a detailed physiological model to a simple black-box 

model (cf.[12], [14], [15], [2], [5], [1], [3], etc). Most of these approaches 

work well however, the obtained models are based on a use of large patient 

dataset. In cases where there was not sufficiently large dataset available, aver-

age population data were subsequently used. It is however well known that 

intra-individual variability makes it inappropriate to administer an "average" 

dosage to a patient and expect and "average" response. Thus none of these 

modeling procedures can be performed with small available patient dataset. 

Additionally, an assumption made is that the model obtained accurately 

represents the true system and there is no account for uncertainty in the mod-

el. Any discrepancy between system out and model output are attributed to 

noise in measurement. In Robust Control, we are interested in designing a 

controller to achieve certain design objectives provided we have available a 

nominal model as well as an uncertainty in the system that explains dynamics 

un-modeled by the nominal model of the system. By robust we imply a small 

change in input of the system should result to small change in the output of 

the system. For the case of individualized anemia management, this implies a 

small change in EPO dose should result in small change in hemoglobin level. 

This prevents an issue often encounter in drug dosing –thus small change in 

dosing strategy leading to huge change in patient response [3]. 
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Figure 1. Robust Controller structure: Nominal and additive uncertainty.  

The structure shown in figure 1 is a generic description of an additive un-

certain Robust system model. In addition to the input-output, (u(t), y(t)), it 

also contains a nominal model P0 as well as a additive unmodelled dynamic, 

∆. The general equation representing the system is depicted in equation (1). 

Our main focus of this work is to obtain a nominal model, P0, as well all the 

uncertainty bound  ∆ measured in l1-norm suitable for robust control synthe-

sis. 

P(s) = P0 + ∆     (1) 

In the modeling process, our assumption on the system is very minimal. It 

is assumed the system to be identified is a Linear Time Invariant (LTI) causal 

stable system belonging to a model class S with a maximum gain K, and a 

decay rate ρ. It is further assumed that measurements of the system is affected 

by an unknown-but-bounded noise  belonging to a set N. The a posteriori 

information includes the obtained input-output dataset of our system. The goal 

of robust identification is to obtain both the nominal model as well as the un-

certainty model using both the a priori (S;K;ρ;N) and a posteriori (input-

output data). The derived model is in the framework suitable for robust con-

trol synthesis method in l1. Our interest is to formulate and model individua-

lized anemia management problem suitable for robust control.  

The paper is organized as followed: in section II, we present some neces-

sary notations. In section III we provide brief overview on Robust Identifica-

tion, particularly on l1 identification. Section IV presents the anemia manage-

ment problem and provides a robust identification approach to the problem we 

present Anemia Management problem. We present the results in V. The paper 

ends with conclusion and future work in section VI. 

2 Notation 
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3 Robust Identification  
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4 Application to anemia management problem  
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5 Results  
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