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	 	 	 	 	 	 	          Bonn, September 2011

Dear ICCAI 2011 participants,

in my role as organizer and chair of the Scientific Committee, I cordially welcome you at  
this 10th instantiation of the International Conference on Complexity in Acute Illness (IC-
CAI), an annual event initiated by the Society for Complexity in Acute Illness (SCAI). 

While this event’s focus has continuously changed and adapted as the SCAI membership 
and perspective evolved, the core idea of promoting the use of quantitative methodology at 
the intensive care bedside by bringing together quantitative scientists from mathematical, 
physical, and engineering backgrounds, experimentalists with biological backgrounds, and 
intensive care practitioners has remained unaltered.

As a result of fruitful interactions at past events, and in response to current developments 
in the quantitative data analysis field, we integrated, for the first time, a dedicated session 
on intensive care applications of machine learning and artificial intelligence methodolo-
gies.

Additionally, in support of SCAI’s overarching goal, we have introduced a tutorial day, 
aiming to provide an in-depth introduction to a subset of relevant quantitative methodo-
logy to interested physicians and experimentalists, aiming to lower the entrance threshold 
for applying innovative methodology to clinically relevant data. Many thanks to the tutors, 
John Doyle and Gary An!

We also owe gratitude to our sponsors, both public (DFG, USAISR) and corporate (IBM, Im-
munetrics), as well as the Dpt. of Anesthesiology and Intensive Care Medicine, University of 
Bonn Medical Center, as the hosting institution. Without their generous support, this event 
would not have been possible.

Finally, I would like to thank all participants who have submitted abstracts. Reviving an old 
ICCAI tradition, selected contributions will be presented as oral presentations in the “Free 
Paper” sessions. Based on the excellent quality of the accepted abstracts, I am confident 
both “Free Paper” and poster sessions will provide stimulating input to all participants.

With my best wishes for a pleasant and instructive stay in Bonn, I remain sincerely,

Sven Zenker
Organizer, ICCAI 2011
On behalf of the ICCAI Scientific Committee and the SCAI board of directors
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Detailed Scientific Program
Reference numbers of abstracts, where available, are given in parentheses after the presentation 
title and can be found in the relevant later sections of this booklet.

Thursday, September 8th, 2011 (Tutorial Day)

9:00 – 12:00 Morning Session
Tutorial Track A: Introduction to control and dynamical systems (J. Doyle, Pasadena, CA, USA)

The morning tutorial will focus on a basic introduction to control and dynamics using case 
studies from physiology and biology. Topics will include state space models, simulation, stability 
analysis, feedback, transforms, input-output methods, nonlinear dynamics, bifurcations, notions 
of organized and disorganized complexity, and layered architectures.  Case studies will include 
control systems involved in cell metabolism and signal transduction, human cardiovascular 
systems, and inflammation.  Topics will be adjusted based on attendees background and 
interests, with the aim of bridging between their existing backgrounds and the afternoon 
tutorials on either agent based modeling or connecting models and data.

12:00 – 13:00 Lunch break

13:00 – 17:00 Afternoon Session 
Tutorial Track A: Connecting data and models 
J. Doyle, Pasadena, CA, USA

The afternoon tutorial will focus on comparing data and models, including methods from 
statistics, system identification, and machine learning.  Some additional model methods may 
be reviewed here as needed.  A particular focus will be on rigorous methods to analyze and model 
high variability phenomena, with case studies from cellular noise to heart rate variability.  The 
complementary and contrasting use of both black-box and mechanistic models will be highlighted.

13:00 – 18:00 
Tutorial Track B: Agent based modeling: An introduction 
G. An,  Chicago, IL, USA

Synopsis: Agent-based modeling is an object-oriented, discrete-event, rule-based method 
for creating computer simulations, and has been used extensively in the biomedical arena to 
represent a range of topic extending from cell signaling to epidemiology. This tutorial will 
introduce the basic concepts associated with agent-based modeling, with particular emphasis 
on its utility as a means of dynamic knowledge representation of biomedical systems. The 
tutorial will also include a hands on session where attendees with be taken step-by-step 
through the creation of a very basic but scalable agent-based model using the freeware toolkit 
NetLogo. Attendees should bring their own laptops for the session with NetLogo downloaded 
and installed (the package can be downloaded for free from http://ccl.northwestern.edu/
netlogo/ ). During the tutorial session attendees with be guided through the development of 
a basic cell-level agent-based model, given the opportunity to expand upon the base model, 
and instructed on how to carry out simulation experiments.
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13:00 - 13:45 
Introduction to Agent-based modeling and its biomedical applications

13:45 - 15:30 
Tutorial Part I: Getting started on a cell-based inflammation/infection agent-based model

15:30 - 16:00 Break

16:00 - 18:00 
Tutorial Part II: Modification and customization of the base inflammation model and running 
simulation experiments

Friday, September 9th, 2011 (Day 1 Main Meeting)
8:30 - 9:00 	
Welcome and Introductory Remarks
Y. Vodovotz, S. Zenker, E. Neugebauer 

9:00-10:00 
Keynote Address
"More Data Than We Know What To Do With?" (I-1)
Dr. Stuart Russell, Berkeley, CA, USA

10:00 - 12:30  
Session 1: Mechanistic modeling and model based control I
Session chairs: G. Clermont / S. Zenker

10:00 - 10:30
Uncertainty quantification for mechanistic models of physiological processes 
J Stelling, Zürich, Switzerland

10:40 - 11:10 	   
High throughput and multiscale patient - specific Systems Biology
S. Diamond, Philadelphia, PA, USA

11:20 - 11:50 
Modeling of cardiovascular variability under time-varying loads: theory and experimental 
validation 
J. Doyle, Pasadena, CA, USA

12:00 - 12:30
Pressure- and Work-Limited Neuroadaptive Control for Mechanical Ventilation of Critical Care 
Patients (I-2) 
W. Haddad, Atlanta, GA, USA

12:30 - 13:30 Lunch
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13:30 - 16:00 	
Session 2: Mechanistic modeling and model based control II
Session chairs: W. Haddad / J. Doyle
	
13:30- 14:00 	
Automatic control in medicine - how much is necessary, how much is wanted? (I-4) 
S. Leonhardt, Aachen, Germany

14:10- 14:40 	
State-of-the-art numerical methods for optimal experimental design, 
online system identification, and model predictive control 
J.P. Schlöder, Heidelberg, Germany

14:50- 15:20  
The use of physiological models in ventilator control (I-5) 
S. Rees, Aalborg, Denmark

15:30- 16:00 	
Model predictive control of a blood purification device 
G. Clermont, Pittsburgh, PA, USA

16:00 - 16:30 Coffee Break

16:30 - 17:30 	 Free paper session I 
Session chairs: T. Buchman / M. Cohen
Judges: The ICCAI Scientific Committee
(presentations 10 minutes + 2 minutes discussion each, for author details, refer to abstracts)
	
Petelczyc et al., Heart rate variability asymmetry in stochastic analysis (O-10)

Scheff et al., Multiscale Rhythmic Influences on Heart Rate Variability in Human Endotoxemia 
(O-5)

Clark et al., Acute uncoupling of heartbeat and respiration in neonatal respiratory 
decompensation (O-1)

Brown et al., The Short-term Fractal Exponent of Heart-Rate Variability Is Associated with 
Mortality in Severe Sepsis and Septic Shock (O-4)

Bravi et al., Development of a composite variability metric for clinical application. (O-3)
	   	  
17:30 - 18:30 	 Poster Session 1:
Session chairs: G. An / A. Seely
Judges: The ICCAI Scientific Committee
(Posters P1-P9 will be presented and judged.)

18:30 – 19:30 Break
transfer to dinner location (pick-up at conference site and Dorint hotel)

19:30 Festive dinner at Godesburg Bonn
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Saturday, September 10, 2011 (Day 2, Main Meeting)

9:00 - 11:30 
Session 3: Machine learning and Artificial Intelligence Approaches to Critical Care Data
Session chairs: S. Russell / J. Stelling
	
9:00 - 9:20   
"Failure to rescue" concept in clinical diagnostic alerts (I-6) 
V. Herasevich, Minnesota, USA

9:30 - 9:50  
Real-time prediction of an anesthetic monitor index using machine learning (I-7) 
G. Bontempi, Brussels, Belgium

9:55 - 10:15    
Prognostic methods in the ICU: the role of pattern and subgroup discovery (I-8) 
A. Abu-Hanna, Amsterdam, Netherlands

10:20 - 10:40 
Dimension reduction in the analysis of high dimensional bioassay data (I-9) 
Y. Vodovotz, Pittsburgh, PA, USA

10:45- 11:05  
Redefining physiology: Physiologic state identif ication and transition propensity using 
multivariate ICU informatics 
M. Cohen,  SanFrancisco, USA

11:10- 11:30  Predictive data mining in routine clinical data: possible applications (I-10) 
G Meyfroidt, Leuven, Belgium

11:30 - 12:30  Free paper session II 
Session chairs: Y. Vodovotz / A. Batchinsky
Judges: The ICCAI Scientific Committee
(presentations 10 minutes + 2 minutes discussion each, for author details, refer to abstracts)
	
Rusin et al., Distributed Cluster Computing system for recording and processing physiological 
data in the ICU (O-8)

Podziemski et al., Lienard-Type Dynamical System Models for the simulation of the Human 
Heart Atrium (O-9)

Enright et al., Individualised Patient Models Combining Mathematical Models and Real-Time 
Clinical Data (O-2)

Tambuyzer et al., Dynamic algorithms of biomarkers for monitoring infection/inflammation 
processes in pigs (O-6)

Song et al., Understanding pathophysiologic mechanisms in severe sepsis using an ensemble 
of neutrophil kinetic based systemic inflammation model (0-7)

12:30 - 13:30 Lunch Break
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13:30 - 15:30 	
Session 4:  Physiological Signals and Nonlinear Time Series Analysis I
Session chairs: A. Batchinsky / P. Norris
	

13:30- 13:55 	
Kalman filtering for artifact detection and reduction in multimodal monitoring data (I-11) 
G. Clifford , Oxford, UK

13:55 - 14:20 	
Low frequency oscillations of the intracranial pressure signal in acute traumatic brain injury 
- relationship between spectral energy, phase and autoregulation. 
A. Stefanovska, Lancaster, UK

14:20- 14:45 
Generic Decision Support Architectures in the ICU: Burn Decision Support 
J. Salinas,  Ft. Sam Houston, TX, USA

14:45- 15:10 	   
Taking multiorgan variability quantification to the bedside - a multicenter clinical trial 
A. Seely, Ottawa, Canada

15:10 – 15:35 
Mortality reduction by heart rate characteristic monitoring in very low birth weight neonates: 
a randomized trial. (I-18) 
R. Moorman, Charlottesville, VA, USA

15:35 - 16:00 Coffee Break

16:00 - 18:00 	
Session 5: Physiological Signals and Nonlinear Time Series Analysis II
Session chairs: T. Buchman / A. Seely
	
16:00 - 16:30 	
Identifying rare clinical events in complex physiological time series. (I-12) 
P. Norris, Nashville, TN, USA

16:30 - 16:45 	
Artemis: Real-Time Streaming Analytics for Intensive Care Units - an academic perspective (I-13) 
C. McGregor, Toronto, Canada

16:45 - 17:00 	
Artemis: Real-Time Streaming Analytics for Intensive Care Units - an industrial perspective 
(I-14) 
D. M. Sow, Hawthorne, NY, USA

17:00 - 17:30 	   
Robust signal extraction from complex physiological monitoring timeseries (I-15) 
M. Imhoff,  Bochum, Germany
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17:30- 18:00 	
Data Acquisition and Analysis of Physiological Signals in Pediatrics: 
Investigations and Challenges (I-16) 
J. Fackler,

18:00 - 19:00 	 Poster Session II:
Session chairs: M. Cohen / P. Norris
Judges: The ICCAI Scientific Committee
(Posters P10-P17 will be presented and judged.)

19:30 – 21:00	 Buffet dinner and announcement of prizes

Sunday, September 11th, 2011 (Day 3 Main Meeting)

09:00 - 10:20
Session 6: Moving the frontier: future perspectives
Session chairs: G. Clermont / Y. Vodovotz
	
09:00 - 09:20 
Mathematical Abstraction and Formalism in Biology: How far can we go? (I-17) 
G. An, Chicago, IL, USA

09:20 – 09:40
Medical decision support of the future: Integrated real-time physiological 
monitoring and automated data analysis in the ICU
A. Batchinsky, San Antonio, TX, USA

09:40- 10:00  
Moving from bench to bedside: the role of industrial partners 
S. Chang, Pittsburgh, PA, USA

10:00 - 10:20    
Turning new methodology into patient benefit: challenges and opportunities 
T. Buchman, Atlanta, GA, USA

10:20 - 10:45 Closing remarks, adjournment of scientific meeting

10:45 – 11:00 Coffee break

11:00-12:00 SCAI Business meeting (SCAI members only)
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Abstracts
Abstracts Invited Presentations

More Data Than We Know What To Do With?
Dr. Stuart Russell, Computer Science Division, Berkeley, CA, USA 	

"Decisions are made at every moment in the ICU. What if the decision-maker had access to all relevant 
data for every such decision? The relevant data include everything from this patient's current physiological 
readings to the results of drug trials done years before. Machine learning can bring all these data to bear 
in a usable form. Of the many tools in the machine learning toolbox, model-based methods hold the 
greatest promise. In the not-too-distant future they may be able to support accurate real-time diagnosis 
and the synthesis of complex intervention strategies. On the other hand, no matter how much data we 
have, uncertainty -- and with it the need for continuous observation -- will be unavoidable and must be 
embraced by technology."

Pressure- and Work-Limited Neuroadaptive Control for 			 
Mechanical Ventilation of Critical Care Patients
Wassim Haddad, Georgia Institute of Technology 

Objectives: In this work, we present a neuroadaptive control architecture to control lung volume and minute 
ventilation with input pressure constraints that also accounts for spontaneous breathing by the patient.

Methods: Specifically, we develop a pressure- and work-limited neuroadaptive controller for mechanical 
ventilation based on a nonlinear multi-compartmental lung model. The control framework does not rely on 
any averaged data and is designed to automatically adjust the input pressure to the patient's physiological 
characteristics capturing lung resistance and compliance modeling uncertainty. Moreover, the controller 
accounts for input pressure constraints as well as work of breathing constraints. Finally, the effect of 
spontaneous breathing is incorporated within the lung model and the control framework.

Results: It is shown that the delivered air volume using nominal controllers significantly exceeds the 
desired values in the absence of adaptation, whereas satisfactory tracking of the desired air volume is 
achieved with adaptation. Failure to adequately regulate the mode and parameters of ventilatory support 
can result in failure to oxygenate, failure to achieve adequate lung expansion, or overexpansion of the 
lung resulting in lung tissue rupture. These problems oftentimes occur when open-loop volume-control 
or pressure control is employed, or when averaged respiratory data is used to choose the parameters for 
a closed-loop ventilation control algorithm. In contrast, the proposed neuroadaptive control algorithm 
avoids reliance on average respiratory data and achieves system performance without excessive reliance 
on system model parameters.

Conclusions: Acute respiratory failure due to infection, trauma, and major surgery is one of the most 
common problems encountered in intensive care units and mechanical ventilation is the mainstay of 
supportive therapy for such patients. In particular, mechanical ventilation of a patient with respiratory 
failure is a critical life-saving procedure performed in the intensive care unit. Failure to adequately regulate 
the mode and parameters of ventilatory support can result in failure to oxygenate, failure to achieve 
adequate lung expansion, or overexpansion of the lung resulting in lung tissue rupture. In this research, 
we developed a neuroadaptive control algorithm for mechanical ventilation to control lung volume and 
minute ventilation. The adaptive controller accounts for input pressure constraints as well as work of 
breathing constraints in the face of lung resistance and compliance model uncertainty.

I-1

I-2
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High throughput and multiscale patient-specific Systems Biology
Scott L. Diamond, PhD,  Director, Penn Center for Molecular Discovery University 
of Pennsylvania 	

Predicting tissue function based upon an individual's unique cells requires a multiscale Systems 
Biology approach to understand the coupling of intracellular signaling with spatiotemporal 
gradients of extracellular biochemicals controlled by convective-diffusive transport. During 
thrombotic or hemostatic episodes, platelets bind collagen and release ADP and thromboxane 
A2 (TXA2) to facilitate the recruitment of additional platelets to a growing deposit that distorts 
the flow field. Using high throughput experimentation, we obtained a large set of platelet 
calcium responses to combinatorial activators in order to train a neural network (NN) model 
of platelet activation for several individuals. Each NN model was then embedded into a kinetic 
Monte Carlo/finite element/lattice Boltzmann simulation of stochastic platelet deposition 
under flow. Simulations predicted the unique clot buildup dynamics for each donor and 
responses to various pharmacological inhibitors (measured in microfluidic assays). Consistent 
with measurement and simulation, one donor displayed a gain of function phenotype, while 
another donor was distinguished by combined aspirin-resistance and U46619-insensitivity, 
consistent with a thromboxane receptor mutation. In silico representations of an individual's 
platelet phenotype allows prediction of blood function, essential to prioritizing patient-specific 
cardiovascular risk and drug response or to identify unsuspected gene mutations.
Flamm MH, et al. J. Chem. Phys 134:034905 (2011)
Chatterjee MS, et al. PLoS Comp. Biol. 6:e1000950 (2010)
Chatterjee MS, et al. Nature Biotechnology 28:727 (2010)

Automatic Control in Medicine - how much is necessary, how much is 
wanted? 
Steffen Leonhardt , Director, MedIT, Aachen, Germany

Feedback control is a fundamental principle in nature that, if implemented the right way, 
tends to stabilize dynamic systems. Also, today various fields of technology, from robots and 
cars to modern production systems, strongly utilize feedback control to improve the dynamic 
behaviour. In fact, automation and control are key concepts to deal with complexity.
In medicine, therapeutic concepts tend to become more complex as well, due to increasing 
amounts of standarized clinical protocols, new sensing modalities and a tendency towards 
more and more computerization. In the future, we are expecting more and older multimorbid 
patients and less staff to care for them, due to the demographic changes in aging societies. 
This all points towards more automation in medicine. 
But a very important question is not answered yet: how much automation is useful, safe and 
acceptable for our societies? The talk will provide selected examples to stimulate discussion.

The INVENT project - Using mathematical models in selecting 
appropriate mechanical ventilation.
Steven Rees, Associate Professor, Center for model-based medical decision support 
(MMDS), Aalborg University, Denmark

This presentation will describe the INtelligent VENTilator project (INVENT), the goal of which is 
to build, evaluate and integrate into clinical practice, a model-based decision support system 

I-3

I-5

I-4
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for control of mechanical ventilation. Models included in INVENT will be presented including 
those of pulmonary gas exchange, and acid-base status of blood along with decision-theoretic 
penalty functions for balancing the competing goals of mechanical ventilation. The level of 
model complexity to enable patient specific tuning will be discussed and examples will be given 
of patients cases to illustrate the potential of model-based decision support in this field. In 
addition, examples will be shown of how models often lead to new ideas, scientific projects 
and commercial applications. These examples will include a system for measuring pulmonary 
gas exchange and a system for mathematical arterialisation of the acid-base and oxygen status 
of peripheral venous blood; removing the need for painful arterial punctures.

"Failure to rescue" concept in clinical diagnostic alerts
Vitaly Herasevich, Assistant Professor of Medicine, Department of Anesthesiology,
Multidisciplinary Epidemiology and Translational Research in Intensive Care 
(METRIC), Mayo Clinic

The expansion of electronic medical records (EMR) provides an unprecedented opportunity 
to use syndrome surveillance technology for the development of "smart alarms" or sniffers 
that improve the safety of critically ill hospitalized patients. Preliminary studies which use 
rule-based alerts and/or computer-generated messages directed at clinicians demonstrate a 
decrease in patient length of hospital stay and decreased response time before the physician 
institutes appropriate treatment. However the timeliness of an intervention depends critically 
not only on syndrome pattern recognition but vigilant follow up of a system's delivery of care. 
Unfortunately, failure-to-recognize and failure-to-rescue errors are a common and extremely 
important cause of morbidity and mortality in the ICU. Monitoring for errors of this type is a 
task that requires a degree of vigilance in addition to pattern detection. The ICU electronic 
environment contains many markers of human agents' actions and these may be used to detect 
errors of omission. During this presentation, speaker will address "Failure to rescue" concept 
in clinical diagnostic alerts and also will outline the problem of information overload from 
unnecessary multiple clinical alerts while presenting some key potential steps to address this 
issue.

Real-time prediction of an anesthetic monitor index using 
machine learning
Gianluca Bontempi, ULB Machine Learning Group, Brussels, Belgium

Anaesthesiologists control the level of consciousness of a patient undergoing surgery by ap-
propriately dosing hypnotic drugs on the basis of the information  provided by monitoring 
devices. The bispectral index (BIS) monitor provides a dimensionless quantity derived from the 
electroencephalogram, which quantifies the level of awareness of the patient.  This presentation 
discusses the use of machine learning techniques
to implement a predictive model of the BIS based on the variation of the hypnotic drugs. Such 
a model learned from a database of recorded operations can aid real-time decision
making during the course of an operation. In order to deal with inter-individual variability, the 
proposed model takes into account patient physiology as well as the reactions of the patient 
during the early phases of the operation. Two models of the bispectral index behavior are assessed 
and compared in this work: a linear predictor and a local learning predictor.  These prediction 

I-6
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models were software implemented and their accuracies were assessed by a computerized cross-
validation study and were tested in real situations.

Prognostic methods in the ICU: the role of pattern and subgroup 
discovery
Ameen Abu-Hanna, Department of Medical Informatics, Academic Medical Center, 
University of Amsterdam, The Netherlands 	

This talk will address three important uses of prediction models in the Intensive Care Unit (ICU), 
with focus on mortality prediction. I will review our work on using prediction models for bench-
marking ICUs, in which model predictions of an ICU¹s outcomes are compared to the ICU¹s actual 
outcomes. I will demonstrate how changes over time in the performance of these models impact 
the assessment of quality of care of ICUs. Next I will explain how discovered frequent patterns 
in organ functioning status can be used to provide daily predictions to help make treatment 
decisions for individual patients. I will show how these predictions compare to those made by 
ICU nurses and physicians. Finally I will present applications of subgroup discovery algorithms 
for identifying ³interesting² patient subgroups that behave markedly differently than the rest. 
I will reveal a condition in which a simple classification tree algorithm performs better than an 
algorithm specifically designed for sub-group discovery. The talk will provide promising future 
research directions in prognostic modeling.

Dimension reduction in the analysis of high dimensional bioassay 
data
Yoram Vodovotz, Departments of Surgery, Immunology, Computational and Sys-
tems Biology, Bioengineering, Clinical and Translational Science, and Communica-
tions Science and Disorders, University of Pittsburgh, Pittsburgh, PA
Center for Inflammation and Regenerative Modeling, McGowan Institute for Rege-
nerative Medicine, Pittsburgh, PA 

Like many biological processes, inflammation and its various manifestations in disease are multi-
dimensional. The advent of multiplexed platforms for gathering biological data, while providing 
an unprecedented level of detailed information about complex biological systems such as the 
inflammatory response, has paradoxically also flooded investigators with data they are unable to 
use in the reductionist, linear paradigm of hypothesis generation and testing. Herein, we discuss 
the use of dimensionality reduction techniques as standalone methods with both mechanistic 
and translational applications in trauma/hemorrhage, traumatic brain injury, and sepsis. We 
also describe the incorporation of these techniques into mechanistic simulations of the acute 
inflammatory response, and the use of such simulations within a paradigm of Translational 
Systems Biology.

I-9

I-8
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Predictive data mining in routine clinical data: possible applications.
G Meyfroidt, Leuven, Belgium

Computerization in healthcare in general, and in the intensive care unit (ICU) in particular, 
is on the rise. This leads to large patient databases, with specific properties. There seems to 
be a reluctance to use these databases for research purposes, often related to fact that they 
contain large amounts of unvalidated data.  Machine learning techniques are able to examine 
large databases in an automatic way, to extract knowledge. Although the number of potential 
applications for these techniques in medicine is large, few medical doctors are familiar with 
their methodology, advantages and pitfalls. Early work demonstrates that the ability of machine 
learning techniques to build robust and reliable prognostic models and preliminary early warning 
systems. An overview of this work will be presented.

Kalman filtering for artifact detection and reduction in multimodal 
monitoring data
G. Clifford , Oxford, UK

Noise contaminates biomedical recordings frequently, disrupting patient care and leading to 
distrust and confusion. As many as 95% of critical events requring human intervention are false. 
In part this is due to the lack of intelligent interaction between physiological
parameter streams. We present a method to analyse events which discovers relevant features in 
multiple physiologic streams and fuses them together with signal quality indices. An example 
application of neonatal apnea is described which demonstrates that 89% of false alarms in an 
unseen test set can be supressed.

Detecting Rare Clinical Events in Complex Physiological Time Series
Patrick R. Norris, Ph.D., Vanderbilt University Medical Center, Nashville, Tennessee 
USA

Analysis of complex variability in biological signals has provided new insight into the patho-
physiology of critical illness. Reduced heart rate complexity, for example, has been associated 
with poor outcomes in trauma patients and other critically ill populations. However, these and 
similar findings have yet to inform specific critical caredecisionsin a widespread, meaningful way.
Successfulapplication requires improved understanding of physiologic mechanisms responsible 
for altered biosignal complexity,the ability to measure these changes in the course of routine 
patient monitoring, and associated evidence-based protocols for modifying patient care.
Monitoring hemodynamic complexity to predict specific adverse clinical events underscores these 
challenges in defining mechanisms, making measurements, and modifying care. Mechanistically, 
heart rate or other hemodynamic signal complexity are affected by diverse factors, including 
evolving myocardial infarct, hemorrhage, infection, certain medications, and mechanical venti-
lator settings. Sufficiently detailed models of these factors, and the mechanisms by which they 
alter complexity in signals of interest, are needed to ensure specificity for particular events. 
Complexity measurements of known accuracy and precision must be available to clinicians at the 
point care, and efficiently presented in a format immediately useful for decision-making. Finally, 
evidence-based protocols, based on proven utility of complexity over other measurements, are 
required if care is to be modified.
This presentation will describe an approach to selecting appropriate clinical events, modeling 

I-10
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relevant mechanisms, identifying suitable measurements of complexity, and, potentially,modifying 
care of critically ill trauma patients. Selected clinical events, both potentially confounding events 
and those requiring provider attention, have been linked to the SIMON (Signal Interpretation and 
Monitoring) database, a large repository of continuously-captured hemodynamic signalsincluding 
more than two years of EKG waveform capture. Patterns of heart rate complexity surrounding 
these events will be presented and discussed, with critical appraisal of the clinical value of these 
measurements to predict rare adverse clinical events, and next steps to rigorously evaluate their 
potential in the course of patient care.

Artemis: Real-Time Streaming Analytics for Intensive Care Units
- an academic perspective
Carolyn McGregor, Canada Research Chair in Health Informatics. Professor, Director 
of Research, Faculty of Business and IT. Cross appointed with Faculty of Health 
Sciences University of Ontario Institute of Technology (UOIT) 	

Critical care units internationally boast state of the art medical equipment that constantly 
monitor vital organs. However, they are at a critical crossroad where their ability to gather this 
information has outpaced their ability to aggregate and interpret in a clinically meaningful way. 
Recent medical research has reported that conditions such as late onset neonatal sepsis, pneumo-
thorax, intraventricular haemorrhage, and periventricular leukomalacia, appear to exhibit early 
pathophysiological indicators in physiological data. However research in this domain has been 
limited to either patient centric, diagnosis centric or physiological stream centric approaches 
with a heavy emphasis on retrospective analysis and minimal translation to real-time monito-
ring. This research presents Artemis, a framework for concurrent multi-patient, multi- diagnosis 
and multi-stream (ie multidimensional) temporal analysis in real time for clinical management 
and historically for clinical research. The real-time component utilizes new stream processing 
approaches while the clinical research utilizes new approaches to data mining more suited to the 
analysis of physiological stream behaviours and within the healthcare context. Critical care pati-
ents in rural, remote and some urban healthcare facilities do not have the same level of access to 
intensivist support as patients in higher care level urban critical care units (CCUs). The provision 
of clinical decision support tools, in a cost effective way to all CCUs has the potential to reduce 
mortality and morbidity rates, reduce critical care patient transportation between CCUs and in 
so doing reduce healthcare costs. This research also presents Artemis Cloud, a cloud computing 
based Software-as-a-Service and Data-as-a-Service approach for the provision of remote real-
time patient monitoring and support for clinical research. This research is demonstrated using 
a neonatal intensive care unit case study.

Artemis: Real-Time Streaming Analytics for Intensive Care Units - an 
industrial perspective
Daby M. Sow 1,2

Additional Contributors:  Alina Beygelzimer 1, Alain Biem1, Marion Blount 1,
Tim Dinger 1, Maria Ebling 1, Gang Luo 1, Michael Schmidt 2, Deepak Turaga1

1 IBM T. J. Watson Research Center, Hawthorne, NY, USA; 2 Columbia University, 
New York, NY, USA

For each patient, critical care physicians are confronted with hundreds of disjoint variables collec-
ted by patient monitors and general clinical information systems. To cope with this data overload, 
clinicians need assistance to: 1) gather and pool together patient data from disparate devices 

I-13

I-14



18

and clinical information systems; 2) automatically analyze the data in a timely manner to extract 
clinically relevant information; and 3) efficiently interface with the data and the analytics to make 
quick accurate clinical decisions. Our research addresses these problems with the design of the 
Online Healthcare Analytics infrastructure (a.k.a. Artemis), and its extensions for exploration. 
OHA is a framework for real-time analysis in intensive care leveraging IBM InfoSphere Streams 
(Streams), a state-of-the-art stream computing platform that we developed at IBM Research.
From a data integration perspective, OHA is designed to interface with an open set of devices and 
clinical information management systems through well defined adaptation mechanisms. A tight 
integration with the Excel Medical BedMasterEX system is enabled with appropriate adapters to 
acquire physiologic data from patient monitors.
From an analytical perspective, OHA has been initially designed to operate in an open loop 
configuration where analysts specify explicitly real-time analytics for the detection of specific 
patterns in patient data. Physicians and researchers at SickKids, Toronto and at the University 
of Ontario Institute of Technology are leveraging OHA in this configuration to collect data, mine 
them externally and test clinical hypotheses to come up with new ways to detect nosocomial 
infections in neonatal ICUs. Recently, we have been extending OHA with exploration capabilities 
and have designed an Exploration Platform for Intensive Care (EPIC). EPIC is a closed loop exten-
sion of OHA. It provides assistance to analysts in the exploration of patient data, to accelerate 
the discovery of interesting patterns in streaming data. While working with the Columbia Medical 
Center Neuro-ICU, we are developing EPIC for application to the early detection of complications 
like delayed cerebral ischemia.
Users interact with EPIC and OHA at different levels of abstraction. At the lowest level, analysts 
program real-time analytics in the Stream Processing Language (SPL), a generic programming 
language for the specification of streaming analytics. At higher levels of abstraction analytics 
can be composed from pre-defined analytical SPL building blocks, shielding domain experts 
from SPL programming and allowing them to quickly compose and deploy streaming analytics.

Robust signal extraction from complex physiological monitoring time 
series
Roland Fried, Matthias Borowski, Ursula Gather, Michael Imhoff*
Department of Statistics, TU Dortmund University, Germany
* Department for Medical Informatics, Biometrics and Epidemiology, 
Ruhr-University Bochum, Germany

Introduction: The disease state of the critically ill is described by complex data from multiple 
sources. For the clinician the challenge is to distinguish clinically relevant changes from noise 
and artifacts. In this contribution we will give an overview and present some examples of robust 
statistical signal extraction methods.

Requirements and methods: Algorithms for use in clinical real-time environments have to be 
robust against artifacts and missing values as well as efficient and fast. Online use demands 
instantaneous updates with every new incoming value. Many different univariate and multivari-
ate algorithms have been proposed for use in such situations, including median filters, Kalman 
filters, different robust filters, graphical models, multivariate regression as well as approaches 
from artificial intelligence. While some of these approaches showed promising results, none has 
gained universal acceptance or even commercial implementation.

Examples from vital signs monitoring: Robust regression techniques represent one approach 
to signal extraction. Repeated median regression seems to be the best choice for intensive care 
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monitoring because of the quality of signal extraction and the favorable computational demands. 
We expanded this approach to multivariate time series using an adaptive online trimmed re-
peated median least squares filter. In intensive care monitoring data the univariate filters can 
eliminate a major percentage of false positive alarms without compromising alarm sensitivity in 
a clinically relevant manner.

Conclusions: Recognizing true failure in the critically ill requires fast and reliable interpretation 
of complex data with high sensitivity and specificity. Currently commercially available methods 
are often inadequate for this task. Statistical research has made new univariate and multivariate 
alarm algorithms available that can provide better and more robust alarm detection.

Data Acquisition and Analysis of Physiological Signals in Pediatrics: 
Investigations and Challenges
Jim Fackler, Baltimore MD, USA

About 10 years ago, Brahm Goldstein reported a system for physiological data collection and 
lamented in his introduction that, “Current bedside monitoring techniques have remained rela-
tively unchanged over the past 20 yrs…”  Adam Seiver in an accompanying editorial lamented, 
“Biological systems have resisted mathematical treatment.”  In 2011, Adam is no longer correct; 
unfortunately, Brahm’s words still ring true.

Collecting digital data fromall devices at the bedside of acutely ill children (and here, adults are 
nothing more than grown children) must be as plug-and-play as are data feeds from consumer 
products.  Emerging international standards for an Integrated Clinical Environment will be dis-
cussed and need to be supported.

Once collected, there is a need to unify the distributed and captured heterogeneous data.  The data 
architecture must be secure, scalable and best implemented with open-source components.  An 
update on the Virtual PICU initiative will be presented and needs to be supported and expanded.

With the data, the primary low-hanging-fruit for which mathematical treatments should be 
focused is support of a fundamental critical care cognitive task – pattern recognition and the 
aggregation of partial mental models into complete mental models.  Preliminary work describing 
cognitive task analysis in critical care will be discusses.  Further, preliminary work on a novel 
application of natural language processing will be presented to the discovery of patterns in 
physiological data.

Mathematical Abstraction and Formalism in Biology: How far can we go?
Gary An, Department of Surgery, University of Chicago 	

There are both potential rewards and pitfalls to attempts at formal descriptions of biological 
systems. The rewards are obvious: as a science almost entirely grounded on empiricism, biolo-
gical knowledge does not lend itself to the scalable analysis that is a primary benefit of theory. 
Each biological system becomes a subject of essentially unique study, only very weakly linked 
to other "similar" systems through poorly characterized analogy. The establishment of a formal 
description of biological systems would greatly enhance the ability to generate and utilize bio-
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logical knowledge, and usher in a modern age of biological investigation. However, there are 
significant limitations to existent attempts at creating biological formalisms, such as Rosen's 
M-R systems and topological analyses. While effective in terms of description, they are lack the 
ability to instantiate the essential dynamics of biology, and therefore do not provide a means 
of translating insight gained through their use to overcome the relative empirical uniqueness of 
biological systems. They lack in utility to map back onto the individual instances of the biological 
systems they purport to represent in a way that obviates such a high degree of empirical descrip-
tion that essentially renders them superfluous. Attempts of formal descriptions of biology need 
to remain, counter intuitively, grounded in the physical substance of biology, and the primary 
generative forces associated with biology, namely evolution and its relationship with the Second 
Law of Thermodynamics.

Mortality reduction by heart rate characteristic monitoring in very 
low birth weight neonates: a randomized trial  	  
Randall Moorman 1 , Waldemar Carlo 2 , John Kattwinkel , Robert Schelonka 2 , 
Peter Porcelli 3 , Christina Navarrete , Eduardo Bancalari , Judy Aschner 5 , 
Whit Walker 6 , George Stukenborg 1 , Douglas Lake 1 , Michael O'Shea 3 	  
1University of Virginia; 2University of Alabama-Birmingham; 3Wake Forest Universi-
ty; 4University of Miami; 5Vanderbilt University; 6Greenville (SC) Regional Hospi-
tal 	 

  	 	  
Objectives: Late-onset neonatal sepsis is a common and serious illness among very low birth weight 
infants. Prior to clinical signs, abnormal heart rate characteristics of reduced variability and transient 
decelerations can appear, and we previously developed and validated algorithms to detect them. Here, 
we tested the hypothesis that heart rate characteristics monitoring improves neonatal outcomes.

Methods: This was a two-group, parallel, individually randomized controlled clinical trial of 3003 very 
low birth weight infants in 9 tertiary care U.S. Neonatal Intensive Care Units. In one group, heart rate 
characteristics monitoring results were displayed; in the other, results were masked. The primary outcome 
was number of days alive and ventilator-free in the 120 days after randomization. Secondary outcomes 
were mortality, number of ventilator days, NICU stay and antibiotic use. Heart rate characteristics mo-
nitoring uses linear (standard deviation, sample asymmetry) and non-linear (sample entropy) measures 
of heart rate in a logistic regression expression to estimate the fold-increase in risk of neonatal sepsis 
in the next 24 hours. These measures were developed to detect the signature abnormality of heart rate 
control – reduced variability and transient decelerations – that precedes clinical signs of illness.

Results: Infants whose heart rate characteristics monitoring results were displayed demonstrated a 
reduction in mortality from 10.2% to 8.1% (HR = 0.78, 95% CI = 0.61 to 0.99, P = 0.04, number needed 
to monitor to save one life = 48) and there was a trend toward increased days alive and ventilator-free 
(95.9 of 120 days compared to 93.6 in controls, P = 0.08). Although more blood cultures for suspicion 
of sepsis were drawn in the infants whose heart rate characteristics monitoring results were displayed 
(1.8 per month compared to 1.6, P=0.05), the incidence of sepsis (23.9% and 25.5%, P=0.34) and days 
on antibiotics (15.7 and 15.0, P=0.31) were not different. As expected, mortality was concentrated in 
infants with birth weight <1000g where the benefit was greater (HR=0.74, 95% CI 0.57 to 0.95, P=0.02, 
number needed to monitor to save one life = 23). The mortality benefit was further concentrated in 
infants who had an episode of sepsis, where the 30-day mortality fell from 16% to 10% (p=0.01).

Conclusions: Heart rate characteristics monitoring reduces mortality in very low birth weight infants. 
This is the largest randomized trial in premature infants, and the first demonstration that real-time 
dynamical monitoring has an impact on patient outcomes.
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Abstracts Contributed Oral Presentations

Acute uncoupling of heartbeat and respiration in neonatal respirato-
ry decompensation
Matthew Clark 1, Craig Rusin 1, John Hudson 1, Hoshik Lee 2, John Delos 2, Lauren 
Guin 1, Terri Smoot 1, Brooke Vergales 1, Alix Paget-Brown 1, John Kattwinkel 1, 
Douglas Lake 1, Randall Moorman
1University of Virginia; 2College of William and Mary 	  

  	 	  
Objectives: We wished to test the hypothesis that neonatal respiratory distress leading to en-
dotracheal intubation is preceded by acute uncoupling of respiration and the heartbeat. 	  
  	 	  
Methods: We implemented a direct measure of cardiorespiratory coupling based on the rela-
tionship of heartbeats to respiratory phase adapted from the original description by Schafer, 
Rosenblum, Kurtz and Abel (1998). We collected a large database of waveforms and vital signs 
in 50 patient years of data in 283 very low birth weight infants admitted to the University of 
Virginia Neonatal Intensive Care Unit from January 2009 to June 2011. Times of and reasons for 
endotracheal intubation were noted. We devised measures of noise in EKG and chest, and found 
15% of the data suitable for confident assignment of heartbeat to respiratory phase. We made 
probability density estimates of the probability of a heartbeat as a function of the respiratory 
phase, and found epochs where heartbeats were localized to discrete phases. We characterized 
these histograms by their Shannon entropy, and interpreted a low value as evidence of cardio-
respiratory coupling. We assigned a cutoff value for low entropy that was the 0.1st percentile of 
simulations with random numbers, and calculated the proportion of time with cardiorespiratory 
coupling in sliding windows of 2 hours every 15 minutes. We plotted the proportion of time with 
cardiorespiratory coupling as a function of time until urgent, unplanned intubation. 	  
  	 	  
Results: There were 67 endotracheal intubations for respiratory decompensation in 46 infants. 
The proportion of cardiorespiratory coupling fell from 20% to 7% in the 24 hours leading up to 
the event, and fell further to 1% over the next 2 days. 	 
  	 	  
Conclusions: Neonatal respiratory distress leading to urgent unplanned intubation is preceded 
by up to 24 hours by acute uncoupling of heartbeat and respiration. Early detection might lead 
to less invasive treatments and avoidance of endotracheal intubation and mechanical ventilation.

Individualised Patient Models Combining Mathematical Models and 
Real-Time Clinical Data  	  
Catherine G. Enright 1 , Michael G. Madden 1 , Niall Madden 1 , John G. Laffey 1 2

1National University of Ireland, Galway; 2Galway University Hospitals, Ireland 	  
  	 	  

Objectives: Much knowledge of human physiology is formalised as systems of ordinary differential 
equations (ODEs). ODEs play a prominent role in the medical setting, modelling for example, 
physiological systems and drug dynamics. The vast majority of models found in standard text-
books, are based on ODEs. While these ODEs provide a succinct and accurate description of the 
general behaviour of the system being modelled, when applied to an individual patient the model 
parameters must be optimised to the individual. Often, in the clinical setting, the real-time data 
available to enable this tuning to the individual is in-frequent and uncertain. We have developed 
a methodology for automatically mapping systems of ODEs to Dynamic Bayesian Networks (DBNs). 
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The motivation for moving from an ODE formulation to a DBN formulation is that the DBN offers 
an efficient framework for re-estimating model parameters to the individual patient dynamically 
over time, based on accumulated evidence. It provides principled handling of data and model 
uncertainty, and facilitates the integration of multiple strands of temporal evidence. 	  
  	 	  
Methods: Our methodology involves taking advantage of an existing body of knowledge in the 
form of ODEs and using this to reason more effectively with the real-time data available at the 
bedside. A standard first-order Euler approximation of the system of ODEs is mapped directly to 
a DBN. Delta nodes capture the changes in the model variables in each time step. Model para-
meters are modelled as continuous Gaussian nodes and allowed to vary over time to allow them 
adjust to the individual patient. The framework allows a clear distinction to be made between 
true values and measured values, thus accounting for data uncertainty. 	  
  	 	  
Results: We applied our methodology to track and predict glycaemia levels in critically ill pati-
ents in receipt of intravenous glucose and insulin. By using the DBN framework we account for 
uncertainty in the reactions of unstable patients, and uncertainty in measurement errors. We 
evaluated our approach on real data for 12 critically ill patients. We compared our results to an 
existing approach whereby model parameters were re-estimated using a non-linear optimisation 
algorithm. In 10 out of 12 cases the DBN approach out-performed the existing approach, very 
substantially so in some cases. 	  
  	 	  
Conclusions: Much knowledge of human physiology is formalised as systems of differential 
equations. We have devised a methodology for incorporating this knowledge in a DBN frame-
work and demonstrated its effectiveness on a non-linear system where evidence is sparse and 
infrequent. The methodology is used to predict a critically ill patient's plasma glucose levels in 
response to insulin and glucose infusions. With the data available, which is sporadic and may be 
inaccurate and incomplete, the DBN approach out-performs a previous approach demonstrating 
that the DBN method is effective at re-estimating model parameters and reasoning with sparse 
and potentially unreliable data.

Development of a composite variability metric for clinical application 
Andrea Bravi 1 2 , Geoffrey Green 2 , André Longtin 1 , Andrew JE Seely 1 2

1University of Ottawa; 2Ottawa Hospital Research Institute 	  
  	 	  

Objectives: There is increasing interest in the application of variability monitoring to im-
prove clinical outcomes. A broad array of measures of variability are collected with the aim 
of tracking the physiological condition of patients undergoing different types of stresses, 
either physiological (e.g. exercise) or pathological (e.g. critical illness). The sheer number of 
variability measures calls for a means to integrate the data, capable of maintaining clini-
cally relevant information, yet reducing its dimensionality. Thus, our aims are to introduce a 
dynamic methodology to compute a composite measure of variability, designed to integrate 
the relevant information from multiple measures of variability, in a manner tunable to specific 
clinical applications, and pilot the performance of the composite measure on a known data set 
of heart rate variability monitoring prior to and during the onset of infection. 	  
  	 	  
Methods: Waveforms collected at the bedside (e.g. EKG, capnograph, etc) undergo cleaning, 
beat & breath detection, removal of noise, followed by variability analysis for every interval (e.g. 
5min), iteratively repeated in steps (e.g. 2.5min), providing variability monitoring over time. 
For each interval, a composite variability measure is computed based on a modular design, with 

O-3



23

options based on the intended clinical use. This measure is created by applying the following 
procedures: (a) filtering, (b) normalization, (c) feature selection and (d) integration. The norma-
lization ensures the measures are comparable with each other. Depending on the type of study, 
one or more of the following normalization may be used: admission condition (which measure 
the deterioration from a baseline of health), population-based (which associates variability to 
the severity of illness), or [-1,+1] (used for visualization, or to bind the values for particular 
post-processing). The feature selection focuses the analysis on specific types of information, 
magnifying what is clinically relevant for a specific patient. Modules include the domain-specific 
(e.g. to investigate the specific alterations in scale-invariant domain variability measures); 
the physiologically-based (e.g. selecting measures associated with sympathetic activity); the 
clinical-based (e.g. selecting measures that change in association with specific clinical events). 
The integration fuses the relevant information that survived to the previous steps, creating a 
unique composite measure. Modules of integration include principal component analysis (i.e. PCA 
captures the direction of maximum variance, as well as the directions uncorrelated to it), inde-
pendent component analysis (i.e. ICA finds a set of independent signals generating the recorded 
variability, which may then be selected based on correlations with known clinical events) and 
the median of the variability (i.e. provides a measure of cumulative change in variability). 	  
  	 	  
Results: Through a windowed analysis of the R-R interval time series, a set of 102 variability 
time series was extracted for each patient from a population of 17 patients, which heart rate 
was continuously monitored after bone marrow transplant (monitoring lasted 12±4 days). A 
composite measure of variability was created for each subject, using the admission condition 
normalization (which referenced the data respect to the first 24 h of recording after admission), 
without any particular selection, and integrating the information through Principal Component 
Analysis. The composite measures showed on average a 30% drop 42 hours before, and a 180% 
drop in the moment of detection and initiation of therapy for infection. 	  
  	 	  
Conclusions:  A dynamic modular computational procedure to create a composite variability 
metric from a set of comprehensive array of variability measures is proposed. This procedure was 
retrospectively applied to track the development of infection in a high risk population, creating 
a composite measure which showed on average a 30% change, 42 hours before its detection by 
physician.

The Short-term Fractal Exponent of Heart-Rate Variability Is Associa-
ted with Mortality in Severe Sepsis and Septic Shock
Samuel Brown 1 2 , Subhasis Behera 2 , Jason Jones 3 , Michael Lanspa 1 2 , Colin 
Grissom 1 2 , Kathryn Kuttler 1 2 , Ben Briggs 1 , Naresh Kumar 1 , VJ Mathews 2
1Intermountain Medical Center, Murray, UT USA; 2 	 University of Utah, Salt Lake 
City, UT USA: 3Kaiser Permanente Southern California, Pasadena, CA USA 	  

  	 	  
Objectives: Sepsis is known to affect heart rate variability (HRV), which may be of prognostic or 
therapeutic significance. Which parameters of HRV will prove useful is not yet known. Non-linear 
parameters of HRV, such as fractal exponents, have shown promise in heart failure and may be 
of use in sepsis. 	  
  	 	  
Methods: We prospectively identified patients with severe sepsis or septic shock admitted to 
intensive care units (ICUs) in our academic, tertiary care hospital and recorded their electrocar-
diographic (ECG) signals, sampled at 500Hz, within twelve hours of ICU admission. Using detren-
ded fluctuation analysis, we determined the initial short-term (alpha1) and intermediate-term 
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(alpha2) exponents of the time series of R-R intervals from the ECG signal. We also calculated 
Sample Entropy on the time series of R-R intervals. We determined 28-day mortality as primary 
outcome. We used Student’s t test to evaluate the relationship between fractal exponents and 
mortality. 	  
  	 	  
Results: We identified 23 patients, of whom 4 (17%) died within 28 days. Among non-survivors, 
alpha1 was significantly lower than among survivors (0.64 vs. 1.27, p<0.05). There was inverse 
correlation (Pearson’s rho -0.66, p<0.01) between admission SOFA score and alpha1. Neither 
the intermediate-term exponent, alpha2, nor Sample Entropy differed between survivors and 
non-survivors. 	  
  	 	  
Conclusions: Fractal exponent alpha1 appears to be associated with 28-day mortality in septic 
patients; alpha1 is also inversely associated with admission SOFA score. In this small sample, 
we were unable to evaluate its predictive utility independent of SOFA score. Regardless, HRV 
may be simpler and more reproducible than SOFA and may represent a potential therapeutic 
target in sepsis.

Multiscale Rhythmic Influences on Heart Rate Variability in Human 
Endotoxemia  	  
Jeremy D. Scheff 1 , Steve E. Calvano 2 , Stephen F. Lowry 2 , Ioannis P. Androulakis 
1Department of Biomedical Engineering, Rutgers University; 2Department of Sur-
gery, UMDNJ-Robert Wood Johnson Medical School; 3Department of Chemical and 
Biochemical Engineering, Rutgers University 	  

  		   
Objectives: Endogenous glucocorticoids are secreted by the hypothalamic–pituitary–adrenal 
(HPA) axis in response to a wide range of stressors. Glucocorticoids exert significant downstream 
effects, including the regulation of many inflammatory genes. The HPA axis functions such that 
glucocorticoids are released in a pulsatile manner, producing ultradian rhythms in plasma gluco-
corticoid levels. It is becoming increasingly evident that this ultradian pulsatility is important in 
maintaining proper homeostatic regulation and responsiveness to stress. Changes in heart rate 
variability (HRV) reflect alterations in autonomic function, which is potentially a useful predictor 
of outcome in myocardial infarction, congestive heart failure, diabetic neuropathy, and neonatal 
sepsis. We hypothesize that the relationship between ultradian hormonal variability and health is 
related to the relationship between the loss of HRV and disease. We test this hypothesis through 
a mathematical model that encompasses rhythmicity in both the HPA axis and in cardiac neuron 
firing. 	  
  	 	  
Methods: Much of the complexity of HRV is generated by high frequency neural oscillations in 
the sympathetic and parasympathetic branches of the autonomic nervous system. The autono-
mic nervous system is critical in the progression of the inflammatory response, through the 
release of hormones like cortisol and epinephrine as well as the activation of the cholinergic 
anti-inflammatory pathway. We proposed a model of human endotoxemia that links the receptor-
mediated activation of cytokine signaling in leukocytes with central autonomic modulation, 
culminating in perturbed HR and HRV through an integral pulse frequency modulation (IPFM) 
model. We have also proposed a model linking the ultradian release of glucocorticoids by the HPA 
axis with altered regulation of glucocorticoid-responsive genes, as has recently been observed 
experimentally. To further explore the interactions between these two systems, we evaluated the 
effect of rhythmicity at the scale of ultradian rhythms on the rhythmicity of heart beats. 	  
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Results: Due to the nonlinear binding relationship between glucocorticoids and the glucocori-
toid receptor, oscillatory glucocorticoid exposure produces a larger downstream transcriptional 
response than constant exposure to the same total level of glucocorticoids. In the larger context 
of our model of inflammation, this leads to constitutive heightened activation of the sympathetic 
nervous system and elevated resting levels of anti-inflammatory cytokines and hormones such 
as epinephrine. Propagated through the IPFM model, it is predicted that the loss of ultradian 
hormone rhythmicity will increase HR and decrease HRV. This heightens susceptibility to a large, 
unresolving response. 	  
  	 	  
Conclusions: The results shown here illustrate how ultradian rhythms in glucocorticoid secretion 
can propagate through to HRV. This work provides the foundation for evaluating both patho-
physiological HPA axis behavior and in considering the clinical use of glucocorticoids, which are 
typically not given in an ultradian manner. In the context of these scenarios, where the loss 
of normal hormone rhythmicity impacts the host, response of the system to endotoxemia, as 
assessed by HRV, serves as a step towards gaining insight into similar changes in HRV observed 
clinically in response to stress.

Dynamic algorithms of Biomarkers for monitoring infection/inflam-
mation processes in pigs
Tim Tambuyzer 1 , Tine De Waele 2 , Geert Meyfroidt 3 , Greet Van den Berghe 3 , 
Bruno Goddeeris 2 , Daniel Berckmans 1 , Jean-Marie Aerts 1
1Measure, Model & Manage Bioresponses (M3-BIORES), Department of Biosystems, 
K.U. Leuven, Kasteelpark Arenberg 30, B-3001 Leuven, Belgium; 2Laboratory of 
Immunology, Faculty of Veterinary Medicine, Ghent University, Salisburylaan 133, 
B-9820 Merelbeke, Belgium; 3Surgical Intensive Care Unit, Department of Intensive 
Care Medicine , K.U. Leuven, Herestraat 49, B-3000 Leuven, Belgium 	  

  	 	  
Objectives: Disease management is becoming increasingly important in our current society, 
especially considering the growing population of elderly and immune compromised people. The 
development of early warning monitors for sepsis/inflammation could be a valuable tool for sup-
porting the clinical care of critically ill patients. Several complex biological processes are involved 
in sepsis and inflammation, making it a challenging task to quantify infection and inflammation 
processes in real-time. This study aimed at exploring the usefulness of data-based modelling 
methods to quantify the dynamics of biomarkers (3 cytokines and 4 acute-phase proteins) before 
and after infection by Actinobacillus pleuropneumoniae in pigs as a first step in developing an 
early warning monitor for sepsis and inflammation processes in the intensive care. 	 
  	 	  
Methods: In total, 22 pigs were infected. Blood samples were taken with a sampling interval of 2 
hours. The cytokines, tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6) and interleukin-10 
(IL-10), and the acute-phase proteins, C-reactive protein (CRP), haptoglobin (Hp), major acute 
phase protein (MAP) and serum-amyloid A (SAA), were analysed resulting in seven blood bio-
marker time series for every pig. To obtain detailed descriptions of the response characteristics 
to infection, dynamic models were calculated for all biomarkers. 	 
  	 	  
Results: Based on the first analysis, 4 biomarkers, namely CRP, SAA, pig-MAP and IL-6, were 
selected as being most useful for the monitoring. Especially, the response characteristics of IL-6 
seem most promising. Significant differences in the dynamics of IL-6 were found between surviving 
and non-surviving animals after infection (p=0.009). For all biomarkers, model orders and model 
structures varied between the individual pigs and thus the model parameters seemed to be linked 
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with the pigs as individuals stressing the need for individualized monitoring systems. 	  
  	 	  
Conclusions: Models as developed in our study could be the first steps towards the development 
of an objective individualised method for a sensor-based early detection of sepsis and inflam-
mation and early prediction of disease outcome in pigs and later in humans.

Understanding pathophysiologic mechanisms in severe sepsis using 
an ensemble of neutrophil kinetic based systemic inflammation model
Sang Ok Song 1 2 , Robert Parker 2 , Gilles Clermont 1
1Critical Care Medicine, University of Pittsburgh, Pittsburgh, PA, USA; 2Chemical 
and Petroleum Engineering, University of Pittsburgh, Pittsburgh, PA, USA 	  

  	 	  
Objectives: Impaired neutrophil migration to the primary infected site and deleterious accu-
mulation of neutrophils in distant organs are pathologic features of severe sepsis. In order to 
better understand the pathophysiologic mechanisms involved, we developed a population-based 
computational framework using a course-grained phenomenological model of the acute inflamm-
atory response in CLP-induced septic rats. 	  
  	 	  
Methods: Balancing the complexity of the inflammatory response, the insufficient knowledge 
of mechanistic details, and the relative paucity of experimental data, we developed a mathe-
matical model having a conceptual abstraction of the system behaviors across multiple tissue 
compartments. This model incorporates distinct neutrophil kinetic responses to the inflammatory 
stimulus and the dynamic interaction between components of a compartmentalized inflammatory 
response. The network components and interactions were assembled based on qualitative domain 
knowledge about the acute inflammatory response, including multiple phenotypes of neutrophils 
and major effectors in distinct compartments (blood, peritoneum, and lung). In order to capture 
the impaired recruitment of neutrophils, which is one of the key pathophysiologic features in 
severe sepsis, several lines of evidence about the mechanisms influencing neutrophil migra-
tion in sepsis were incorporated in the model. In the blood compartment, neutrophils can be 
characterized as belonging to one of three groups: resting, primed, and systemically activated. 
Experimental data were collected from CLP-induced septic rats, consisting of eight longitudinal 
measurements of key cytokines and damage-related markers in blood. Seven rats out of the total 
population (23) survived up to 7 days, being considered as the survival group and the others as 
the death group. An ensemble of model parameter sets consistent with experimental observations 
was statistically generated using a Markov-Chain Monte Carlo sampling. Prediction uncertainty 
in the model states was quantified over the resulting ensemble parameter sets. Furthermore, 
the model was extended to incorporate hypothetical mechanisms by which blood purification 
results in improved outcome in septic rats. 	  
  	 	  
Results: Forward simulations of the parameter ensemble successfully captured experimental 
features and predicted that systemically activated circulating neutrophils display impaired migra-
tion to the tissue and neutrophil sequestration in the lung , consequently contributing to tissue 
damage and mortality. Multivariate analysis performed from survival and death sub-ensembles 
provide insight into pathologic mechanisms dictating outcome in sepsis. Principal component 
analysis revealed that prompt neutrophil response to infection is a critical element for survival, 
while inadequate anti-inflammatory response and damage resolution are primarily responsible for 
death. In addition, multiple regression analysis suggested that coordinated neutrophil functions 
are critical for survivors. Blood purification simulations identified a sub-population (about 18% 
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of the treated population) that benefitted from blood purification. Survivors displayed enhanced 
neutrophil migration to tissue and reduced sequestration of lung neutrophils, contributing to 
improved outcome. 	  
  	 	  
Conclusions: We developed a population-based computational framework that incorporates 
dysregulated neutrophil hyperactivity as a cellular dysfunction in septic processes. The model 
ensemble presented herein provides a platform for generating and testing hypotheses in silico, 
as well as motivating further experimental studies to advance understanding of the complex 
biological response to severe infection, a problem of growing magnitude in humans.

Distributed Cluster Computing system for recording and processing 
physiological data in the ICU  	  
Craig Rusin, Randall Moorman, University of Virginia 	  
  	 	  

Objectives: Physiological data captured by the ICU bedside monitor contains a wealth of important 
information on the instantaneous health status of the patient. Most of this data is lost soon 
after it is recorded. The objective of this project is to develop a computing cluster to record and 
process all physiological data from all ICU bedside monitors within a hospital. 	  
  	 	  
Methods: Custom informatics server software was written to link 10 off-the-shelf commodity 
computers into a cluster computing system. An SQL database was constructed to organize the 
physiological and clinical data of patients. A graphical user interface was constructed in Matlab 
to allow for easy data inspection, visualization, and markup. Physiological data is distributed to 
the nodes of this system each night. 	  
  	 	  
Results: The informatics cluster computing system has been online since January 2009 at the 
University of Virginia Medical Center. The system contains 80 processors, 40GB of RAM and 
100TB of hard drive capacity, including redundant data storage. Approximately 100MB of data 
are recorded per bed per day, and are composed of 3 EKGs, Chest Impedance, Oxygen Sat, Heart 
Rate, BP, as well as other vital signs and waveforms. The system contains a largely complete 
physiological record of the approximately 1200 patients admitted to the NICU, PICU, STICU, and 
PICU since the system became operational. This system is currently being rolled out at Texas 
Children’s Hospital. 	  
  	 	  
Conclusions: We have successfully deployed a cluster computing system to capture and process 
physiological data from bedside monitors within an ICU environment. We are using this system 
to develop new metrics for patient health, which can eventually be presented to the physician 
at the bedside to better guide their care.

Lienard-Type Dynamical System Models for the simulation of the Human 
Heart Atrium  	  
Piotr Podziemski, Jan Zebrowski, Warsaw University of Technology, Faculty of Phy-
sics 	  

  	 	  
Objectives: Human heart rate varies with the time. In fact, this variability is one of the major 
factors in the effective functioning of the cardiovascular system. Usually, existing physiological 
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models including cell membrane ion channels are too complex to allow an investigation of long 
time dynamical properties of the heart. As a consequence, very rarely do they address the problem 
of heart rate variability comparable with portable ECG recordings. Other ways of modeling seem 
to be worth investigating. Note that the physiological (sinus) heart rhythm is mostly defined 
by the dynamics within the right atrium. 	  
  	 	  
Methods: In the model of the right atrium proposed here, different cardiac tissues are described 
by sets of different equations, all belonging to the class of Liénard-Type nonlinear dynamical 
systems. The pacemaker cells of the atrium are modeled by modified van der Pol-Duffing equations 
while the muscle tissue is represented by modified FitzHugh-Nagumo oscillators. We developed 
series of models of the right atrium with differing anatomical simplifications, starting with a 
1D model up to a 2D mapping of the atrium including chosen anatomical details. These models 
allowed to relate the local dynamics of the activation wave to the heart rate variability measured 
in clinical recordings in some patients. 	  
  	 	  
Results: The simulations allowed to reconstruct such effects as the AV node reentry tachycar-
dia - both in an extended one dimensional model and in the 2D simulation, the phase relations 
between sinus rhythm and the location and properties of an ectopic source and their effects on 
the resultant rhythm. Moreover, the developed pacemaker tissue submodel is able to reproduce 
phase responce curve of real cardiac cells, as well as acton potential alternans effects observed 
in cardiac tissue. 	  
  	 	  
Conclusions: The introduction of a second dimension into the model enabled the study of a 
number of cardiac atrial arrhythmias. The model includes important anatomical details (e.g. 
atrium geometry and vein positions) that need to be introduced into the model to obtain the 
desired patho-physiological effects. Our goal is to produce such a two dimensional model that 
may be a tool for the development of ablation procedures.

Heart rate variability asymmetry in stochastic analysis  	  
Monika Petelczyc 1, Jan Zebrowski 1, Rafal Baranowski 2
1Faculty of Physics, Warsaw University of Technology, Warszawa, Poland; 2Institu-
te of Cardiology, Warszawa, Poland 	  
  		   

Objectives: The extraction of Kramers-Moyal coefficients from nighttime recording of RR intervals 
yields a detailed analysis of heart rate variability. In particular, the quantitative parameters from 
the functional dependence of the second coefficient (the diffusion coefficient) on the rescaled 
length of the RR interval may be obtained. We determined these parameters as the slopes of 
the left (LCF) and right (RCF) branch of diffusion term. Our previous findings showed that from 
the assessment of the sign of difference LCF-RCF a division of HCM patients into subgroups can 
be obtained. These subgroups were obtained by analyzing the relation of the LCF-RCF and an 
echocradiographic parameter – Left Ventricular Systolic Diameter. The difference LCF-RCF is 
a measure of the asymmetry of heart rate variability. Our results open a discussion about the 
role, interpretation and possible applications of the parameters LCF, RCF and of the heart rate 
variability asymmetry measure to medical diagnostics. 	 
  	 	  
Methods: We present a simple model of heart rate variability, in which the LCF and RCF parameters 
express the ability of the heart to decelerate and accelerate its rhythm. To allow an interpretation 
of the observed asymmetry, we present a separate stochastic model. 	  
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Results: Simulations indicate that heart rate asymmetry obtained from our stochastic analysis 
is directly related to Respiratory Sinus Arrhythmia. Moreover, the study of the physiological 
meaning of the LCF and RCF suggests that these parameters are a measure of the activity of both 
branches of the autonomic nervous system. We observed that positive asymmetry (LCF-RCF>0) 
of the heart rhythm is typical for healthy males and dominates among HCM patients. Thus, the 
deceleration process is stronger and easier than acceleration, which is related to the physiological 
domination of parasympathetic branch over the sympathetic one. Our work indicates not only 
that the asymmetry of heart rate variability occurs but also its relation to RSA. 	  
  	 	  
Conclusions: We found that the parameters introduced by us are useful for the medical analysis 
of HCM patients and in the description of deceleration and acceleration of the heart rhythm. 
Therefore further analysis of the Kramers-Moyal expansion in HRV should be made for diagnostic 
purposes for other groups of patients. We are currently beginning a detailed analysis of a large 
group of arterial valve stenosis patients.

Abstracts Contributed Poster Presentations

The problem of parameter estimation within variability analysis: Gene-
ralization through Optimization	  
  Andrea Bravi 1 2 , Geoffrey Green 2 , André Longtin 1 , Andrew JE Seely 1 2

1University of Ottawa; 2Ottawa Hospital Research Institute 	  
  	 	  
Objectives: Standardization of methods to compute variability is necessary for bedside application, 
yet an unsolved problem is the question of arbitrary parameter estimation. Multiple measures 
of variability analysis require the selection of one or more otherwise arbitrary parameters to be 
computed (e.g. Shannon entropy requires to specify the number of bins to use when creating the 
distribution of a time series). There exist neither objective criteria nor literature guidelines for the 
choice of these parameters. The principal objective of this research is to introduce a methodology 
for parameter selection rooted in empiricism, whereby parameters are optimized to maximize the 
separation between distributions of distinct patient populations. We hypothesize that progressive 
loss of heart rate variability (HRV) occurs with increasing severity of illness, and that parameters 
selection should optimize the changes in variability relating to changes in the conditions of a patient. 
Using existing data as a training cohort, we have derived an initial selection of parameters. 	  
  	 	  
Methods: In order to provide multiple degrees of physiological impairment, the analyses were 
run on the HRV from the following groups: (1) physically active subjects; (2) unhealthy sedentary 
subjects; (3) before spontaneous breathing trials of patients who succeeded extubation; (4) during 
spontaneous breathing trials of patients who failed extubation; (5) 6 hours before the diagnosis of 
septic shock; and (6) 6 hours after the diagnosis of septic shock. First, we verified that measures 
of variability with no parameters (e.g. SD) showed reliable differences between groups. Then se-
veral measures of variability were selected and classified depending on the number of parameters 
they need to be processed (e.g. Sample entropy depends on the length of the window, and the 
threshold – two parameters). For each parameter the set of possible values was defined according 
to plausibility criteria (e.g. it is reasonable imposing the number of bins in a histogram to be 
higher than one and lower than the number of samples used to create the histogram). Chosen a 
physiological signal (in this case, R-R interval time series), and a variability measure, the following 
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procedure was applied: (a) a set of parameters within the predefined range was selected; (b) a 5 
minutes windowed analysis was made for each subject, in each dataset, creating multiple sets of 
variability time series; (c) the sample mean of the variability time series was computed within each 
time series, creating a set of population distributions: each distribution representing a dataset, each 
sample in the distribution representing the average variability of a subject of that dataset; (d) a 
fitness function was used to quantify the level of separation between the population distributions, 
preserving the order in the degree of impairment. This exhaustive search was reiterated until all 
the possible values of the parameters were explored. At every iteration, the value of the fitness 
function was stored, creating a fitness landscape. 	  
  	 	  
Results: The majority of computed fitness landscapes were smooth, and provided a global maximum, 
allowing clear selection of parameters based on optimization. Furthermore, following this training 
cohort, the population distributions resulted ordered accordingly to the severity of illness, showing 
lower intra-population variance, and higher inter-population distance. For example, the optimal 
number of bins to compute the Shannon entropy resulted being 132, which differ significantly 
from the value suggested as a rule of thumb for time series of ~350 samples (which is √350 ≈ 19). 
Some measures of variability did not demonstrate a separation between groups, contradicting the 
hypothesis that generalization capabilities can be utilized to select parameters. For those measures 
another method for the selection of the parameters needs to be defined. 	  
  	 	  
Conclusions:  As no method to select arbitrary parameters to compute variability measures have 
been proposed, we have opted to select parameters specifically when they optimize clinically 
relevant differences in HRV. This methodology requires theoretical discussion regarding validity 
of approach, followed by validation of parameter selection with separate, comparable data sets, 
as well as a deeper understanding of the clinical significance of alteration of the many variability 
measures underlying the study of HRV.

A stochastic analysis of the inflammatory response  	  
Jeremy D. Scheff 1 , John Doyle 2 , Yoram Vodovotz 3 4 , Ioannis P. Androulakis 1 5 6

1Department of Biomedical Engineering, Rutgers University; 2Department of Control 
and Dynamical Systems, California Institute of Technology; 3Department of Surgery, 
University of Pittsburgh; 4Center for Inflammation and Regenerative Modeling, McGowan 
Institute of Regenerative Medicine, University of Pittsburgh; 5Department of Surgery, 
UMDNJ-Robert Wood Johnson Medical School; 6Department of Chemical and Biochemi-
cal Engineering, Rutgers University 	  

  		   
Objectives:  The inflammatory response, activated in response to adverse stimuli such as infection 
and injury, initiates healing and pathogen clearance to restore homeostasis. The systemic inflamm-
atory response functions by provoking physiological changes at the levels of neural signaling, 
hormone secretion, and peripheral cytokine production. The components of the inflammatory 
response, like all biological processes, exhibit stochasticity, but many mathematical models of 
inflammation are defined as systems of ordinary differential equations (ODEs) which cannot ac-
count for variability. Therefore, to assess the implications of noise on the inflammatory response, 
we evaluated the response of an ODE model of inflammation when noise was added as a function 
of the magnitude of noise, the location of noise (which variables it is added to), and the timing of 
the introduction of noise relative to an inflammatory stimulus. 	  
  	 	  
Methods: The model (originally published by Reynolds et al., J Theor Biol, 2006) contains four 
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variables: pathogen, activated phagocytes (pro-inflammatory mediators), tissue damage, and 
anti-inflammatory mediators. The pathogen initiates inflammation by activating phagocytes, which 
work towards elimination of the pathogen. In addition to self-stimulating further phagocytic acti-
vity, activated phagocytes cause tissue damage and activate anti-inflammatory mediators. Tissue 
damage releases signals that activate both pro-inflammatory and anti-inflammatory branches. 
Finally, anti-inflammatory mediators inhibit activated phagocytes and the effect of tissue damage 
on the mediators themselves. This model predicts that the negative feedback loops activated by 
anti-inflammatory mediators will lead to a self-limited response to low pathogen levels, but high 
pathogen levels can lead to either a situation where the pathogen is not cleared (septic death) or 
the inflammatory response does not resolve even after the pathogen is eliminated (aseptic death). 
The effects of adding noise to this deterministic ODE model of inflammation were studied. The 
ODE system was translated into a stochastic differential equations (SDE) system by adding a term 
representing noise to each equation: dxi=f(xi)dt+σidW, where σi is a constant noise level and W is 
a Wiener process. 	  
  	 	  
Results: The model was analyzed as the magnitude, location, and timing of noise was varied. For a 
given set of parameters and initial conditions, the distribution of steady state outcomes (broadly 
categorized as healthy resolving responses or unhealthy non-resolving responses) depends on the 
noise level. As the noise level was increased starting at initial conditions leading to a deterministic 
healthy response, the most probable steady state switched from healthy to aseptic death. When 
noise was added only to individual variables of the model, it was found that noise in the activated 
phagocytes (pro-inflammatory) variable biased the system towards an unhealthy response while 
noise in the anti-inflammatory variable had the opposite effect. These two branches of the immune 
response offset one another when different levels of noise are added to both variables. The timing 
of noise in the model is also important in governing the distribution of potential outcomes. Adding 
or removing noise at certain times required the system to be close enough to the bifurcation point 
for a significant effect to be observed. This type of time dependence is significant from a clinical 
perspective, as many treatments applied in critical illness, such as mechanical ventilation, glucose 
control, and continuous intravenous feeding, work towards reducing variability. 	  
  	 	  
Conclusions: These results illustrate the importance of studying the effects of noise on the out-
come of an inflammatory response, given how the magnitude, location, and timing of noise all 
play critical roles in determining outcome.

Modeling neural control of heart rate under a stochastic regime: para-
meter distribution sampling and patient-specific model adaptation for 
clinical inference in the critically ill  	  
 Andrea Duggento 1 , Maria Guerrisi 1 , Antonio Canichella 1 , Filadelfo Coniglione 2 , 
Mario Dauri 2 , Alessandro Fabrizio Sabato 2 , Nicola Toschi 1
1Medical Physics Section, Faculty of Medicine, University of Rome "Tor Vergata", 
Rome, Italy; 2Department of Anesthesia and Intensive Care Medicine, Faculty of 
Medicine and University Hospital, University of Rome "Tor Vergata", Roma, Italy 	 
  	 	  

Objectives: The implementation of physical modeling tools in a critical patient-care setting can 
provide a major access pathway to information which may be readily re-cast into clinically useful 
form. In particular, when a priori knowledge about system dynamics is injected into the modeling 
process [1-3], model output as well as parameter values can be readily related to their real-world 
physiological counterparts (e.g. neural cardiovascular control gains, ventricular contractility, 

P-3



32 Kennzahlen

stroke volume, peripheral resistances), which often cannot be directly measured. However, the 
common mismatch between the number of model parameters and the routinely available, noisy 
clinical data renders patient-specific model parameterization extremely challenging. Starting 
from a deterministic model for intra-beat neural cardiovascular control [4], this study aims to 
a) study model stability and response under a stochastic regime by introducing physiologically 
plausible noise in chemical and neural control elements b) design a sampling scheme to be 
employed in constructing model output probability distribution c) propose a Monte-Carlo based 
parameter estimation procedure to be employed in matching the neural control model to patient 
data collected in operating rooms and intensive care units. 	  
  	 	  
Methods: a) Experimental data collection: Invasive arterial blood pressure (ABP) and ECG wave-
forms were collected from a group of critically ill patients undergoing major surgery at the Uni-
versity Hospital Rome “Tor Vergata” using an in-house developed software tool (“Global Collect”, 
Labview 2009© environment) which allows simultaneous recording and real-time visualization 
of data from multiple patient monitors (GE S/5 Avance Carestation©, Pulsion PiCCO©, Edwards 
Vigileo©). RR-interval time series (RR) were successively extracted from ECG recordings using 
in-house algorithms (wavelet-transform based detrending and peak detection). 
b) Framework: given two interacting organ systems producing data streams (ABP and RR, modeling 
the causal relationships between them entails formulating a stochastic model, parametrised by 
a vector 'c', where the posterior probability density P(c) = P(c|RR,ABP) is provided through a 
theoretical within-hypothesis-exact solution. Since the probability density P(c) is proportional to 
P(RR|c,ABP), model parameterization entails maximizing the probability of the RR data stream 
given ABP for each one of the parameters populating the space of our model.

Results: After introducing stochastic noise into an existing cardiovascular control model 
[4], the former is combined with a lumped-parameter model of the cardiovascular system [5] 
in order to generate realistic, coupled RR interval and pressure waveforms. The probability 
density of R-peak occurrence is extrapolated as a functional form of model parameters and 
noise levels and successively used to quantify the density of model parameters given arbitra-
ry pressure and RR interval time series. For each patient, a neural control model parameter 
distribution is obtained and the most probable set of parameters is determined. After subject-
specific re-parameterization, the combined model [6] is used to compute the sensitivity of 
clinically relevant quantities (e.g. heart rate, cardiac output, stroke volume) to variations in 
physiologically meaningful model parameters. 	  

Conclusions: A highly refined inferential framework is set up which allows matching and 
validation of a neural blood pressure control mechanism model against in vivo data collected 
from critically ill patients. Clustering of most probable parameters is observed within the same 
subject and between different subject, suggesting the possibility of real-time determination of 
a univocal connection between interpretable model parameters and underlying patient state. 
[1] M. Guerrisi, N. Toschi, A. Canichella and I. Vannucci, IFMBE Proc., vol 11(1) (2005) [2] 
Guerrisi M, Vannucci I, Toschi N., Physiol Meas. 2009 Jan;30(1):81-100 [3] Toschi N, Guerrisi 
M., Med Biol Eng Comput. 2008 Jul;46(7):637-48 [4] H Seidel and H Herzel, Physica D, 115, 
145-162, (1998). [5] T Heldt, R Mukkamala, GB Moody, and RG Mark, Electrophysiol & Ther 
J 3:45-54 (2010). [6] N Toschi, A Duggento, A Canichella, F Coniglione, M Dauri, A F Sabato, 
and Maria Guerrisi, EMBS Proc. (2011) 	  
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A Multiscale, Agent-Based Model of Liver Inflammation, Cirrhosis, and 
Cancer  	  
Joyeeta Dutta-Moscato 1 , Alexey Solovyev 2 , Qi Mi 4 , Taichiro Nishikawa 3 , Alejand-
ro Soto-Gutierrez 3 , Ira Fox 3 , Yoram Vodovotz 1

1Department of Surgery, University of Pittsburgh; 2Department of Mathematics, 
University of Pittsburgh; 3Department of Surgery, Children’s Hospital of Pittsburgh 	
4Department of Sports Medicine and Nutrition, University of Pittsburgh 	  

  	 	  
Objectives: Chronic inflammation in the liver can result from viral infection, drugs, or alcohol. We 
sought to simulate the interactions among parenchymal cells, inflammatory cells, and cytokines 
that participate in the response to recurrent liver injury and ultimately result in liver fibrosis, 
cirrhosis and cancer. We aimed to do this in a biologically realistic, spatially sensitive, stochastic 
manner, based on literature-supported mechanistic rules. 	  
  	 	  
Methods: We created an agent-based model (ABM) of liver tissue that can become infected with 
hepatitis C virus (HCV) or damaged in a setting simulating experimental exposure to toxic chemi-
cals such as CCl4, in order to integrate the various hierarchies of biological complexity involved 
in the consequence of chronic inflammation. We used SPARK (Simple Platform for Agent-based 
Representation of Knowledge) software, a Java-based, open-source, parallel-enabled platform 
developed at the Center for Inflammation and Regenerative Modeling, University of Pittsburgh. 
The base model of the liver consists of a layer of hepatocytes organized within hexagonal lobules, 
with zonal differentiation extending from the portal triad regions towards the center of each 
lobule. Agents such as macrophages (Kupffer cells as well as recruited monocytes) and stellate 
cells are regulated by above-threshold concentrations of cytokines such as TNF-a and TGF-b1. 
Damage-associated molecular pattern molecules such as HMGB1 propagate inflammation through 
the positive feedback loop of inflammation -> danger signals -> inflammation. Three different 
modules of liver inflammation were calibrated qualitatively based on published literature data 
and observations from animal models. 	  
  	 	  
Results: Simulations give a visual representation of changes to the area of the liver under obser-
vation, over time, and simultaneous measurements of the number of active agents (macrophages, 
viruses, hepatocytes, etc.) and levels of diffusible factors (such as cytokines). In the short-term 
HCV infection module, numerous independent viral inoculations led to a probabilistic outcome: 
some instances of infection led to acute, self-limited hepatitis, while others resulted in chronic 
hepatitis. In the prolonged chronic inflammation module, calibrated to histological specimens of 
CCl4-induced cirrhosis in a rat model, the ABM reproduced the pattern of cirrhosis development 
over time - early periportal fibrosis, followed by bridging fibrosis, then eventual disruption of 
the regular lobular structure with regenerative nodules – among recurrent cycles of inflammatory 
damage, necrosis, clearance and regeneration. In a prolonged chronic infection module seeded 
with several cancer progenitor cells, the increased hepatocytic turnover and necroinflammatory 
environment led to tumor formation. 	  
  	 	  
Conclusions: A single ABM of liver inflammation reproduced associated phenotypes such as fib-
rosis, cirrhosis, and cancer. This tissue-realistic ABM may be used to discern novel interactions 
in liver inflammation, fibrosis, and cancer; as an adjunct to digital pathology for diagnosis; and 
for rational drug design.
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Use of a Haar Transformation for Continuous Real-Time QRS Detection 	 
Gary Root, Mark Tucillo, Jennifer Laine; Ivy Biomedical Systems, Inc. 	  
  	 	  

Objectives: The objective was to build a high performance, low-latency, real-time peak detector 
using a HAAR wavelet transformation on an embedded processor. The purpose of this effort is 
to improve methods of using cardiac cycle-specific gating to improve patient monitoring and 
image quality during Magnetic Resonance Imaging (MRI). 	  
  	 	  
Methods:  This work describes a real-time, low-latency, ECG peak detection algorithm for cardiac 
gating applications. A real-time wavelet transform was used to break the ECG signal into various 
frequency components. Each component was examined separately to determine their likely con-
tribution to the QRS complex. Wavelet bins with the largest likely contribution to the QRS complex 
were used to reconstruct the signal to remove low-frequency baseline drift and high-frequency 
noise components. The reconstructed signal was then passed through a traditional peak detector 
to generate a trigger for each cardiac beat. The algorithm was implemented using Analog Devices 
BF533 DSP hardware. Several algorithmic and programming optimizations were applied so that 
the algorithm runs in real time with a sampling rate of at least 12KHz. 	  
  	 	  
Results:  The algorithm achieved a 99.3% accuracy rate when evaluated using data (20 datasets) 
from the MIT-BIH Arrhythmia Database. Total Beats Missed Beats False Beats Correct Beats Total 
Errors % errors 45331 195 142 45136 337 0.74 For the cardiac-gating applications, latency from 
the peak of the QRS complex to the trigger signal was 7ms. Sampling at 12KHz, with a high-
performance 16-bit DAC, resulted in a jitter of 193us. 	  
  	 	  
Conclusions: Radio frequency (RF) pulses during MRI make it difficult to discern ECG signals from 
background static magnetic field and RF gradients. This technique of mathematical transformation 
may be useful in the improvement methods of real-time QRS detection and sampling during MRI.

Intraoperative monitoring of cardiovascular autonomic control responsiveness  	 
Manuela Ferrario 1, Federico Aletti 1, Guadalupe Dorantes Mendez 1, Nicola Toschi 2, 
Maria Guerrisi 2, Antonio Canichella 2, Sergio Cerutti 1 , Florencia della Badia Gius-
si 3, Elisabetta Sabato 3, Filadelfo Coniglione 3, Mario Dauri 3, Alessandro Fabrizio 
Sabato 3
1Politecnico di Milano, Dipartimento di Bioingegneria; 2Medical Physics Section, 
Faculty of Medicine, University of Rome "Tor Vergata"; 3Department of Anesthesia 
and Intensive Care Medicine, Faculty of Medicine and University Hospital, Universi-
ty of Rome "Tor Vergata" 	  

  	 	  
Objectives: Major surgical maneuvers, such as anesthesia induction, intubation and mechanical 
ventilation, fluid challenge, clamping and declamping of aorta, vasopressor and vasodilation 
infusion, interfere with autonomic control of heart rate (HR) and arterial blood pressure (ABP). 
Mathematical modeling approaches to the analysis of continuous measurements of hemodynamic 
variables collected during surgery are aimed at: 1) depicting the patho-physiological state of 
autonomic control under anesthesia; 2) disentangling the role and responsiveness of arterial 
and cardiopulmonary baroreflex in mediating ABP regulation, with the potential outcome of 
monitoring the effectiveness of maneuvers aimed at maintaining ABP. 	  
  	 	  
Methods: The custom software “Global Collect”, which was developed in the Labview 2009© 
environment, was utilized to simultaneously record data from multiple patient monitors, including 
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the GE S/5 Avance Carestation©, Pulsion PiCCO©, Edwards Vigileo©. Acquired signals included 
electrocardiogram (ECG), ABP, central venous pressure (CVP), and respiration measured as airway 
flow (AF). Measurements from four open abdominal aortic aneurisms (AAA) repair surgeries, 
carried out at the University Hospital Rome "Tor Vergata", were analyzed. Artifact free, stationary 
segments were selected from raw signals and pre-processed in order to extract time series of RR 
intervals, systolic arterial pressure (SAP), diastolic arterial pressure (DAP), mean arterial pressure 
(MAP), pulse pressure (PP), CVP, and AF before and after clamping and declamping of the aorta. 
Baroreflex responses to drug and fluid infusions which typically accompany the maneuver, were 
analyzed by means of black box models for the system identification of beat-by-beat variability 
of ABP, which enabled to derive indirect, black box estimates of the cardiopulmonary baroreflex 
control of ventricular contractility (Gcpvc), computed from the PP to CVP transfer function. 	  
  	 	  
Results: System identification of cardiopulmonary baroreflex responses showed that: a) aortic 
clamping was followed by a change of sign in Gcpvc, which became negative (-0.71 +- 0.59, unit-
less since both CVP and PP are expressed in mmHg), while its value under anesthesia and before 
clamping was positive (0.75 +- 0.47); b) after declamping of the aorta, Gcpvc became positive 
again (1.76 +- 0.24) and showed an increasing trend with respect to pre-clamping values. 	  
  	 	  
Conclusions: Blunting of autonomic control of circulation under anesthesia may have an impact 
on baroreflex responsiveness during major surgery. Therefore, the development of robust mathe-
matical techniques for its assessment could prove useful in assisting the anesthesiologist in the 
evaluation of the outcome of anti-hypotensive interventions (e.g. fluid challenge, vasopressor 
therapy) aimed at preventing hemodynamic instability. Current data confirmed the feasibility 
of baroreflex control identification from surgical measurements; however, further validation as 
to the patho-physiologic meaning of the extracted indices is necessary. 

EEG decomplexification during anaesthesia: Comparison between 
Hurst coefficient, fractal dimension and spectral edge frequency to 
quantify the effect of sevoflurane
Martin Soehle 1 , Richard Ellerkmann 1 , Cindy Boehm 1 , Andreas Hoeft 1 , Alonso 
Pena 2
1Dept. of Anaesthesiology and Intensive Care Medicine, University of Bonn, Germa-
ny; 2Dept. of Clinical Neurosciences, University of Cambridge, Cambridge, UK 	  
  	 	  

Objectives: During anaesthesia, EEG complexity is assumed to decrease in a dose-dependant 
manner, which could be used to quantify depth of anaesthesia. We compared the Hurst coefficient 
(H) (Cannon 1997), fractal dimension (FD) (Higuchi 1988) as well as spectral edge frequency 
(SEF95) to investigate their dose response relationship during sevoflurane anaesthesia. 	  
  	 	  
Methods:  Twenty one patients were studied without surgical stimulus. Sevoflurane anaesthesia 
was induced via face mask and maintained via laryngeal mask. Sevoflurane concentration was 
increased until burst suppression occurred and subsequently decreased until a state of light 
anaesthesia was achieved. This procedure was repeated twice until patients were intubated for 
subsequent surgery. A single-channel EEG was recorded from the right frontal scalp (Fp2-Fz), 
sampled at 250 Hz and stored – along with endtidal sevoflurane concentration – for later offline 
analysis. SEF95, FD and H were calculated using MATLAB R13 and compared with the estimated 
effect side concentration as derived from simultaneous pharmacokinetic and –dynamic model-
ling. 	  
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Results:  Sevoflurane pharmacodynamic was in close agreement with a sigmoid dose respon-
se relationship for SEF95 (correlation coefficient r2=0.62+/-0.17), FD (r2=0.73+/-0.11) and 
H (r2=0.78+/-0.12). The probability of H to predict sevoflurane effect side concentration 
(Pk=0.86+/-0.05) was significantly higher (p<0.05) as compared with FD (Pk=0.81+/-0.06) or 
SEF95 (Pk=0.76+/-0.08). 	  
  	 	  
Conclusions:  The Hurst coefficient is superior to fractal dimension and spectral edge frequency 
in predicting depth of sevoflurane anaesthesia. Non-linear EEG analysis seems to be a promising 
tool to improve monitoring of anaesthetic depth and to investigate anaesthesia-related EEG 
decomplexification.

Induction and Activation of Macrophage Transforming Growth Factor-
beta1 by Extracellular Nicotinamide Adenine Dinucleotide (NAD+) and 
its Metabolite, cyclic ADP Ribose: In Vitro And In Silico Studies
Ruben Zamora 1 , Mallikarjuna Metukuri 1 , Rajaie Namas 1 , Nabil Azhar 1 , Rami 
Namas 1 , Gregory Constantine 1 , Timothy Billiar 1 , Mitchell Fink 2 , Yoram Vodo-
votz 1
1Dept of Surgery, University of Pittsburgh; 2Dept of Critical Care Medicine, Universi-
ty of Pittsburgh 	  

  		   
Objectives: The intracellular cofactor Beta-nicotinamide adenine dinucleotide (NAD+) exerts anti-
inflammatory effects when present extracellularly. The cytokine transforming growth factor-β1 
(TGF-β1), which is anti-inflammatory in many contexts, is regulated post-translationally via its 
dissociation from the latency-associated peptide (LAP). We hypothesized that NAD+ would lead 
to the induction and activation of TGF-β1 in inflammatory cells, and further hypothesized that 
computational modeling would lead to insights into this process. 	  
  	 	  
Methods: We utilized combined semi-quantitative immunocytochemistry, statistical modeling, 
and nonlinear ordinary differential equation (ODE) modeling to examine the effects of NAD+ on 
active and latent TGF-β1. 	  
  	 	  
Results: RAW 264.7 mouse macrophage-like cells expressed predominantly latent TGF-β1 at 
baseline, but NAD+ led to increases in both active and latent cell-associated TGF-β1. Prior studies 
raised the hypothesis that NAD+ acts via cyclic ADP ribose (cADPR) and subsequent release of 
Ca2+. Treatment of RAW 264.7 cells with the cADPR analog 3-deaza-cADPR or Ca2+ ionophores 
recapitulated the effects of NAD+ on both active and latent TGF-β1, while the cADPR antagonist 
8-Br-cADPR, Ca2+ chelation, and antagonism of L-type Ca2+ channels suppressed these effects of 
NAD+. The induction and activation of TGF-β1 by NAD+ exhibited a complex, biphasic dose- and 
time-course, which was modeled statistically as a bivariate Gaussian vector and mathematically 
using non-linear ODE that invoked a fast stimulatory effect of NAD+ coupled with a slow negative 
feedback. Model-predicted levels of active and latent TGF-β1 protein, as well as TGF-β1 mRNA, 
were confirmed experimentally. 	  
  	 	  
Conclusions:  NAD+ thus joins proteases, plasmin, chaotropic agents, acid pH, radiation, and 
oxygen and nitrogen free radicals as a novel agent capable of activating TGF-β1. Since NAD+ may 
be liberated from injured tissues, NAD+ may be a novel anti-inflammatory damage-associated 
molecular pattern molecule.
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Reduced fractal short term scaling exponent of heart rate pattern - an 
early marker of sub-acute post-stroke infections
Dirk Hoyer 1 , Samuel Nowack 1 , Ingo Salzmann 1 2 , Albrecht Günther , Matthias 
Schwab 1 , Ralf Surber 3 , Heike Hoyer 4 , Otto W Witte 1
1Hans Berger Department of Neurology, Jena University Hospital; 2Department of 
Anesthesiology and Intensive Care Medicine, University Hospital Jena, Germany; 
3Department of Internal Medicine, Division of Cardiology, Jena University Hospital; 
4Institute of Medical Statistics, Computer Sciences and Documentation, Jena Uni-
versity Hospital 	  
  	 	  

Objectives: Systemic infection is one of the most relevant complications after acute ischemic 
stroke. Activity of the autonomic nervous system (ANS) seems to control post-stroke immu-
nodepression. We investigated fractal scaling exponents of heart rate variability (HRV) that 
reflect autonomic readjustments as early markers of post-stroke infections. 	  
  	 	  
Methods: Forty-three patients with acute ischemic stroke were enrolled in a prospective study. 
The predictability of sub-acute infections (day 4±1 after admission) was investigated in 34 
patients without acute infection by means of HRV fractal scaling exponents indices obtai-
ned in the acute period (48 h after admission). Associations between scaling exponents and 
post-stroke infection were examined in the sub-acute period. The short term scaling exponent 
alpha1 and the long term scaling exponent alpha2 were calculated by detrended fluctuation 
analysis (DFA). The HRV indices were given as mean ± standard deviation and compared using 
Mann-Whitney U test. 	  
  	 	  
Results: Sub-acute infection could be predicted in patients without clinical or paraclinical 
(white blood cell count and C-reactive protein) signs of infection in the acute period by: 1) 
decreased alpha1 (0.84 ± 0.39 vs. 1.14 ± 0.29, p=0.031) at day and 2) a tendency of alpha1 
decrease (0.92 ± 0.41 vs. 1.14 ± 0.37, p=0.192) at night. Sub-acute infection was significantly 
associated with decreased alpha1 of the sub-acute period during both day and night (0.78 ± 
0.33 vs. 1.32 ± 0.16, p<0.001; 0.82 ± 0.32 vs. 1.31 ± 0.19, p=0.001). In contrast, alpha2 was 
not changed in any case. 	  
  	 	  
Conclusions: Reduced HRV short term fractal scaling was found to be associated with sub-acu-
te post-stroke infections, and allow an early diagnosis of a developing infection preceding the 
analysis of routine blood samples. Thus, an HRV-based early diagnosis of post-stroke infection 
should be investigated in more detail since the method may have implications as a novel tool 
for a timely and appropriate treatment. The short term fractal scaling exponent alpha1 seems 
to reflect an important aspect of immune modulation mediated by the ANS. We propose that 
these changes can be considered as markers of altered vagal activity. Thus, a parasympathetic 
deficit can be assessed as a risk factor for infection. 	
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Determining tacrolimus blood concentrations in the intensive care unit
Jelle Van Eyck 1 , Ramon J 1 , Guiza F 2 , Meyfroidt G 2 , Bruynooghe M 1 , Van 
den Berghe G 2
1Department of Computer Science, K.U.Leuven, Celestijnenlaan 200A, B-3001 
Heverlee, Belgium; 2Department of Intensive Care Medicine, K.U.Leuven. Univer-
sity Hospital Gasthuisberg, Herestraat 49, B-3000 Leuven, Belgium 	  

  		   
Objectives: Tacrolimus is an immunosuppresive drug that is used after organ transplant to 
reduce the activity of the patient's immune system and so lower the risk of organ rejection. Its 
defining properties are its narrow therapeutic range, possible toxic side effects and a blood 
concentration with a wide intra-and interindividual variability. In order to ensure clinical 
efficacy and avoid toxic side effects, it is of pivotal importance that the tacrolimus blood 
concentration is monitored rigidly. In our ICU, tacrolimus blood concentrations are measured 
on a daily basis (8am) and tacrolimus medication is administered twice a day (8am and 8pm). 
In this study we employ machine learning techniques in order to determine the tacrolimus 
blood concentration of a patient following his evening dose of tacrolimus. Accurate predictions 
of the tacrolimus blood concentration allow us to optimize the dosing regime, resulting in 
optimal clinical effect. 	  
  	 	  
Methods: 270 potentially clinically relevant parameters (including admission data, parame-
ters indicating renal dysfunction, parameters indicating liver dysfunction, other physiological 
parameters, administered medication, ...) were selected from 188 patients who underwent 
organ transplantation. In order to acquire a general model, we limited the number of examples 
per patient to five, resulting in a total number of 756 examples to learn from. Relevance vector 
machines (RVM) were used to determine which of these clinical parameters are relevant for 
predicting future tacrolimus blood concentrations and how they interact. One of the difficul-
ties is the selection of clinically relevant parameters. However, since RVM's are known to pro-
duce sparse results, parameter selection can be guided by the resulting models. Furthermore, 
in order for the model to be easily interpretable, we chose to employ RVM's in input space only. 	
 
Results: Given the relatively small number of examples contained in the dataset, we used 
10-fold cross-validation in order to evaluate the different models. This was done by calculating 
the mean absolute error between the predicted values and the corresponding target values. 
In clinical practice, a combination of the previous tacrolimus blood concentration and the two 
most recent tacrolimus doses are used in order to predict the future tacrolimus blood concen-
tration of a patient. As a baseline, we created an RVM using exactly these clinical parameters. 
This resulted in a mean absolute error of 2.30ng/ml. Extending the previous model and inclu-
ding the six most recent doses of tacrolimus instead of only the two most recent ones resulted 
in an improvement of the mean absolute error to 2.24ng/ml. Adding other clinical parameters 
did not improve the results any further. Except for the case of diflucan which, when coadminis-
tered with tacrolimus, resulted in a significant rise of the tacrolimus blood concentration. In 
this case, the mean absolute error was found to be 2.22ng/ml. 	  
  	 	  
Conclusions: In this study we identified a number of clinical parameters which are clearly 
predictive for tacrolimus blood concentrations. These parameters are: the previous tacrolimus 
blood concentrations, the six most recent doses of tacrolimus and the administration of diflu-
can. In future work we will further extend our techniques in order to improve our results even 
further.
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Generalized multifractal analysis of heart rate variability recordings 
with a large number of arrhythmia
Jan Gieraltowski 1 , Jan Zebrowski 1 , Rafal Baranowski 2
1Faculty of Physics, Warsaw University of Technology; 2The Cardinal Stefan 
Wyszyňski Institute of Cardiology, Warsaw 	  

  		   
Objectives: The regulation of human heart rate is the result of many inputs e.g. the activity 
of the sympathetic and parasympathetic nervous system, respiration and its control or such 
pathologies as ectopic activity or delayed conduction of cardiac tissue - each having its own 
characteristic time scale and magnitude. The MF-DFA (MultiFractal Detrended Fluctuation Ana-
lysis) method used by us allows to assess the effect of the different controls systems and pa-
thologies. Because it requires stationarity the method is applied in the literature to heart rate 
variability recordings with less than 5% of arrhythmia and we wanted to improve this number.
  	 	  
Methods: We analyzed the published MF-DFA method, using synthetic data and chosen RR in-
tervals series. We developed an original, generalized version of the MF-DFA method - multisca-
le multifractal analysis MMA. We found that the calculation of the f(α) curve is a major source 
of artifacts. We thus focused on the dependence of the local Hurst exponent h on the multif-
ractal parameter q: h(q) and we allowed it to depend on the scale s. In the standard MF-DFA 
the time scale s is fixed, somewhat arbitrarily (usually from 50 intervals up to 500). Thus, we 
obtained the h(q,s) dependence - a surface - the shape of which tells us what is the magnitude 
of the fluctuations the RR intervals have in different time scales (different frequency bands). 	
 
  	 	  
Results: MMA was found to be immune to noise contamination of the data (we tested up to 
50% of noise). It also allows to study heart rate variability with an arbitrary level of arrhyth-
mia required for clinical applications. We analyzed 51 24-hour recordings of heart rate varia-
bility (36 males age 16-64, 15 females age 11-57: 42 healthy persons, 9 cardiac arrest cases 
including 5 without organic heart disease). Also preliminary results for a group of subjects 
with aortic valve stenosis just before surgery and after follow up will be presented. We did 
not remove arrhythmia from the recordings. We limited the study to the night hours to avoid 
arbitrary daytime activity. 	  
  	 	  
Conclusions: Our mathematical criterion was able to distinguish, in a blind test, healthy 
subjects from the high risk cardiac arrest cases including those without organic disease. The 
different peculiarities of each recording have a unique effect on the results of the multiscale 
MF-DFA analysis e.g. the occurrence of arrhythmia may readily be identified from the results. 
Thus, the new method allows to recognize and assign a complexity measure to features of the 
heart rate variability which hitherto went unnoticed when using standard, linear diagnostic 
methods and MF-DFA. 	
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Linking population-level and host-level models of Influenza A virus
Sarah Lukens 1 , Jay V DePasse 1 , David Swigon 1 , Danielle Miller 1 , Roni Rosen-
field 2 , Elodie Ghedin 1 , Gilles Clermont 1
1University of Pittsburgh; 2Carnegie Mellon University 	  
  		  

Objectives: To improve the simulation efficiency of a hybrid model that merges an agent-based 
population scale model and an equation-based, compartmental host-level model of influenza A 
virus (IAV) infection. 	  
  	 	  
Methods: The population scale model propagates viral phenotypes (infectivity, virulence, anti-
viral resistance) that are mapped to initial conditions and model parameters of the host-level 
model. Within the host, we use an ensemble model approach to generate parameters distribu-
tions that represent a calibration to experimental data of viral titers and symptoms measured 
in humans with human IAV infection. Systemic, upper respiratory and lower respiratory sym-
ptoms are mapped to model interferon levels, and extent of upper and lower respiratory cells 
damage. The ensemble is computed using MCMC sampling in a parallel implementation. The 
host-level model outputs required by the population-level model are time to thresholds and 
time over thresholds of interferon levels and cell damage levels, as well as daily viral counts 
that determine infectivity. These are computed by response surface analysis (RSA), obviating 
the need for embedded numerical integration of host-level models within the population-level 
model. 	  
  	 	  
Results: We previously benchmarked “online” numerical integration of a host-level model 
within a population-level model of IAV infection (Hancioglu et al.). We developed a compart-
mental model of the host response to IAV based on a previously published host-level model of 
IAV (Hancioglu et al.) . We designed and tuned a high performance implementation of parallel 
tempering on a 24-node cluster to compute the model ensemble that showed very good 
calibration to experimental data, and to additional heuristic requirements on model variables. 
Input from the population-level models used in the RSA include viral load and three model 
parameters defining viral phenotypes (cell trophism, burst size, anti-viral resistance), To date, 
we have developed a 2-D RSA algorithm for a simplified model (Reynolds et al), where time to 
a damage threshold is expressed as an algebraic function of initial pathogen load and patho-
gen growth rate. 	  
  	 	  
Conclusions: We believe the proposed methodology will provide a significant increase in com-
putational efficiency of our hybrid model over “online” numerical integration, while feeding 
more realistic distributional inputs to a population-level model of IAV. Grants: R01-GM83602, 
U54-GM88491.
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Exploiting the PAIN OUT registry with a Clinical Decision Support 
System for Acute Pain Management
Marcus Komann 1 , Peter Funk 2 , Winfried Meißner 1
1Universitätsklinikum Jena; 2Mälardalen University 	  
  		  

Objectives: Our goal was to implement a so-called Clinical Decision Support System (CDSS) for 
the management of acute post-operative pain. This system should support clinicians at the 
point of care by responding to individual queries for the: (1) most appropriate treatment and 
(2) relative risk of adverse events. It should further aid the decision process by identifying 
similar cases/solutions with an undesired outcome, enabling physicians to make necessary 
steps to secure and improve the patient’s situation. The CDSS shall thus complements existing 
guidelines and clinical pathways and assists clinicians in performing an individual clinical 
decision based on knowledge and reality data. 	  
  	 	  
Methods: The CDSS exploits the large international acute pain registry of the PAIN OUT project. 
In PAIN OUT, outcome and process data of surgical patients is regularly collected among diffe-
rent countries (currently 50 hospitals, 15,000 patient data sets). Outcome data includes maxi-
mal pain, duration of pain, side effects like coughing and vomiting, satisfaction, etc. Process 
data includes surgery, co-morbidities, anaesthesia types, medication, non-medical treatments, 
etc. The CDSS uses a case-based retrieval algorithm to identify patients that are similar (to 
a certain degree) to the query patient and feeds back their treatment and outcome results. 
Special attention is hereby given to unusual cases and exceptionally good cases because they 
are most interesting for clinicians. 	  
  	 	  
Results: The algorithm was implemented as a prototype first. It was successful in all usual test 
categories for case-based retrieval algorithms, i.e., retrieval accuracy, retrieval consistency, 
case duplication, and global testing. The system is able to identify and compare different treat-
ments for similar patients according to their results It feeds back rare cases as well as regular 
cases allowing the clinician to base his/her treatment decision on knowledge, statistics, and 
the case examples. 	  
  	 	  
Conclusions: A system like the CDSS can be beneficial in acute post-operative pain treatment. 
It makes experience sharing among clinicians possible both countrywide and worldwide. This is 
especially important for rare case treatment because a lack of experience and confidence can 
be seen among clinicians for these patients. The large and growing PAIN OUT registry stores 
many such rare cases and their outcomes. It thus allows the CDSS to retrieve helpful treatment 
examples and statistics for cases that exceed standard treatment and normal clinician experi-
ence. Summing up, the system could help to improve the quality of life for patients suffering 
from post-operative pain and could reduce the time required for solution search. 	  
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Temperature variability analysis using wavelets in critically ill pati-
ents during systemic inflammation
Vasilios Papaioannou 1 ,Ioanna Chouvarda 2 ,Nikos Maglaveras 2,Ioannis Pneu-
matikos 1
1Democritus University of Thrace, Alexandroupolis Hospital, Intensive care unit, 
Greece; 2Lab. of Medical Informatics, The Medical School, Aristotle University of 
Thessaloniki, 54124 Thessaloniki, Greece. 	  
  		  

Objectives: To investigate the longitudinal changes of temperature variability using wavelets 
transformation of the continuously monitored temperature signal, in a mixed population of 
critically ill patients, during the course of a suspected ICU acquired infection. 	  
  	 	  
Methods: Continuous temperature recordings were performed in 12 patients with ventilator-
associated pneumonia, 10 with blood-stream infections and 7 with systemic inflammatory 
response syndrome (SIRS). Ten patients developed septic shock and 12 were considered to 
suffer from sepsis. Temperature monitoring was performed with a thermistor sensor (Datalog-
ger Spectrum 1000, Veriteq Instruments, Richmond, BC, Canada), with a sampling frequency of 
1 sample per 10 second. Continuous wavelet transformation (CWT) was applied to the tempe-
rature signal, aiming at decomposing it to different frequency components (0.008-0.02 Hz and 
0.02-0.05 Hz, indicating metabolic and neurogenic inputs upon local temperature control, res-
pectively) during different time scales, using software available from Matlab. Different features 
indicating variability of the signal, such as wavelet coefficients, weavelet and sample entropy 
measures per frequency band, were computed and correlated with daily measured specific 
organ failure assessment score (SOFA) of severity of illness. Multiple analysis of variance and 
cluster analysis using mahalanobis distance evaluated differences between groups of patients 
(SIRS, sepsis and septic shock). Multiple regression analysis assessed whether different fea-
tures from CWT were independent predictors of SOFA score and development of septic shock. 	 
  	 	  
Results: Average sample entropy of the whole signal was significantly increased in patients 
with SIRS vs sepsis and septic shock (3.7 ± 0.2 vs 2.8 ± 0.12 vs 2.2 ± 0.18, p<0.001, respec-
tively for all comparisons). Entropy/metabolic band was significantly increased in the SIRS 
group (0.07 ± 0.002) related to septic shock group (0.02 ± 0.0016, p<0.001). The percentage 
of cross-correlation > 0.95 between 30 sec distant timeslots was 0.85 vs 0.05 in patients with 
septic shock vs SIRS (p<0.001), indicating more steady and periodic behaviour of temperature 
during severe infection. Entropy/ metabolic band and cross-correlation between adjacent 
timeslots proved to be independent predictors of severity of illness (β slope: -1.087, p=0.022 
and 0.88, p= 0.013, respectively). 	  
  	 	  
Conclusions: Reduced variability of temperature fluctuations seems to correlate with severity 
of illness, reflecting different thermoregulatory mechanisms and can be of prognostic value in 
patients with systemic inflammation. 	  
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Application of skin conductance measuring to assist pain therapy
Marcus Köny 1 , Michael Czaplik 2 , Rolf Rossaint 2 , Steffen Leonhardt 1
1Chair for Medical Information Technology / RWTH Aachen University; 
2Department of Anaesthesiology / University Hospital Aachen 	  
  		  

Objectives: Introduction Pain is a subjective sensation that is influenced by emotions and 
individual constitution. Up to the presence, a reliable objective assessment of pain intensity 
is not available. Hence, asking the patient by using a numeric or visual rating scale (NRS/
VAS, usually 0 to 10) is state of the art. In the meantime, new technical methods are availa-
ble based on measuring skin conductance (SC) [3] or analysing the photoplethysmography 
(PPG) leading to a so called surgical pleth index (SPI) [4]. In a randomized, controlled clinical 
trial, parameters derived from SC and the SPI were evaluated in a recovery room [publication 
in progress]. For SC measurement, the Med-Storm pain monitor [1] (Barberpole, Blomberg, 
Germany) was used. PPG signal was captured from the Nellcor Oximax N600 (Convidien, Dublin, 
Ireland) pulse oximetry device [2] and afterwards analysed. Unfortunately, no benefit could be 
detected using the techniques to assist the pain therapy. The aim of this work was to analyse 
the raw data of SC and PPG to improve the reliability of the derived parameters, especially in 
combination of both signals. 	  
  	 	  
Methods: Materials and Methods Datasets from 44 patients, who were classified into two 
categories (technical assistance, control group), consisting of SC values, PPG curves and 
corresponding NRS scores (assessed each 15 min) were used for post-hoc analysis. The SPI 
was calculated offline as described under [4], but using a histogram transformation over the 
complete time period. The number of fluctuations of SC (NFSC) was originally calculated by 
the provided software (Skin Conductance Measurement System 1.0, Medstorm Innovations, 
Norway). Part of post-hoc analysis was to compute the modified area under curve (AUC) of 
the SC signal, by using a self-developed MATLAB [5] program. After elimination of the signal’s 
constant component, AUC was calculated between the zero crossings of the adapted signal, 
divided by the time differences. On the lines of SPI processing, AUC was scaled by an individual 
histogram transformation. 	  
  	 	  
Results: Results and Conclusion SC and PPG are influenced by stress. Understandably, there 
are multiple factors affecting the individual stress level of post-operative patients. Compared 
to the ordinary analysis of NFSC, our new method for AUC estimation shows a better sensitivi-
ty. The combination with the SPI improves the sensitivity of pain detection clearly. However, 
for patients who are stressed by numerous factors, it is still challenging to measure the pain 
intensity reliably. Further work is necessary to either improve existing measuring methods or 
develop new techniques to provide a reliable technical assistance for pain therapy. 	 
  	 	  
Conclusions: References [1] Med-Strom Innovation Norway website (last visited: Jul.2011), 
http://www.med-storm.com [2] Covidien Website / Patient Monitoring / OxiMax Pulse Oximetry 
(last visited: Jul. 2011), http://respiratorysolutions.covidien.com [3] T. Ledowski, J. Bro-
milow, J. Wu, M. J. Paech, H. Storm, S. A. Schug ted: Jul. 2011)top postoperative pain by mo-
nitoring skin conductance: results of a prospective study”, Anaesthesia, vol.62, pp. 989-993, 
2011 [4] M. Huiku, K. Uutela, M. van Gils, I. Korhonen, M. Kymäläinen, P. Meriläinen, M. Palo-
heimo, M. Rantanen, P. Takala, H. Viertiö-Oja, A. Yli-Hankala, \"Assessment of surgical stress 
during general anaesthesia\", British Journal of Anaesthesia, vol. 98, pp. 447-455, 2006 [5] 
The Mathworks Company website (last visited: Jul. 2011), http://www.mathworks.com
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Extending time-dependent instrumental variable estimation to 
estimate the causal effect of time-dependent exposure
  	
Manoochehr Babanezhad, Neda Jalali
Department of Statistics, Faculty of Sciences, Golestan University, Gorgan 	  

  	 	  
Objectives: The purpose of the study was to compare the traditional models with the instru-
mental variable estimation method when one wish to estimate the causal effect of time-depen-
dent exposure on the time-dependent outcome in the presence of unmeasured confounders for 
this effect. 	  
  	 	  
Methods: In recent studies, the instrumental variable (IV) estimation method of exposure 
effect frequently is employed when one wish to collect information on potentially confounding 
variables. This is the case in particular where the time-dependent exposure is affected by the 
pervious events. We develop instrumental variable (IV) estimation method in order to estimate 
the effect of time-dependent exposure or treatment on time-dependent outcome. This estima-
tion method is designed for settings in which the exposure in time t is influenced by the expo-
sure and outcome at time t-1. Specifically, we extend IV estimation method in two stages in to 
a situation where exposure and outcome vary over the time. We show our approach estimation 
in nonlinearity/additivty model is more consistent in comparison with the classical regression 
estimation method. This is done through simulation studies. 	  
  	 	  
Results: Our estimation strategy has larger mean square error (MSE) for the effect estimate in 
spite of having smaller bias in comparison with the tradition regression estimation method. 
However, this result might be the weak correlation between the time-dependent of instrumen-
tal variable and treatment. The case where the degree of correlation between time-depended 
instrumental variable and treatment at time t is stronger, we have more consistent estimate 
of causal effect. That is our effect estimate tended to have less bias and less MSE, and more 
likely to have better confidence intervals and coverage probabilities. In the simulations study, 
we added interaction effect between exposures and measured confounder (non-additivity 
model). In this model, by changing the association between outcome and confounders through 
different covariates, we could obtain more consistent estimate of the causal effect through 
our method than the classical method. The same results have been observed in case where 
we consider non-Linearity relationship between confounders and treatment. Alternatively, in 
some cases we have better MSE for the classical estimation method but we must note that its 
confidence intervals would not include the null causal effect value. 	  
  	 	  
Conclusions: We sketched a model for estimating the effect of time-dependent treatment in 
settings in which classical methods may fail because of unmeasured confounding variables. 
We represented time-dependent instrumental variable to control the impact of measured and 
unmeasured confounders. We showed after controlling confounding variables effect, the effect 
of the previous treatment of interest that we wish to estimate, could play the role of confoun-
ding variables under our assumptions and should be adjusted in the analysis. We showed that 
our approach has less bias than the classical regression models. Moreover the mean square 
error (MSE) of our method is large in some cases this might be because our method performs 
in 2 steps. Not so surprisingly, strong association between instrument and treatment in each 
time reduce bias and MSE of the causal effect estimator. We showed also that our estimator is 
more efficient in coverage probabilities and confidence intervals in Non-additivity and Non-
linearity/additivity models.
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Advanced Lucas Kanada Optical Flow for Deformable Image Registration
Christoph Hoog Antink 1 , Tarunraj singh 1 , Puneet Singla 1 , Matthew Podgorsak 2
1University at Buffalo; 2Roswell Park Cancer Institute 	  
  		  

Objectives: The focus of this work is on the development of a Deformable Image Registration 
algorithm based on local optical flow. Local polynomial fits to the intensity-maps are used to 
generate convolution operators to estimate the spatial gradients. A novel polynomial window 
function with a compact support is used to differentially weight the optical flow gradient cons-
traints in the region of interest. Tikhonov regularization is exploited to synthesize a well posed 
optimization problem and to penalize large displacements. Benchmark datasets which include 
large and small deformations are used to test the proposed algorithm. Results compiled over 
ten test cases illustrate that the proposed algorithm outperforms or is competitive with other 
algorithms tested on this dataset, when using mean and variance of the displacement error as 
performance metrics. 	  
  	 	  
Methods: The focus of this work is on the development of a Deformable Image Registration 
algorithm based on local optical flow. Local polynomial fits to the intensity-maps are used to 
generate convolution operators to estimate the spatial gradients. A novel polynomial window 
function with a compact support is used to differentially weight the optical flow gradient cons-
traints in the region of interest. Tikhonov regularization is exploited to synthesize a well posed 
optimization problem and to penalize large displacements. 	  
  	 	  
Results: The proposed approach was tested on 10 benchmark datasets provided by M.D. 
Anderson Cancer Institute which include large and small deformations. Results compiled over 
ten test cases illustrate that the proposed algorithm outperforms or is competitive with other 
algorithms tested on this dataset, when using mean and variance of the displacement error as 
performance metrics. 	  
  	 	  
Conclusions: A novel approach which combines optical flow to forecast tumor motion and 
fourier descriptors to parameterize the tumor shape is shown to have potential for real-time 
implementation of a tumor motion estimator. The proposed technique has been tested and 
validated on a benchmark datasets provided by M.D. Anderson Cancer Institute.
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Dr. Gary An is a graduate of the University of Miami, Florida School of Medicine, and did his surgi-
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inflammation since 1999, using primarily agent based modeling to create mechanistic models 
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Department:	 Département d'Informatique	
City:	 	 Brussels	
Country:		 Belgium	
Website:	 	 http://www.ulb.ac.be/di/map/gbonte/

Talk Title: Real-time prediction of an anesthetic monitor index using machine learning

Gianluca Bontempi graduated with honors in Electronic Engineering (Politecnico of Milan, Italy) and 
obtained his PhD in Applied Sciences (ULB, Brussels, Belgium). He took part to research projects in 
academy and private companies all over Europe. His interests cover data mining, machine learning, 
bioinformatics, time series prediction and simulation. He is author of more than 100 scientific pub-
lications. He is also co-author of software for data mining and prediction which was awarded in two 
international competitions. From January 2002 he is Gianluca Bontempi graduated with honors in 
Electronic Engineering (Politecnico of Milan, Italy) and obtained his PhD in Applied Sciences (ULB, 
Brussels, Belgium). He took part to research projects in academy and private companies all over 
Europe. His interests cover data mining, machine learning, bioinformatics, time series prediction and 
simulation. He is author of more than 100 scientific publications. He is also co-author of software 
for data mining and prediction which was awarded in two international competitions. From January 
2002 he is Professor and Head of the Machine Learning Group of ULB.

Timothy Buchman
Institution:	 Emory University	
Department:	 Emory Center for Critical Care	
City:	 	 Atlanta, GA	
Country:		 USA	
Website:	 	

Talk Title: Turning new methodology into patient benefit: challenges and opportunities
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Steven Chang
Institution:	 Immunetrics Inc.	
Department:	 CEO	
City:	 	 Pittsburgh, PA	
Country:		 USA	
Website:	 	

Talk Title: Moving from bench to bedside: the role of industrial partners

Gilles Clermont	
Institution:	 University of Pittsburgh	
Department:	 Department of Critical Care Medicine	
City:	 	 Pittsburgh, PA	
Country:		 USA	
Website:	 	

Talk Title: Model predictive control of a blood purification device

Gari Clifford	
Institution:	 University of Oxford	
Department:	 Institute of Biomedical Engineering	
City:	 	 Oxford	
Country:		 UK	
Website:	 	 http://alum.mit.edu/www/gari

Talk Title: Kalman filtering for artifact detection and reduction in multimodal monitoring data

Dr. Clifford trained in Theoretical Physics and subsequently in Artificial Intelligence (AI) and Biome-
dical Engineering at the University of Oxford, UK. From 2003 to 2009 he was with the Laboratory for 
Computational Physiology at the Harvard-MIT Division of Health Sciences where he was a Principal 
Research Scientist and the engineering manager of a R01 NIH-funded research program, "Integra-
ting Data, Models, and Reasoning in Critical Care", and a significant contributor to the well-known 
Physionet Research Resource. In 2009 Dr Clifford returned to the Department of Engineering Science 
at Oxford where he is the Associate Director of the Centre for Doctoral Training in Healthcare Innova-
tion, a major UK government-funded center for teaching translational biomedical engineering, and 
a University Lecturer. Dr Clifford retains associate research positions at MIT and Harvard, where he 
has several ongoing research programs in fetal, neonatal and sleep medicine as well as intelligent 
telemedicine, which he is in the process of moving to Oxford. Dr Clifford has been working in the 
area of cardiovascular signal processing and data fusion for over 10 years. Dr Clifford is co-founder 
of Sana, a generalized mHealth platform for delivering remote diagnostic screening which recently 
won Vodaphone's mHealth Alliance Award. His work also recently won the Martin Black Prize from 
the Institute of Physics for work on data fusion and signal quality in the ICU. Dr Clifford has been 
the Scientific Advisor for several international hardware and software companies, is a Senior Mem-
ber of the IEEE and has also worked in industry on the design and production of several CE- and 
FDA-approved medical devices. Dr Clifford is also on the editorial and international advisory board 
of several journals and resources, including Physiological Measurement, BioMedical Engineering 
Online and PhysioNet.
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Mitchell Cohen	
Institution:	 University of California at San Francisco	
Department:	 Dpt. Of Surgery	
City:	 	 San Francisco, CA	
Country:		 USA	
Website:	 	

Talk Title: Redefining physiology: Physiologic state identification and transition propensity 
using multivariate ICU informatics

Scott Diamond	
Institution:	 University of Pennsylvania	
Department:	 Penn Center for Molecular Discovery	
City:	 	 Philadelphia, PA	
Country:		 USA	
Website:	 	 http://www.seas.upenn.edu/~diamond

Talk Title: Model driven discovery of complex biological mechanisms: towards a mechanistic 
understanding of coagulation

Scott L. Diamond (B.S. Cornell University, Ph.D. Rice University) holds the Arthur E. Humphrey 
Chair of Chemical and Biomolecular Engineering and is the founding director of the Penn Center for 
Molecular Discovery. He researches Therapeutic Technologies in several key areas: mechanobiology, 
blood clot dissolving therapies, blood systems biology, drug discovery, and gene therapy. His labo-
ratory has produced over 140 publications and patents. He has served on advisory committees to 
NSF, NIH, NASA, and the American Heart Association. He is the recipient of the NSF National Young 
Investigator Award, the NIH FIRST Award, the AHA Established Investigator Award, and the AIChE 
Allan P. Colburn Award. He is an elected fellow of the Biomedical Engineering Society. Currently, 
Dr. Diamond is the Director of the Penn Biotechnology Masters Program, one of the largest in the 
country with more than 130 students. Dr. Diamond also serves as Associate Director of the Institute 
for Medicine and Engineering. 

John Doyle	
Institution:	 California Institute of Technology	
Department:	 Control and Dynamical Systems, Electrical Engineering	
City:	 	 Pasadena, CA	
Country:		 USA	
Website:	 	 http://www.cds.caltech.edu/~doyle

 	 	 	
Talk Title: Modeling of cardiovascular variability under time-varying loads: theory and 

experimental validation 

John Doyle is the John G Braun Professor of Control and Dynamical Systems, Electrical Engineer, 
and BioEngineering at Caltech. He has a BS and MS in EE, MIT (1977), and a PhD, Math, UC 
Berkeley (1984). Current research interests are in theoretical foundations for complex networks in 
engineering and biology, focusing on architecture, and for multiscale physics. Early work was in 
the mathematics of robust control, including LQG robustness, (structured) singular value analysis, 
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H-infinity plus recent extensions to nonlinear and hybrid systems. His research group has collabo-
rated in many software projects, including the Robust Control Toolbox (muTools), SOSTOOLS, SBML 
(Systems Biology Markup Language), and FAST (Fast AQM, Scalable TCP). Prize paper awards 
include the IEEE Baker, the IEEE Automatic Control Transactions Axelby (twice), and best confe-
rence papers in ACM Sigcomm and AACC American Control Conference. Individual awards include 
the AACC Eckman, and the IEEE Control Systems Field and Centennial Outstanding Young Engineer 
Awards. He has held national and world records and championships in various sports.

Jim Fackler
Institution:	 Johns Hopkins University School of Medicine
Department:	 Department of Anesthesiology and Critical Care Medicine
City:	 	
Country:		 USA
Website:	 	

Talk Title:

Jim Fackler M.D. is an Associate Professor of Anesthesiology and Critical Care Medicine within the 
Johns Hopkins University School of Medicine and practices primarily pediatric critical care medici-
ne as well as pediatric anesthesiology. Dr. Fackler received his medical degree from Rush Medical 
College in Illinois.  He trained in pediatrics, pediatric critical care, and pediatric anesthesiology at 
the Johns Hopkins Hospital in Baltimore.  He was on the faculty of the Harvard Medical School at 
the Children’s Hospital Boston for about 10 years thereafter and before returning to his current fa-
culty position at Hopkins. While at Children’s he assisted in the founding of the Children’s Hospital 
Informatics Program.
Academic interests remain device integration. He and others hold a U.S. patent for “Smart Plug, a 
universal medial device interface”. He continues to contribute to the Medical Device "Plug-and-Play" 
(MD PnP) Interoperability Program from within CIMIT (housed at MIT).  He is a founding Board 
Member of the Virtual PICU.  With medical device and physiological data he is mentoring Masters 
and PhD students in data visualization, pattern recognition and guideline adherence.
Dr. Fackler worked for the Cerner Corporation from 2002 to 2006 and left the position of Vice President 
to return to academic medicine.  He was responsible there for the development and deployment of 
the critical care solution suite.  He is a co-Founder of Oak Clinical Systems which is a start up com-
pany focused on the implementation of a personally controlled health record with a problem-based 
organization.  He also has a part-time executive role for Cardiopulmonary Corporation, which is a 
vendor neutral medical device agnostic data integration, analytical and alarm management company.

Roland Fried	  
Institution:	 Technical University Dortmund	
Department:	 Department of Statistics	
City:	 	 Bochum	
Country:		 Germany	
Website:	 	 http://www.statistik.tu-dortmund.de/sfb-c40.html

Talk Title: Robust signal extraction from complex physiological monitoring timeseries
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Ursula Gather	
Institution:	 Technical University Dortmund	
Department:	 Department of Statistics	
City:	 	 Bochum	
Country:		 Germany	
Website:	 	 http://www.statistik.uni-dortmund.de/gather.html

Talk Title: Robust signal extraction from complex physiological monitoring timeseries

Brahm Goldstein	
Institution:	 Ikaria Inc.	
Department:	 Translational Science	
City:	 	 Clinton, NJ	
Country:		 USA	
Website:	 	

Talk Title: Data Acquisition and Analysis of Physiological Signals in Pediatrics: 
Investigations and Challenges

Dr. Brahm Goldstein is Senior Medical Director, Translational Science, at Ikaria, Inc., Clinton, NJ. 
He is the Treasurer and on the Board of Directors for the Society for Complexity in Acute Illness. 
Dr. Goldstein graduated from the State University of New York Upstate Medical Center, Syracuse, NY 
in 1981 and completed his residency at University of California, Los Angeles, CA with subsequent 
fellowships in pediatric cardiology at The Children’s Hospital, Boston, MA and pediatric critical 
care at Massachusetts General Hospital, Boston, MA. He served as an Instructor in Pediatrics at the 
Massachusetts General Hospital and Harvard Medical School until 1989. Dr. Goldstein was recruited 
to Oregon Health & Science University (OHSU) in 1994 from the University of Rochester Medical 
Center at Rochester, NY where he was Chief, Division of Pediatric Critical Care and Medical Director 
of the Pediatric Intensive Care Unit at Doernbecher Children’s Hospital. He also served as Medical 
Director, Doernbecher Children’s Hospital and Associate Medical Director, OHSU Hospitals and Clinics 
from 2000-2006. In 2007, Dr. Goldstein received a Master’s degree in clinical research at OHSU. 
Dr. Goldstein has been Professor of Pediatrics at the University of Medicine and Dentistry of New 
Jersey since 2006. Dr. Goldstein serves on the editorial board of many leading medical and scientific 
publications. He has served on advisory boards for companies including Baxter Healthcare, Eli Lilly, 
Xoma, and Wyeth-Ayerst and was a founding scientist for ProteoGenix. Since 2008, he has been the 
Industry Representative on the Pediatric Advisory Committee, US Food and Drug Administration. Dr. 
Goldstein’s areas of clinical and research expertise include: pediatric critical care, sepsis, traumatic 
brain injury and complex systems analysis of biomedical signals.

Wassim Haddad	
Institution:	 Georgia Institute of Technology	
Department:	 School of Aerospace Engineering	
City:	 	 Atlanta, GA	
Country:		 USA	
Website:	 	 http://www.ae.gatech.edu/~whaddad/

Talk Title: Multistability, Bifurcations, and Biological Neural Networks: A Synaptic Drive 
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Firing Model for Cerebral Cortex Transition in the Induction of General Anesthesia 

Wassim M. Haddad received the B.S., M.S., and Ph.D. degrees in mechanical engineering from 
Florida Institute of Technology, Melbourne, FL in 1983, 1984, and 1987, respectively, with 
specialization in dynamical systems and control. From 1987 to 1994 he served as a consultant 
for the Structural Controls Group of the Government Aerospace Systems Division, Harris Corpora-
tion, Melbourne, FL. In 1988 he joined the faculty of the Mechanical and Aerospace Engineering 
Department at Florida Institute of Technology, where he founded and developed the Systems and 
Control Option within the graduate program. Since 1994 he has been a member of the faculty 
in the School of Aerospace Engineering at Georgia Institute of Technology where he holds the 
rank of Professor and Chair of the Flight Mechanics and Control Discipline. Dr. Haddad's research 
contributions in linear and nonlinear dynamical systems and control are documented in over 520 
archival journal and conference publications. He is a coauthor of the books Hierarchical Nonlinear 
Switching Control Design with Applications to Propulsion Systems (Springer-Verlag, 2000), Ther-
modynamics: A Dynamical Systems Approach (Princeton University Press, 2005), Impulsive and 
Hybrid Dynamical Systems: Stability, Dissipativity, and Control (Princeton University Press, 2006), 
Nonlinear Dynamical Systems and Control: A Lyapunov-Based Approach (Princeton University 
Press, 2008), Nonnegative and Compartmental Dynamical Systems (Princeton University Press, 
2010), and Stability and Control of Large-Scale Systems (Princeton University Press, 2011). His 
recent research is concentrated on nonlinear robust and adaptive control, nonlinear dynamical 
system theory, large-scale systems, hierarchical nonlinear switching control, analysis and control 
of nonlinear impulsive and hybrid systems, adaptive and neuroadaptive control, system thermo-
dynamics, thermodynamic modeling of mechanical and aerospace systems, network systems, 
expert systems, nonlinear analysis and control for biological and physiological systems, and active 
control for clinical pharmacology. Dr. Haddad is an NSF Presidential Faculty Fellow, a member of 
the Academy of Nonlinear Sciences, and an IEEE Fellow.

Vitaly Herasevich	
Institution:	 Multidisciplinary Epidemiology and Translational Research in Intensive Care 

(METRIC), Mayo Clinic	
Department:	 Department of Anesthesiology	
City:	 	 Minnesota	
Country:		 USA	
Website:	 	 http://mayoresearch.mayo.edu/mayo/research/staff/Herasevich_V9.cfm

Talk Title: "Failure to rescue" concept in clinical diagnostic alerts

Michael Imhoff	
Institution:	 University of Bochum	
Department:	 School of Medicine	
City:	 	 Bochum	
Country:		 Germany	
Website:	 	

Talk Title: Robust signal extraction from complex physiological monitoring timeseries
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Board certified in surgery and intensive care medicine. Research areas include trauma surgery, 
intensive care medicine, patient monitoring, clinical data management, artificial intelligence in 
medicine and health economics, leading to over 300 publications and scientific presentations. Dr. 
Imhoff is a professor in Medical Informatics and Statistics at the Medical School of the Ruhr-University 
Bochum, Germany, and currently chairman of the Section Patient Monitoring of the German Associ-
ation of Biomedical Engineering (DGBMT). He is member of the editorial boards of and a reviewer 
for several international journals. Medical school: University of Bochum and Munster, Germany; PhD, 
Ruhr University, Bochum, Germany. 1991 Recipient of the Lederle Prize for Research. Dr. Imhoff is 
the managing director of Boston MedTech Advisors Europe GmbH with office in Dortmund, Germany.
 	 	  

Steffen Leonhardt	
Institution:	 RWTH Aachen	
Department:	 Helmholtz Insitute for Biomedical Engineering	
City:	 	 Aachen	
Country:		 Germany	
Website:	 	 http://www.medit.hia.rwth-aachen.de/aw/cms/medit/Themen/Personen/

Ablagestruktur/~sta/prof_dr_-ing_dr_med_steffen_leonhard/?lang=en
Talk Title: Automatic control in medicine - how much is necessary, how much is wanted?

Steffen Leonhardt, M.D., Ph.D., holds a M.S. in Computer Engineering from SUNY at Buffalo, Buffalo, 
NY, USA, a Dipl.-Ing. and a Ph.D. in Control Engineering from TU Darmstadt, Darmstadt, Germany and 
a M.D. from Johann Wolfgang Goethe-University, Frankfurt, Germany. After 5 years R&D management 
experience working for Dräger Medical AG, Lübeck, Germany, he was appointed full professor and director 
of the Philips Chair for Medical Information Technology at RWTH Aachen University in 2003. Research 
interests include: measurement technologies, especially contact-free, for medicine, wearable medical 
devices for supporting patients at home (personal health care), concepts of feedback control in medicine. 

Carolyn McGregor	
Institution:	 University of Ontario	
Department:	 Institute of Technology	
City:	 	 Oshawa	
Country:		 Canada	
Website:	 	

Talk Title: Artemis: Real-Time Streaming Analytics for Intensive Care Units - an academic 
perspective

Geert Meyfroidt	 
Institution:	 Katholieke Universiteit Leuven	
Department:	 Intensive Care Medicine	
City:	 	 Leuven	
Country:		 Belgium	
Website:	 	 http://www.kuleuven.be/cv/u0058374e.htm

Talk Title: Predictive data mining in routine clinical data: possible applications
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Geert Meyfroidt graduated as a MD in 1996, has a board certification in anesthesiology and inten-
sive care medicine, and is clinically active as “adjunct-kliniekhoofd” (vice head of clinics) at the 
department of intensive care medicine of the university hospitals Leuven. In 2010, he finished his 
PhD, entitled, “Computerized data management in the intensive care unit: predictive modeling, time 
series analysis, and opportunities for support of care”. He performs research at the department of 
acute medical sciences of the KULeuven. Data mining and mathematical modeling to develop early 
warning systems and outcome prediction models for critically ill patients are his main research field, 
with a special interest in brain trauma and brain damaged patients. He is involved in the foundation 
of multicenter patient databases with high resolution and high quality patient data. Other research 
projects include computerized decision support systems, tight blood glucose control and mathema-
tical characteristics of the blood glucose signal, and sedation and delirium in critically ill patients. 

Edmund Neugebauer	
Institution:	 University of Witten-Herdecke	
Department:	 Institute for Surgical Research	
City:	 	 Cologne	
Country:		 Germany	
Website:	 	

Talk Title: 

Edmund A. M. Neugebauer Born: Nov.18, 1949 in Kleinalmerode (Hessia) Current Position: Professor 
and Chairman of Surgical Research, Director: Institute for Research in Operative Medicine (IFOM) 
Faculty of Health, University Witten/Herdecke, Campus Köln (Cologne), Dean for Research, Faculty 
of Health,University Witten/Herdecke Education •Studies as Chemical Engineer, University Aachen 
(1971 – 1974)•Position as Chemical Engineer, Chemie Grünenthal (1974 – 1975), .1975 change 
to University Marburg/Hessia, Studies in Chemistry,Diploma Chemistry 1979 •PhD in Chemistry/
Biochemistry 1982 •Start of Education in Experimental/Theoretical Surgery (Prof. Lorenz),Institute 
of Theoretical Surgery•Vice Chairman Institute of Theoretical Surgery 1983, Team leader shock 1982 
•Study of Medicine 1982 - 1988 at University Marburg (cand. med.)•Habilitation (Assistant Pro-
fessor) Nov. 1988 •1989 change to University of Cologne, Head of Biochemical and Experimental 
Department, Surgical Clinic II, University of Cologne •Full Professor of Experimental Surgery, University 
Cologne 1995 •2004 offer of University Cologne as Chairman of Surgical Research (declined)•2005 
offer of University Witten/Herdecke as Chairman of Surgical Research and Director of the Institute 
for Research in Operative Medicine (accepted) Funding German Research Council (DFG), Ministry of 
Research and Education (BMBF), Foundations and Industry by a total of 750.000 - 1 Mio. Euro/ year 
Scientific Achievements 750 scientific publications, more than 250 original articles, Editor of 10 
scientific books,Lectures > 650 Awards •Diefenbach bust for excellence in science in Traumatology 
by the German Society of Traumatology (DGU) (2005) •Prof. hc. of Southern Medical School, Kanton 
(China) (2005) •Rudolph-Zenker Prize of the German Surgical Society (2004) •Müller-Osten Prize of 
the German Association of Surgery (2001) •Singapore Totalisator Board, Visiting Professor, National 
University of Singapore (2000)•Scientific award for Research in Surgical Intensive Care of the German 
Surgical Society (1992) I have been one of the founding members of SCAI(first president) and organized 
several international ICCAI congresses as well as the International Shock congress of the IFSS in 2008 
in Cologne, Germany, and continue to serve this organization and its development as vice president. 
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Patrick Norris	
Institution:	 Vanderbilt University	
Department:	 Department of Surgery	
City:	 	 Nashville, TN	
Country:		 USA	
Website:	 	 https://medschool.mc.vanderbilt.edu/facultydata/php_files/show_faculty.

	 php?id3=16458

Talk Title: Identifying rare clinical events in complex physiological time series. 

Dr. Patrick Norris is an Assistant Professor of Surgery in the Vanderbilt University School of Medici-
ne. He earned his Ph.D. in Biomedical Engineering from Vanderbilt University in 2006 in the study 
of heart rate variability (HRV) and other metrics of physiological complexity in trauma patients. 
He has designed and implemented continuous physiological data capture and decision support 
systems including SIMON (Signal Interpretation and MONitoring), which has been applied to the 
discovery, refinement, and validation of HRV and other prototype new vital signs. The system’s 
modular architecture offers a high degree of reliability and scalability for dense physiologic data 
capture, processing, and decision support tasks, and it has been in use continuously since 1998 
in the Vanderbilt trauma intensive care unit (ICU). In addition to his ongoing research in patient 
monitoring, critical care decision support, and physiological complexity, Dr. Norris collaborates on 
a variety of other projects aimed at identifying genetic, metabolic, and immunologic predictors of 
outcomes in surgical critical care.

Steven Rees	
Institution:	 Aalborg University	
Department:	 Center for Model-based Medical Decision Support	
City:	 	 Aalborg	
Country:		 Denmark	
Website:	 	

Talk Title: The use of physiological models in ventilator control

Stuart Russell	
Institution:	 University of California	
Department:	 Computer Science Division	
City:	 	 Berkeley, CA	
Country:		 USA	
Website:	 	 http://www.cs.berkeley.edu/~russell/

Talk Title: Dynamic Bayesian Networks for artifact detection in monitoring data

Stuart Russell was born in Portsmouth, England in 1962. He received his B.A. with first-class honours 
in physics from Oxford University in 1982, and his Ph.D. in computer science from Stanford in 1986. 
He then joined the faculty of the University of California at Berkeley, where he is Professor (and 
formerly Chair) of Electrical Engineering and Computer Sciences and holder of the Smith-Zadeh Chair 
in Engineering. He is also an Adjunct Professor of Neurological Surgery at UC San Francisco. He has 
received many awards including the 1995 Computers and Thought Award (the premier research award 
in artificial intelligence) and the 2005 ACM Karlstrom Outstanding Educator Award (the premier 
award for education and mentoring in computer science). He has published over 150 papers on a 
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wide range of topics in artificial intelligence; his current research interests also include computa-
tional physiology and global nuclear monitoring. His textbook, "Artificial Intelligence: A Modern 
Approach" (with Peter Norvig, Prentice Hall, 1995, 2003, 2010) has been adopted by approximately 
1200 universities in 109 countries and translated into 13 languages.

Jose Salinas
Institution:	 US Army	
Department:	 Battlefield Health and Trauma Research Institute	
City:	 	 Ft. Sam Houston, TX	
Country:		 USA	
Website:	 	

Talk Title: Medical decision support of the future: Integrated real-time physiological 
monitoring and automated data analysis 

PhD, Manager Combat Critical Care Engineering Task Area

Johannes Schloeder	
Institution:	 University of Heidelberg	
Department:	 Interdisciplinary Center for Scientific Computing	
City:	 	 Heidelberg	
Country:		 Germany	
Website:	 	 http://www.iwr.uni-heidelberg.de/~Johannes.Schloeder/

Talk Title: State-of-the-art numerical methods for optimal experimental design, online 
system identification, and model predictive control

Andrew Seely	
Institution:	 University of Ottawa	
Department:	 Division of Thoracic Surgery & Critical Care Medicine	
City:	 	 Ottawa	
Country:		 Canada	
Website:	 	

Talk Title: Taking multiorgan variability quantification to the beside - a multicenter clinical trial

Daby Sow	  

Institution:	 IBM	
Department:	 T. J. Watson Research Center	
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City:	 	 Hawthorne, NY	
Country:		 USA	
Website:	 	

Talk Title: Artemis: Real-Time Streaming Analytics for Intensive Care Units - an industrial 
perspective

Aneta Stefanovska	
Institution:	 University of Lancaster	
Department:	 Department of Physics	
City:	 	 Lancaster	
Country:		 UK	
Website:	 	 http://www.physics.lancs.ac.uk/research/nbmphysics/stefanovska.htm

Talk Title: Low frequency oscillations of the intracranial pressure signal in acute traumatic 
brain injury - relationship between spectral energy, phase and autoregulation. 

Aneta Stefanovska holds the Chair of Biomedical Physics in the Physics Department at Lancaster 
University, UK. She graduated from the University of Ljubljana and worked on her PhD project both in 
Stuttgart, Germany, where under the supervision of Hermann Haken she embraced the use of synergetics 
in treating thermodynamically open systems, and in Ljubljana, Slovenia, where under the supervision 
of the late Prof Lojze Vodovnik she embraced the role of biocybernetics and careful measurements/
recordings in treating living systems. She completed her PhD in 1992 and headed the Nonlinear Dyna-
mics and Synergetics Group at the Faculty of Electrical Engineering, University of Ljubljana from 1993 
to 2006, when she moved to Lancaster. Her main interests are the physics of thermodynamically open, 
nonautonomous systems, the physics of life, biological oscillators and the role of oscillatory dynamics 
in maintaining life, as well as changes in the interactions between oscillatory processes as a cause/
consequence of an impaired state of health. She has more than 200 publications, co-authored with 
physicists, mathematicians, engineers, clinicians and biological scientists.

Joerg Stelling	
Institution:	 ETH Zurich	
Department:	 Department of Biosystems Science and Engineering	
City:	 	 Basel/Zurich	
Country:		 Switzerland	
Website:	 	 http://www.csb.ethz.ch/people/joergs

Talk Title: Uncertainty quantification for mechanistic models of physiological processes 

Jörg Stelling is currently an Associate Professor for Computational Systems Biology at the Department 
of Biosystems Science and Engineering of ETH Zurich (since 2008). Prior to this, the obtained a PhD 
in Engineering from University of Stuttgart, before he moved to the Department of Computer Science 
of ETH Zurich as an Assistant Professor for Bioinformatics in 2005. His research interests include 
methods and model development for complex biological systems, including systems identification, 
model discrimination, and systems design. More specifically, the group develops computational 
methods for studying and designing complex networks that establish cellular functions to elucidate 
their operating and design principles. All projects involve close collaborations with experimental 
biologists and computer / systems scientists.
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Yoram Vodovotz	
Institution:	 University of Pittsburgh	
Department:	 Department of Surgery	
City:	 	 Pittsburgh, PA	
Country:		 USA	
Website:	 	 http://www.mirm.pitt.edu/cirm

Talk Title: Dimension reduction in the analysis of high dimensional bioassay data

Yoram Vodovotz, Ph.D., is a Professor of Surgery, Immunology, Computational and Systems Biology, 
Clinical and Translational Science, and Communication Science and Disorders at the University of 
Pittsburgh. He is currently the President of the Society for Complexity in Acute Illness. His research 
interests include the biology of acute inflammation in shock states, chronic inflammatory diseases, 
wound healing, malaria, and restenosis. His work utilizes mathematical modeling to unify and gain 
insight into the biological interactions that characterize these inflammatory conditions. As the Di-
rector of the Center for Inflammation and Regenerative Modeling (CIRM; www.mirm.pitt.edu/cirm) 
at the University of Pittsburgh’s McGowan Institute for Regenerative Medicine, he has been involved 
in the mathematical modeling of acute inflammatory states (e.g. septic or hemorrhagic shock, 
wound healing), including cellular and physiological elements, as part of a large, interdisciplinary 
collaborative team. He is also a co-founder of Immunetrics, Inc., a company that is commercializing 
this mathematical modeling work.

Christopher White	  
Institution:	 US Army	
Department:	 Battlefield Health and Trauma Research Institute	
City:	 	 Ft. Sam Houston, TX	
Country:		 USA	
Website:	 	

Talk Title: Analysis of respiratory complexity for decision support during spontaneous 
breathing trials 

LtCOL, Manager Clinical Trials Task Area

Sven Zenker	
Institution:	 University of Bonn Medical Center	
Department:	 Dpt. of Anesthesiology and Intensive Care Medicine 	
City:	 	 Bonn	
Country:		 Germany	
Website:	 	 http://www.amp.uni-bonn.de
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Program overview

Thursday, Sep. 8, 2011 "Tutorial Day"

9:00 -12:00 Morning Session
Tutorial Track A - Part 1
Machine learning methods
System identification and control

12:00 - 13:00 Lunch Break

13:00 - 17:00 Afternoon Session 
Tutorial Track A - Part 2
Connecting data and models

13:00 - 18:00
Tutorial Track B
Agent based modeling: An Introduction
» Introduction to agent-based modeling and 

its biomedical applications
» Part 1: Getting started on a cell-

based inflammation/infection agent-based 
model

» Part 2: Modification and customization of
the base inflammation model and 
running simulation experiments

Friday, Sep. 9, 2011 

8:30 - 9:00 Welcome & introductory remarks

9:00 - 10:00 KeyNote Address
More Data Then We Know What To Do With?

10:00 - 12:30 Session 1
Mechanistic modeling and model based 
control I

12:30 - 13:30 Lunch Break

13:30 - 16:00 Session 2
Mechanistic modeling and model based 
control II

16:30 - 17:30 Free Paper Session 1

17:30 - 18:30 Poster Session 1

19:30
Festive dinner at Godesburg Bonn

Saturday, Sep. 10, 2011

9:00 - 11:30 Session 3
Machine learning and Artificial Intelligence 
Approaches to Critical Care Data

11:30 - 12:30 Free Paper Session 2

12:30 - 13:30 Lunch Break

13:30 - 15:30 Session 4
Physiological Signals and Nonlinear Time 
series Analysis II

18:00 - 19:00 Poster Session 2

19:30 - 21:00
Buffet dinner and announcement of poster 
and presentation prizes

Sunday, Sep. 11, 2011

9:00 - 10:20 Session 6
Moving the frontier: future perspectives

10:20 - 10:45 Closing remarks, 
adjournment of scientific meeting

10:45 - 11:00 Coffee Break

11:00 -12:00 SCAI Business meeting 
(SCAI members only)


