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We analyze HR, BP, and respiration time series data from 689 
girls aged 12-33 years with side effects to the HPV vaccine.
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MODEL

Our model is a system of four delay differential equations:
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𝜃 = [𝐴, 𝐵,𝐾" , 𝐾# , 𝐾$ , 𝜏" , 𝜏# , 𝜏$ , 𝜏& , 𝑞' , 𝑞" , 𝑞# , 𝑞$ ,
𝑠' , 𝑠" , 𝑠# , 𝑠$ , 𝐻( , 𝐻" , 𝐻# , 𝐻$ , 𝐷$]𝑇

OVERVIEW
• Postural Orthostatic Tachycardia Syndrome (POTS) causes 

autonomic dysfunction resulting in increased  heart rate (HR) 
in response to a postural change.

• The head-up tilt (HUT) test is traditionally used to diagnose 
POTS but can result in fainting.

• The Valsalva Maneuver (VM) is an alternative test used to 
diagnose autonomic dysfunction. It has low risk and is easily 
accessible.

• Patient-specific modeling uses blood pressure (BP) data to 
predict HR and estimate identifiable parameters by minimizing 
the least squares error between predictions and data.

• We analyze estimated model parameters with data to (i) deter-
mine if the VM can be used to identify POTS patients and (ii) 
identify which markers best characterize POTS.

SENSITIVITY ANALYSIS
Sensitivity Matrix
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Ranked parameter sensitivities calculated with two-norm.
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Singular value decomposition (SVD) and QR factorization of 𝑆 is 
used to identify a set of sensitive and locally identifiable parame-
ters: "𝜃 = [𝜏𝑝𝜏𝑠 𝑠𝑤 𝑠𝑝 𝐻𝑟].
We also test parameter identifiability by selecting 10 random no-
minal parameters, which must converge to a single optimum.

OPTIMIZATION
Residual vector: 𝑟 = [𝑟! 𝑟"],
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Least squares error: 𝐽 = 𝑟#𝑟

Model predictions of HR and neural outflow (top) and parameter 
estimates (bottom) for a POTS patient and a control subject.
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CONCLUSIONS AND FUTURE WORK
• Fit the model to 689 patients, predicting neural tones (𝑇$). 
• POTS patients have increased sympathetic (𝑇%) and para-

sympathetic (𝑇&) activity.
• Sympathetic activation time (𝜏%) is lower in POTS patients. 
• Future work includes clustering parameters using machine 

learning to identify the mechanisms of POTS and discern 
POTS patients from healthy control subjects.

In the VM, a patient forcefully exhales for
15 seconds, activating the parasympathe-
tic (Pa) and sympathetic (Sy) tones. The
VM has four phases:
I. Breath hold begins, BP increases
II. Increased thoracic pressure causes a

drop in BP and a rise in HR (Sy↑, Pa↓)
III. Release of breath hold causes a drop in

BP and subsequent HR drop (Sy↓, Pa↑)
IV. BP overshoots, HR undershoots, return

to normal. Sy and Pa return to normal.
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Nominal:  /𝜃 ± 10%
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Optimal: 5/𝜃
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