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III.  Research Plan

A. Specific Aims

The National Malignant Hyperthermia Susceptibility (MHS) registry is based out of Children’s Hospital of Pittsburgh, and currently has no standardized way to test for MHS in patients.  MHS can be characterized by particularities and variations in muscle contraction force and rate, as compared with normal muscle.  Currently these differences may be detected in muscle biopsy tests.  A device, which may be used to non-invasively characterize and subsequently test for MHS in research subjects and patients would be a vast improvement over these current muscle biopsies techniques.

The phase I goals are:

1.  Development of an armboard, which may facilitate testing this device.  The device materials must all have bicompatibility taken into account.  The board and restraint straps must be able to be sterilized quickly with ethanol, with minimal damage to components.  The device will accommodate the available research subjects, from ages three to five, and will function, able to be attached to an operating room arboard.

2. Further evaluate the accuracy of the constructed malignant hyperthermia (MH) screening device.  Phase I work will be initiated by testing the accuracy of the force transducer, fixation capabilities of the arm restraints and the stability of the mounting device.  The force transducer circuitry will be tested using masses of known weights and a data acquisition program, in order to establish a force-voltage relationship, and allow calibration of the system.  The restraint complexes will be used on patients and research subjects, to test for effectiveness in accommodating the testing procedure, to be determined in the following steps

3.  Further develop and refine the malignant hyperthermia testing protocol.  The electrical stimulation parameters, – such as signal frequency, duration and intensity – will be varied, during testing on the ulnar nerve.  A wide range of signal frequencies, stimulation duration, and stimulation intensity, will be tested on each subject, in order to establish not only the optimal testing stimulation conditions not only for each patient, but also to test a volume of research subjects, such that the results be statistically pertinent and reasonable for generalization to the tested demographics.  The data will be generalized to establish optimal testing protocol for clinical use of the device, as well as to provide baselines for MHS and non-MHS patients of different morphological and age ranges, against which resulting test data may be compared for the purpose of clinical test result analysis.

4.Confirm and refine tested normal muscle contraction variation among the general population.  Subjects known not to have MH will be recruited so that differences between age groups and gender can be characterized and used as a comparison against MH susceptible individuals.  The same protocol as outlined in goal 3 will be followed, but for a larger group of subjects, in clinical use prior to operations. The main difference between the method of this is that the patients tested herewithin will not be known to have or not have the condition.  Accuracy of established data and whether or not it may indeed be able to be used for the general population will be assessed, and protocol and baselines will be altered accordingly, if necessary

5.  Develop more sophisticated and more accurate output circuitry for testing device.  A simple computer interface and software program will be developed. The established device data acquisition testing method of a laptop computer with a simple LabView program will be either refined or entirely replaced with a more optimal data acquisition system.  Essentially, this goal is in place in order to cosmetically optimize the user interface, during testing for the project, once all other goals have been reached and it is known that testing protocol or method will not need to be altered, or that data acquisition method alterations are not a foreseeable necessity for the future of this device.

B. Significance

Malignant Hyperthermia Susceptibility (MHS) is a genetically transmitted disorder that affects muscle tissue properties.  When a carrier is administered volatile gaseous inhalation anesthetics (the most commonly used agents), the body will overheat, often to temperatures of over 110 degrees Fahrenheit.  This is only one among a host of other complications, many of which correlate with the elevated temperature, such as multiple organ failure and neurological damage.  The actual incidence of MHS remains an uncertain figure.  While current estimates range from as little as one in every twenty thousand to as much as one in every four thousand, part of the difficulty lies in the fact that there exists no uncomplicated affordable manner by which to test for the condition, and in fact, the hallmarks of the specific variation in muscle contraction force and rate have not been established on any scale, other than that of testing on actual muscle fibers.

Currently, muscle biopsies may occasionally be taken and tested in vitro, but being an expensive and highly-invasive procedure, they are only taken rarely in few medical environments; when a patient who will be undergoing inhalant anaesthesia has a family history of the condition.  Specifically, biopsy requires a large functional piece of muscle to be extracted and cost, inclusive of testing, can range between $5000 and $10000.  For use in the general populus, muscle biopsies are clearly an unreasonable action to take prior to deciding upon and administering any type of general anaesthetic.  And often, as this condition is one not often considered due to its somewhat rare incidence, the condition itself is discovered only at the incidence of an adverse reaction to inhalant anaesthetics; in other words, at the onset of a malignant hyperthermia “episode.”  Complicated even when treated at their onset, malignant hyperthermia episodes are X% fatal, but may be avoided simply by administering alternative anaesthetics.  However, they are more costly than “Halogenated gas” anaesthetics, and it would not be prudent for hospitals to switch to these alternatives merely to avoid a rare complication which may arise.  In order to circumvent the possibility of patients, the patients’ families, and the hospitals themselves undergoing the complicated and often tragic ordeal of an unforeseen malignant hyperthermia episode, a minimally or non-invasive cheap and accurate device is needed for the screening of the patient prior to the administration of inhalant anaesthetics.


The specifics of the actual condition are as of yet only weakly defined.  It is known that people who are MH susceptible have calcium ion flow deficiencies during muscle contractions.  While on an overall basis, this deficiency may not make a noted impact on a MHS carrier’s daily routine, on a more specified level, muscle contracture tests taken on muscle biopsy segments reveal a correlation between MHS and abnormal peak contraction and relaxation time during muscle stimulation.  This warrants the development of a device which not only can be used towards the ultimate end of testing patients for this condition, but also towards the more proximate end of determining the specific hallmarks of this disorder, as a condition which manifests itself in particular easily measurable magnitudes of abnormality in muscle contraction.


As the condition is widely unstudied, this device and the studies performed with it will serve as a flagship towards determining the proper method to test for MHS, using this very device.  It may be used to accomplish this by defining the magnitude of the characteristics of the condition.  Specifically, contracture tests have shown that peak amplitude of compound muscle action potential (CMAP) is greater, the initial decrease of this rate is quicker, and overall relaxation takes a longer time.  The preliminary studies performed with this very device will work towards defining the magnitude of these abnormalities.  The ultimate intention is universality of this device, and universality of the methods of assessment to be used for any patient.

Upon successful completion of the above, Phase II of this project will involve testing patients with a personal or family history of MH episodes.  Ultimately, the intention is to build a device or devices usable on a population of all ages and sizes and create a procedure that can be used on every patient about to undergo surgery with inhalant anaesthetics.  This device serves to allow classification of individuals and family lines as either MHS, non-MHS, or suspected to watch for MHS.  The end use intent of this device is its integration as an widely used aspect of the protocol already established in hospitals and surgeon offices prior to administering any manner of common anesthetic to any patient. As mentioned, there is as of yet no device to allow for this pre-operation, pre-anesthetic testing, and this device will fill the need for it.  The need for this is clear, when considering the fact that operating rooms have established protocols set in place, in the event that an MHS episode should occur, including immediate cessation of anesthetics, immediate termination of surgery, and treatment with Dantrolene.  Understandably, it would prove a great boon universally to both the patient pool (which is essentially everyone), and health care systems.  The device would be relatively inexpensive, in comparison the costs which may be incurred by mortality from unanticipated MHS episodes, and may serve in fact to be a profitable venture for hospitals, by charging and making established and common the procedure which this device facilitates.

C. Relevant Experience

1. Dr. Barbara Brandom

The head of the National Malignant Hyperthermia Susceptibility Registry, Dr. Barbara Brandom is an Anesthesiologist and researcher at Children’s Hospital of Pittsburgh.

2. Dr. Robert Sclabassi

Dr. Robert Sclabassi is a Neurophysiology doctor at Children’s Hospital of Pittsburgh, as well as a professor of Neurological Surgery, Neuroscience, Psychiatry, and Electrical, Mechanical and Biomedical Engineering at the University of Pittsburgh.  He is also the director of the University of Pittsburgh Medical Center based Center for Clinical Neurophysiology, and the Chief of Service of the Neurophysiology Laboratory at Children’s Hospital of Pittsburgh.

3. Sara Doll

Sara Doll is a Senior at the University of Pittsburgh, in the department of BioEngineering.  Her engineering curriculum has been coupled with Neuroscience, and she has experience in concept SolidWorks modeling.  She is employed at the University of Pittsburgh Neuroscience department, performing neuroscience research.

4. Lisa Kaczmarski

Lisa Kaczmarski is a Senior at the University of Pittsburgh, in the department of BioEingineering, with a concentration in Biotechnology and Artificial Organs.  She is employed at Children’s Hospital of Pittsburgh in the Perfusion department, and the University of Pittsburgh Medical Center’s Hillman Cancer Center, performing cancer research in an immunology lab.  She has experience in SolidWorks device and dimension modelling.

5. Philip Magcalas

Philip Magcalas is a Senior at the University of Pittsburgh, in the department of BioEingineering, with a concentration in Biotechnology and Artificial Organs.  He has been employed at the MusculoSkeletal Research Center at the University of Pittsburgh Medical Center’s Biomedical Science Tower, performing two years of research on cellular contraction, with wheatstone bridge configuration cantilever systems and data acquisition using National Instruments’ LabView.  He is employed at Children’s Hospital of Pittsburgh, in the Perfusion department.

D. Experimental Designs and Methods

1. Armboard Development


This armboard must be manufactured such that it is compliant with all FDA regulations for the device, including all components which will be attached to facilitate arm and hand restraint and testing, and the device as a whole must be compliant with ISO10993-1 guidelines.  The armboard itself will be manufactured out of clear acrylic, for this purpose.  The vinyl restraints will be manufactured out of vinyl, but all contact with skin will be eliminated, as medical gauze will be used to cushion the restraints, as well as allow for skin “breathing” during testing.  The armboard itself will be manufactured such that the holes for securing of the components (specifically the force transducer mounting tracks and the arm and hand restraint straps) are placed symmetrically along the vertical axis of the board.  This is in order to facilitate ambidextrous testing, accommodating either the right or the left hand, and allowing components to be switched from side to side easily, but also be easily and well securable in the desired placement.  The force transducer mounting tracks will be custom manufactured for each individual force transducer, and will be manufactured out of aluminum, for workability and ductile properties.  The force transducer mounting tracks and mounting components do not need to be sterilizable, as these components do not contact any part of the body, but rather contact only the board itself.


The anthropometric data researched will be incorporated into dimensional considerations for engineering this device.  The anthropometric data which applies to the age range of children ages 3-5 will be used, in order to establish placement for the holes on the armboard, to which the restraint straps and force transducer mounting system may be attached.  The manufacture in general will be custom made to accommodate both the largest and smallest hand/forearm complex from the age pool (three to five years ago).  Force transducer mounting tracks will be made such that the device allows for translation along two planes; both up and down parallel to the orientation of the forearm, and in and out of the board perpendicular to the orientation of the forearm and hand, and parallel to the thumb.  They will also be securable in any position, such that a preload may be placed on the thumb, perpendicular to the thumb, applying a force parallel to the orientation of the hand, and such that the transducer nay be secured in that position at optimal preload.

2. Accuracy Assessment


Calibration will be performed on the force transducer by applying a range of weights to the transducer and establishing a linear change in output voltage from the device to the waveform oscilloscope, which corresponds to the expect force range from subjects.  Namely, the device will be tested in order to be able to determine accurately forces from 0 to 6 kg of weight, by applying them to the actual force transducer construct.


Subsequently, arm simulators will constructed out of cardboard, according to the dimensions established by the aforementioned anthropometric data, and the device will be assessed for how well it conforms to the different sizes, and how well it accommodates them.  The arm constructs will be placed within the restraint straps, and visually assessed for how well they are accommodated in general, as well as how much force the restraints place on them, and how much of a danger this may be to the patient.  The restraints and device as a whole will be modified, if necessary, to accommodate any necessary changes..

3. Testing Protocol to Determine Baselines

Baselines for this device must be established in order to properly assess differences during the juxtaposition of MHS patient contraction data against that of a “normal” patient.  As many research subjects as possible will be acquired from each gender, from each of the following age groups:  two years to three years, three years to four years, and four years to five years. The patients will be tested in order to establish baseline data for each group, determining hallmarks of the CMAP waveform resulting from nerve stimulation.  The ulnar nerve will be stimulated using established procedures which do not pertain to this device, so much as a neurological perspective to the testing.  Different stimulation rates will be tested, in order to determine the rate for each demographic which will provide the best data, for determining the difference between MHS and “normal” waveforms.

Firstly, non-MHS patients will be assessed, firstly by varying stimulation frequencies necessary, in order to obtain the best possible waveform with the data acquisition system established.  Next, a wide range of stimulation durations will be tested in order to obtain the best possible resulting data, as acquired and measured with the device.  Next, the stimulation intensity will be tested for optimizing the resulting data.  This protocol will be completed for each of the age range groups, using each of the hands, noting the particular “handedness” of the subject (either right-handed or left-handed).  The force transducer will be set at a particular voltage of excitation, as determined by previous protocols, and the data will collected by an engineered LabView data acquisition software program on a laptop computer.  The most common hallmarks of the resulting waveforms will be noted, and recorded and set as baselines, using design of experiment software to establish significance of said hallmarks.

4. Testing Protocol to Determine MHS


Using the protocol defined by the results from the previous section, the following will be used to test patients prior to undergoing general anesthetics.  The patients will firstly be assessed, such that they are either known to have MHS, known not to have it, not known to either have or not have it, or suspected to be MHS.  This data will be kept blind from the person performing the procedure.


The patients, prior to be administered anesthetics, will be restrained by the armboard, strapped into the device while lying down on the operating room board.  The data acquisition software program will be set up on LabView on the laptop computer, and connected to the force transducer, and the force transducer set up and connected to the pre-amplifier.  The force transducer will be set such that the appropriate preload is applied to the patient’s thumb, and the ulnar nerve stimulated at the established rates.  The data will be recorded, printed, and observed for the hallmarks establishing the difference between MHS and non-MHS patients.  This data will be used to establish whether or not the person has the disorder, as expected by our resulting testing baselines.


The patient will be closely observed during the operating procedure, while under general anesthetics, and observed for any signs of MH episodic behavior.  The result will be compared to whether or not the person was expected to have the disorder, as established prior to the operation, during the testing procedure.  A statistical analysis will be performed, using ANOVA testing and resulting data, to determine whether or not the device as accurately predicted whether or not a person will have an MH episode, during undergoing anesthetics, as decided from testing data prior to the operation.  If necessary, data will be assessed in order to modify baseline data, should the device testing procedure not accurately predict this disorder. 

5. Software development


This device requires a design protocol to determine the force-voltage relationship, as well as the drift properties, both to maintain proper function of the device, as well as aid in further development of the electrical component design (which will eventually facilitate the addition of a computer system for sampling).  The range of known forces which may be applied to the transducer will be taken into account in the process of choosing weights of known mass, which will be applied to the force transducer in order to assess registered change in voltage over the strain gages, as a function of applied force.  Microcalipers will also be used to deflect the force transducer, in order to establish a relationship between deflection, applied force, and change in voltage.  This relationship will also determine further noise-reducing considerations when designing the advanced electrical circuitry.  Using a data acquisition program, a sampling program will be written in order to obtain the data, and provide a good user interface for the logical and relatively easy acquisition of data from the patient.  Timing will be taken into account when writing the program, as well as sampling rate, and other concerns which will be defined more properly during initial testing, during data acquisition from initial experiments, and analysis of that data.  If necessary, a MATLAB filter may then be written and applied to the data acquisition software on the computer system in order to provide better data.  Product specification sheets will be used to assist in the development of brassboard circuitry, which will optimize the system, standardize the data resulting from applied forces, and minimize the effect of environmental disturbances on measurements.
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