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Introduction: Computer simulation is a powerful tool that allows one to model intravenous drug concentrations, includ-
ing such concepts as plasma and effect site target control, and context-sensitive half-times. We describe our experiences 
developing and publishing a pharmacokinetic modeling program (PK-SIM) for iPhone or iPAD devices.

Methods: A Macbook Pro and an Apple Developer license were purchased to allow software development and deployment, 
and placement in the App Store, respectively. The original PK-SIM program (Medical Data Applications, Ltd), written in 
Delphi (Borland) for the Windows operating system (Microsoft), was rewritten in Objective C (Apple), with inclusion of 
the following drugs: alfentanil, atracurium, dexmedetomidine, diazepam, etomidate, letamine, methohexital, midazolam, 
pancuronium, propofol, remifentanil, rocuronium, sufentanil, thiopental, and vecuronium.  Accuracy of the new code 
was confirmed by numerical comparison of sample simulations with the original PK-SIM program, previously validated 
against STANPUMP (http://anesthesia.stanford.edu/pkpd ). The original PK-SIM manual and pharmacokinetics tutorial 
was updated and made available at no cost on the Jefferson Department of Anesthesiology web site (http://www.jefferson.
edu/jmc/anesthesiology/education/PK-SIM.cfm )

Results: Considerable difficulty was experienced is securing the developer license due to business documentation require-
ments not relevant to an academic anesthesia department. Implementation in the Objective C development environment 
(Xcode) was complicated due to poorly documented public libraries and code limitations imposed by Apple. Testing and 
deployment was complex due to requirements for registering test devices, multiple provisioning codes, and confusing docu-
mentation. Program behavior on the Xcode simulators did not always mirror behavior on actual devices. The Apple review 
process was prolonged (> 2months) with no means to determine the cause of the delay. Replies from the Apple development 
support group to questions were often delayed by a week or longer. Apple rejected the initial build based on their demand 
for a 17+ rating (“Frequent/Intense Alcohol, Tobacco, or Drug Use or References”) despite explanations that this was a 
medical simulation product and complaints that similar simulation programs carried an unrestricted 4+ rating.  Application 
rating is important, as the 17+ rating preludes distribution in some countries. Instructions supplied by Apple to modify the 
rating were incorrect and resulted in having to resubmit the application, with a return to the back of the review queue. The 
application was eventually published in the App Store, and subsequent versions have been reviewed and approved more 
quickly than the original build.

Conclusion: Development and deployment of this iOS application was difficult and time consuming, contrasting with the 
comparable process for Android devices. For Android applications there are no vendor-imposed code restrictions, no arbi-
trary review process, no limitations on distribution for testing, and a greatly simplified deployment process. Those seeking 
to do iOS development of anesthesia-related software should expect frustration and a large initial expenditure of time and 
effort and. However, subsequent development cycles should be considerably less onerous as the development team learns 
to deal with the rigid Apple process.
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