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Multistate models to analyse clinical COVID-19 data

The clinical progress of patients hospitalized due to COVID-19 is often associated with severe
pneumonia which may require intensive care, invasive ventilation, or extracorporeal
membrane oxygenation (ECMO). The length of intensive care and the duration of these
supportive therapies are clinically relevant outcomes. From the statistical perspective, these
guantities are challenging to estimate due to episodes being time-dependent and potentially
multiple, as well as being determined by the competing, terminal events of discharge alive
and death. We used multistate models to study COVID-19 patients’ time-dependent progress
and provide a statistical framework to estimate hazard rates and transition probabilities.
These estimates can then be used to quantify average sojourn times of clinically important
states such as intensive care and invasive ventilation. The multistate approach gives important
insights into the progress of COVID-19 patients in terms of ventilation duration, length of ICU
stay, and mortality. In addition to avoiding frequent pitfalls in survival analysis, the
methodology enables active cases to be analyzed by allowing for censoring. The stacked
probability plots provide extensive information in a concise manner that can be easily
conveyed to decision makers regarding healthcare capacities. Furthermore, clear comparisons
can be made among different baseline characteristics. Several applications to recent COVID-
19 studies will be provided.
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