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Treating surgical turnover times as statistically independent
events when testing interventions and mobile applications
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Uddin er al. created a novel Android app that certified
registered nurse anesthetists and operating room nurses
used to record the beginning and end of turnover times (1).
The screen counts down from the allotted time for the
turnover (1). Multivariable linear regression was used
to model the turnover time in excess of that allotted.
Especially at the surgical suite studied, there was positive
association between the excess time and preoperative delays.
"This app seems to us potentially an excellent use of mobile
technology. Anesthesia providers walk to multiple locations
during turnovers; mobile technology would provide
ongoing feedback on the total time. Without feedback,
anesthesia providers are poor judges of their personal
turnover times when studied by survey (2). Changes can be
made to preoperative assessment to reduce turnover time (3);
the authors’ app likely will be very beneficial.

The app not only visualized the elapsed time, but also
the start and stop times for the turnover. Do the authors
know the percentage of the self-reported turnover times
less than the period from the last operating room sensor off
one patient to first sensor on the next patient? Sensor data
for estimating start/end of turnover times has been used
for >10 years (4-6).

The authors’ report of the quantification and inferential
testing of the efficacy of their app treated turnover
times within each of their two groups, ORTimer or no
ORTimer, as independent and identically distributed. This
assumption can be inaccurate (7-10). For example, Dexter
et al. observed “significant positive serial correlation from one
turnover to the next turnover (P<10™). When the average
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turnover was calculated for each workday, there was [still]
significant correlation... (P=0.04)... Averaging over 4-week
periods was sufficient to eliminate this autocorrelation (P=0.58).”
Austin ez al. reported that “there was significant positive serial
correlation from one turnover to the next turnover during the day
(runs test; P<0.0001). Averaging turnover time data points over
monthly periods was sufficient to eliminate this autocorrelation
(P=0.16).” Wang et al. found that longer than allotted
turnover times (i.e., as the authors studied) were more
common when the number of simultaneous turnovers at the
surgical suite exceeded the number of planned turnovers (8).
They used structural equation modeling to examine the
correlations among cases on each day, analogous to adjusted
Pearson correlations. In the setting of these correlations,
Monte-Carlo simulation studies of how to analyze such
operating room management data found underestimation
of P values (i.e., chance of type I error if the correlations are
not considered) (11).

Consequently, in the authors’ Table 1 (i.e., their primary
result), the standard errors and P values may be significant
underestimates. Using runs test based on the median, do
each of the four groups in Table 1 lack autocorrelation,
unlike Dexter, Austin, and Wang? If autocorrelation is
present, then what are the modified means, standard
errors, and P values for the Table 1 when suitable batching/
binning is used with the selected threshold times? We
appreciate that several of the authors are expert in discrete-
event simulation. Other methods developed for comparing
simulation outputs suitably address autocorrelation (e.g.,
bootstrapping).
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