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Introduction Description of the PK-RNN model

There are two deep-learning-based vancomycin Hea.mEL?;?dJEHRS,

therapeutic drug monitoring (TDM) models (PK- ]

RNN) where the two-compartment |

pharmacokinetic (PK) model theoretically - - -

outperforms the one-compartment model on 4 B : o \ | |
prediction tasks. The results from a real-world . oo [omesduamn |

dataset show that the two-compartment PK-RNN WYW ’ \

model does not consistently outperform the one- -]:“ - J —

compartment PK-RNN model. . — = R - — —

The hypothesis this research design wants to use L pomul ) . "

simulation to test is whether the two-

compartment PK-RNN model will definitely give Figure 1: PK-RNN model architecture Figure 2: The simple schematic time sequence of an example patient
more accurate predictions than the one- RN Updiates K (vancomyein elimination rate) and v (volume distibution of . demonstrates the preicted vancomycin Serum concentration in the pationt Bl
COmpartment PK-RNN model after addlng vancomycin). Those two parameters and infusion data (dose and timing) were stars indicate the actual vancomycin levels. In the middle graph, orange dots are

enough measurements.

The original dataset: EHR data were

retrospectively retrieved from Memorial Hermann

used to generate vancomycin pharmacokinetic (PK) curves with the PK formula. vancomycin doses, and the green line in the lower figure is creatinine level.

Research designs

Statistical analysis for the simulated
tesult from the TEM PICRNIN moas! dataset and model quality test will

T Comparison of the one- and two-compartment deep-learning-based vancomycin
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Conclusion

The two research designs will improve the pre-
test experiment which is training and evaluating
the two models on the MHH dataset. The main
difference Is that the recommended research
design will add multiple replications while the
alternative design will add switching replications.
The recommended design will test the PK-RNN
models on a different dataset which is important
for deep learning models when considering the
generalizability.

In conclusion, the recommended research design
will be more suitable for both interrupted time-
series data and the two types of PK-RNN
models.
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Hospital (MHH) System to generate the PK-RNN
model. All patients who received vancomycin and
had any vancomycin levels were eligible. 5,483
patients with 9,504 encounters were included In
the dataset.

Simulation: There will be 10 measurements
simulated per dose for every patient.

The dataset for the recommended design: the
same Inclusion and exclusion criteria will be used
on the MIMIC 1V dataset to select suitable
patients for the recommended design followed by
the same simulation.

Test the two
models on the
original dataset

2CM PE-RNN will give
obwviously more accurate
predictions than 1CM

PK-RNMN when there are
enough measurements.

Compare the
difference
between the two
Y pairs of results

Result from the 2CM PK-RNMN model

Result from the 1CM
PK-RNN model

1. Simulation and test on the

treatment group;

2. Simulation and test --
(Recommended) using data from
the MIMIC IV dataset.
(Alternative) on the control group.

Result from the 2CM
PK-RNMN model

Difference between the two resulis
from the original dataset

Difference between the two results
from the simulated dataset

Table 1: Discussion

Types of validity Recommended research design

Statistical Conclusion (+) Adding multiple replications will increase statistical
conclusion validity because it will improve the confidence
and significance of the results.

Internal (+) The randomness in the simulation will increase the

Internal validity.

be p
10 ti
simu
mea

rovided by training the models
mes on both datasets after the
lation and then calculating the
n and standard deviation of all

the results.

Three model evaluation metrics will

be used, which are Root Mean
Square Error (RMSE), Mean
Absolute Error (MAE), and Mean

Absolute Percentage Error (MAPE).

Alternative research design

Figure 3: Workflow of the two
research designs

(+) Adding switching replications will increase statistical
conclusion validity because it will iImprove the confidence
and significance of the results.

(+) Switching replications make the data after simulation
used for every individual in the MHH dataset, thus will
Increase the internal validity.

(-) The lack of tests on other datasets will decrease the

Construct (-) The original dataset has more patients with stable PK
parameters, which may decrease construct validity. construct validity of this research design.
External (+) The external validity will be increased since this design

contains tests on different datasets.

(-) The external validity will be decreased since this
design contains tests only on one dataset.

Thank Dr. Degui Zhi, Dr. Zigian Xie, and Dr. Lalla
lIrasmy Gindy Bekhet for helpful discussions and
suggestions on the research design.

Thank Dr. Masayuki Nigo for the figures to
describe the PK-RNN model.

References

1. Avent, M. L., Vaska, V. L., Rogers, B. A., Cheng,
A. C.,van Hal, S. J., Holmes, N. E., Howden, B. P.,
& Paterson, D. L. (2013). Vancomycin therapeutics
and monitoring: a contemporary approach. Internal
medicine journal, 43(2), 110-119.
https://doil.org/10.1111/imj.12036

2. Broeker, A., Nardecchia, M., Klinker, K. P.,
Derendorf, H., Day, R. O., Marriott, D. J., Carland, J.
E., Stocker, S. L., & Wicha, S. G. (2019). Towards
precision dosing of vancomycin: a systematic
evaluation of pharmacometric models for Bayesian
forecasting. Clinical microbiology and infection : the
official publication of the European Society of
Clinical Microbiology and Infectious

Diseases, 25(10), 1286.e1-1286.e7.
https://doi.org/10.1016/].cmi.2019.02.029

3. Shingde, R. V., Graham, G. G., Reuter, S. E.,
Carland, J. E., Day, R. O., & Stocker, S. L. (2019).
Comparison of the Area Under the Curve for
Vancomycin Estimated Using Compartmental and
Noncompartmental Methods in Adult Patients With
Normal Renal Function. Therapeutic drug
monitoring, 41(6), 726—731.
https://dol.org/10.1097/FTD.0000000000000690



https://doi.org/10.1111/imj.12036
https://doi.org/10.1016/j.cmi.2019.02.029
https://doi.org/10.1097/FTD.0000000000000690

