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SYSTEM AND METHOD FOR DRUG CLASSIFICATION USING MULTIPLE

PHYSICAL PARAMETERS

Field of the Invention

{8001} The present mvention relates to systems and methods for classifving drugs. In
particular, the present invention relates to improved svstems and methods for classification of

drugs using multiple phvsical parameters.

Backeround of the Invention

[0002] Medication errors remain a major problem in healthcare despite efforts to reduce
mistakes. One approach to reduce drug errors 1s to positively identify drugs, diluent and
concentration prior to administration. A number of chemical technologies can be employed to
characterize drug solutions such as UV/Visual Spectroscopy, Raman Spectroscopy, Infra-Red
Spectroscopy, Circular Dichroism, Refractive Index, Conductivity, pH and others. In fact,
many of the traditional analytical tools have been used to identify drugs, but alone thev would
not be expected to wentify a broad array of drugs and diluent sclutions. Related mformation
can be found m published PCT application number W(O2009-114115A1 the contents of
which are incorporated by reference herein in its entirety.

{0003} As onc cxample, the chart in FIG. 1 illustraies the optical density spectra of
Furosemide in normal saline (NS} diluent, Furosenide in DSW diluent, and DSW diluent
alone. As illustrated, the optical density spectra of Furosemide in cither diluent masks the
spectrum of the diluent, preventing identification of the diluent by UV/Visual spectrum
mspection alone.

{80604} One approach to improved identification of an IV compound was to use impedance

spectroscopy. A small AC current was apphied {o the IV compound, and the AC current was
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swept 1 a range of frequencies to identify an impedance spectrum of the compound.
However, this approach was not ideal because electrodes in contact with the imferrogated
fluid become fouled, and even when not fouled, impedance spectroscopy alone is not able to
positively identify compounds and diluents satisfactorily.

{8005} Accordingly, there 1s a need for an improved svsiem and method of identifving drug

corapounds and diluents.

Swomary of the Invention

{0006] The above described disadvantages are overcome and other advantages arc
realized by embodiments of the present invention, mchuding a method for classitving at least
one sample. The method comprises selecting an analviical technigue to apply to the at least
one sample, applving the analvtical technique to the at least onc sample, obtaining the results
of the analvtical technique applied to the at keast one sample, and determining if the at least
one sample can be classified based on the obtained results. If the at least one sample cannot
be classified, the method further comprises selecting and applving another analytical
echnique.

{0607] Embodiments of the invention alse provide a system for classifying at least one
sample. The system comprises a housing for containing the at least one sample, at least
one sensing cloment to measure at least one physical parameter of the at least one sample,
and a processor configured to receive and analyze the at least one physical parameter, and
determine if the at least one sample can be classified. If the at least one sample cannot be
classified, the processor is configured to select and apply additional analvtical techniques

until the at least one sample 15 classified.
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Brief Bescription of the Drawings

{0008} Excmplary cmbodiments of the invertion are described in connection with the
appended drawings, in which:

{00609} FIG. 1 illustrates the UV/Visual spectra of Furosemide 1o NS and D3W diluents,
compared to the UV/Visual spectrum of DSW diluent alone;

{6616} FIG. 2 illustrates impedance and admittance measurements of different diluents;
18611} FIG. 3 illustrates a method according to an exemplary embodiment of the invention;
{8612} FIG. 4A illustrates a system for drug classification including a static drug sample
mterrogated 1n a container;

10613} FIG. 4B dhustrates ao algorithm for classifying the drug in the svstem of FIG 44,
{0814} FIG. SA illustrates a system for drug classification including;

{0615} FIG. 58 illustrates an algonthm for classifyving the drug in the svstem of Fig. 5A; and
{08616} FIG. 6 dlustrates an exerplary embodiment of a flow cell comprising multiple sensor
types according to the present invention.

{8617} Throughout the drawing figures, ke reference numbers should be understood to refer

1o like elements, features and structures.

Detailed Descrintion of Exemplary Embodiments of the Invention

{0618} Exemplary embodiments of the present invention utilize multiple phvsical properties
of medication solutions for classification of drag, diluent, and concentration. A combination
of two or more physical measurements 1s used for drug characterizations including optical
spectroscopy, fluid-mechanic, electrochemical, thermodynamic, and acoustic properties.
Exaroples of optical spectroscopy measurements include, but arc not houted to UV/Visual

Spectrometry, Raman Spectroscopy, Infra-red spectroscopy, Circular Dichroic Spectroscopy,
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and Refractive Index. Examples of fluid-mechanic measurements mclode, but are not limited
to mass density, specific weight, relative density, viscosity, surface tension, and Reynolds
number. Examples of clectrochemical measurements include, but are not Lmited to pH,
glectrical conductivity and conductivity spectra, impedance and impedance spectra, and
admittance and admutiance spectra. Examples of thermodynamic measurements include, but
are not limited to heat capacity (specitic heat) and thermal conductivity. Examples of acoustic
measurements include, bot are not limited to speed of sound, and time of flight. Many of
these parameters are denved from other direct or indirect measurements of a fluid.
Accordingly, 1t should be appreciated that the characteristics emploved by exemplary
embodiments of the invention are not limited to specific physical, chemical or mathematical
definitions. Measurements are typically determined by measuring energy transmitted through
the svstem, reflected back from the system, or energy used to interrogate a sensor that is
within the fluid path.

{8619} It should also be noted that chemical and molecudar probes may be employed to
wdentify desired or contaminating constituents of an nfusate. Antibodies, fluorescent dyes,
bio-active molecules, DN A, nano-particles, clectronic nose sensor, and so on, can be included
i the fluid path where they are exposaed to the fluid flow and volatiles and provide a signal
that can be measured or transmitted to systems for analysis. These probes can be integrated
mto configurations where continuous cxposure to fluids or volatiles is desirable, or could be
exposed to the fluid for a limited amount of time, if using them {fo test the fluid disables them
from being used again. For example, a drug binding with an antibody may not be reversible,

so a sample and test, or one-time test approach would be a preferential test method.
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180628} These parameters can be used to verify the intended mfusate, its concentration, as
well as the presence of dissolved contaminates, wrong diluent, mtermittont contanination,
mcluding particulates, infectious agents, and gasses {¢.g., air bubbles).

{00821} In some cases spectfic drugs and diluents can be identified with a single physical
measurement to some extent, but in other cases drug solutions cannot be umiquely 1dentified
without combining measurcments of multiple physical parameters. According to exemplary
embodiments of the present invention, by advantagecusly combining measurements of
different physical propertics from multiple nterrogation techniques, drug identification
capabilitics and accuracy arc improved. For example, in some cases UV/Visual spectra alone
can classify drags to some extent, but the dibient is sometimes difficolt to determine, such as
for example when samples have a high absorption between 220 - 320 nm. FIG. 1 illustrates
the UV/Visual spectrin measurements for Furosemide 1 NS diluent, Furoscmide in D5W
difuent, and D3W diluent alone. FIG. 1 also demonstrates the strong absorption of
Furosemide in either NS or DSW, compared to the lower absorption of the diluent. Because
the spectra of Furosemide in either diluent masks the spectra of DSW, UV/Visual
spectroscopy alone is insufficient to positively identify the diluent. As illustrated i FIG. 2,
however, the two diloents have different conductivity profiles.  Accordingly, measuring
mmpedance spectra and/or admittance spectra in addition to UV/Visual spectra increases
determination accuracy. Refractive index may also be used i addition to or in licu of the
clectrical properties described above. In one experiment using a support vector machine
{(SVM), conductivity was used to wdentify the diluent of a sample and based on this resolt
cither a drug hbrary specific for DSW or normal saline was used to classify data measured
with a UV/VIS spectrometer. Following this approach the drug identification performance for

10 drugs at 4 different concentrations in 2 different diluents improved from 70% correct drug
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wentification to 84% moving from UV/VIS alone to a combination of conductivity and
UV/VIS. In another expeniment also using a support vector machine (SVM) classification
method for 20 drugs at 4 different concentrations in 2 different diluents the overall accuracy
to wdentify the diluent (D5SW or normal saline} was 96%, which could further be increased to
100% by additionally usmg refractive index data. These experiments demonstrate that the
combination of different analytical techniques improves the drug identification performance
significantly.

{8622} In preferred embodiments of the invention, combinations of physical parameters are
linked together to classity drugs before delivery to the patient. These assays could be
performed on a single or multiple samples sequentially or simultancously. An algorithm
mtegrates the physical parameters for accurate solution identification. The algorithm
classifics drug and diluent as well as concentrations by chemical properties and then
mterpolates between the calibration concentrations in a drug library.

18623} FIG. 3 dlustrates an exemplary method according to an exemplary embodiment of the
mvention. At step 100, a first analvtical technique is applied to an unknown sample. At step
102, the results of the first analvtical technique are analvzed to determine if a unique drug
and diluent may be classified, or if further properties must be measured. If a unique drug and
diluent are classifiable based on the first analytical technigoe at step 104, then the drug and
diluent are identified and the method ends. If, however, a unique drug and diluent were
unable to be classified based on the first analytical technique, then the method continues to
step 106, where a second analytical technique s selected to be apphied to the sample. The
second analvtical techmique is preferably selected based on the results of the first analviical
echnique to increase the likelihood of successfully classifying the drug and diluent. For

example, as discussed above, if the first technique 1s UV/Visual Spectroscopy, the results
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may indicate Furosemide or BSW. Accordingly, the second technigue to be selected would
preferably be conductivity. At step 108 the sccond analvtical technique is applied to the
sample, and at step 110 the results of the second technique are determuned. At step 112,
classification 1s possible based on the results of the second technique, then the method ends.
If, however, at step 112 classification is still not possible, then further analvtical technigues
are selected and applied, as discussed above, and as generally shown as step 114, A classifier
system that performs the above described exemplary method is preferably configured to
melude predetermined threshold parameters and features for a vaniety of drugs. A sample can
be classified when the properties measured fall within predetermined threshold parameters.
100624} While the classifier described above is stepwise, there are many classification
algorithms known in the art of patiern recognition and machine leaming that could be
croployed. If, during classificr training, it 1s determined that a subset of physical parameters
are always required, then onge or more of the classification steps could be multi-dimengional.
Classification algorithms can be selected from parametric and non-parametnc supervised
methods such as discnimimant analysis, decision trees, neural networks and support vector
machines. Clustering, and regression (such as principle component analysis) algonithms, as
well as many other methods known m the art can be employed.

{0025} In certain system architectures, it mayv not be necessary to completely characterize the
mfusate. The svstem can be designed to verify that no changes have occurred since the
mfusate left the pharmacy, where it was prepared. In this case, a certain set of physical
parameters could be measured and recorded. Upon delivery to the patient site, prior to, or
during imjection, the same paramcters could be measured.  Allowing for measurement
variability, and comparing the data from the two points in time, the confidence lovel that the

drug is the same drag could be determined and reported to the climcian. An alarm or
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notification that an error has occuwrred would be indicated to the chnician. The system
architecture can also be designed with a high fidelity system at the pharmacy where many
mfusate parameters are measured with high accuracy and precision. The system algorithm
determines a subset of parameters, which will be measured with a lower fidelity system at the
patient bedside to achieve the best possible confidence level that the drug has not changed.
{0026} In another crobodiment, the systern might be architected to detect if certain infusate
characteristics can present safety hazards to the patient in an absolute sense, while other
characteristics may be reported in a qualitative sense. For example, if the ionic content
(salimity) is significantly higher than physiologic levels, there can be cardiovascular
unplications. Bulk clectrical impedance can be utilized to measure ionic content, and used to
report a hazard separately from other hazards. The same impedance data could then be used
mn combination with other measured fluid properties in a classifier to report on the likelihood
of ancther medication ¢rror, such as the wrong drug for a particular patient.

18627} Many of the embodiments described above require comparison of infusate property
data from two or more locations and times. In addition, knowledge of the original patient
prescription, the constituents of the infusate drawn from pharmacy or hospital inventory, the
steps involved in reconstiition and preparation and the method of delivery to the patient may
be required to cnable the system. These data are available in information and workflow
systems used i hospitals and hospital pharmacies today. Further, technologies used for
wired and wireless transmussion of data, and machime-readable coding and readers (e.g.,
RFID, barcode scanners) are widely konown in the art.  Infusate parameter generation,
communication, processing algorithms, reporting, storage and alerting can be implemented
with any number of architecturcs, on single or multiple processors, on local or remote

networks, in onge or more housings. There are of course tradeoffs between different
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architectures that are known to those skilled m the art and do not require detailed descriptions
herein to fully implement, so they arc omitted for efficiency and brovity.

{0028] A classifier svstem is preferably previously configured {o include predetermined
threshold parameters and features for a variety of drugs. A sample can be classified when the
properties measured fall within the predetermined threshold parameters.

{60629} It should also be noted that chemical and molecular probes may be emploved to
wdentify desired or contaminating constituents of an nfusate.  Antibodies, fluorescent dyes,
bio-active molecules, DNA, nano-particles, etc., can be mcluded in the fluid path where they
arc exposed o the fluid fiow and provide a signal that can be measured or transmitted to
systems for analysis. These probes can be integrated into configurations where continuous
exposure to fluids is desirable, or could be exposed to the fluid for a imuted amount of tme,
if using them to test the fluid disables them from being used again. For example, a drug
binding with an antibodv may not be reversible, so a sample and test, or one-time test
approach would be a preferential test method.

{8630} These parameters can be used to verifv the intended mfusate, s concentration, as
well as the presence of dissolved contaminates, wrong diluent, mtermittent contamination,
mcluding particulates, infectious agents, and gasses {¢.g., air bubbles).

{8631} Embodiments of the present invention have advantages over prior art in that solution
characterizations are more specific by using multiple physical properties rather than just one.
For example, it is difficult to identify Furosemide diluent solutions by UV/Visual spectra
alone as its specific signal overlaps with the diluent signal. Many high absorbing drugs have
similar overlapping propertics. If conductivity measures are emploved with UV/Visual

spectra, then both drug and diluent can be identified. In a similar fashion, two drugs might
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have comparable UV/Visual spectra and be difficuit to classifyv, but may be distinguished by
specific Raman Spectra or other analvtical techniques.

103632} An addiional advantage of the invention is that single use probes could be conserved
if adequate characterization of the infusate can be made without asmg or otherwise
consuming them.

{0033} FIG. 4A dlustrates an exemplary system according to the present invention. A static
drug sample (71} s mterrogated in a contamner (72} with one or more physical technigues
such as those discussed above. For example, optically neutral containers could be assaved by
UV/Visual, Raman Spectroscopy, or Refractive Index in one system to obtain measurcments
My ... Mn. If conductivity needs to be measured, then electrodes {73a, 73b) can be added to
the assay container {72} to obtain Mn+1. FIG. 4B illustrates a device 74 using an algorithm
to compile the solution propertics of unknowns (M1 ... Mn+1} (75) and compare them to a
library of known drugs (76). This embodiment is suitable for use in a compounding
pharmacy to confirm accurate drug compounding prior to delivery.

{8634} FIG. 5A iHustrates an exemplary embodiment where solution properties i a flow cell
are monitored 1n fine using flow system (80). In this embodiment, optically clean flow cells
or tubes (81) would be assayed by optical technigues for drug characterizations. For
example, optically clean flow cells or tubes (81} could be assaved by UV/Visual, Raman
Spectroscopy, or Refractive Index in one system to obtain measurements M1 ... Mn, If
conductivity needs to be measured, electrodes (82) in the flow may be used for conductivity
measurements Mn+1, FIG. 5B illustrates a device using an algorithm (86) to compile the
solution propertics of unknowns (My ... Mn+1) (87) and compare them 1o a library of known
drugs {88). The flow system (80} could be used at the bedside in a line (83), in an infusion

pump (84), or 1in a waste containgr system {85},
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18635} Bulk chemical properties as determined by analvtical techniques are advantageously
exploited for drug characterizations. A related application 1s diagnostic applications related to
chinical solutions or diagnostic solutions.

10036] An exemplary embodiment of the present invention 18 tllustrated in FIG. 6. A flow
cell 600 1s preterably incorporated 1nto a catheter 602, or the like, through which thuds to be
analvzed flow. The flow cell 600 compriscs a plurality of differcnt sensor types 604a-604c.
As ithistrated, the sensor types include an excitation LED 604a and photodiode array 604b, a
flow sensor 604c¢, a thermal sensor 604d and a conductivity sensor 604e. Utiizing
measurcments of paramcters from two or more of the sensors, the composition or
identification of a fluid flowing in the flow cell 600 can be identified with considerably more
certainty that in conventional systems that attempt to characterize a substance by a single
parameter measurement from a single sensor type.

{8637} It should be appreciated that many additions and modifications to the above described
embodiments may be made by those of ordinary skill in the art without departing from the

scope and spirit of the invention, which is defined by the enumerated claims that follow.
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Claims

1. A method for classifying at least one sample comprising:

selecting an analytical property measurement technique to apply to the at least one sample;

applying the analytical property measurement technique to the at least one sample;

automatically obtaining the results of the analytical property measurement technique applied
to the at least one sample;

automatically determining if the at least one sample can be classified based on the obtained
results, wherein only if the at least one sample cannot be classified, automatically selecting and
applying another analytical property measurement technique;

classifying the at least one sample based on the automatically selected analytical property
measurement techniques;

wherein the step of selecting an analytical property measurement technique comprises
selecting from a group consisting of optical spectroscopy, fluid-mechanic, electrochemical,

thermodynamic, and acoustic properties.

2. The method of claim 1, wherein the step of classifying the at least one sample includes

classifying multiple samples sequentially.

3. The method of claim 1, wherein the step of classifying the at least one sample includes

classifying multiple samples simultaneously.

4. The method of claim 1, wherein the step of classifying the at least one sample includes

determining the drug, diluent and concentration.

5. A system for classifying at least one sample comprising:

a housing for containing the at least one sample;

at least one sensing element to measure at least one physical parameter of the at least one
sample; and

a processor configured to receive and analyze the at least one physical parameter, and
automatically determine if the at least one sample can be classified based on the at least one physical
parameter analysis, wherein only if the at least one sample cannot be classified, the processor is
configured to automatically select and apply another analytical technique to receive and analyze an

additional physical parameter, until the at least one sample is classified.

6. The system of claim 5, further comprising a second sensing element to measure another

physical parameter of the sample.
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7. The system of claim 5, wherein the housing for containing the at least one sample comprises

an optically neutral container.

8. The system of claim 5, wherein the housing for containing the at least one sample comprises

an optically clean flow cells or tubes.
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