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ABSTRACT

I ntroduction

Hedlth care providers place a variety of orders in many clinicad contexts:
ambulatory, inpatient, emergency department, and beyond. Laboratory tests are a
ubiquitous and sometimes costly aspect of medica care. Providers may order laboratory
tests to assst with diagnos's, based on antiquated training, reflexively to mitigate
lighility, asapre-requisite to pharmacologic therapy, or automatically as a part of an
order set.  Providers have little, if any, assstance from eectronic hedth records (EHRS)
to guide their understanding of trends in their own norma or abnorma lab results.

The project am was to develop a framework to visuadize andytics and disparities
in laboratory test results ordered by providers. Laboratory tests are the focus of the
investigetion given the relaive ease of data analyss of numerica vaues. The conceptua
principle may, however, be extended to a wide array of orders (e.g., radiology results,
cardiac testing, or pathology results). The visudization framework is intended to provide
information to providers at the point of order entry to identify their historica rates of
abnormd (or normal, depending on context) results.  Such data visudization is intended
to exist as a contextually-based infobutton rather than a mandatory clinical decison
support (CDS) det. Contextud information (eg., diagnoses) is consdered dong with

correlation to colleagues higtorical data and patient outcomes.



M ethods

Data utilized in the study were prospectively collected on patients admitted to the
Clevdand Clinic main campus medicd intensve care unit between April 2010 and
December 2013. Data eements available included demographics (gender, age), order-
specific details (attending physician, order date and time, and order status), and lab
results (result date and time, result, abnormaly low or high, and normd laboratory
vaues). Additiond data were obtained from a business intdligence system, which
included International Classification of Diseases, Ninth Revison, Clinicad Modification

diagnosis codes.

Results

The resulting visudization framework consists of components dlowing data
anayss, as desred by the user, in a variety of fashions. Each order’s constituent
components are andyzed separatdly. Histograms dlow the provider to review data
compared to colleagues when bcusng on normd, abnorma, or dl vaues. The limits of
norma are adjustable, depending on the provider's preferences and possibly clinical
context. For each order, the diagnoses mogt frequently associated with the order and
oddsratios arelisted in descending order, by the provider dong with colleagues for
comparison. Findly, to avoid overwheming providers in anticipation of usng the
framework in a clinicd environment, brief summarized notes of diagnosis-based context
gpecific data are provided. The notes aone could be used in an eventua production

environment to help providers change ordering behavior.



Conclusion

Hedth care providers, limited by time and accesshility of clinical data through
EHRs, need opportunities to determine appropriateness of clinica orders. This work
demondtrates the potentia infobutton-type approach to allowing providers an opportunity
to evaduate their own performance in comparison to colleagues in a patient-specific
contextud fashion. While congtant derts and reminders provide limited benefit due to
fatigue, persondized data should be made available to interested providers to help make

meaningful and informed patient care decisons.



INTRODUCTION

Hedlth care providers place a variety of orders related to patient care in many
clinicd contexts. ambulatory, inpatient, emergency department, and beyond. Laboratory
tests, a frequently placed order type, are a ubiquitous and sometimes costly aspect of
medical care. Providers may order laboratory tests to assist with diagnosis, based on
antiquated training, reflexively to mitigate liability, asapre-requiste to pharmacologic
therapy, or automatically as apart of an existing order set. Providers have little, if any,
assistance from dectronic hedth records (EHRS) to guide their understanding of trends in
their own norma or abnormd 1ab results.

Overuse and inappropriate laboratory testing is a problem recognized for many
years. Strategies focused on educating providers on appropriate laboratory testing
involve guidelines, protocols, decison support systems, and feedback with mixed results
[12]. Unnecessary laboratory testing ill occurs and can be a very costly part of medica
care [34]. Unfortunately, smply displaying order costs or providing summary tables to
providers does not ater ordering behavior [56]. Incentives and report cards have dso
fdlen short [7-9]. Process- or team-based approaches, including expert systems
integrating consensus guidelines systematicaly, emerged asthe more likedy methods to
curtall unnecessary laboratory testing [2 10-13]. Not dl laboratory tests, however, have
consensus guidelines and the ability to systematically restrict orders cannot be applied

universdly. Integrated educational support systems have shown promise [14].



Efficacy of Laboratory Tests

Laboratory tests range in cost and potential for morbidity. Typicadly,
commonplace high volume laboratory tests are inexpensve and introduce limited
immediate risk in patient care (e.g., introducing blood stream infections, localized
hematomas, etc.). Laboratory results, however, can sometimes misdirect or prolong
medical care unnecessarily. Eliminating or reducing unnecessary, codtly, or risky
laboratory testing has been a long-standing and important topic in hedth care [13 15 16].
As technology advances, a focus on diminating overuse of new tests, which are typicaly
coglly, is dso important [17].

Laboratory tests may dtogether be unnecessary [3 16]. For example, pre-
operative coagulation studies areahistorica practice (some might argue relic) in
medicine, but often provide little, if any, apprecidble vdue [18 19]. Neuhauser and
Lweicki demondrated the sxth stool guaiac was not cost effective in screening for colon
cancer [3]. Finding systematic ways and EHR-based tools to help providers identify
higtorical disparities and unnecessary testing are needed.

A variety of interventions have focused on dtering ordering behavior. Examples
include consensus-based derts and prospective constraints [20], incorporation of practice
guidelines [21], restricting orders [22], and educationd intervention adong with test
unbundling [23]. Such studies typicaly demongtrate reductions in order frequency with
corresponding cost savings.  Endpoints such as clinica outcome and gpplicability of
laboratory results are rarely measured or discussed. | argue that, in addition to reducing
the volume of unnecessary laboratory tests, hedth care providers should focus on

increasing the frequency of orders tha result in meaningful normd or abnorma tests



results, depending on the clinical context (e.g., desired diagnostic sensitivity or
specificity). For example, automatically ordering or confirming a known normal sodium
vaue often adds little to patient care; however, identifying an anorma sodium vaue
with the right index of suspicion (e.g., suspected volume depletion) can add significant
vaue to hep guide trestment decisons.

Hedth care providers are not necessarily to blame in ordering unnecessary
sudies, including, but not limited to, laboratory tests. Discrete, contextua, and
persondized data are necessary to help a provider understand the likelihood a laboratory
test may or may not provide meaningful data in a patient’'s care. Those data can then be
interpreted by the provider or EHR to determine if they have meaning to the patient under

consideration

Order Setsand Computerized Provider Order Entry (CPOE)

As EHRs have become integral parts of medical care, computerized provider
order entry (CPOE) implementation is widespread. As a convenience and safeguard
afforded by CPOE, a variety of order sets typically accompany CPOE for an array of
providers in a variety of patient contexts. A negative byproduct of order sets is the
default behavior sdecting potentialy unnecessary orders, sometimes in perpetuity (e.g.,
daly indefinitely), such as laboratory tests. Such behavior can result in unnecessary
costs, wasted time, and patient complications as a result of inaction, additional diagnostic
interventions, or delay in continuity of care.

Mekhjian et a. evauated the hypothesis that order sets might decrease

unnecessary laboratory testing [24]. The group compared the frequency of laboratory
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orders prior to CPOE implementation using paper orders and following CPOE
implementation. Regardless of the disease, they found that the number of |aboratory
orders increased approximately 50% over a two year period. The mgority of increases
were in medicd diagnoss-related groups (DRGS), whereas surgical DRGs saw a decrease
in orders. The group concluded that computerized order sets increases |aboratory
utilization. The impact on unnecessary spending, misdirected card, and clinical outcome
iS uncertain.

Informaticians have investigated the option of peer-derived consensus derts
focused on discontinuing pre-determined and prevention of unnecessary or redundant
orders [20]. Despite the promise in improving byproduct orders from order sets, dert
fatigue and non-compliance, unfortunately, may result in such an intervention having

unilaterd, sustainable affects.

I nfobuttons

Infobuttons are often used in clinicd decison support (CDS) applications [25-42].
The use of infobuttons is commonly helpful in the context of offering providers details
regarding medication administration [43]. Infobuttons have also been used in laboratory
andyss [31]. A guiding principle of infobuttons is to provide context-specific links to
separate systems that provide information in an anticipatory fashion [29].

The literature provides examples of avariety of context-dependent infobuttons
[43 44]. The context of an infobutton has a wide array of interpretatiors, ranging from
gender-specificity to diagnogtic-specificity and beyond. There are, however, sparse
examples of infobuttons (or sSmilar) that illustrate on-demand provider-dependent datato
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help guide dinica decison making. Contextualy appropriate and anticipated
information appropriate to the provider and Stuation are important for success [35]. The
infobutton paradigm is fitting in the gpplication of visudizing historical order data to

identify disparities in provider's hitoricad |aboratory results.

Aim

The project am was to develop a framework to visudize anaytics and disparities
in laboratory test results ordered by providers. Laboratory tests are the focus of the
investigation given the relative ease of data analyss of numerical values. The conceptua
principle may, however, be extended to a wide array of orders (eg., radiology results,
cardiac testing, or pathology results). The visudization framework isintended to provide
information to providers at the point of order entry to identify their historica rates of
abnormd (or normd, depending on context) results. Such data visuaization is intended
to exist as a contextually-based infobutton rather than a mandatory CDS dert.
Contextudl information (e.g., diagnoses) is consdered dong with correation to

collesgues historical data and patient outcomes.

Hypothesis

When ordering tests, providers have a difficult time quantifying the patient's and
their own pre-test probability of an anormd test result. The diagnostic utility of a
laboratory test is likdy highly variable depending on the ordering provider (i.e., hisor her
historical trend) and patient context. | hypothesize that the rate of abnormd test results
varies dramaticaly among providers, resulting in digparities in diagnogtic utility.
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Visudizing such abnormdities in a framework will educate providers, uncover

disparities, and potentially impact ordering behavior.

The proposed research seeks to:

1) Quantify the rates of abnormal test results ordered by providers

2) ldentify disparities in frequency of tests ordered or abnormd results obtained by
providers

3) Develop visudization tools intended to provide an overview for providers usesble at
the point of order entry as an infobutton (and beyond)

4) Seek to determine if clinically-relevant contextua distinction can be created and

visudized

MATERIALS AND METHODS

Data Acquisition

Data were collected on patients admitted to the Cleveland Clinic main campus
medical intensive care unit (MICU) between April 2010 and December 2013. Patients
were included if they were assgned to a bed in one of four MICU locations: G60, G61,
G62, or G91. Data were collected prospectively under Cleveland Clinic Indtitutiond
Review Board (IRB) Registry 11-524 (“Medical Intensive and Respiratory Specid Care
Unit Outcomes Regisiry”). For the current study, the data were ascertained and reviewed
in a retrogpective fashion.

Data dements collected included demographics (gender, age), order-specific

detalls (attending physician, order date and time, and order status), and lab results (result

6



date and time, result, abnormally low or high, and norma laboratory vaues). Additiona
data were obtained from a business intelligence system, EPS (Allscripts, Chicago, IL)
and merged to the MICU registry by medicd record number and date. EPS data
included International Classification of Diseases, Ninth Revison, Clinicad Modification
(ICD-9-CM) diagnosis codes).

Approva to conduct the retrogpective medica records review was obtained from
Clevdand Clinic IRB (14-032) and Oregon Hedth and Science University IRB

(IRB00010365) by way of waved oversaght.

Data Analysis and Visualization

Data were stored and andyzed usng acommodity 64-bit server running Ubuntu
Linux 12.04.3 LTS with an AMD FX"™-4100 Quad-Core Processor, 4 GB of RAM, and
2 TB RAID 0 hard disk array. Software employed included a MySQL 5.5.34 database
(Oracle Corporation, Redwood City, California), Apache 2.2.22 Web server (Apache
Software Foundation, Forest Hill, Maryland), and PHP: Hypertext Preprocessor 5.3.10
scripting language (The PHP Group). Data display was accomplished using HyperText
Markup Language (HTML) 4.01 Trangtiond.

Statigticd andyses were performed using custom-written PHP functions dong
with functions from astandard PHP class PECL stats(e.g., stats cdf _chisquare).
Student’s ttest for continuous variables and chi-squared test for categorica variables
were used to evauate for dtatistica sgnificance. Odds ratios using 95% confidence
intervas were dso cdculated. A p-vaue of 0.05 was used to determine Statistica

sgnificance.



RESULTS

Demographics

Between April 2010 and December 2013, 10,160 patients were admitted to the
Clevdand Clinic main campus MICU. Those patients were present in the MICU for
12,413 episodes of care. 3,883 different named orders were placed for a total of
4,074,440 orders. 1,557 providers ordered tests on patients during the timeframe. Given
the large data set and the prototype nature of the work, | focused explicitly on the
following most common orders with their respective component results ACTIVATED
PTT, BASIC METABOLIC PNL, CBC + AUTO DIFF, CBC + PLT, CK TOTAL AND
CK-MB, COMPMETABOLIC PANEL, MAGNESIUM BLD, MAGNESIUM BLD.,
PHOSPHORUS INORGANIC, PROTHROMBIN TIME/PT, TROPONIN T,
URINALYSIS WITH MICROSCOPIC. For brevity, only a sdected subset of the orders

are presented in this work to illustrate the visudization framework.

Visualization Framework

The god of developing the framework was to provide a variety of tools that a
provider could use to andyze his or her historica laboratory ordering practices and

results. Each is described beow.

Order Components
A single laboratory order often represents a variety of congtituent components.

The firg step in the framework is an interface to dlow users the ability to view results, by



order component, as desired. A production tool could be programmed to show, hide, or
sort the components based on loca or user-defined preferences. Figure 1 illudtrates an
example of the component values when a user reviews data for a CK TOTAL AND CK-
MB order. The user has the ability to review his or her higtorica rate of normd and
abnorma results.  In addition, the aggregated historica results of al providers at the
inditution are displayed for comparison. This view contains significant amounts of data
that may be overwhelming in a production environment. Nevertheless, it can be made

avalable if a user sdects “view more data,” or andogous, in a production environment.

Frequency Histograms

Histograms alow the provider to review his or her data compared to colleagues’
when focusng on normd, abnormd, or dl vaues. Figure 2 illustrates ahistogram of dl
laboratory values for a TROPONIN T order. The limits of normd are adjustable,
depending on the provider's preferences and possbly clinica context. A production
environment could tailor the limits based on a variety of clinica conditions and the
laboratory result (eg., principa diagnosis, multiple repeated orders of the same test, etc.).
The histograms provide a way for users to quickly visudize how frequently their
laboratory results are normal (or anormd) and if there are disparities between

themselves and colleagues.

Diagnosis-based Context Specificity
Andyss of laboratory results must occur in a context-sengtive fashion. Figure 3

illustrates, given the presence of a selected diagnoss, the odds of having an abnormd test



result. The ligt is ordered by decreasing odds ratios, with odds less than one at the bottom
of the lig. Such alist can help providers understand how they utilize laboratory orders in
the context of the diagnoses associated with patients. Similarly, Figure 4 illustrates alig
of diagnoses sorted by the frequency with which they are present in association with a
laboratory order. Comparison between a selected provider and colleagues is available.
The present work utilized retrospective review of cbta coded after discharge. A
production environment could compare a working list of avalable diagnosis codes—
perhaps even just the principd diagnoss—to the hitorica data.  Highlighting where the
diagnoses lie on the sorted list of odds ratios could telp frame a provider’s understanding
of his or her historica utilization practices and whether proceeding with the desired order
would be meaningful. The opportunity to create designated, appropriate, or expected
diagnoses for a laboratory order or component would help highlight if the laboratory test
is used gppropriately. A ligt, such as complied in Figure 3, would be a possble place for

adclinica guiddines committee to start.

Provider-specific Notes

Findly, to summarize the diagnosis-specific comparisons in a Smple manner
usable by providers, | created anotes section. Figure 5 illustrates some of the notes for a
TROPONIN T order, highlighting differences (or smilarities) between the selected
provider an dl colleagues. The notes provide a personaized, dashboard-type review of
higtorical behavior that can help a provider understand his or her trends and possibly

influence or change ordering behavior.
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DISCUSSION

By individud provider or as a whole, there are numerous disparities in how and
why providers utilize laboratory testing, as measured by the frequency of abnorma or
normd results. The disparities may be due to clinica variation in patients, incorrect use
of laboratory orders, antiquated training, clinical policy, or to mitigate liability. A very
likely explanation is the increased use of CPOE order sets. A complex discussion,
however, is beyond the scope of the current project. This work sought to provide ways to
andyze individud orders, by provider, in order to identify and suggest correctable
reasons for such disparities.

Giving a provider information that identifies he or she orders the test for a certain
associated diagnosis more or less than colleagues is intended to help the provider
undergand if his or her historica ordering practices are sensble. In addition, reviewing
one's own historical tendencies for the odds of an abnormal test result associated with a
diagnoss may help shape a provider’s understanding of his or her ordering efficiency.
The project’s goa was to congtruct visudization tools to help providers answer the
questions. “Have | historically been ordering this laboratory test gppropriately and
effectively?” and “How do | compare to my colleagues using this laboratory test?’ | fed
this framework can help providers answer those questions.

In completing the project, | realized that t would be helpful to devise a stlandard
or ontology that would classify the appropriate diagnoses (e.g., by 1CD-9-CM codes) for
each laboratory test to maximize senstivity or specificity, depending on the desired
diagnogtic utility. For example, if a Troponin test is ordered to identify cardiac strain or

damage, what are the diagnoses for which such a test is expected and appropriate? Such
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a lig of diagnoses would change if the god of the tedt, in the individud circumstance or
perhaps adways, varied based on the desire to rule out a diagnosis (sendtivity) or rule in a
diagnoss (specificity). The ability to systematicaly and objectively determine such a list
may be chdlenging, but will be an important topic for informaticians to consider in the
future. Just like laboratories determine normal limits based on reviewing frequency

distributions, so too could such a list of diagnoses be determined.

Limitations

At times, MICU patients are boarded in locations outsde of the designated MICU
typicaly due to limited bed availability or a multi-disciplinary team care. In those cases,
the patient would not have been included in the data for this sudy. Given that the study’s
gods were to provide a visudization framework, incomplete data were tolerable.

Demographic data were incompletely available on the patients in the data set
(8,894 or 88%). In addition, ICD-9-CM codes were linked for 8,366 of the patients in the
data set (82%). The data were aso reviewed in a retrospective fashion. ICD-9-CM
codes were formaly assigned after discharge, which is not reflective of a production
clinicd environment. Assgnment of 1CD-9-CM codesduring hospitaization does occur
and could be used to compare the current patient to historical data. In addition, certain
behavior may have been driven by resdents, fellows, protocols, or order sets. Capturing
those differences in a retrospective review—and perhgps in a clinical production
environment—is challenging.

Providing context- and provider-specific results dynamicdly in an EHR may be

chdlenging given the large amount of data to be processed, particularly for high
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frequency orders. The intended clinicad use of the data does not mandate frequent data
refreshes and could therefore be processed a priori in baich, if sgnificant processng

limitations were encountered.

SUMMARY AND CONCLUSIONS

Hedlth care providers, limited by time and accessibility of clinical data through
EHRs, need opportunities to determine appropriateness of clinica orders. This work
demongtrates the potentia infobutton-type approach to alowing providers an opportunity
to evaluate their own performance in comparison to colleagues in a patient-specific
contextual fashion. While congtant derts and reminders provide limited benefit due to
fatigue, persondized data should be made available to interested providers to help make
meaningful patient care decisons.

EHRs and CPOE provide an excellent avenue by which many, if not soon to be
al, providers enter orders and review results. A multi-faceted approach to curtail
unnecessary ordering, particularly of laboratory tests, will likely prevail to provide the
most positive results. CDS, consensus-based derts, restricting ordering, collegia
pressure, and context- and provider-specific historica data are adl methods that can be
employed to achieve the task. Important to the god is ensuring clinicd care ddivery is
not compromised.

Simple, uncomplicated, provider- and context-specific notes for a laboratory test
may provide meaningful feedback to modify ordering behavior. Such notes and feedback
are intended to be and would likely function the most effectively in an infobutton

goproach. Alert fatigue with mandatory aerts or notes is not intended. Future directions
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beyond this work include implementation of the framework in a live EHR and CPOE
sysem to measure the impact it might have on changing ordering behavior.

Implementation was beyond the scope of this project.
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FIGURES

ORDER: CK TOTAL AND CK-MB

ckmps | PhysicionID 1201195140) 403 208 140 [265%]} |0 26 [43%] | |07} 18 1
1 Coll s _
5 TN 16,244 |4.96) 5,681 [348%] |0 1,232 [7.5%] |11 194 |
[excluding 1D 0] »
Statistical Difference? Yes (p < 0.0001) Yes (p 0.004) |Yes (p < 0.0001) 2
e Physician ID 1201198140403 208 603 [1000%] |0 69 [11.4%] |49 23 I
Coll s ,
e ST 14,349 | 4961 16,272 [99.5%] |0 2,001 [12.2%]|6.2 28 1
i {excluding ID Q) »
Stotistical Difference? No (p0.167) Mo (p 0.601) [MNo (p0.5308) e

Component Analysis Ordered | Palient Encounters | Valid Numbers | Low Values | High Values Mean Median Histograms
S Phy=ician 1D 1201198140405 208 588 [97.2%] 185 [312%] | (8% [147%] | |445 1,502 |
B
Coll =
Gz SR 16288 |4.963 15,877 [969%] |4.492 [27.4%] |2.995 [16.3%] | 445 292 |»
fiag [excluding 1D 0}
»abr
Stotistical Difference? MNo [(p 0.757) Yes (p 0.043) |Yes (p 0.029) |MNo (p 0.847) »

Figure 1 Physicianspecific andyss of laboratory results of components on order for CK TOTAL AND CK-MB. Emphass is on

comparing the selected physician's performance to that of his or her colleagues. Highlighted cdls draw the user to physician vs.

colleague comparisons that are datigticaly different.

ratios, or histograms.
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Figure 2 Frequency higogram of laboratory results for TROPONIN T order. Based on the laboratory specified limits of normd,
hisograms are available for norma, anormal, or dl vaues. The user can aso change the limits of the histogram to review a region

of interest. Emphasis is on comparing the sdlected physician’s performance to that of his or her colleagues.
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To ba includad, @och dognose must hove of leost B Rof tetol orgar count. TOTAL: 31,341, CURRENT INCLUSION THRESHSLD: 1,547

Fefresh Dol
2 2| TROPOMIN T rarnal mange 0 1o D1 used to calculate odok [Refererce range:0-0.1]

TROPOMINT
If patient has the diagnosis, odds of having an abnormal best result

Highlightsd rows ors |CO-F codes "sxpected’ or ‘oppropriois” for TROPONRIN T iwork in progress|

I.mn-: ICOLy | Descriphion Tohal Count OR{¥55%CH) | pvalue
40371 |Hypartansive chronic kaney diseass, unspecified. with chraric Kidney diseose stoge ¥ or snd stope renal diseose (20071 ELd |11.48%) | 100 (PA- 109 | <000

2 | 4107 |Subsndocordiol inforction, infial epode of core [41071] 2602 |B3%  [A%(50-88| <0001
3 Y4311 |Renol didysis status [Wa5.11] 3326 [ 104%| |8.61{7.7-2.3] < 2.0001
2 | 5854 .Er o atoge renol diusaoes [355.4] 4 36& |14.0%| (8.5(70-91) < 00001
5 [ 23521 | Anesmio in chronic kidney dssose [285.21] 3303 105 < 0.0001
- 4148 _L"T"-z-" sp=ciied forms of chronic ischemic heart diseos= |21 28] 2005 |£.4%) <0000
7 4275 | Cordioc greast [£27.5] 3374 N0FH| < Qa1
g 70723 | Prasmure uloar stoge I [707.23] 218L |7 OFE « Q0001
9 | 7070 |Prasurs vicer, lowsr back [707.03] 5550 (17 7% 200001
id | XT5a .D:scrders of phosoharus rmetabalisrm [275.3] 8027 |25.4%)| S.0001
1T | FO72E |Prassurs Wosn unetopeabla [TOF.25] 2105 14.7% = 00001
12 | 2763 |Alkolosis 127831 5070 116.2%| £ 00001
13 | 22831 |Metabolic ancepholopothy [248.31] 2405 |7.7% < Q0001
d .EFO .-’-:l.,le ord suboculs necrosis of liver [S70] 2180|585 24 |22-26] <0000
15 | 73552 |Septic shock [FB5.E2E 5168|2619 |22 [2.2- 2.4 < Q0001
16 |2767 |Hyparpotosario [276.7] 0123 [207. |23 [22-24] = Q0
17 | 78559 | Other shock without menfion of trouvmea [735.57] 4322 12.5%| |21 [20- 23 < 00001
18 | 2387 [ Ofhar ond urapecified cocgulation defacts [2046.9] 2005 [B.2% (21 120-23 < Q00
13 [ . 1.99d |4.4% 21 113-25| < D001

Figure 3 If a patient has the diagnoss, odds of having an abnormal test result for a TROPONIN T order. The list is sorted by
decreasing odds of the diagnosis resulting in an abnormad test result.  Highlighted rows were manualy selected as diagnoses expected
or likely to result in anormad test results. Default incluson criteria are that a diagnosis must be present for 5% of the total order
count. Default laboratory limits of norma are provided. The user may adjust the inclusion criteria percentage and default limits of

normd. Cl = confidence intervd; OR = odds ratio.
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TROPONINT

Reawr]

| IcD-% Descrigfion | Colleague Count Tolal Frincipal Diognosis Court | Fravider Counl (1401 187718)

1 S1881 | Acute respirotony foilure |E|IE E-'I] 14,285 |L45.47 <123 |4.8%| 251 |37 37 |
Z "-"&"-4. Farsonal histery of tobaceo urs [VW15.82] . 13,402 !ilﬂﬁ. .'\.'.' 227 iﬁ.?ﬁ:
3 (4280 |[Congestive hear failure, urapecified [420.0] 11,583 3708 (B0 0.3% 227 13 0R
4 4019 | Unapaecified amantial hypartansian |401.9) 11,187 |25.7%) I3 |0 P RN
.5_"|42.'-'3I i Atral filnllation [437.31] !.'II}.'??'& |50 iTIéB {059 141 [21.08%)
& 5847 | Aicute kidney foilure, unspacified [554.5] 10,857 |54.47 394 i | 27 221 [32.85%
I |2?|52 I.ﬁcidus’u [2F4.2F : 13321 (3277 !3 (Do) 1’50 |2B.25%}
a 2724 | Other ond unapecifiad hypedipidamio [272 4] 10,282 (3208 |0 232 |37 47
9 |29592 | Savars sapsie [$95.92) [8.517 (30.4%) | Z(00H 158 25 5%
10 |3TEE | Hypopotossemnio [274.8] B.808 [18.1%) 22 |19 152 |22.£5
T'|:r35.52 is::ﬂic shosk [TEE52] ia,ma (25.6%) !-:n 150 (72,35
12 |ZF47 | Hyperpotossemia [Z746.7] 7RAE (2547 55 0.3 |77 | 26378
13 .Z"EG . Disorders of phosphonss metobolisrm [Z75.3] . 7817 [Z4.5%) :D 210 |31 .58
14 w5864 | Long-tarn (curant) vee of oapifn [W58.68] | 7803 (2488 4] | &5 |24.5%)
15 | 5980 Urinary troct infaction, sifa not spe ifiad |589.0] | 7352 (23.5%) FAN ] 2178

16 |W4782| Do not resuscitate shotus [V49.2¢] [7.189 2em o 122 |21.7%)
117 [ 41401 | Caranan atharmsalarasis of nafive cormnan artery [41281] 7058 (225%) |4 (008 00 [14.9%)
_'IE 7587 | Unspacified sepficerma [032.5] 6776 (2235 idl 1] IE- %) ?_'-; EI'IEI'!;I

-"-9‘_- ;:;EJ Hypoamalality ondicr hyponoiremiz [274.1] 636’5 [21.7%) 53 .L,.E";E-:' 109 |'|6.25.5i
20| 25000 | Dicbates mallifuswithout mantion of cormplicotion type Il or unepesified typa. not stoted or uncontrolled (25000 6570 (2108 |0 PR3

21 |3=.:51 | Azut= pesthemarnagic anemia [285.1] 5.425 (20.5%) isa_m.m 53 (1238

23 | ATED H.-perc:r'\-nlr_' ty ondfar h'p-rra"r--'mn ["'?é..""'l n.!u‘ |zﬂ ".J'L,l |22 'E 1 %) 135 [20.1%y
-ZJ: |1 BE CHher chronic pumonory heort disscses |_-’-'IE-F-I | | &1 =5 i I'? ISEE-I IJ-'? (0 FB\. 110 1637
24 |42?E§' | Hhar specifisd cardioc dysrhythmios [427.87] |5LEH|'1 ['IH.BH 4'I TR 123 I'Iﬂ.m
25 53081 | Bophages! raflus |530.81] | B35e (167% |5 (0.0% 291920
26 (488 | Prisumonio. orgonien vispacified [486] | BTR2(16.5% | 663 (21 1 2225

Figure 4 Diagnoses mogt frequently encountered for a TROPONIN T order. The lig is sorted by decreasing diagnoss frequency

encountered by colleagues. The frequency for the sdected provider is dso available in order to compare the provider to colleagues.

Highlighted rows were manudly sdlected as diagnoses expected or likely to result in anorma test results.
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ORDER: TROPONINT

Component Notes

® Colleagues most common ossocioted diognosis:

Acute respiratory failure [518.81] ot 7% ve. your 37%
® Your most common ossocioted diognosis:

Other aond unspecified hyperlipidemia [272.4] ot 37% vs. colleagues 43%
TROPONINT
ng/mlL 3 diognoses with highest odds of abnormal TROPONIN T

1anose OR | 95%Cl | p value Diagnosis

10.1|%.3- 109 (< 00001 |Hypertensive chranic kidney disease, unspecified, with chronic kidney diseose stoge V or end stoge renal diseose [403.91]

89| 8.1-98 |<0.0001 | Subendocardial infarction, initial episode of care [410.71]

8.4 | 79-73 <0000 [Renal dialysis status [V43.11]

Figure 5 Notes for andyss of laboratory results of components on order for TROPONIN T. CI = confidence interval; OR = odds

ratio.
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