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Abstract

Background: An evolving COVID-19 testing landscape and issues with test supply allocation,
especially in the current pandemic, has made it challenging for ordering providers. We audited
orders of the Xpert® Xpress SARS-CoV-2 RT-PCR platform—the fastest of several other
testing modalities available—to illuminate these challenges utilizing a multidisciplinary

laboratory professional team consisting of a pathology resident and microbiology lab director.

Methods: Retrospective review of the first five hundred Xpert® Xpress SARS-CoV-2 RT-PCR
test orders from a 2-week period to determine test appropriateness based on the following
indications: emergency surgery, emergent obstetric procedures, initial behavioral health
admission, and later including discharge to skilled care facilities and pediatric admissions. Our
hypothesis was that a significant proportion of orders for this testing platform were

inappropriate.

Results: Upon review, a significant proportion of orders were incorrect, with 69.8% (n=349,
p<0.0001) not meeting indications for rapid testing. Of all orders, 249 designated as emergency
surgery were inappropriate, with 49.0% of those orders never proceeding with any surgical
intervention; most of these were trauma related (64.6% were orders associated with a trauma

unit).

Conclusions: Significant, pervasive inappropriate ordering practices were identified at this
center. A laboratory professional team can be key to identifying problems in testing and play a

significant role in combating inappropriate test utilization.

Impact statement: In the current pandemic, subject to an evolving testing landscape with frequent
changes in recommendations for testing, providers may be especially challenged to order the
correct tests. At an academic center, we audited COVID testing of the rapid RT-PCR platform and
found that a significant proportion were misordered, suggesting the need for test utilization
guidance. Inappropriate laboratory utilization, which has the potential for patient harm and
contributes to rising healthcare costs, can be targeted through audits like these that utilize a multi-

faceted, physician and laboratory teamwork-based approach.

https://mc.manuscriptcentral.com/jalm
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1

2

z 58 Introduction

Z 59  Inthe US, the “Choosing Wisely” campaign has embodied lab utilization efforts aimed at

; 60  developing sustainable processes to decrease inappropriate laboratory testing and its downstream
9 61 effects on patient care and healthcare costs!->3. The causes of inappropriate testing in laboratory
10

1 62  medicine are complex, but can be partially attributed to the rapidly evolving test platforms and
:g 63  guidelines that make appropriate ordering choices challenging for providers'*. The COVID-19

14 64  pandemic is an embodiment of these fast-paced changes in testing, and with this in mind, we

16 65  chose to analyze COVID-19 ordering practices at our academic medical center in an effort to

18 66 illuminate challenges in ordering practices and contribute to the growing lab utilization

;g 67  management literature.

21

2 68

23 . . . . . .

24 69  There are six different COVID-19 testing platforms available at this academic center, among
;2 70  which is the GeneXpert Xpert® Xpress SARS-CoV-2 (Cepheid; Sunnyvale, CA) real-time

27 71  reverse transcription polymerase chain reaction (RT-PCR) intended for qualitative detection of
29 72 nucleic acid from SARS-CoV-2 in upper respiratory specimens from individuals suspected of

31 73  COVID-19 infection. At this academic center, the GeneXpert (GX) assay that has the most rapid
32 74  turnaround time of the various platforms (1 hour vs 6-24 hours). Testing for COVID-19 is routed
34 75  between the GX and the five other platforms based on the medical indication selected by the

36 76  ordering physician. For example, emergent indications routed the specimen to the GX whereas
38 77  non-emergent indications may route to a batched testing platform with a 24 hour turnaround

39 78  time. The decision to specifically target the GX platform of testing was based on the following:
41 79 1) as the fastest platform, this assay was most susceptible to inappropriate ordering as physicians
43 80 tried to expedite test results, 2) this platform had a limited supply for testing based on test

81 allocation, and 3) both the laboratory director and pathology residents on service identified

46 82  frequent physician requests to change their COVID-19 order to this rapid GX platform. The

48 83  decision was made to review the first 500 tests ordered in a two-week period and determine test
49 . . . . ) .

50 84  appropriateness based on review of the electronic medical record for each patient and hospital

g ; 85  consensus guidelines for testing. We hypothesized that there would be a mismatch between the

53 86  order indication selected that would route to the GX platform and the actual indication for

55 87  testing.

60 https://mc.manuscriptcentral.com/jalm
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Materials and Methods
Study setting and patients

This study was submitted to and approved by the University of Maryland, Baltimore Institutional
Review Board as Exempt under protocol number HP-00094270. The GX test went live for
limited testing on 3/29/2020 until the initial algorithm for COVID-19 testing was implemented
on 6/1/ 2020, which linked order indications selected for testing to the appropriate test platform.
Test orders were part of a check box selection with no free text option in the electronic medical
record. Indications that lead to rapid testing on the GX were acute emergency surgery, emergent
obstetric procedures, initial behavioral health admissions, and ICU admission, with all other
indications deemed non-urgent and placed on high-throughput batched testing. Our study period
followed the updated COVID-19 testing algorithm that went live 11/3/2020, which was
developed by hospital system incident commend for influenza season. The International Disease
Society of America (IDSA) makes no strong recommendations for or against use of rapid tests
versus standard or batched RT-PCR testing. The IDSA conditionally recommends RT-PCR
testing in symptomatic individuals suspected of having COVID-19; however, testing platforms
and turnaround times are determined by the clinical laboratory in conjunction with clinical
stakeholders. For this study, the Cerner Millenium laboratory information system database was
queried for patients who had GX orders placed between 11/23/2020 to 12/7/2020. Over the two-
week study period, the first five hundred tests that routed to the GX were reviewed by a
multidisciplinary team consisting of a senior pathology resident and the associate director of the
clinical microbiology lab. For each patient, a retrospective chart review was performed and
determination of test appropriateness based on hospital-established guidelines for this testing
platform. Appropriate indications for testing initially included acute emergency surgery,
emergent obstetric procedures, and initial behavioral health admission, but later included orders
for discharge to skilled care facilities and pediatric patient admissions (initiated 11/31/2020) as
well (see Table 1.); retrospective review included all indications for testing when evaluating test
order appropriateness. Descriptive data for these patients was obtained by review of the
electronic medical record and included order indication selected, unit associated with the order,

and test result. An assessment of the actual indication for the order was then made by chart

https://mc.manuscriptcentral.com/jalm
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1

2

2 118  review. Discrepancy between indication on the order form and actual indication as well as
5 119  whether or not the indications met current criteria for GX testing were used to determine
6

7 120  appropriateness of testing.

8

9 121

10

1; 122 Data collection and analysis

'3 123 Information pertinent to testing review was collected in a password-protected Excel file

15 124  (Microsoft, Redmond, WA). Pertinent laboratory data recorded for each request included the
17 125  order date, patient name and accession number for review in the electronic medical record,

19 126  ordering unit, order indication, and test outcome. Upon chart review, the actual indication for
20 127 testing was recorded. For any test where there was a mismatch between the actual and selected
22 128  order indication, a note regarding the clinical context was made. Differences between order

24 129  indication and actual indication were analyzed using Chi-square or Fisher’s exact test as

130  appropriate. All statistical calculations were performed using SAS software (version 9.4; SAS,

27131  Cary, NC).
132
32 133 Results

34 134  Of'the five hundred tests reviewed over the two-week study period, the majority of indications
36 135  selected were acute emergency surgery (n=339, 68%), followed by OB emergent (n=78, 16%),
37" 136  behavioral health (n=47, 9.4%), and other [discharge (n=21, 4.2%) and pediatric admissions

39 137 (n=15, 3%)]. There was a significant discordance between the order and actual indication for

41 138  testing, with 69.8% tests deemed inappropriate (n=349, p<0.001). The majority of inappropriate
139  orders were tests ordered with the indication of “acute emergency surgery” (n=249, see Fig. 1),
44 140  49% of which never had any surgical intervention; these orders were mostly from the Trauma or
46 141  Emergency department units (79%, n=203). These orders placed in anticipation for surgical

48 142  intervention with no subsequent intervention had no other indication for testing. In a proportion
49 143 ofthese inappropriate acute emergency surgery cases that never proceeded to surgery, the

51 144  patient’s had been post a motor vehicle crash (25%, n=30) or other trauma-related event (34%,
53 145 n=41). Inappropriate ordering was also pervasive in labor and delivery, with “obstetric emergent

55 146 procedure” indication selected inappropriately in 77% of obstetric-related cases (n=60).

60 https://mc.manuscriptcentral.com/jalm
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Examples of inappropriate obstetric emergency procedure orders included patient’s who were
gestational and presenting for a routine obstetric visit with respiratory symptoms or patient’s
who had no risk factors for cesarean section and proceeded to have an uncomplicated
spontaneous vaginal delivery, among others. Behavioral health admissions were also
inappropriate in 68% of cases (n=32), and the majority of inappropriate orders were patient’s
who were being worked up for behavioral health issues but were never admitted. Testing for the
indication “discharge to skilled care facilities” was inappropriate in 35% of cases, and the
findings in all of these cases was that the patient was not discharged due to ongoing medical or
social problems preventing discharge. All pediatric indications selected were appropriate. Most

patients ultimately tested negative for COVID (95.8%, n=479).

Discussion

Identifying inappropriate laboratory ordering practices is a crucial part of modern laboratory
utilization and management efforts to optimize patient care and control healthcare costs.
Laboratory order errors have been increasingly documented in the primary literature, described
as a source of not only wasted healthcare resources but as a possible source of patient harm
through unnecessary phlebotomy or diagnostic error leading to invasive procedures'#-°,
Inappropriate orders are not a surprise given the rapid introduction of new and emerging
diagnostic testing modalities, which makes it challenging for physicians to follow best ordering
practices*. The range of errors include those ordered mistakenly, redundantly, or inappropriately,
with the latter defined generally as tests ordered that violate a guideline produced by a
professional society®’. Prior large scale auditing data has revealed significant variation in
ordering practices that encompasses both under and over-utilization of tests that do not follow
current guidelines’. This has significant implications not only in terms of cost-effectiveness, but

in equity of access to laboratory testing and broader public health outcomes.

At our tertiary medical center, audit of COVID-19 GX ordering practices was performed in order
to determine order appropriateness and understand physician-ordering practices. Our medical
center has various COVID-19 nucleic acid testing platforms that have been added over the

course of the pandemic to deal with the increased volumes of testing, changing test

https://mc.manuscriptcentral.com/jalm
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1

2

z 177  recommendations, and limited supply of testing reagents and materials. Among these platforms
5 178  is the GX platform that is attractive because of its short turnaround time but is one of the most

6

7 179  limited in available testing resources in comparison to other testing platforms. A single cartridge
g 180  isused per test, and test cartridges are allotted to the hospital at a set frequency because of

10181  national supply allocations. To deal with the high demand for this testing option and in

12 182  anticipation of influenza season, hospital incident command developed a COVID-19 algorithm
14 183  that went live November 3, 2020 that linked order indications selected for testing to the

15 184 appropriate test platform. Patient indications that were linked to the GX, for both symptomatic
17185 and asymptomatic patients, included the following: acute emergency surgery, obstetric emergent
19 186  procedure, and initial behavioral health admission, which later also included pediatric patient

51 187  admissions and inpatients awaiting discharge to skilled care facilities. The clear consequence of
22188  overutilization of this testing platform was the limitation in resources for other patients who met
24 189  criteria for the faster test; however, unlike other instances of inappropriate ordering, there was no
26 190  clear direct patient harm that would result from misordering. The purpose of this study was to
191  evaluate ordering practices of this RT-PCR testing platform and gain insight into ways to

29 192  optimize lab management.
31 193

34 194  Over the two-week study period, a significant proportion of tests were found to be

3> 195 inappropriately ordered, and most often for an acute emergency surgery indication. A majority of
37 196 these inappropriate “acute surgery” indication cases were ordered in the trauma or emergency

39 197  department units, with the latter also responsible for the majority of inappropriate “behavioral
198  health admission” indications. Although we did not explore specific reasons for inappropriate
42199  ordering, primary literature has established various contributing factors such as feelings of

44 200 insecurity or lack of awareness and knowledge of testing by ordering providers'->3. In our study,
46 201  reasons for incorrect test order indication may have included foreshadowing need for emergent
202  surgery, as many of these cases were patients in the emergency department or trauma center post
49 203  motor vehicle accidents or gunshot wounds; however, following the guidelines outlined by the

51 204  hospital, these patients should not have had COVID orders placed until patients were definitively
53 205  heading to the OR. Some informal physician feedback included not being able to distinguish

>4 206 “priority” or acute emergency cases from “non-priority” cases. While these concerns are valid,

56 207 they do not account for the 49% of patients with “acute surgery” selected as the indication in our

60 https://mc.manuscriptcentral.com/jalm
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cohort who were discharged without any surgery. Inappropriate ordering was not only prevalent
in the ED or trauma units, but was also pervasive in labor and delivery, where the indication of
“OB emergent” was selected for scheduled cesarean sections in addition to routine gestational
visits and induction of labor cases with low risk of cesarean section. Even order indications that

seem straightforward (e.g., discharge), were often inappropriate.

Identifying misordering practices can broadly illuminate problems with test ordering design
elements and the steps necessary to eliminate inappropriate ordering. For instance, in
inappropriate “acute emergency surgery” or “obstetric emergency surgery’’ situations, the initial
design of the orderable could have included the need for a case associated with the patient to be
posted prior to being eligible to select this order indication. In the case of “initial behavioral
health admission,” the orderable could similarly be linked to an admission note or some other
evidence to support selecting this indication. These examples highlight what is well established
in the lab utilization literature, which is that the electronic health record can be utilized in a lab
stewardship manner3-10. Utilization of computerized efforts to streamline lab management in
addition to audits like this study as well as provider education and feedback regarding ordering
practices could result in positive changes'!, although data is lacking regarding long-term order

practice changes following similar interventions3*.

Clearly, the pervasiveness of inappropriate ordering at this institution demonstrates an
opportunity for laboratory stewardship, which could mean laboratory professionals working with
ordering providers to audit the appropriateness of a test request, physician ordering practice
feedback, or redesigning test elements. Information technology and the electronic medical record
system can be utilized to direct tests appropriately and flag or stop inappropriate orders before
they even reach the laboratory’-'2. The literature supports a multifaceted approach!->%13, but with
the commonality that physicians work together with laboratory professionals so that the issues
inherent to laboratory testing issues are approached in the context of meeting the clinical care
needs of the patient. Inappropriate GX ordering at this medical center has not yet been formally
addressed on a systems-level due to a lack of dedicated data management resources. However,

physicians who place COVID-19 orders and wish to switch to the GX platform have had to

https://mc.manuscriptcentral.com/jalm

Page 8 of 13



Page 9 of 13

oNOYTULT D WN =

238
239
240
241
242
243

244

245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262

263

264

265
266
267

Manuscripts submitted to The Journal of Applied Laboratory Medicine

negotiate test appropriateness with the microbiology lab directors on a test-by-test basis. In these
instances, the lab director has utilized the aforementioned ordering algorithm and provided
physician education concerning appropriate test ordering. In addition, clear disregard for the
testing algorithm (when identified) was addressed with hospital risk management in an effort to
increase provider education. This retrospective audit regarding the inappropriate use of the

platform will be informative for future decisions regarding test order design.

There are obvious limitations to our study. First, this was a retrospective single-center
investigation of only two weeks duration. However, the issues in ordering were uniform over that
period, and we have observed ongoing issues in ordering of this testing platform since the onset
of the pandemic due to the evolving test landscape and recommendations for testing. Second, we
did not investigate reasons for inappropriate ordering apart from speculation; it could be that
there was an element of the ordering process that made selection of a different order indication
impossible. However, this finding would also support the need for better design elements and
clinical-lab interface that is the overall recommendation from our findings. Additionally,
retrospective chart review of real time decisions made for test ordering does not necessarily take
into account the rationale of the provider. Medical decisions for ordering are complex, and
extrapolation of that decision making from the electronic medical record is somewhat limited.
However, review of test orders by a pathology resident—given their background medical
knowledge and training—in addition to the expertise of a clinical laboratory professional allows
for increased accuracy in final assessment of test appropriateness. Finally, physician feedback
regarding ordering was only provided in limited circumstances as described previously. Our data
have identified the need for additional systems-level interventions, which may include changing
design elements in the electronic health record or the way physicians are educated regarding

ordering, in order to tackle inappropriate lab utilization.

Conclusions

Inappropriate laboratory testing for the COVID-19 GX platform was pervasive at this academic
medical center, reflecting growing literature highlighting similar findings in laboratory medicine

in general. Although this is a single-institution study, these findings suggest that multi-

https://mc.manuscriptcentral.com/jalm
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institutional investigation of similar testing platforms may be warranted. Lab utilization literature
emphasizes a combined effort in tackling inappropriate testing that includes tasks such as lab
feedback regarding physician ordering practices, audits, and physician ordering education in
addition to computerized systems that facilitate appropriate order choices. Like in our study,
where physician-based knowledge of patient care was bridged with a laboratory professional in
order to determine test appropriateness, it is through a laboratory-clinical interface that we can

improve lab utilization with downstream clinical and financial implications.
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Table 1. 2020 Fall COVID-19 testing algorithm

Test indications

Platform

GX
(TAT=1 HR)

BD
(TAT=3-5 HR)

Roche/Abbott
(TAT=24 HR)

Reference
Laboratory
(TAT=3-5 days)

BioFire
(TAT=3 HR)

Asymptomatic Patients

Symptomatic Patients

Acute emergency surgery
Emergent obstetric procedures

Initial behavioral h

ealth admission

Pediatric admissions**

Ambulatory oncology or transplant
same-day surgery

Discharge to nursing home, skilled nursing facility, jail, or acute

care fac

Asymptomatic screening for
inpatient admission

ility*

PUI admission

Pre-op 24-96 hour

Ambulatory oncology or transplant
surgery in >24 hrs

Ambulatory oncology or
transplant infusion PUI

Obstetric scheduled c-section in >24 hrs

Routine, ambulatory

Repeat inpatient testing

ED discharge home
Ambulatory office visit PUI
Acute respiratory failure, active

oncology or transplant
inpatient

*Discharged patients were later routed to the GX platform instead of BD. **Pediatric
patients were added as an appropriate indication for GX testing beginning 11/31/20.
Abbreviations: TAT=Turnaround time, GX=Cepheid GeneXpert®, BD=BD MAX™ System,
PUI=Patient under investigation, ED=Emergency department

Figure 1. All GX orders during study period, with pie graphs of the outcome and unit associated

with the inappropriate emergency surgery orders. Abbreviations: OB=Obstetric, BH=Behavioral

health, ED=Emergency department

https://mc.manuscriptcentral.com/jalm
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