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Disclosures

Scientific Advisory Activities
• ThermoFisher Scientific
• Becton Dickinson
• GeneCapture
• Quidel
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Laboratory Result Reporting Before EMRs
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Result recording Record sorting

Record DeliveryChart ReviewRecord Storage



Enter the Electronic Medical Records!

Medical College of Virginia
• First EMR – 1979
• First LIS – 1983
– Not for Microbiology though

So everything got way better 
right?
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What is the Problem?

Information Overload

“Data asphyxiation” 
-William van Winkle

“Data Smog” 
- David Shenk

“Information Fatigue 
Syndrome” 

- David Lewis

“Cognitive Overload” 
-Eric Schmidt

“Time Famine” 
- Leslie Perlow



What tools do we have to manage all this data?
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Cerner
Statistical Reports
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Elapsed time….

25 minutes

And we haven’t analyzed anything yet



Data are essential to directing a Microbiology laboratory!
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So it’s totally worth it!

Workflow decisions

Assess test utilization

Address perceptions with 
reality

And many many more

I’ve always 

believed this…but 

it’s hard



And then everything changed!
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What is it?

A simple and easy to use, Excel-
based, analytics platform that 
pulls data from the laboratory 

information system (LIS).
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Ad hoc reports
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Set filters
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Time frame

TAT Goal

Exclude 

outliers

Parameters of 
TAT



10/15/2019

Test selection

Specific patient 
locations
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Remember this…

Elapsed time….

25 minutes

Question:
What is our TAT for C. difficile testing?
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In-lab TAT

103-minute TAT

C. difficile Testing

Target TAT 120 m

31.4% outliers

Test volume by time of day

TAT by time of day

Outliers by time of day



Physician concern
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Why are your C. difficile test results taking so long to come back?
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What is the total C. 
difficile TAT?

In lab TAT = ~1.5 hrs
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Wound Cultures

• Includes both anaerobic and 
aerobic bacterial culture.

• Anaerobes are fastidious and 
require rapid transport to 
maintain organism viability.

• Transport time is critical.
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Assessing the components of a 
Wound culture TAT
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Assessing the components of a 
Wound culture TAT
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Wound culture TAT:
Transport Time
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Wound culture TAT:
Transport Time from Rural Hospital

10 hr avg 

Transport time

1 year of culture from CMH

Courier drops

Courier drops



Wound Cultures
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10 hr transport time
Manual of Clinical Microbiology 

recommends 3 hrs

What about 
transport on the 
main campus?
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102.2 hr transport time

VCUHS Main Campus Data



So this looks bad…does it matter?
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Let me stop and say this…
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I believe the centralized laboratory model is the 
downfall of good microbiology.

My bias…

I want these data to show that it is worse for CMH 
patients to send us their microbiology rather than do 

it themselves.

How could we investigate this issue?

Delayed turnaround times? Delays in optimized therapy?
Inferior results such as falsely negative cultures?



Does a longer transport time, impact time to results? 
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VCUHS
Transport time = 102 min 

This also informs us as to 
our workflow

VCUHS Main Campus



Does delayed transport impact overall TAT?
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CMH
Transport time = 10 hr

Collect to Verify

CMH – 5.8 hr
VCUHS – 6.6 hr



Why isn’t the main campus faster?

Some data limitations:
1. TATs are “all-comers”
2. All positive and negative results counted together.
3. More complex cultures require more work.

1. Higher positivity rate from VCUHS patients.
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Since that didn’t show me what I wanted…let’s look at another culture 
type….

Urine cultures – complexity should be more uniform between institutions so should make for a good 
comparator.
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Urine Cultures 
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CMH
Collect to verify = 2.5 days

VCUHS
Collect to verify = 2.2 days

I win?!?!?



How about assessing a more important culture type? Blood cultures
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Histogram for Blood Culture Transport Time
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Outliers



Outliers
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Other uses for Performance Insight
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Workflow Design: Urine Cultures

The highest volume culture in 
most laboratories.

Question – How to reduce the 
burden of the urine culture?



Possible Solutions

• Evening/night shift final no growth cultures
• Final No Growths at 18 hours Consultant recommended.

What organisms are we going to 
miss by shortening our incubation 

time from 24 to 18 hours?

But there is no data to support 
these recommendations.



• 2,278 urine specimens
• 639 >10,000 CFU/ml



This doesn’t seem right…

Specimens received in the afternoon 
were read the next morning and then 

not again until 48 hrs.

Thus, you can’t conclude from these 
data that a 24 incubation would have 

missed all of these pathogens.

And it isn’t….

50 of 62 “missed” pathogens were 
from specimens rcv’d in the evening



18 hour vs. 24 hour Incubation of Clean Catch Urine Specimens

Sept. 6, 2019

Majority of specimens rcv’d
between 3 PM and 8 PM

Which means NG can’t be finalled until 3-8 PM the following day.

Which means the 
majority of our 

specimens are held for 
48 hours.



Hunter Holmes McGuire VA Urine 18 vs 24 hr incubation analysis

Clean Catch Urines
Excluded spinal cord injury patients
622 Urine Cultures Analyzed
100 positives

Positive @ 18 
hours

Negative @ 18 hrs, 
Positive @ 24 hrs

E. coli 31 0

E. faecalis 23 0

C. albicans 1 0

C. krusei 1 0

C. tropicalis 1 0

Aerococcus 1 0

Other positives 40 0

Negative 522 N/A

Sept. 6, 2019



VCUHS Urine 18 hr incubation analysis

VCUHS
• 18 hr July 1st, 2019
• Clean Catch Urines

Metric 24-48 hr 18 hr
Total 7,158 4,121

Median TAT 
(All)

1.8 days 1.5 days

% complete
within 1 day

1.1% 30%

Overall 
positivity rate

33% 33%

E. coli rate 14% 16%
C. albicans 0.9% 0.5%
C. glabrata 0.02% 0.01%

10/15/19

April – May 
2019

July - August 
2019



Other uses for Performance Insight
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Laboratory Utilization



What does laboratory utilization mean?
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Controlling Reference 
Lab Testing

Ardisson et al. LabMedicine. 2007. 38(8)



Reference Laboratory Testing at VCUHS

Sept. 6, 2019

365/day



Highest Volume Tests

Sept. 6, 2019

TestName
YTD_Client_
Dollars

YTD_Tot
al_Quant

ity
T-Spot TB $81,000.26 1301
TESTOSTERONE FREE WI $41,898.36 1280
PLATELIA ASPERGILLUS AG, BAL/ $86,550.00 1154
t Transglut IgA                         $3,825.50 1093
FUNGITELL, SERUM $118,360.00 1076
Testosterone Total                      $15,975.00 1065
FREE K+L LT CHAINS,Q $37,401.00 959
FRUCTOSAMINE $4,333.20 942
CERULOPLASMIN $3,544.00 887
FREE AND TOTAL INSUL $9,286.52 776
ANCA (ANTINEUTROPHIL CYTOP) $3,463.80 753
PROBNP $49,984.00 704
First Trimester Screen with Nuchal Trans $55,800.00 620
CALPROTECTIN, FECAL $88,350.00 589
Thiopurine Methyltransferase (TPMT), RBC $48,960.00 272
SEROTONIN RELEASE AS $68,904.00 261
INFLIXIMAB (IFX) AND ANTI-IINFLIXIMAB ANTIBODY $50,700.00 169

Do we really need two?
Wrong Test = $900

Right test = $300



Highest Volume Tests
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Infectious Diseases 
Testing

Sept. 6, 2019

January 2018 – November 2018

TestName YTD_Client_Quantity YTD_Client_Dollars
ASPERGILLUS AG, BAL/ 1154 $86,550.00
FUNGITELL, SERUM 1076 $118,360.00
LYME AB/WESTERN BLOT 647 $21,334.50
H. PYLORI, IGG ABS 533 $8,528.00
TETANUS ANTITOXOID I 469 $2,814.00
DIPHTHERIA ANTITOXOI 415 $4,980.00
CHLAMYDIA TRACHOMATI 384 $6,144.00
HSV 1/2 PCR 318 $30,528.00
VARICELLA-ZOSTER AB, 313 $2,347.50
HAEMOPHILUS INFLUENZ 309 $21,012.00
BLASTOMYCES ANTIGEN 293 $34,574.00
HELICOBACTER PYLORI, 256 $960.00
POLIOVIRUS ANTIBODIE 245 $4,900.00
H. PYLORI STOOL AG, 185 $8,325.00
CMV PCR 163 $14,670.00
MYCOPLASMA PNEUMONIA 150 $2,700.00
PARVOVIRUS B19 PCR 128 $23,040.00
PARVOVIRUS B19, HUMA 124 $2,232.00
HELICOBACTER PYLORI, 98 $1,960.00
VZV REAL TIME PCR 60 $14,070.00
EBV EARLY ANTIGEN AB 60 $660.00
EPSTEIN-BARR VIRUS P 48 $9,600.00
COXSACKIE A IGG/IGM 48 $8,400.00
JC VIRUS DNA, PCR (C 43 $7,740.00
BARTONELLA DNA PCR 35 $7,087.50
LYME (B. BURGDORFERI 20 $2,820.00
B PERTUSSIS IGM AB 15 $300.00
HBV GENOTYPE 12 $1,500.00
HHV 6 IGG ANTIBODIES 12 $192.00

Wrong test

IgG - Wrong

IgM - Wrong
Right Test

IgA - Wrong
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No 

Serology

2018 Volume
887 serology

185 antigen



Proposal for H. pylori Testing

10/8/2019

• Eliminate all serology testing from order menu

• Leaving in H. pylori Antigen testing

• Bring H. pylori Antigen Testing In-house (in progress)



Infectious Diseases 
Testing

Sept. 6, 2019

January 2018 – November 2018

TestName YTD_Client_Quantity YTD_Client_Dollars
ASPERGILLUS AG, BAL/ 1154 $86,550.00
FUNGITELL, SERUM 1076 $118,360.00
LYME AB/WESTERN BLOT 647 $21,334.50
H. PYLORI, IGG ABS 533 $8,528.00
TETANUS ANTITOXOID I 469 $2,814.00
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HSV 1/2 PCR 318 $30,528.00
VARICELLA-ZOSTER AB, 313 $2,347.50
HAEMOPHILUS INFLUENZ 309 $21,012.00
BLASTOMYCES ANTIGEN 293 $34,574.00
HELICOBACTER PYLORI, 256 $960.00
POLIOVIRUS ANTIBODIE 245 $4,900.00
H. PYLORI STOOL AG, 185 $8,325.00
CMV PCR 163 $14,670.00
MYCOPLASMA PNEUMONIA 150 $2,700.00
PARVOVIRUS B19 PCR 128 $23,040.00
PARVOVIRUS B19, HUMA 124 $2,232.00
HELICOBACTER PYLORI, 98 $1,960.00
VZV REAL TIME PCR 60 $14,070.00
EBV EARLY ANTIGEN AB 60 $660.00
EPSTEIN-BARR VIRUS P 48 $9,600.00
COXSACKIE A IGG/IGM 48 $8,400.00
JC VIRUS DNA, PCR (C 43 $7,740.00
BARTONELLA DNA PCR 35 $7,087.50
LYME (B. BURGDORFERI 20 $2,820.00
B PERTUSSIS IGM AB 15 $300.00
HBV GENOTYPE 12 $1,500.00
HHV 6 IGG ANTIBODIES 12 $192.00

Wrong test

What?!?

IgM - What?!?
What?!?

IgA - What?!?
In-house

What?!?

In-house

Questionable Utility

Test Name Volume Annual Spend
Lyme Testing 20 2,820.00$        

HHV 6 IgG 12 192.00$            
Pertussis IgM 15 300.00$            
EBV Early Ag 60 660.00$            

Parvovirus Serology 124 2,232.00$        
Helicobacter IgA 98 1,960.00$        
Helicobacter Ag 185 8,325.00$        

Helicobacter IgM 256 960.00$            
VZV IgG 313 2,347.00$        

Helicobacter IgG 533 8,528.00$        
1616 28,324.00$      



Another Strategy to improve Laboratory Utilization:
Duplicate Testing
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How often should 
microbiology tests be 

repeated?
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What is the average “effective” turnaround time for a 
send out test?

10/15/19

VCUHS Referral 
Laboratory batch ships 
specimens at 3PM (M-F)

Shipping of 
specimen

Reference 
Laboratory 
Performs 
Testing

Reporting of 
Result 

(Interface??)

Provider 
Views Result

Does it make sense to repeat a test before 
the initial test is completed?

Blanket policy of restricting 
send-out test frequency to 

4 days



Infectious Diseases 
Testing
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What is the problem?

N = 1051 in 2016

N = 893 in 2017 to date à projects to 1,200 this year



Crusade to eliminate unnecessary duplicate testing...

Sept. 6, 2019

First up… Fungitell (aka Beta-D-Glucan)

What is it?
A test performed from serum which is 
used as a marker of invasive fungal 

infection.

January 2018 – November 2018



How to get this under control…
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Location Number ordered in 
2016

BMT Clinic 240
North 10 110
Main 10 61
Peds Heme Onc 38
Peds floor 38
Other 564

Who is ordering?

NO!

NO!

Restrict providers who can order…
but the residents



Assays with high intra- and inter-assay variation are unlikely to 
yield clinically meaningful changes with frequent repeat testing
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Repeat Fungitell (beta-d-glucan) Since 2011

464 patients with more than one Fungitell (n=1615 total tests in this group)

122 Tests were repeated within 3 days (72 hours)
166 Tests were repeated within 4 days (96 hours)
235 Tests were repeated within 7 days
182 Tests were repeated within 7-14 days



Another example:
Todd: 
“Why are we repeating FilmArrays on these patients every 12 hours?”
Me:
“We’re doing what?”

Sept. 6, 2019

Acknowledgments:
Cortney Salmon
Connie Bender

Very popular test…

85% positivity rate from Peds ED

41% positivity rate from Adult ED



Repeat Testing Following a Negative Result

What is a reasonable time frame for a patient to 
convalesce (from the initial presentation), get 

exposed to a pathogen, and develop new 
symptoms?

How much Time???

Negative
Positive



Between April 2016 and 
2017 (N=6,777)
• 537 (1.5 per day and 8% of all 
tests) are repeated within 7 days

• Primary offender – Inpatient Peds

What is a reasonable time 
frame for repeat testing for 
negative results?

Incubation periods

Flu (1-4 days) Avg 2 days

RSV (2-8 days) Avg 4-6 days

Rhinovirus
UVA – 1996 – Experimental infection of 6 
young adults
• monitored with nasal washings every 2 

hours for 24 hours
• Symptom onset (sore or scratchy 

throat) – 10-12 hoursHarris and Gwaltney. CID. 1996. 23



VCUHS Data: FilmArray Testing

• Retrospectively reviewed Respiratory 
Pathogen Panel results.

• Specimen type – NP Swab only

• Identified patients who had repeat testing 
performed within 48 hours and 7 days.
• Analyzed correlation between repeat testing

Sept. 6, 2019

Repeated within… No 
Change

Neg to 
Pos

Pos to Neg

48 hours 22 2 0
7 days 227 11 12

AVG Time of conversion 
= 5.6 days
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All of these data were collected the hard way.
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Ongoing Monitoring of Duplicate Testing



Repeat Frequency of Microbiology Tests – 1 year of data (2018-19)
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Test Total Volume Cut off Percent Repeated
Urine Culture 22,262 48 hrs 1.6%
GC/CT NAAT 11,319 7 days 0.5%

Positive Crypto CSF Ag 170 6 months 3.5%
Respiratory Direct 4,705 7 days 4.0%

Fungitell 983 4 days 6.3%
C. difficile Testing 1,445 7 days 4.5%



On going monitoring…
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CSF Gram stain TAT



Daily Culture volumes to predict 
workload
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Thank you for very much for your attention.

DateFooter 78

Questions?

christopher.doern@vcuhealth.org


