Supplementary materials

Supplementary Table S1.  Numbers (range) of the improper practice of laboratory tests per month detected by LS.

	Practice/Test per month
	1-3
	4-6
	>6
	Total
	Percent(%)

	Overused
	2
	1
	4
	7
	50.00

	Misused
	1
	1
	3
	5
	35.71

	Underused
	1
	1
	0
	2
	14.29

	Total
	14





Supplementary Table S2. Types and examples of lab tests being used improperly. (Zhi et al., 2013)
	Overused
	Misused
	Underused

	[bookmark: _Hlk90675580]Hepatitis B, C, and Delta
	[bookmark: _Hlk90676098]Chromosomal Microarray
	Flu

	Chromosomal Microarray
	[bookmark: _Hlk90675948]Hepatitis B and C, &HCV Genotype
	Dengue

	[bookmark: _Hlk90675601]Hepatitis B eAg and Hepatitis Delta
	[bookmark: _Hlk90675971]Beta thalassemia and alpha thalassemia genotype
	Molecular test appropriate to the clinical condition

	Respiratory test
	[bookmark: _Hlk90676405]HIV PCR
	

	Most of the immunology tests
	FISH
	

	Vitamin D
	Too many to mention
	

	EBV
	
	

	VZV
	
	

	[bookmark: _Hlk90675748]HIV PCR
	
	

	Panels of tests
	
	

	Troponin
	
	

	HbA1C
	
	










Supplementary data
Supplementary Table S3
	Suppl data 1. Demographic data of lab supervisors.

	Variable
	Laboratory supervisors- N, (%)

	Age group
30-39 years
40-49 years
>50 years
	
6 (40.0)
8 (53.3)
1(6.7)

	Qualification*
BSc
MSc
PhD
	


7(50.0)
5(35.7)
2(14.3)

	[bookmark: OLE_LINK4]Experience time as a laboratory supervisor
<3 y
3-10 y
≥10 years

	


1(6.7)
9(60.0)
5(33.3)

	Lab Supervisor’s Specialty
[bookmark: OLE_LINK5]Blood Bank
Hematology and Chemistry
Hematology
Immunology
Microbiology
Virology
Cytogenetics
Cytology
Histocompatibility
Genetics
Lab Management
	
[bookmark: OLE_LINK6]1(7.1)
1(7.1)
1(7.1)
1(7.1)
1(7.1)
3 (21.4)
1(7.1)
1(7.1)
2(14.3)
1(7.1)
1(7.1)



A- Lab Supervisors
Data represent the numbers and percentage of each between brackets.
*All LS (n=15) had a BSc degree, but five of them got a master’s degree, and two got a Ph.D. degree.


Supplementary Table S4

	Supp data 2. Demographic data of the physicians- 

	Variable
	Physicians N, (%)

	Age group
[bookmark: OLE_LINK1]25-29 years
[bookmark: OLE_LINK3]30-39 years
[bookmark: OLE_LINK7]40-49 years
[bookmark: OLE_LINK8]>50 years
	
8 (9.1)
27 (30.7)
34 (38.6)
20 (21.6)

	Practice as
Numbers of GP

Experience time as GP practice
<3 y
3-10 y
>10 y
None 

Numbers of Specialist
 
Experience time as a specialist
<3 y
3-10 y
>10 y
 
	


10 (11.4)


18 (19.3%)
24 (27.3)
36 (40.9)
11(12.5)

79 (88. 6)


4 (4.5)
32 (35.2)
43 (48.9)






















Data represent the numbers and percentage of each between brackets.









Supplementary data 3.
Supplementary Figure S1: Surveys - samples of questionnaires 







Reference
Zhi, M., Ding, E. L., Theisen-Toupal, J., Whelan, J., & Arnaout, R. (2013). The landscape of inappropriate laboratory testing: a 15-year meta-analysis. PLoS One, 8(11), e78962-e78962. https://doi.org/10.1371/journal.pone.0078962 
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RESEARCH INFORMATION SHEET

Section A- Demographics

1. Age:
a. 20-29
b. 30-39
c. 40-49
d. 50 and above
2. Country where highest degree obtained:
a. Qatar
b. Outside Qatar
3. Length of time working as a general physician:

a. <2 years
b. 3-10 years
c. >10 years

d. Not applicable
4. Length of time working as a specialist:
a. <2 years
b. 3-10 years
c. >10 years
d. Not applicable
5. What is your specialization?

a. General physician
b. Specialist. Please specify your area of specialty:
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RESEARCH INFORMATION SHEET

Section B- current practice

1. How frequently you are being contacted regarding improper test utilization

practice?
a. Frequently
b. Rarely

c. Not happened at all

2. Who are the individuals contacting you regarding the improper test

utilization practice?
a. Laboratory staff

b. Laboratory manager
c. Laboratory consultant
d. Not applicable

e.

Others. Please specify

Version Date: 02 February 2017

. Are you being alerted by the current software on redundant test once you
order it? (If yes, the participant must answer question# 4-9; otherwise he
will go directly to question# 10)

a. Yes

b. No
. Would you like the previous test result to be previewed as an alert for
redundant test?

a. Yes

b. No
Do you feel being alert-fatigued when ordering test electronically? (i.e. too

frequently flooded with alert messages, so you start ignoring these alerts)
a. Yes

b. No
If yes, what are the reasons for becoming an alert fatigued? (Check all that
apply)

a. Alerts are not clear

b. Alerts are not concise

c. Alerts are irrelevant

d. No time to check Alerts

e. Alerts are not convincing
. Would you prefer these alerts to be interruptive alerts for the most
important cases?






RESEARCH INFORMATION SHEET
a. Yes

b. No
8. Are corollary order notifications helpful in choosing appropriate tests? (i.e.
electronic consequent orders for laboratory tests that are required as a result
of other orders)
a. Yes
b. No
9. Are reflex testing protocols helpful in choosing appropriate tests? (i.e.
electronic protocols allow for additional tests to be ordered depending upon
the results of the first test or tests)
a. Yes
b. No
10. Are electronic ordering templates helpful in choosing appropriate tests? (i.e.
set of clinical orders that can be selected or customized as appropriate)
a. Yes
b. No
11. Are available clinical practice guidelines helpful in choosing appropriate
tests?
a. Yes
b. No
c¢. lam notsure
12. Are there enough resources to help in choosing appropriate tests?
a. Yes
b. No
c. Iam notsure
13. Would limiting the order of esoteric tests to be ordered only by specialists
help reduce inappropriate test ordering? (i.e. The analysis of 'rare’

substances or molecules that are not performed in a routine clinical lab)
a. Yes

b. No
14. Are pathologist interpretation accompanies test results help to improve
result interpretation and influence future test selection?
a. Yes
b. No
15. To reduce improper test ordering, is the current Health information system
properly displays test results?
a. Yes
b. No
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RESEARCH INFORMATION SHEET
16. Do you find the information in laboratory handbook helpful in choosing
appropriate tests?
a. Yes
b. No
c. Iam not using laboratory handbook
17. Would you like to receive a feedback regarding improper test ordering
behavior from the laboratory?

a. Yes
b. No. please indicate your reasons
18. Would you prefer the chair of the division to share the deidentified ordering
patterns with you to improve your ordering behavior?

a. Yes
b. No
19. How frequent do you ask your colleagues about the right test to be ordered?
a. Often
b. Sometimes
c. Rarely
d. Never

Please indicate your reasons.

20. Before ordering any test, do you consider positive predictive value (PPV), the
negative predictive value (NPV), clinical utility and the overall accuracy of

the test?
a. Yes
b. When needed
c. No
21. When diagnosis is obscure (vague complaints as fatigue), you order test in:
a. Parallel
b. Sequence

c. Depends on the suspected diagnosis
22. Prior to ordering, do you consider the test outcome (normal, abnormal, and
equivocal) with the treatment plans?

a. Yes
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RESEARCH INFORMATION SHEET
b. No

Please indicate your reasons.

23.Do you consider time required to obtain test results when ordering a test?
a. Yes
b. No
24. Do you account for the degree to which an abnormal lab value, even if
obtained expeditiously, will affect your diagnosis?
a. Yes
b. No
25. What are the factors that influence your ordering behavior? (Check all that
apply)
a. ease of ordering
ignorance of test characteristics
peer- or supervisor pressure to be extremely thorough
fear of litigation
impatience
desire for certainty of diagnosis
financial incentives
patient demand
Others. Please specify

@ mo an T
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26. Are you aware of the cost of testing?
a. Yes
b. No
27.How will high cost influence test ordering practice?
a. Increase ordering
b. Reduce ordering
c. Has no effect
28. How will low cost influence you test ordering practice?
a. Increase ordering
b. Reduce ordering
c. Has no effect
29. Any other comments regarding test utilization practices:
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RESEARCH INFORMATION SHEET
Section A- Demographics

1. Age:
a. 20-29
b. 30-39
c. 40-49

d. 50 and above
2. What is your highest qualification:

a. BSc
b. MSc
¢. Phd

d. Others. Please specify.

3. What was you educational degree on:
a. Biomedical sciences
b. Laboratory management
c. Both
d. Others. Please specify.

4. Country where highest degree obtained:
a. Qatar
b. Outside Qatar
5. Length of time working as a laboratory technologist:
a. <2 years
b. 3-10 years
c. >10 years
6. Which type of laboratory are you currently supervising? (Check all that apply)
Chemistry
Hematology
Blood Bank
Immunology
Microbiology
Others. Please specify

il O Sl 2l -

7. Length of time working as a laboratory supervisor for selected laboratory:
a. <2 years
b. 3-10 years
c. >10 years
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Section B- current practice

1. Are you aware of unnecessary test requests or know of test utilization areas that
can be improved upon?
a. Yes
b. No (End of the Survey)
2. Does your laboratory keep a track of incorrect test utilization?
a. Yes
b. No
3. What type of improper laboratory test utilization practices does your lab
encounter? (Check all that apply)
a. Overused
Please state the tests being underused at your laboratory.

b. Underused
Please state the tests being underused at your laboratory.

¢. Misused
Please state the tests being misused at your laboratory.

4. How many tests at your laboratory are being overused within the past 12 months?

a. 1-3
b. 4-6
c. >6
5. How many tests at your laboratory are being underused within the past 12
months?
a. 1-3
b. 4-6
c. >6
6. How many tests at your laboratory are being misused within the past 12 months?
a. 1-3
b. 4-6
G 0
7. Can the laboratory identify such incorrect test utilization practices easily?
a. Yes
b. No

8. What are the effect of such practices? (Check all that apply)
a. Increase costs
b. Badly affect inventory management
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Increase turnaround time
Need to hire more staff
Not worth mentioning
Others. Please specify

-0 oo

8. To what extent do incorrect test utilization affect the overall costs?
a. Qreatly
b. To some degree
c. No clear effect
d. ldon’t know
9. Does middleware (systems that sit in the “middle” between the LIS and the
robotic laboratory which limit the performance of certain testing based on a
custom set of rules as autodilution, reflex testing or rule-based protocols) help
eliminate test utilization at you lab or do you believe having one help?

a. Yes
b. No
10. Does your laboratory use an online handbook to educate physicians about your
lab tests?
a. Yes
b. No
11. Is this online laboratory handbook kept up-to-date?
a. Yes
b. No

12. Do you provide physicians with a feedback regarding their relative rate of
incorrect test utilization?
a. Yes
b. Sometimes
c. No
13. Have you or has anyone at your lab conducted an audit regarding test utilization
practices?
a. Yes.
b. No
c. No. Audits are only done by an outside entity. Please specify the reason.
14. Is there an implemented system to correct test utilization improper practices?
a. Yes
b. No
15. What is the laboratory’s role in improper test utilization practices? (Check all that
apply)
a. Call the requested physician
b. Release old results for the new order with indication of doing so
c. Do the test ordered
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d. Others. Please specify

16. Any other comments regarding test utilization practices:
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Supplementary  materials     Supplementary Table  S 1 .  Numbers  (range)  of  the  improper practice of laboratory test s per month  detected by LS.    

Practice/Test per  month  1 - 3  4 - 6  >6  Total  Percent(%)  

Overused  2  1  4  7  50.00  

Misused  1  1  3  5  35.71  

Underused  1  1  0  2  14.29  

Total  14  

      Supplementary Table  S 2.  Types and examples of lab tests being used improperly .   (Zhi et al., 2013)  

Overused  Misused  Underused  

Hepatitis B, C, and Delta  Chromosomal Microarray  Flu  

Chromosomal Microarray  Hepatitis B and C, &HCV   Genotype  Dengue  

Hepatitis B eAg and Hepatitis Delta  Beta thalassemia and alpha  thalassemia genotype  Molecular test appropriate to the  clinical condition  

Respiratory test  HIV PCR   

Most of the immunology tests  FISH   

Vitamin D  Too many to mention   

EBV    

VZV    

HIV PCR    

Panels of tests    

Troponin    

HbA1C    

               

