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INTRODUCTION
Revision of laboratory test requisitions is a 
simple utilisation strategy that can reduce 
unnecessary testing.1 2 The goal of this study 
was to improve test utilisation via a collabora-
tive team- based evaluation and revision of a 
standardised lab requisition used by six large 
family medicine units.

METHODS
Revising the family requisition form
A historical laboratory requisition used 
by the Family Medicine Department at 
Unity Health, St. Michael’s Hospital site, 
Unity Health Toronto, Toronto, Canada, 
was reviewed and modified by a steering 
committee comprised of family medicine 
clinicians (physicians and a nurse practi-
tioner), lab medicine specialists and a quality 
improvement specialist. Decisions were made 
by consensus, and input was sought from the 
entire Department of Family Medicine via 
departmental rounds before changes were 
finalised. Laboratory tests were removed 
from the requisition if there was evidence 
in the literature of overuse (eg, Aspartate 
Aminotransferase (AST), folate, urea, Eryth-
rocyte Sedimentation Rate (ESR),3 4 if they 
were outdated (eg, amylase, Creatine Kinase 
(CK)),3 or if there was consensus that they 
were infrequently needed in a family practice 
(eg, rheumatoid factor, direct bilirubin). The 
requisition was also revised to improve reada-
bility, and education was imbedded regarding 
some special tests such as urine toxicology 
screening and coagulation testing (changes 
in online supplemental table 1). Tests that 
were removed from the requisition remained 
orderable with longhand.

Data analyses
The primary outcome was the monthly 
volume of targeted tests ordered by the 

family medicine clinic 6 months pre- and 6 
months post- requisition changes (September 
2018 to September 2019). The propor-
tion of abnormal test results and the ratio 
of Alanine Aminotransferase (ALT) (not 
targeted) to AST (targeted) were used as 
balance measures. Outpatient monthly labo-
ratory test volumes for 20 tests were extracted 
from the laboratory information system. 
Process Control charts were generated using 
GraphPad Prism V.8.2.0. The proportion of 
abnormal results was calculated using R studio 
program V.1.2.5033. A two- tailed t- test was 
used to explore whether testing volumes were 
significantly different pre- requisition changes 
compared to post- requisition changes. Non- 
targeted tests (eg, ALT, total bilirubin, creati-
nine, haemoglobin) were used as negative 
controls. Cost analysis was performed using 
the Ontario Health Insurance Plan labora-
tory service fees as an estimate of true cost. 
The project was formally reviewed by insti-
tutional authorities at Unity Health Toronto 
and deemed to neither require research 
ethics board approval nor written informed 
consent from participants. Patients and/or 
the public were not included in the design, 
conduct, reporting, or dissemination of our 
research.

RESULTS
Ninety- nine thousand four hundred and 
thirteen laboratory tests were included in 
this analysis. Modifying the family medi-
cine lab requisition resulted in a significant 
reduction in volume of targeted tests on 
AST (−50.8%), direct bilirubin (−68.2%), 
CK (−31.9%), amylase (−61.2%), urea 
(−79.9%), ESR (−31.3%), serum folate 
(−87.2%) and Red Blood Cell (RBC) 
folate (−76.8%) as depicted in figure 1 and 
online supplemental table 2. Although 
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there was a trend towards an increase in ordering ALT, 
total bilirubin, creatinine, haemoglobin over time, 
this change was not significant, except in the case 
of sodium (online supplemental table 2), and could 
reflect seasonal variation in overall clinic volume. The 
decrease in ordering resulted in cost savings each 
month. Online supplemental table 3 shows that the 
monthly cost of AST dropped by 50.8%, direct bili-
rubin by 68.7%, CK by 31.9%, amylase by 61.0%, urea 
by 80.0%, ESR by 30.9%, serum folate by 87.1% and 
RBC folate by 76.9%. On average, the cost of unneces-
sary testing used to be CAD 4687.41 per month prior 
to our quality improvement initiative and was reduced 
to CAD 2738.41 per month, amounting to an average 
of CAD 1949.00 in savings per month.

We performed a focused analysis on AST to eval-
uate whether the removal of AST from the family 
medicine lab requisition impacted the AST to ALT 
ordering ratio. A lower ratio of AST to ALT suggests 
more appropriate or targeted testing.5–7 The AST:ALT 
ratio prior to our intervention was 0.6 whereas the 
average AST:ALT ordering ratio post intervention was 
0.3 (p<0.05) (figure 2). The proportion of abnormal 
results in AST and ALT tests was then calculated as the 
proportion of results that were outside the reference 
intervals (ALT: 10–45 U/L, AST: 7–40 U/L) used for 
the tests. AST showed a significant increase of 40% 
(p value <0.05) in the percentage of abnormal results 

after it was removed from the requisition potentially 
indicating more targeted usage of this test. ALT, our 
negative control in this analysis, did not show any 
significant change in the percentage of abnormal 
results. This finding suggests that modifying the family 

Figure 1 Decline in ordering of tests removed from the family medicine laboratory test requisition form over time. (A) AST 
and ALT, (B) amylase, total and direct bilirubin, (C) urea and creatinine and (D) ESR and negative controls, Haemoglobin and 
CBC (platelets and white blood cells). Dotted lines show the point of QI intervention. Asterisk denotes tests removed from 
the requisition. AST, Aspartate Aminotranferase; ALT, Alanine Aminotransferase; ESR, Erythrocyte Sedimentation Rate; CBC, 
Complete Blood Count.

Figure 2 AST to ALT ordering ratio before and after 
removal of tests from family medicine laboratory tests 
requisition. A significant drop in AST:ALT ordering ratio was 
observed (p value <0.05) after removing AST from the family 
medicine test requisition. Dotted lines show the point of QI 
intervention. AST, Aspartate Aminotransferase; ALT, Alanine 
Aminotransferase; QI, Quality Improvement.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopenquality.bm
j.com

/
B

M
J O

pen Q
ual: first published as 10.1136/bm

joq-2020-001219 on 17 M
arch 2021. D

ow
nloaded from

 

https://dx.doi.org/10.1136/bmjoq-2020-001219
https://dx.doi.org/10.1136/bmjoq-2020-001219
http://bmjopenquality.bmj.com/


 3Mohammed- Ali Z, et al. BMJ Open Quality 2021;10:e001219. doi:10.1136/bmjoq-2020-001219

Open access

medicine requisition only impacted the utilisation of 
the targeted tests removed.

CONCLUSIONS
Revision of a family medicine lab requisition was a simple, 
but effective strategy to decrease unnecessary laboratory 
testing and improve appropriate testing at our hospital. We 
recommend reviewing and revising historical requisitions 
and/or order sets as a way to encourage appropriate lab 
testing practices.
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Supplemental Table 1: Tests removed from the Family Medicine Laboratory Test 
requisition

Tests removed from the requisition

CO2

Anion Gap

Chloride

Urea

AST

LD

Direct Bilirubin

Total Protein

Globulin

Amylase

CK

GGT

Osmolality

BHCG Screen 

Growth Hormone

Free testosterone 

T3 Uptake  

CK-MB Fraction

PSA

Rheumatoid Factor

Creatinine Clearance

PKU

ANA

Anti DNA-Crithidia

C3 / C4

Immunoglobins (IgG, IgA, IgM)

DNA FARR (aka ds-DNA)

Acetaminophen

Digoxin

Acetone

Ethanol

Ethylene Glycol

Isopropanol

Methanol

Phenobarbital

Primidone

Procainamide

Quinidine

Salicylates

Theophylline

Barbiturates (blood)

Benzodiazepines screen (blood)

Tricyclic screen (blood)

Blood Drug Screen

ESR

Malaria

Sickle Cell

G6PD

Haptoglobin

Serum Folate

RBC Folate

Eosinophil Count

Bone Marrow 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
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Supplemental Figure 1: New requisition after revisions.
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Test Change post QI (%)
Is change post-QI 

significant?
(P-values)

T
e
s

ts
 r

e
m

o
v
e
d

AST -50.8% <0.001

Conjugated (Direct) Bilirubin -68.2% <0.001

Creatinine Kinase -31.9% 0.03

Amylase -61.2% <0.001

Urea -79.9% <0.001

Total PSA -6.4% 0.49

Rheumatoid Factor -12.5% 0.13

ESR -31.3% 0.03

Serum Folate -87.2% <0.001

RBC Folate -76.8% <0.001

C
o

n
tr

o
l 

T
e
s

ts

ALT +2.4% 0.70

Total Bilirubin +3.0% 0.74

Sodium +18.8% 0.01

Creatinine +9.9% 0.12

Hemoglobin +2.9% 0.62

Platelets CBC +2.9% 0.62

WBC CBC +2.9% 0.62

Supplemental Table 2: Percentage change in laboratory test ordering after 
quality improvement implementation in the Family Medicine requisition. 
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Test
OHIP Cost 

(CAD)

Average 

orders/month 

Pre QI 

Average 

orders/month 

Post QI 

Cost/month 

Pre QI

(CAD)

Cost/ month 

Post QI

(CAD)

Change in 

cost/month 

post-QI (%)

ALT 1.28 723 741 925.44 948.48 2.5

Amylase 2.25 41 16 92.25 36.00 -61.0

AST 1.28 463 228 592.64 291.84 -50.8

Bilirubin, Direct 1.28 67 21 85.76 26.88 -68.7

Bilirubin, Total 1.28 168 173 215.04 221.44 3.0

Creatinine Kinase 1.28 72 49 92.16 62.72 -31.9

ESR CBC 1.79 81 56 144.99 100.24 -30.9

Folate Serum 3.11 287 37 892.57 115.07 -87.1

RBC Folate 11 52 12 572.00 132.00 -76.9

Rheumatoid Factor 3.1 24 21 74.40 65.10 -12.5

Total PSA 30 58 55 1740.0 1650.0 -5.2

Urea 1.28 145 29 185.60 37.12 -80.0

Supplemental Table 3: Percentage change in cost after quality improvement 
implementation in the Family Medicine requisition. 

Test
OHIP Cost 

(CAD)

Absolute # 

of orders 

Pre-QI

Absolute 

# of 

orders 

Post-QI

Cost 

before

(CAD)

Cost 

After 

(CAD)

Absolute 

change in 

cost (CAD)

Percentage 

change in 

Cost (%)

ALT 1.28 4339 5184 5553.92 6635.52 1081.6 19.5

Amylase 2.25 245 111 551.25 249.75 -301.5 -54.7

AST 1.28 2775 1593 3552 2039.04 -1512.96 -42.6

Bilirubin, Direct 1.28 399 148 510.72 189.44 -321.28 -62.9

Bilirubin, Total 1.28 1009 1212 1291.52 1551.36 259.84 20.1

Creatinine Kinase 1.28 429 341 549.12 436.48 -112.64 -20.5

ESR CBC 1.79 488 391 873.52 699.89 -173.63 -19.9

Folate Serum 3.11 1723 258 5358.53 802.38 -4556.15 -85

RBC Folate 11 314 85 3454 935 -2519 -72.9

Rheumatoid Factor 3.1 144 147 446.4 455.7 9.3 2.1

Total PSA 30 350 382 10500 11460 960 9.1

Urea 1.28 867 203 1109.76 259.84 -849.92 -76.6

A.

B.
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