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Abstract

Objective—To determine whether electronic health record (EHR) tools improve documentation 

of pre- and postanalytic care processes for genetic tests ordered by nongeneticists.

Methods—We conducted a nonrandomized, controlled, pre-/postintervention study of EHR 

point-of-care tools (informational messages and template report) for three genetic tests. Chart 

review assessed documentation of genetic testing processes of care, with points assigned for each 

documented item. Multiple linear and logistic regressions assessed factors associated with 

documentation.

Results—Preimplementation, there were no significant site differences (P > 0.05). 

Postimplementation, mean documentation scores increased (5.9 (2.1) vs. 5.0 (2.2); P = 0.0001) 

and records with clinically meaningful documentation increased (score >5: 59 vs. 47%; P = 0.02) 

at the intervention versus the control site. Pre- and postimplementation, a score >5 was positively 

associated with abnormal test results (OR = 4.0; 95% CI: 1.8–9.2) and trainee provider (OR = 2.3; 
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95% CI: 1.2–4.6). Postimplementation, a score >5 was also positively associated with intervention 

site (OR = 2.3; 95% CI: 1.1–5.1) and specialty clinic (OR = 2.0; 95% CI: 1.1–3.6). There were 

also significantly fewer tests ordered after implementation (264/100,000 vs. 204/100,000; P = 

0.03), with no significant change at the control site (280/100,000 vs. 257/100,000; P = 0.50).

Conclusions—EHR point-of-care tools improved documentation of genetic testing processes 

and decreased utilization of genetic tests commonly ordered by nongeneticists.

INTRODUCTION

Genetic testing has become more accessible and relevant to every medical specialty.1,2 

However, there are concerns that the health-care workforce is not prepared to meet the 

challenge of integrating genetics into clinical practice, which could result in inappropriate 

use of genetic tests and related services,3–8 potentially leading to medical errors.9 

Inappropriate use of genetic testing has been attributed to inadequate care processes (e.g., 

insufficient collection of personal and family history needed to inform a differential 

diagnosis, test selection strategy, informed consent, and management options) as well as 

clinicians’ lack of knowledge about genetic principles, testing methods, and their limitations.
3–8

Processes of care are described in medical record documentation. Medical record 

documentation facilitates diagnosis and treatment, communicates pertinent information to 

other health-care providers to ensure patient safety and reduce medical errors, and serves as 

an important medical–legal function in risk management.10 The National Committee for 

Quality Assurance has created standards for medical record documentation that reflect the 

importance of complete, timely, and accurate medical record documentation. For laboratory 

and other diagnostic tests, results should be documented and reviewed by the ordering 

clinician, and abnormal laboratory results should be conveyed to the patient and have an 

explicit notation in the record describing follow-up plans or changes in treatment.11

Common HFE mutations, factor V Leiden, and HLA-B27 are examples of genetic tests 

whereby best practices in processes of care are often not followed.12–17 HFE testing is used 

to support the diagnosis of hereditary hemochromatosis in patients with evidence of iron 

overload; however, only 50% of individuals have evidence of iron overload at the time of 

HFE testing.12,13 In a large nonprofit health-care system, only 37% of factor V Leiden tests 

ordered met the internal guideline of the health-care system, 46% met the College of 

American Pathologists’ guideline, and 61% met the American College of Medical Genetics 

and Genomics’ guideline.15 HLA-B27 is frequently present in axial spondyloarthritis, but it 

has been shown to have limited utility as a diagnostic test, especially in the hands of 

primary-care clinicians and particularly in populations with low prevalence of HLA-

B27.15–17

Approaches to improve genetic testing care processes and related health-care outcomes 

include clinician education and changes to organizational structures and procedures, such as 

guidance for requisition of genetic tests, use of a standardized laboratory report, integration 

of genetics-related clinical decision support in the electronic health record (EHR), and 

increasing access to genetics professionals or Internet resources.9,18 The goal of this study 
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was to evaluate the impact of EHR point-of-care tools on medical record documentation of 

genetic testing care processes for the common HFE mutations, a thrombophilia panel, and 

HLA-B27.

MATERIALS AND METHODS

Study design

We conducted a nonrandomized, controlled, pre-/postintervention study. The intervention 

targeted genetic tests that were orderable in the EHR at the intervention and control sites, 

including the HFE C282Y and H63D mutations, a thrombophilia panel (factor V Leiden, 

prothrombin G20210A variant, and MTHFR C677T and A1298C variants), and HLA-B27. 

There were three study phases: a 6-month preimplementation period of data collection 

without intervention (April 2011 to September 2011); a 15-month implementation period 

(April 2012 to June 2013) during which the intervention for each genetic test was introduced 

sequentially in the first 3 months, with 12 months of implementation for each test; and a 6-

month postimplementation data collection phase (July 2013 to December 2013). We used 

mixed methods, including chart review, focus groups, and interviews. The Institutional 

Review Board at the Veterans Affairs (VA) Greater Los Angeles Healthcare System 

approved all study procedures.

Two VA health-care systems served as the intervention and control sites. Each health-care 

system comprises a large, high-complexity VA medical center and its respective community-

based outpatient clinics. Both sites are in southern California, both are served by the same 

Veteran Integrated Service Network and network-based laboratory, and both are affiliated 

with local medical schools and provide medical training.

Frameworks

The Centers for Disease Control and Prevention has developed a framework distinguishing 

three phases in the “total genetic testing process”: a preanalytic phase comprising processes 

of care before a test is performed, an analytic phase comprising laboratory activities, and a 

postanalytic phase that consists of care processes after the test result is available.19 

Characterizing the genetic testing process in this way provides a framework for assessing 

genetic testing-related processes of care. We used this framework to inform the primary 

outcomes and data collection for this project. We used the domains and constructs from the 

Consolidated Framework for Implementation Research most relevant to provider behavior, 

including provider characteristics, patient characteristics, internal organizational structures 

and procedures, and external factors (e.g., guidelines, best practices) to evaluate themes 

identified from the qualitative results and to synthesize findings from both the qualitative 

and quantitative results.20

Intervention

The intervention included point-of-care tools in the EHR and didactic lectures and 

information resources to educate providers on use of these tools. The EHR point-of-care 

tools included (i) informational messages at the time of test ordering and (ii) synoptic test 

reports generated as a progress note using a template. The informational messages reminded 
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clinicians to document the reason for testing and informed consent and, for HFE testing, to 

document evidence of iron overload (i.e., iron/total iron-binding capacity (TIBC) ×100 

>45%) or known family history of hereditary hemochromatosis, in addition to informed 

consent. These messages were not hard stops in the ordering process; a clinician could 

choose to ignore them and continue ordering the test. For the synoptic report, we used a 

template previously shown to improve satisfaction, ease of use, and effectiveness of 

communicating results.21,22 Project team members monitored all of the orders and results 

for the genetic tests undergoing study at the intervention site, and they generated a report for 

each test result using the progress note template that had fields for clinical and family 

history, test name and indication, test result and interpretation, guidance, and supplemental 

information. The template report was complementary to the standard laboratory report in the 

laboratory section of the medical record and was available in the EHR usually the same day 

(and not more than 2 days after) as the posting of the standard laboratory report. The 

ordering clinician, the attending physician, if indicated, and the primary-care clinician were 

alerted to sign the template report as a way of acknowledging receipt.

At the intervention site, in the first few months of implementation, eight didactic lectures 

were given (by M.T.S.) to a variety of clinical audiences on the topic of genetic testing, and 

information resources were distributed to staff physicians, nurse practitioners and physician 

assistants, including (i) availability of a clinician-to-clinician genetic consult using the EHR 

(i.e., a genetics e-consult), (ii) a “chart biopsy” report available in the EHR for each genetic 

test that pulls relevant data from a patient’s record (e.g., whether the test has been performed 

previously and related tests and procedures), and (iii) information sheets distributed through 

e-mail and hard copy describing the availability of a genetic e-consult, the availability of the 

“chart biopsy,” and the importance of documenting the informed-consent process when 

ordering genetic tests.

Best practices

For each test ordered, we assessed adherence to best practice. HFE testing is indicated for 

patients with evidence of iron overload or a family history of hereditary hemochromatosis.
23,24 We considered best practice for HFE testing when there was a relevant family history 

or when iron studies (i.e., iron, TIBC, and/or ferritin) were ordered prior to HFE testing. 

Because we could not assess iron study results, we probably overestimated best practices. 

Thrombophilia panel testing is indicated for patients with thromboembolism before age 50 

years or when there is a family history of thromboembolic disease or a known thrombophilia 

mutation.25,26 We could not differentiate between incident or recurrent thromboembolic 

events; therefore, we may have underestimated best practice because patients with recurrent 

events at any age are candidates for testing. However, only 15% of individuals with a 

thromboembolic event will have a recurrent event, and usually this will occur at younger 

ages.27 HLA-B27 testing is indicated to assess the etiology of low back pain or anterior 

uveitis. For anterior uveitis, no additional studies are necessary prior to testing.28,29 For low 

back pain, imaging of the sacroiliac joints for evidence of ankylosing spondylitis should 

SUPPLEMENTARY MATERIAL
Supplementary material is linked to the online version of the paper at http://www.nature.com/gim
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occur prior to HLA-B27 testing; when there are normal results, HLA-B27 testing might help 

in elucidating the cause of the back pain. We considered it best practice when sacroiliac 

imaging was ordered prior to HLA-B27 testing for all indications other than anterior uveitis. 

We could not consider the results of sacroiliac imaging; thus, we probably overestimated 

best practice. However, most (90%) imaging studies will be normal.28,29

Quantitative materials and methods

Chart review was used to collect the main outcomes of interest. Records from outpatients 

who had one of the genetic tests ordered by a nongeneticist during the 6-month period 

before implementation or during the 12 months after implementation were eligible. For 

every record, a chart summary comprising structured and text-based data was generated as 

an electronic Microsoft Word file. The structured data included the name of the genetic test 

and results, the site, the specialty and type of the ordering provider (physician, nurse 

practitioner, physician assistant or trainee), patient demographics, and active problem list. 

Text-based data included all progress notes written by a nongeneticist (i.e., the template 

report was excluded) in the 6 months prior to the test order (preanalytic phase) and 6 months 

after the test results (postanalytic phase). All HIPAA identifiers were redacted prior to 

sharing the chart summaries with the research team.

Once the redacted chart summaries were available, independent double-coding of each 

record was performed using ATLAS.ti (version 6; Scientific Software Development, Berlin, 

Germany) to assist with recognition of documented care processes through key words and 

phrases with adjudication of discrepancies by a third researcher and input from the principal 

investigator (M.T.S.) when needed. In each record, we assessed documentation in the 

preanalytic and postanalytic phases of genetic testing. For each documentation item, we 

collected the date and author of the note, specifying ordering or nonordering provider, 

specialty, and type of clinician. Coded data were dually entered into a Microsoft Access 

database, and a third researcher resolved data entry discrepancies with input from the 

research team as needed. Descriptions of the development and quality assurance for this 

method are available in the Supplementary Material online.

Analyses

For each documentation item, we assigned a score depending on the completeness of 

documentation (as shown in Table 2 with examples provided in the table legend), with a 

maximum score of 12 points. The main outcome measure was the mean total sum of points 

in each record. With a sample size of 240 at the intervention site and 300 at the control site, 

we estimated we could detect a delta of 0.5 points for 80% power and a delta of 0.6 points 

for 90% power. Another outcome measure was a documentation score >5, which was 

considered clinically meaningful because a score of 5 was the mean value at baseline and a 

score of 6 or more would require documentation in both the preanalytic and postanalytic 

phases of genetic testing. We used multiple linear and logistic regressions to assess 

associations between the documentation score (a mean score and score >5) and patient, 

provider, and test characteristics. Variables included the following: patient demographics, 

number of active medical problems, and number of progress notes per record; genetic test 

name, reason for testing, and normal or abnormal test results; and ordering provider 
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characteristics. All analyses were conducted using STATA (Stata Statistical Software: 

Release 13, StataCorp, College Station, TX).

Qualitative materials and methods

During the preimplementation period, we recruited clinicians who had ordered at least one 

genetic test of interest at the intervention or control site in the prior 12 months to participate 

in a phone or in-person interview or focus group. The objective was to understand the 

current process of ordering and receiving test results and learning how best to implement our 

planned interventions. To obtain feedback on the individual components of the intervention 

and barriers and facilitators to implementation, we conducted interviews with clinicians at 

the intervention site who had ordered at least one genetic test of interest during the 6 to 7 

months after implementation. At the time of recruitment, clinicians were informed of the 

study purpose; at the time of participation, clinicians gave consent. Clinicians with specialty 

training in medical genetics were not eligible.

Qualitative analyses

Interviews were recorded and transcribed verbatim. Transcripts were summarized in a matrix 

according to key domains of interest to provide rapid feedback to the research team. More 

detailed analysis of the transcripts followed using ATLAS.ti. Key domains and subdomains 

constituted the initial deductive code list. The principal investigator (M.T.S.) reviewed the 

coding output to ensure relevant domains were being captured. Two coders independently 

coded a portion of transcripts, and then coding was compared to examine the degree of 

consensus. Lack of consensus was resolved through discussion and adjustments were made 

to the code list. Additional inductive codes were added to the code list as needed.

RESULTS

Chart review

During the 6-month preimplementation period, an estimated 41,995 unique patients were 

seen at the intervention site and 32,500 were seen at the control site. During the 12-month 

postimplementation period, an estimated 85,639 unique patients were seen at the 

intervention site and 67,858 were seen at the control site.30–32 We reviewed 202 records 

(111 at the intervention site and 91 at the control site) of patients who had a genetic test in 

the 6-month preimplementation period and 349 records (175 intervention and 174 control 

site) of patients who had a genetic test during the 12-month postimplementation period. 

There was a significant pre-/postimplementation decrease in the number of tests ordered at 

the intervention site (264/100,000 vs. 204/100,000, respectively; P = 0.03), without 

significant pre-/postchange decrease at the control site (280/100,000 vs. 257/100,000, 

respectively; P = 0.5).

Table 1 shows the characteristics of the patients who had a genetic test and the ordering 

clinicians. The intervention site had younger and fewer white patients; almost 50% of 

ordering clinicians were trainees compared with only one-third at the control site. A little 

more than 60% of the tests were ordered in specialty clinics, and the remaining were ordered 

in primary-care clinics (internal medicine, ambulatory care, and women’s health) at both 
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sites. There were no site differences according to the number of tests ordered by a clinician, 

with the majority ordering a test only once.

The documentation of the genetic testing care process at the intervention and control sites is 

shown in Table 2. Documentation of the test results improved significantly at the 

intervention site before and after implementation, with increases in documentation of both 

general (5.8 vs. 10.9%, respectively) and specific (47.7 vs. 54.9%, respectively) results (P = 

0.03). There was also a significant increase in documentation of the implications of test 

results at the intervention site compared with the control site (37.7 vs. 29.3%, respectively; P 
= 0.02).

Table 3 shows the percentage of records with a score of 0 to 12 in the pre- and 

postimplementation periods. There were no differences in the mean documentation score at 

baseline between sites (5.2 (SD = 2.1) vs. 5.2 (SD = 2.2)). After implementation, we 

observed a significant increase in the mean documentation score at the intervention site (5.9 

(SD = 2.1) vs. 5.0 (SD = 2.2); P = 0.0001). There was no significant pre-/postdifference in 

the frequency of records with a score >5 at the control site (48 to 46%; P = 0.73); however, 

at the intervention site, we saw a significant increase in records with a score >5 (47 to 59%; 

P = 0.02).

Across all records, during the pre- and postimplementation periods, a score >5 was 

associated with abnormal test results (OR = 4.0; 95% CI: 1.8–9.2) and when tests were 

ordered by a trainee instead of a staff physician (OR = 2.3; 95% CI: 1.2–4.6). After 

implementation, a score >5 was positively associated with the intervention site versus the 

control site (OR = 2.3; 95% CI: 1.1–5.1) and specialty- versus primary-care clinic (OR = 

2.0; 95% CI: 1.1–3.6). Also, Hispanic ethnicity of the patient was negatively associated with 

a score >5 when compared with non- Hispanic whites (OR = 0.3; 95% CI: 0.2–0.6); no other 

racial differences were observed. We observed comparable associations using total scores.

Best practices

There were no significant site differences in frequency of best practices overall or for each 

of the genetic tests. For all tests combined, we found that 41% of records had evidence of 

best practices prior to implementation at both sites. Postimplementation, there was a 6% 

increase in best practices at the intervention site versus the control site (47 vs. 41%; P = 

0.33). Factors associated with best practices across all records in both the pre- and 

postimplementation periods included the following: younger patient age (OR = 0.97; 95% 

CI: 0.96–0.99; P < 0.001); female gender (OR = 2.1; 95% CI: 1.0–4.1, P = 0.04); and type of 

test, with more frequent best practices for thrombophilia (OR = 2.4; 95% CI: 1.5–3.8; P < 

0.001) and HFE testing (OR = 6.3; 95% CI: 3.7–10.7; P < 0.001) compared with HLA-B27 

testing. Intervention versus control site, patient race/ethnicity, number of active medical 

problems, number of progress notes, and type or specialty of ordering provider did not 

influence best practices.

Preimplementation focus groups and interviews

We interviewed 10 clinicians at the intervention site and 9 clinicians at the control site. We 

held two focus groups with 4 and 3 clinicians at each from the intervention site and control 
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site, respectively. Participation in an interview or focus group was arranged according to 

provider preference. At the intervention site, 64% were women and 64% were primary-care 

clinicians; at the control site, half were women and 67% were primary-care clinicians. 

Participants reported that the standard existing genetic test reports were not particularly 

helpful with clinical decision making and were often confusing. Test results were not always 

reviewed if normal, and no alert was automatically sent to the provider if the results were 

normal. Additionally, when trainees order tests, the attending provider would not be alerted 

about the results. Based on these findings, during the implementation period, we identified 

the ordering provider, attending physician (if ordering provider was a trainee), and the 

primary-care clinician as signers of the template report.

Midimplementation interviews

We interviewed 16 clinicians who had ordered a genetic test at the intervention site 6 to 7 

months after implementation. Half were women and 56% were primary-care clinicians. 

Table 4 describes recall and reactions to each component of the intervention. Overall, the 

template report was most influential.

DISCUSSION

Laboratory testing is an integral part of many medical decisions, providing clinicians with 

critical information necessary for disease prevention, diagnosis, treatment, or management.

Through implementation of point-of-care tools in the EHR, we found improved 

documentation of the processes of care for genetic tests commonly ordered by 

nongeneticists. As described in the literature, the quality of documentation may reflect the 

quality of care delivered33; therefore, these interventions have the potential to improve 

outcomes related to integration of genetic test results in care delivery.

Clinicians identified the template report as the most memorable and influential intervention, 

and most improvements in documentation were observed in the postanalytic phase of genetic 

testing, which probably reflects the influence of the template genetic test reports. Because 

the majority of clinicians had ordered a genetic test only once during the study period, there 

was limited opportunity for the template report to influence test orders or documentation of 

preanalytic processes of care in most cases. Over time, as clinicians receive more genetic 

tests results with this report format, it is possible that the template report could influence 

preanalytic phase documentation of care processes for subsequent tests. The informational 

messages at the time of test ordering were also described as useful but not memorable, and 

they could have a bigger impact if translated to hard stops in the test ordering process. 

Lectures providing information about the genetic testing process were also memorable and 

described as useful, whereas this was not the case for e-mail messages about genetic testing 

best practices or the availability of e-consults.

We observed significantly fewer tests ordered at the intervention site postimplementation, 

indicating effects of the intervention on decisions to order a genetic test. Review of the 

literature has shown that these tests tend to be overutilized. However, we could not assess 

appropriateness for patients who should have been tested but were not tested, and we did not 
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observe significant improvements in best practices at the intervention site. The decrease in 

test orders at the intervention site may have been due to the pop-up informational messages 

at the time of test ordering. Prior studies of computer decision support or information 

display for curtailing unnecessary or redundant tests or increasing the appropriateness of 

tests and their timing have had similar modest positive impacts on diagnostic, screening, or 

monitoring test ordering.34,35 Alternatively, clinicians may have been dissuaded from 

ordering subsequent genetic tests after receiving and reviewing the template report. The 

lectures and distribution of information resources might have also influenced test ordering at 

the intervention site.

Factors associated with best practices regarding ordering of the genetic tests under study 

included patient characteristics (younger age, female gender) and type of test, with best 

practices occurring more often for HFE, followed by thrombophilia and HLA-B27 testing. 

The strength of evidence and availability of evidence-based guidelines may have contributed 

to the observed differences in best practices by test type, with a stronger evidence base for 

HFE and thrombophilia testing than for HLA-B27 (refs. 25–29). Younger patient age is not a 

surprising finding because younger age of disease onset is a feature of genetic predisposition 

for most adult-onset conditions, and younger age is a consideration for ordering HFE, 

thrombophilia, and HLA-B27 testing.25–29 Women generally know and report a family 

history more often than their male counterparts,36 and this may explain the increased 

frequency of genetic testing best practices for female patients.

Certain clinician, patient, and test characteristics were significantly associated with 

documentation of genetic testing processes of care. Documentation was strongly associated 

with abnormal test results both before and after implementation, and this is expected given 

the important implications of such results. Both before and after implementation, trainees 

were significantly more likely to document genetic testing process of care. This may be due 

to the relative novelty of ordering these genetic tests as compared with the staff clinicians, 

for whom ordering may have become routine. After implementation, specialists were more 

likely than primary-care clinicians to document outcomes, and this might be related to 

specialists having a greater awareness and knowledge about the these genetic tests,37 which 

may have facilitated acceptance and integration of the interventions into their practice. We 

found decreased documentation of genetic testing outcomes for Hispanic patients compared 

with whites after implementation; this may be due to greater awareness of the lower 

prevalence and relevance of the genetic tests of interest in this population,38–40 resulting in a 

reduced confidence in documenting implications of the test results—especially normal 

results—for Hispanics.

Limitations

We used a quasi-experimental design because randomization was not feasible. To guard 

against threats to internal validity, we included a control site that was similar to the 

intervention site in location, size, complexity, and number of genetic tests ordered. We 

controlled for important confounding variables in our analyses and we included pre-/

postimplementation comparisons to account for temporal trends. We assessed processes of 

care only for tests that were ordered. We did not assess care processes for patients who 
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should have been tested but were not tested. Although the VA is one of the largest integrated 

health-care systems in the United States and our findings are probably relevant to those of 

other VA facilities, our findings may not be relevant to other settings, particularly solo or 

small group practices. Importantly, the strategies we used could only be effective in a health-

care system like the VA, which has an EHR with clinical decision support capabilities.

In summary, implementation of point-of-care tools in the EHR increased and improved 

documentation of the processes of care for genetic tests commonly ordered by 

nongeneticists, suggesting the potential to improve outcomes related to better integration of 

genetic test results in care delivery. The study interventions most likely influenced clinicians 

who were willing to learn and change their habits regarding genetic testing and 

documentation of related care processes. Complementary strategies that could improve test 

orders and integration of test results include policies that incentivize clinicians, such as 

performance measures or improved reimbursement for adhering to best practices. Research 

is needed to understand the importance of factors facilitating or hindering appropriate 

genetic test ordering and utilization of test results. It will also be important to show 

improved outcomes as a result of these interventions.
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Table 1

Characteristics of records from patients having a genetic test of interest at the control and intervention sites 

during the pre- and postimplementation periods

Patient characteristics
Control site

(n = 265)
Intervention
site (n = 286)

Male, % 96.0 88.6

Patient age (years) mean, SD

  Malea 57.0 ± 14.1 54.4 ± 14.8

  Female 44.8 ± 16.9 41.4 ± 11.5

Race/ethnicity, %b

  White 53.2 40.2

  African American 15.1 24.8

  Hispanic 16.6 13.6

  Asian, Am Indian, Pac Islander, Mixed 4.2 5.6

Declined to answer 10.9 15.7

No. of active medical problems
(median, range)

12, 0–45 11, 0–42

No. of progress notes per record
(median, range)

50, 4–789 45, 1–624

Genetic test characteristics

Test of interest, %c

  HFE C282Y, H63D 35.5 21.3

  Thrombophilia paneld 33.2 38.5

  HLA-B27 31.3 40.2

Reason for testing, %e

  Diagnostic 95.9 96.9

  Predisposition 3.4 2.1

Test results, %

  Abnormalf 25.3 22.4

  Normal 74.3 75.5

  Not available (canceled or inconclusive) 0.4 2.1

Ordering provider characteristics

Type of ordering provider, %g

  Physician 57.4 39.5

  Nurse practitioner/physician assistant 10.2 12.2

  Traineeh 32.5 48.3

Genet Med. Author manuscript; available in PMC 2019 May 07.
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Patient characteristics
Control site

(n = 265)
Intervention
site (n = 286)

Specialty, %i

  Primary care 38.1 37.2

  Specialist 61.9 62.8

No. of tests ordered (median, range)

  1 55.2 60.3

  2–4 31.0 28.6

  5–10 9.2 7.9

11 or more 4.6 3.2

There were no significant pre-/postimplementation differences at either the intervention site or the control site.

Am, American Indian; Pac, Pacific.

a
P = 0.04.

b
P = 0.005.

c
P = 0.001.

d
Factor V Leiden mutation or APC resistance, factor II G20210A mutation, and MTHFR C677T and A1298C variants.

e
Reason for testing was inferred by coders. Diagnostic testing was assigned when a patient had signs and symptoms of a genetic diagnosis and 

predisposition testing when testing was performed given a family history of conditions suspicious for a genetic diagnosis.

f
Abnormal tests included homozygosity, compound heterozygosity or heterozygosity for factor V Leiden and/or factor II G20210A (intervention 

site, n = 10; control site, n = 16), HFE C282Y and/or HFE H63D (intervention site, n = 29; control site, n = 36), or HLA-B27-positive (intervention 
site, n = 25; control site, n = 15).

g
P < 0.001.

h
Includes medical student, intern, resident, and fellow.

i
Specialty was determined by signature block or progress note title. Primary care included ambulatory care, women’s health and internal medicine. 

Specialty included cardiology, gastroenterology, hematology-oncology, neurology, ophthalmology, physical medicine and rehabilitation service, 
rheumatology, and other specialties.
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Table 3

Documentation scores by site during the pre- and postimplementation periods

Preimplementation
period, %

Postimplementation
period, %

Score
Control site

(n = 91)
Intervention
site (n = 111)

Control site
(n = 174)

Intervention
site (n = 175)

0 2.2 0 1.7 0.6

1 5.5 1.8 5.8 0.6

2 4.4 7.2 6.9 2.9

3 11.0 18.0 12.6 9.7

4 13.2 17.1 16.1 14.9

5 15.4 9.9 10.3 12.6

6 18.7 16.2 17.2 19.4

7 16.5 15.3 16.7 15.4

8 7.7 9.9 9.2 14.3

9 5.5 1.8 2.9 8.0

10 0 1.8 0.6 0.6

11 0 0.9 0 0.6

12 0 0 0 0.6

Mean, SD 5.2, 2.2 5.2, 2.1 5.0, 2.2 5.9, 2.1a

a
P = 0.0001 comparing postimplementation intervention to control sites.
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Table 4

Midimplementation interviews: intervention recall and reactions from 16 clinicians at the intervention site

Intervention
component

Recall prior to being shown
example Reactions after shown example

EHR
Announcement
e-mail

Three recalled seeing one of the 
EHR
Announcements by e-mail; 
another
recalled getting a hard copy in 
his mailbox

Most providers do not read the EHR Announcements. Reason: too much e-mail. Only
4 thought EHR Announcements could be an effective way to inform providers about
genetics topics.

Genetic
e-consult

Two recalled using the e-consult Most thought the e-consult could be a useful tool; good in situations where they are not
sure if a test is indicated or need help interpreting results. One remembered using the
consult and said it was too burdensome to complete: “As a busy physician I never wanted
to do it again.”

Lecture on
genetic testing

Seven recalled attending a 
genetics
lecture

All found the lecture useful to understanding the genetic testing process

Informational
message

Two recalled seeing the pop-up
messages when ordering a 
genetic test

Most thought a message at the point of care was an effective way to communicate
information about a genetic test. However, some voiced concerns that these messages
could be too easily overlooked and appeared too late in the process after the decision to
order a test had been made. As one primary-care clinician said, “I would ignore the info
message unless it was a hard stop.”

Genetic
template report

Nine recalled seeing the 
template report
(all recalled after shown 
example)

Overall, the most influential component. The general layout and organization were
viewed favorably: “If this is the way that you guys are going to be implementing the new
way of doing the genetic reporting, I like it”; “The way it’s organized, it seems to be kind
of incremental so the most important is placed first and then if you’re interested in more,
you can keep reading…that’s the way it should be.” Clinicians noted that the organization
facilitated their ability to find and read sections of greatest interest. Nearly all agreed the
report contained a considerable amount of text; yet only a few found it to be burdensome
and distracting. Most felt that the report provided more detail than the standard
laboratory report and provided a clearer explanation of the results and interpretation.
“The one from the lab just tells you if it’s detected or not detected, and the note goes on
to explain what that means.” Most said the report would help in explaining the results
to the patient. Some said they wanted the report to be more directive and to have more
specific recommendations regarding management and implications for family members.
Most found that the report helped in understanding the limitations of the test result. Five
thought that being alerted to sign the report was helpful.

EHR, electronic health record.
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