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Abstract ‘‘The Pregnancy and Health Profile’’ (PHP) is a

free prenatal genetic screening and clinical decision sup-

port (CDS) software tool for prenatal providers. PHP col-

lects family health history (FHH) during intake and

provides point-of-care risk assessment for providers and

education for patients. This pilot study evaluated patient

and provider responses to PHP and effects of using PHP in

practice. PHP was implemented in four clinics. Surveys

assessed provider confidence and knowledge and patient

and provider satisfaction with PHP. Data on the

implementation process were obtained through semi-

structured interviews with administrators. Quantitative

survey data were analyzed using Chi square test, Fisher’s

exact test, paired t tests, and multivariate logistic regres-

sion. Open-ended survey questions and interviews were

analyzed using qualitative thematic analysis. Of the 83 %

(513/618) of patients that provided feedback, 97 % felt

PHP was easy to use and 98 % easy to understand. Thirty

percent (21/71) of participating physicians completed both

pre- and post-implementation feedback surveys [13 obste-

tricians (OBs) and 8 family medicine physicians (FPs)].

Confidence in managing genetic risks significantly

improved for OBs on 2/6 measures (p values B0.001) but

not for FPs. Physician knowledge did not significantly
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change. Providers reported value in added patient

engagement and reported mixed feedback about the CDS

report. We identified key steps, resources, and staff support

required to implement PHP in a clinical setting. To our

knowledge, this study is the first to report on the integration

of patient-completed, electronically captured and CDS-

enabled FHH software into primary prenatal practice. PHP

is acceptable to patients and providers. Key to successful

implementation in the future will be customization options

and interoperability with electronic health records.

Keywords Family health history � Personalized risk

assessment � Clinical decision support � Prenatal care �
Genetic screening

Introduction

Family health history (FHH) has been called ‘‘the cheapest

genetic test’’ [1] or the first genetic test [2], and it has long

been recognized as an essential aspect of general prenatal

care [3]. FHH can inform risk assessment and management

for the pregnancy (e.g., preterm delivery) [4], the infant

(e.g., congenital birth defects) [5], the patient (e.g., post-

partum depression) [6], and her relatives (e.g., hereditary

cancers) [7].

The American College of Obstetricians and Gynecolo-

gists (ACOG) recommends screening for a variety of

genetic and non-genetic conditions in the prenatal period,

some of which are based on patient ethnicity, FHH, and

other medical, environmental, and lifestyle risk factors [8].

A 2009 review of published ACOG and American College

of Medical Genetics (ACMG) guidelines for prenatal

testing found 27 genetic or FHH conditions that are

appropriate for prenatal screening to assess risk for the

fetus, pregnancy, and the female patient across her lifespan

[9]. While most prenatal providers recognize genetic

screening for aneuploidy and ethnicity-based carrier

screening as part of standard practice, adherence to the

relevant guidelines is variable across providers [10], often

due to limited knowledge, confidence, and time [11, 12].

Point of care tools and clinical decision support (CDS)

can assist in the translation of FHH and genetic risks into

personalized patient management strategies [13]. CDS

provides clinicians with person-specific information,

intelligently filtered and presented at appropriate times, to

enhance health care [14]. CDS has the added potential

benefit of supplying provider and patient education [15,

16]. A limited number of genetic and FHH CDS systems

have been implemented resulting in some improvements in

patient outcomes and provider adherence to guidelines

[17–19]. To our knowledge, FHH and genetic CDS have

not been tested in the prenatal setting.

The Pregnancy and Health Profile (PHP): a Screening

and Risk Assessment Tool [20] is driven by the collection

of patient-entered FHH and other risk factors at the point of

care and identifies patients at increased risk for genetic and

other conditions. PHP includes conditions for which

screening is supported in the literature and by professional

organizations [9]. In addition to 27 genetic and FHH con-

ditions, 18 additional conditions or environmental or life-

style risk factors that confer obstetric risk were included in

PHP to aid in patient intake [9]. CDS algorithms were

developed for the genetic and FHH conditions based on

practice guidelines and reviewed by experts.

We describe the results of a multi-level, multi-method

evaluation of the clinical implementation of PHP in four

diverse clinical settings that elicited feedback on the tool

from providers, patients, and clinic staff. In this pilot study,

PHP was utilized as a stand-alone risk assessment tool, not

integrated with the site’s electronic health record (EHR).

Methods

Recruitment

Site and provider inclusion criteria: study sites with five or

more participating primary care prenatal providers and a

patient load of approximately 50 new pregnant patients

proficient in English, per month were eligible. Diversity of

the patient and provider populations was also considered to

maximize ethnic/racial, socioeconomic, and geographic

diversity and the inclusion of underserved populations.

Providers had to be a primary care prenatal provider, such

as an obstetrician (OB), nurse practitioner, certified nurse

midwife, family medicine physician (FP), physician assis-

tant, or nurse; be affiliated with one of the four clinical

sites; and have a role in patient care for 25 % or greater of

their time. Residents were eligible for inclusion.

Patient inclusion: women presenting for the first prenatal

visit to a participating provider during the pilot period were

eligible to use PHP. Patients with limited English profi-

ciency were excluded as the tool was only available in

English, as were some patients based on acute pregnancy

complications (e.g., miscarriage, heavy cramping or

bleeding), as determined by the site staff during the clinical

encounter.

Implementation

Participating sites included: (1) Mountain Area Health

Education Center, an academic and community-based

obstetrics and gynecology residency program in Asheville,

NC; (2) Maine Dartmouth Family Medicine Residency

Program, a rural academic family medicine program in
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Fairfield and Augusta, ME; (3) Montefiore Medical Group—

Comprehensive Family Care Center, an urban federally

qualified health center with an academic affiliation in the

Bronx, NY; and (4) Clearvista Women’s Care, Community

Health Network, an obstetric practice that is part of a com-

munity hospital network in the suburbs of Indianapolis, IN.

Clinical site partners obtained approval or exemption

through their respective Institutional Review Boards.

Staff met with site clinicians and clinic and IT staff prior to

implementation to conduct a needs assessment, ascertain

patient flow and processes, physical space, and provider

educational needs and preferences and to develop an instal-

lation and implementation plan. At three sites, the tool was

used with eligible patients presenting for the first prenatal

visit; at one site (NY), informed consent was obtained and

patients had the option to decline use of the tool (Fig. 2). In all

sites, providers were not given the choice of whether or not

their patients would use the tool; it was implemented as part

of clinic flow, or at the NY site, offered to all eligible patients.

At the first prenatal visit, patients completed an intake ques-

tionnaire on a tablet computer that collected maternal and

paternal information about personal and FHH (317.5 min

average time to completion). The tool generated the PHP

report, an adaptation of the ACOG Antepartum Record,

populated with patient-entered data and with the output of the

CDS for the provider (Fig. 1) [20]. In two sites (NY, IN), the

tool was an additional component to the existing prenatal

intake process and work flow. In these sites, staff transcribed

relevant data from the PHP report into the patients’ encounter

in the EHR and the paper report was scanned into the EHR as

a reference. In ME and NC, the tool replaced all (ME) or

most (NC) of the previous intake process and documentation.

Here, the paper PHP report was filed in the patient’s paper

record in place of the previous form filled out by the patient.

Prior to implementation, project staff provided 1–2 h

group training on tool use at each site that covered the value

of FHH in prenatal care, the components of the tool, the

proposed implementation plan, and workflow challenges

and resolutions. Ongoing one-on-one support was provided

by site coordinators as needed. The study was conducted

between September 2011 and March 2012. Sites used the

tool for 14–23 weeks depending on patient volume.

Data Collection

Patients presenting for their first prenatal visit were invited

to complete a voluntary and anonymous 18-item paper

survey after using the tool to provide feedback. Providers

were asked to complete a 16-item paper baseline survey

prior to training and a 33-item paper or electronic final

survey 1–19 weeks after the study period that assessed

confidence and knowledge. The final survey also collected

provider feedback on the tool. Reminders to complete the

electronic survey were sent after 2 weeks after the study

period ended. Participants were given the option of com-

pleting a paper survey to increase response. The evaluation

instruments were developed by the project team and tested

during formative evaluation (data not shown) and included

both quantitative and qualitative measures (available in

supplement). Neither providers nor patients were offered a

financial incentive to participate.

Semi-structured interviews with the clinic administrator

were conducted at 1–3 months and at the conclusion of the

pilot period.

Data Analysis

Quantitative survey data were analyzed using descriptive

statistics, Chi square test or Fisher’s exact test (e.g., to

compare patient characteristics by site), paired t tests (to

make pre/post comparisons of provider confidence), t tests

to compare perceived usefulness/helpfulness between FPs

and OBs, and multivariate logistic regression (to identify

patient characteristics associated with usability). Statistical

tests were considered significant using Bonferroni-adjusted

p values. Qualitative thematic analysis was used for

responses to open-ended questions.

Results

Study Populations

Six-hundred eighteen patients used the tool during the

study period. Of these, 513 (83 %) provided feedback on

Fig. 1 Clinical flow of the

pregnancy and health profile.

Images attributed as follows:

doctor designed by Andrew

McKinley, from the Noun

Project; printer designed by

James Fenton from the Noun

Project
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PHP by completing the survey (Table 1; Fig. 2). Among

patients who used the tool, there was no statistically sig-

nificant difference between survey responders and non-

responders in terms of age, education, race, or ethnicity. In

one site (IN), patients who reported a previous pregnancy

were less likely to complete the survey (78 vs. 91 %,

p = 0.01). The patients who completed the survey were

white/Caucasian (81 %), black or African-American

(11 %), and Latina (9 %). The mean age was 27 years

(SD = 5.84) with a range of 15–46 years. Patients were of

diverse educational levels and parity.

One hundred and sixteen physicians (36 attendings and

70 residents) were determined to be eligible at the time of

implementation (Fig. 3). A total of 71 physicians used the

tool. Twenty-four physicians completed both evaluation

surveys and 21 self-reported they used the tool with

patients, including 8 FPs (all at ME) and 13 OBs (8 NC; 1

NY; 4 IN). Among participants who completed both

evaluation surveys, approximately half were residents (4

FP, 6 OB) and 67 % were female (7 FP, 7 OB).

Data from the final evaluation surveys show that OBs

saw a median of 15 patients and FPs 3.5 patients who used

the tool; 4 OBs (40 %) and 5 FPs (83 %) reported that they

used the tool with 2–5 patients; 6 OBs (60 %) with more

than 10 patients (range 10–50); and 1 FP (17 %) with 60

patients.

Patient Results

Patients overwhelmingly felt the tool was easy to use

(97 %, n = 474/490) and they found the FHH questions

easy to understand (98 %, 478/489). There were no sig-

nificant differences in ease of use or understanding ques-

tions between sites. Multivariate logistic regression

controlling for age, education, and English as first language

showed patients who were ‘‘very comfortable’’ using

computers were more likely to report that the tool was

‘‘very easy’’ to use (OR 3.5, 95 % CI 1.7–7.3; p = 0.001)

and that the questions were ‘‘very easy’’ to understand (OR

4.5, 95 % CI 2.1–9.7; p \ 0.001). Additionally, patients

Table 1 Patient demographic characteristics by site

NC ME NY IN Total p value*

Number 225 42 37 209 513

Age (%)

15–17 6 11 0 0 4 B 0.001

18–24 37 37 34 16 29

25–34 45 47 54 68 55

35–46 12 5 11 15 13

Mean age 26 26 27 29 27

Ethnicity (%)

Hispanic or Latina 6 6 65 3 9 B0.001

Race (%)

Caucasian or white 85 92 25 83 81 B0.001

AA/Black 10 0 42 11 11

Asian or PI 1 0 0 5 3

Native American .5 3 4 0 1

Caribbean or W. Indian .5 0 25 0 2

Multi-racial 4 6 4 1 3

Education (%)

Less than high school 23 34 21 2 16 B0.001

High school or GED 22 32 15 7 16

Some college 27 21 44 22 26

College grad 22 11 12 50 31

Grad school 6 3 9 19 11

Median education level Some college HS Some college College grad Some college

First pregnancy 29 31 22 42 34 NS

English 1st language 97 97 72 94 94 B0.001

Very comfortable with computers 83 76 92 94 88 =0.001

* Obtained using Chi square test or Fisher’s exact test with Bonferroni correction

p values significant when a\ .007
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who had been pregnant before were more likely to say the

questions were ‘‘very easy’’ to understand (OR 3.1, 95 %

CI 1.5–6.2, p \ 0.01). Ninety-six percent (467/486) of

patients were not worried about the confidentiality of

entering FHH into the tool. Only 2/513 patients reported

that they were ‘‘very worried’’ about confidentiality.

Fig. 2 Patient study flow

Fig. 3 Provider study flow
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Seventy-nine percent (384/486) of patients felt the length

of time it took to complete the tool was ‘‘okay’’ and 21 %

felt the tool was ‘‘somewhat long’’ or ‘‘too long.’’ Patient

attitudes about length of time varied by site, with 37 % (7/

19) of patients at the ME site, 30 % (67/223) at NC, 22 %

(8/37) at NY, and 10 % (20/207) at IN reporting the tool

was somewhat or too long (p B 0.001).

Patients were asked how willing or unwilling they were

to provide their FHH through various options. Patients

were equally willing to provide information in a clinical

encounter by entering it into a computerized tool, 93 %

(440/473), or by verbally reporting it to a provider (93 %,

437/468). These methods were preferred over completing a

paper form (77 %, 362/470).

Provider Results

Seventy-six percent of eligible physicians completed the

baseline survey, 61 % used the tool with patients, 21 %

completed both the baseline and final surveys, and 18 %

completed both surveys and self-reported they used the tool

with patients. For reasons of human subjects protection,

provider identity was not revealed to evaluation staff and

study identification numbers were used to link baseline and

final survey data, which limits our ability to comment on

characteristics of survey responders versus non-responders.

Residents accounted for 60 % of initially eligible providers

and in some sites, these providers may have been lost to

follow-up when they rotated to other clinics.

Providers answered seven knowledge questions related

to FHH and identifying and managing prenatal genetic risks

(survey instrument available as a supplement). FPs showed

an improvement in knowledge by an average increase in

knowledge score from 4.8 to 6 questions correct, although

this was not statistically significant. Using the tool did not

improve knowledge of OBs, who scored an average 6.2

questions correct at baseline and at the end of the study.

Providers self-reported confidence in identifying and

discussing patients’ genetic risks through six different

items (Table 2). OBs’ confidence significantly improved

for 2 out of 6 measures whereas FPs’ confidence did not

significantly improve.

More than half of both FPs and OBs rated as useful to

their clinical practice the patient questionnaire, receiving a

report with pre-populated patient data, and the family

history data collection/pedigrees (Fig. 4). Thematic ana-

lysis of provider responses to survey questions identified

that some providers appreciate the data collection aspects

of PHP that can aid in efficient clinic flow and see value in

the tool’s ability to engage and educate patients during the

first prenatal visit, although one provider noted that he/she

missed the opportunity to develop rapport through one-on-

one collection of FHH.

Providers were asked about the completeness of data

collected through the tool. Combined, 53 % of physicians

reported that additional questions were needed to clarify a

patient response on the tool with ‘‘most’’ or ‘‘all’’ of

patients. Free text responses show these were predomi-

nately to collect further detail about the patient’s personal

history (e.g., details of a surgery) or the exact nature of

disease in a relative. Fewer physicians (24 %) reported that

they asked additional FHH questions about additional

conditions that were not on the tool for all or most patients.

Physicians had a high variability in how helpful they

found the CDS, with relatively equal numbers reporting

positive, neutral, and negative feedback on the

CDS (Fig. 5). There were no detectable trends in physi-

cians’ perceived helpfulness of CDS when looking at

subgroups (e.g., residents vs. attendings; FPs vs. OBs).

Analysis of providers’ open-ended comments showed that

some providers appreciate the CDS considerations list that

provides recommendations on referrals and screenings

tests. Negative themes from qualitative analysis included

dissatisfaction with both the presentation of the CDS in the

report (e.g., length and organization) and content of the

CDS, with one provider expressing concerns that the tool

results in over-calling of risk and an increase in unneces-

sary referrals. Some providers reported that the tool

reduced time spent taking FHH and they could use this

additional time to focus on the unique aspects of each

pregnancy. Other providers reported that the tool hindered

visit productivity, increased provider time spent clarifying

FHH responses, and made the documentation of obstetric

risks more challenging.

About half the physicians commented in open-ended

responses on the length of the report and number of CDS

considerations. In the survey, less than half of physicians

rated the structure of the report as useful (Table 2), and

their specific comments related to needing additional cus-

tomization of the tool’s report to support their clinic pro-

cesses. Both OBs and FPs noted that they would

recommend customized changes to the report and the tool

(Table 3).

At the conclusion of the pilot period, the ME site con-

tinued to use PHP in prenatal care and the other three sites

did not, returning to their previous intake and management

systems. The sites conveyed the duplication of data entry

processes and need to focus on other EHR implementation

as reasons to stop using PHP.

Impact on Clinic Flow and System

At two sites where the tool was implemented in addition to

existing process (NY, IN), using the tool lengthened the

clinical encounter because some work and processes were

duplicated. Administrators reported initial disruptions in
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clinic flow, which were addressed by adjustments to the

flow, and improved provider acceptance over time. The-

matic analysis of qualitative interviews with administrators

identified key points of customization, barriers, and facil-

itators (Table 4). Each site had a unique experience using

the tool; however, there were some common requirements

for successful implementation, including: (1) a single point

person who was responsible for day-to-day management of

the project; (2) a clinical champion to advocate for the

project; (3) clinical and technical training for site staff; (4)

technical assistance from project staff; (5) information

technology resources such as a server and wireless con-

nection, and (6) a private space, such as an exam room, in

which to complete tool.

Preparing for implementation took 1–3 months and

included installation and clinical staff training. IT resour-

ces required varied based on the degree of site staff par-

ticipation, and may have included *5 % FTE (more at

initial installation, less once system was launched) and

server space to house the database (data from initial needs

assessments and administrator interviews). Site coordina-

tors worked on this project *25 to 50 % FTE, which

Table 2 Impact of the tool on provider knowledge, confidence, and attitudes

A: confidence at baseline and post-implementation FPs

(n = 8)

OBs

(n = 13)

(mean of scale from 1 = not at all confident to 5 = very confident)

‘‘How confident are you today in…’’

Pre mean

(SD)

Post mean

(SD)

p value Pre mean

(SD)

Post mean

(SD)

p value*

Identifying and discussing patients’ risk of having a child with:

Neural tube defect 2.9 (1.4) 3.3 (0.9) NS 3.7 (0.9) 4.1 (0.7) NS

Fragile X syndrome 2.1 (1.1) 2.3 (0.7) NS 2.6 (1.1) 3.2 (0.7) NS

Sickle cell disease or a thalassemia 2.5 (1.3) 2.4 (1.1) NS 3.3 (0.9) 4.1 (1.0) =0.0006

Knowing when to refer for genetic counseling 2.8 (1.0) 3.4 (0.7) NS 3.9 (0.8) 4.4 (0.5) NS

Conducting follow-up steps for patients with identified genetic risk

factors

2.3 (0.8) 2.9 (0.8) NS 3.2 (1.0) 4.1 (0.8) =0.0008

Ability to identify patients at risk for rare genetic conditions 2.0 (0.9) 2.0 (0.9) NS 2.5 (1.0) 3.2 (1.1) NS

B: reported usefulness of elements of the tool FPs OBs p value**

(mean of scale from 1 = very useful to 5 = not at all useful)

‘‘How useful were the following features of the

tool/report in your clinical practice?’’a

Mean SD Mean SD

Patient questionnaire 2.2 1.3 2.4 1.5 NS

Patient report 3.0 1.2 2.8 1.5 NS

Patient data pre-populated into form 2.7 1.6 2.5 1.5 NS

Structure/organization of report 3.8 1.6 2.9 1.2 NS

Family history collection & pedigree 2.9 1.5 2.4 1.3 NS

Clinical decision support 2.7 1.5 3.4 1.2 NS

C: Reported helpfulness of CDS FPs OBs p value**

(mean of scale from 1 = very helpful to 5 = not at all helpful)

‘‘How useful was the clinical decision support to your

practice for the following categories of conditions?’’b

Mean SD Mean SD

Ethnicity-based risks (example: Hemoglobinopathy) 2.4 1.0 2.7 1.2 NS

Complex birth outcomes (example: neural tube defect) 2.4 1.0 2.7 1.2 NS

Non-genetic health conditions (example: blood clots) 2.7 0.8 3.4 1.1 NS

Conditions unrelated to pregnancy (example: hereditary cancer) 2.9 0.7 3.1 1.3 NS

A mean change in provider confidence in management of genetic risk from baseline to post-implementation; B mean provider-reported usefulness

of different elements of the tool; C mean provider-reported helpfulness of different kinds of CDS

* Obtained using paired t tests with Bonferroni correction; p values significant when a\ .002

** Obtained using t tests
a Distribution of utility feedback in Fig. 4
b Distribution of CDS feedback in Fig. 5
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included both clinical coordination and research

coordination.

Discussion

Summary of Results

This observational pilot study is the first description of the

impact of implementing a patient-entered, electronic

genetic and pregnancy risk screening tool with CDS in the

prenatal setting. We used a multi-level, multi-method

approach to implement and evaluate PHP in practice to

assess impact on patients, providers, and the clinic.

PHP as a Data Collection Tool

The tool showed high usability and acceptability among

diverse patients in four different clinical settings. These

results are consistent with other reports in the literature

showing high patient acceptance and satisfaction with

providing FHH and other personal health information in

web-based tools [21–23]. The majority of patients who

used PHP spoke English as their first language and reported

that they were comfortable with computers. Not surpris-

ingly, women who were comfortable using computers were

more likely to report high usability and understanding of

the tool. We also found that women who had been pregnant

before were more likely to say the questions on the tool

were very easy to understand. This may be due to a higher

level of familiarity in general with the prenatal care

process.

An important consideration in this study is the accuracy

of the family history information collected by PHP. In a

formative evaluation of PHP prior to implementation, we

compared the FHH as collected by the tool to that collected

by a genetic counselor (GC). The tool and GC were com-

parable in identifying accurate family structure in first- and

second-degree relatives and had similar detection rates of

increased risk in the family (data not shown). Various

groups have studied the analytic validity of patient-repor-

ted FHH and have found a similar accuracy rate when

collecting FHH compared to the standard practice of

patient interviews, although the sensitivity varies based on

the specific condition [24]. Providers in our study reported

needing to collect additional information about patient-

reported health and family conditions. This may be typical

for patient-entered screening and intake forms, whether

paper or computerized. We did not have a way to compare

the level of additional data collection and follow-up that

occurred in the clinics as compared to their other practices.

PHP as an Educational Resource for Physicians

We found that OBs’ confidence about identifying and

managing genetic risks improved during the study period

but not FPs’. The small sample size makes it difficult to

draw definitive conclusions from our observations of FPs’

and OBs’ responses. It is possible that the difference in

confidence between these two physician groups is unrelated

to their subspecialties, but rather is a reflection of some

unmeasured clinic or practice characteristics. The FPs were

all part of one practice that had to adapt to an entirely new

prenatal record system, and this adjustment may have mit-

igated the benefits of CDS on changing their confidence.

We did not find statistically significant changes in

physician knowledge post-implementation. While the CDS

report was not specifically designed to improve knowledge

Fig. 4 Distribution of physician responses on perceived utility of

PHP. Physician (n = 21) were asked: ‘‘How useful were the

following features of the tool/report in your clinical practice?’’

Fig. 5 Distribution of perceived helpfulness of prenatal CDS.

Physician (n = 21) were asked: ‘‘How helpful was the clinical

decision support to your practice for the following categories of

conditions?’’
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as an outcome—clinical behavior change was the goal—

we did measure knowledge as this could be a beneficial

byproduct of interacting with the CDS results over time.

Qualitative data from provider open-ended comments on

surveys and administrator interviews suggest that using

PHP does raise awareness of relevant family history risks

among providers.

Physician Perceptions on PHP Clinical Decision

Support

We saw high variability in physician’s feedback on

quantitative measures regarding the helpfulness of the

CDS, ranging from ‘‘very helpful’’ to ‘‘not at all help-

ful.’’ Examining individual responses and provider open-

ended comments further supports the mixed feedback

about the value of the CDS and of the tool as a whole.

A few physicians had very positive responses to the tool,

a few had very negative responses, and the majority saw

some advantages as well as some frustrations and chal-

lenges. With the small sample size, we are unable to

determine if there are specific provider characteristics

that affect acceptance of PHP, and this warrants future

study.

Dissatisfaction with the organization, structure, or

length of the report and CDS messages was a common

theme among providers. Although trained on the tool, some

providers were unfamiliar with the specific questions on

the patient questionnaire, so there may have been confusion

about exactly what was asked of the patient. The patient

data populated the PHP report, which was a modified

version of the ACOG Antepartum Record [25], a com-

prehensive prenatal care record. The PHP report was 13–17

pages long, depending on patient history, and includes

templates for complete intake. We deliberately chose the

Antepartum Record as a model because it is familiar to

many prenatal providers, but additional study can be done

to determine optimal data presentation design.

Table 4 Challenges and facilitators to implementation

Type Challenges Facilitators

Clinic resources IT support Champion with leverage with IT and clinic management

Coordinator to manage all aspects of tool

Clinic flow disruptions Frequent assessment and adjustment to flow and processes for

improved efficiency

Approval

processes

IRB protocol and approval Individual-level PHI resides in clinic, not with project staff

Forms committee approval of new report Collaboration between project and site staff to complete protocols

and applications

Clinical care Risk management for an expanded FHH screening

panel

Training and outreach for providers from project team

Provider

perceptions

Provider perceptions regarding scope, validity, and

utility of tool

Data on performance pre-tool & recognition improvement needed

Line-by-line comparison of contents of regular intake form to tool

Being part of a national project

Technical Point-of-care technical issues Availability of technical assistance from project team

Table 3 Physician customization preferences

Part of PHP Desired change FMs (n = 8) OBs (n = 13) Total (n = 21)

Data collected Decrease amount of time for patient to complete questionnaire 0 3 3

CDS Ability to change threshold for risk 0 1 1

More support to guide providers based on risk 1 0 1

Report Condense for fewer pages of paper and less redundancy 3 6 9

Change organization 3 1 4

Increase page margins 1 0 1

Pedigree key 1 0 1

Include additional or expanded data fields: problem list;

physical abuse in the home; blood type; marginal

placenta previa on ultrasound; due date, date of visit,

parity, and blood type on each page.

2 0 2

Free response feedback on desired changes to the tool and report by FMs and OBs
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A 2006 review of physicians’ actions around CDS for

drug safety found that physicians override 49–96 % of such

alerts [26]. If such high rates of override are found for drug

safety alerts, it is possible that CDS for non-acute occur-

rences, such as FHH risk, may see even higher rates of

provider disregard. This study found some evidence that

low-level alerts were more likely to be overridden than

high-level (serious) alerts. Some physicians in our study

also reported concern that there were ‘‘too many’’ CDS

messages and one physician reported concern about the

accuracy of CDS messages. Such concerns and perception

of ‘‘alert overload’’ can negatively impact the users’ con-

fidence in the CDS system [27], which may be a factor for

those providers who were less satisfied with the tool.

An important consideration in the development of any

CDS system is selection of included risks and conditions.

The conditions on PHP were selected based on demon-

strated evidence from the literature and professional orga-

nization guidelines [9]. All recommendations made by the

CDS were a direct result of existing guidelines. The

objections to the number of interventions recommended by

the CDS might be considered more an objection to existing

guidelines than an objection to the tool. For example, one

provider-reported ‘‘a family history of hypertension is not a

flag for me,’’ referring to the algorithm that produces a

CDS message to screen for hypertension if there is a family

history of it reported. Another possible factor influencing

providers’ objections to the number of CDS recommen-

dations with the system is the timing of delivery of CDS,

which in this project, was all at once. A relatively simple

solution would be to distribute the CDS messages over the

course of multiple perinatal visits and test the impact on

providers.

While the algorithms were informed by professional

society guidelines and reviewed by content experts, it is

possible they are not the best interpretation or that the

provider’s practice is not aligned with the guidelines.

Historically, many practice guidelines were developed

based on expert opinion rather than evidence-based medi-

cine, especially in genetics where the low incidence of

many conditions creates challenges for conducting the

large scale trials necessary to develop evidence [28]. While

professional organizations continue to strive towards evi-

dence-based practice guidelines, many of the guidelines

included in the tool’s algorithms have not been tested in a

clinical population to determine clinical validity and utility.

Additional evaluation of the algorithms used in risk

assessment and tool itself would help to determine clinical

validity and utility of such screening, respectively, in the

primary care population.

The observed dichotomy in patient and provider satis-

faction and perception of the tool may be influenced by the

general dynamics during the first obstetric visit of patients

that are highly engaged to be information seekers, and

providers who are pressed for time. Adding to the com-

plexity of the visit is likely to challenge providers and be

met with resistance, which could be a factor in our

observations of physician acceptance. To promote both

physician and patient acceptance and usability, tools such

as PHP must be integrated into the clinic workflow

maximally.

Implementation of PHP

Clinic flow was customized for each site based on the

practices’ needs and resources, resulting in variation in IT

setup, tool integration and use procedure. These different

approaches impacted clinic flow and influenced provider

feedback differently, which has implications for interpret-

ing provider data. Despite developing a customized

installation and implementation plan to meet each clinic’s

needs, implementation and long-term maintenance of the

tool required consistent monitoring, evaluation, and

adjustment.

The desire for customization of the tool, CDS, and

report was a theme identified by both providers and

administrators. The observed variability between sites

regarding implementation approaches and between pro-

viders regarding responses to PHP demonstrate that prac-

tice and provider characteristics affect the outcomes of the

intervention. Our findings are consistent with the conclu-

sions of Wilson and colleagues, who recently published a

framework for developing and using FHH tools in the

primary care setting. They recognized that the patient

populations and clinical goals of a FHH screening program

impact which attributes of the specific FHH tool are more

and less important, concluding that ‘‘one size does not fit

all’’ when considering FHH tools across primary care

clinics [29]. PHP can be customized for a specific site, but

this was not an option for sites during the pilot.

Kawamoto and colleagues evaluated the elements of

CDS systems that influence success in achieving desired

outcomes [16, 30]. These include systems that provide

CDS: (1) automatically, (2) through computerized auto-

mation, and (3) at the point-of-care; and (4) recommend a

clinical action (rather than simply generate a risk). Addi-

tional features that can support success include systems

that (5) provide CDS as an integrated component of the

health record and (6) prompt a provider to record the rea-

son for noncompliance with CDS. PHP meets the first four

core factors. PHP can be implemented as an integrated core

component of the health record but in our pilot, 2 of 4 sites

chose to implement it as a stand-alone risk assessment

system. Future development of PHP and other tools should

continue to follow these guidelines. For future implemen-

tation of PHP, we recommend integration with EHRs, a
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shorter report, options for customization to site needs, and

additional study of the timing and delivery mechanism of

CDS to promote maximum provider acceptance.

While there are aspects of prenatal care that are unique

compared to other areas of medicine, we believe the

implementation issues and patient and provider feedback

identified in this study are translatable beyond the prenatal

clinic. This project is the first to study family history and

genetic CDS in the prenatal setting and our findings

regarding usability are consistent with those of other

studies of family history systems as well as non-genetic

CDS systems [16, 29–31].

Limitations

There are a number of limitations that should be

acknowledged in this study. First, caution should be used

when interpreting the provider results due to the small

numbers of physicians who participated in the sites and

completed both surveys. This small pilot study was not

designed to assess the extent to which any differences

between physicians were due to differences in the demo-

graphics of their patient populations. Similar to other

studies that use physician surveys, we saw a relatively low

response rate, which can raise questions of nonresponse

bias and the overall generalizability of the findings [32]. In

addition to staff turnover, especially among residents,

which we believe to be a factor influencing response rate,

other potential reasons for the response rate observed in

this study include the need to complete multiple surveys to

be included in the analysis and a lack of monetary incen-

tive, which as been shown to increase response rates to

surveys [32]. Future evaluation of PHP and other similar

tools should consider additional mixed-mode surveys and

monetary incentives to increase response rates. Nurses and

nurse midwives were excluded from this analysis because

of small numbers, but these providers also used the tool

with patients and their perspectives contribute to the

overall experience of using the tool in clinical practice.

Additionally, there were many factors in the clinical eco-

system that may have impacted providers’ knowledge,

confidence, and perceptions of a FHH tool that we could

not fully measure.

This study sought to assess the usability of PHP within a

specific patient population, women who can read and speak

English presenting for prenatal care in one of the partici-

pating sites. We cannot make conclusions about the

usability of this tool in other populations without further

study. There may also be unmeasured factors impacting

patients’ experiences with the tool.

While FHH is clinically viewed as a useful tool for risk

assessment [3] and there are some studies supporting

clinical utility in adult populations [33, 34], there are

limited data regarding the utility of FHH as a screening tool

in the prenatal setting [35]. Furthermore, while the tool

underwent validation testing in a small sample as part of

formative evaluation and continues to undergo frequent

quality control checks internally, it has not undergone a

randomized control trial to assess analytic and clinical

validity of the tool’s data collection and risk assessment

functions. This is recommended as a future research ini-

tiative. Similarly, although we did not validate the ques-

tions and instruments via a formal study, there is some

evidence to suggest they have face validity based on a

formative evaluation with 12 women and 8 providers.

Finally, there were CDS errors identified when deploying

the tool. All errors were corrected as they were identified

and communicated to clinical site staff, but such errors

could have impacted the integrity and provider perceptions

of the CDS.

Future Research Agenda

Additional research is indicated to further study the impact

of PHP and other electronic tools on the patient, provider,

and clinical system. PHP should be tested in additional

patient populations, especially among non-English speak-

ing patients, and with a larger number of providers and

using diverse methods (e.g., focus groups) to determine

factors associated with the impact of the tool on patient and

provider outcomes and behaviors. Not included in the

scope of this analysis is the long-term impact of PHP on

clinical outcomes and the clinic system, which warrants

further study. Future study should also examine the impact

of provider and organization culture and characteristics

from an implementation science framework. Finally, tools

like PHP can serve as a research tool themselves, by sup-

porting the kinds of research needed to continue to deter-

mine clinical utility and validity of FHH.

Conclusion

This is the first study to describe a computerized inter-

vention for the identification and management of prenatal

genetic risks using FHH. We found high patient satisfac-

tion and both positive and negative feedback from pro-

viders. We present a unique study and unique CDS tool that

can assist the prenatal provider and patient in shared

decision-making around patient’s genetic and FHH risks

and can also improve provider confidence and knowledge.

Future iterations of the tool should include a Spanish-lan-

guage version of the tool, customizable features for dif-

ferent providers and clinics, and an EHR-interoperable

report.
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