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Rationale and Objectives: Radiology reports are the major, and often only, means of communication between radiologists and their
referring clinicians. The purposes of this study are to identify referring physicians’ preferences about radiology reports and to quantify their

perceived value of multimedia reports (with embedded images) compared with narrative text reports.

Materials and Methods: We contacted 1800 attending physicians from a range of specialties at large tertiary care medical center via
e-mail and a hospital newsletter linking to a 24-question electronic survey between July andNovember 2012. One hundred sixty physicians

responded, yielding a response rate of 8.9%. Survey results were analyzed using Statistical Analysis Software (SAS Institute Inc, Cary, NC).

Results: Of the 160 referring physicians respondents, 142 (89%) indicated a general interest in reports with embedded images and
completed the remainder of the survey questions. Of 142 respondents, 103 (73%) agreed or strongly agreed that reports with embedded

images could improve the quality of interactions with radiologists; 129 respondents (91%) agreed or strongly agreed that having access to

significant images enhances understanding of a text-based report; 110 respondents (77%) agreed or strongly agreed that multimedia re-

ports would significantly improve referring physician satisfaction; and 85 respondents (60%) felt strongly or very strongly that multimedia
reports would significantly improve patient care and outcomes.

Conclusions: Creating accessible, readable, and automatic multimedia reports should be a high priority to enhance the practice and

satisfaction of referring physicians, improve patient care, and emphasize the critical role radiology plays in current medical care.
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T
raditional, text-only radiology reports are the major,

and often only, means of communication between

radiologists and their referring clinicians (1). In the

era of nearly ubiquitous electronic access to radiology reports

and the increasing use of teleradiology, there has been a

decline in meaningful, direct in-person consultations at a

time when the perceived value of a radiologist in patient

care has never been more important to radiologists’ survival,

both from an economic perspective and in the more far-

reaching effort to maintain the status of the diagnostic imaging

specialist as a central participant in patient care (2–4). And,

although advances in image display and distribution has

made some radiology images more readily available to a

subset of referring clinicians, the concomitant increase in

imaging data generated during each study (with thin-section

multidetector computed tomography [CT] and magnetic

resonance imaging [MRI] routinely including more than

1000 images per study) has make the task of reviewing
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complete imaging studies cumbersome and ultimately unre-

warding for clinicians (5).

Despite the clear importance of the imaging report and

despite radiologists’ daily work in a field defined by rapid

progression of new techniques and innovative digital tools,

most radiologists continue to create reports in a manner

strikingly similar to that of their predecessors practicing

100 years ago (6). One way to leverage technologic advance-

ment to improve communication of radiologic findings is

through the introduction of multimedia reports, in which

key images (including annotated images, maximum intensity

projections, and three-dimensional postprocessed images)

are embedded in a radiology report that also contains text

and is easily accessible to all referring physicians (7,8).

Several studies have surveyed referring physicians about

their preferences about radiology reports (9–12). The study

by Plumb et al (9) addressed clinician preferences with

regard to report length and tabular format of results and the

study by Gunderman et al (10) focused on the usage of

radiology and the general perceived value of radiology

reports. Johnson et al (11) identified referring physicians

desire for accurate and timely reports over those that are

well organized and contain pertinent negatives and Clinger

et al (12) identified referring physicians desire for timely

reports. In addition, a two-reader study by Iyer et al (5)

evaluated the perception of embedded images in reports but

did not implement a larger-scale survey.
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While there have been several attempts to study referring

physicians preferences about radiology reports, none have

assessed their interest in reports that have embedded

images (‘‘multimedia reports’’). Therefore, the purpose of

this study is to quantify referring physicians’ perceived

value of multimedia reports (with embedded images) over

text-based reports in improving radiologists’ communication

with referring physicians and in improving patient

satisfaction.
MATERIALS AND METHODS

To quantify the referring physicians’ perceived value of multi-

media reports and to test the hypothesis that referring physi-

cians would value reports with imbedded images and view

them as improving their satisfaction, a survey was designed.

The questions were aimed to identify referring physicians’

utilization of radiology reports and images and general

perceptions about and preferences for reports with embedded

images. A web-based survey instrument was constructed and

administered to a test sample of five physicians and then

revised. The revised 24-question survey was delivered via

e-mail and a hospital newsletter containing a link to 1800

referring attending physicians from a range of specialties at

our tertiary medical center between July and November 2012.

The complete survey is included in Appendix A. In brief,

the first four survey questions asked about referring physician

years in practice and their radiology report usage (frequency

and type of access). A ‘‘yes-or-no’’ question was used for

physicians to express if they want to look at images while

reviewing a final text report; a negative answer to this question

exited the survey. A positive answer generated additional

questions about general perceptions about and preferences

for reports with embedded images, and most of these ques-

tions were on a 5-point, Likert-type scale (from ‘‘strongly

agree’’ to ‘‘strongly disagree’’). A ‘‘yes-or-no’’ question was

used for physicians to express if they provide patients with ac-

cess to an electronically formatted report of their radiology

study; a positive answer to this question generated an addi-

tional question about perception of patient satisfaction on a

5-point, Likert-type scale (from ‘‘strongly agree’’ to ‘‘strongly

disagree’’). A free-text section was provided in which the

physicians were invited to provide any additional comments.

Two sample multimedia reports based on a chest radiographic

study (Appendix B) and a mammographic study were

included as a link in the electronic survey. While the sample

reports provided were simple, survey participants were

aware that reports containing cross-sectional images, three-

dimensional reconstructions, and cine loops are technically

feasible.

One hundred sixty referring physicians responded, yielding

a response rate of 8.9%. Of the 160 respondents, 100 (63%)

had more than 10 years of experience in practice. Survey re-

sults were analyzed using Statistical Analysis Software (SAS

Institute Inc, Cary, NC). Institutional review board review

was waived for this anonymous survey on multimedia reports.
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RESULTS

When a ‘‘yes-or-no’’ question asked if referring physicians

want to look at images while reviewing a final text report,

142 of the 160 respondents (89%) responded positively and

completed the remainder of the survey questions.When asked

to rate whether ‘‘reports with embedded images could

improve the quality of my interactions with radiologists,’’

103 of 142 respondents (73%) agreed or strongly agreed.

When asked to rate whether ‘‘having access to the signifi-

cant/key images embedded in an electronic version of the

text report would significantly reduce the time required for

me to understand/process the information in the report,’’ 97

of 142 respondents (68%) agreed or strongly agreed. When

asked to rate whether ‘‘having access to the significant/key

images when reviewing a text-based report enhances my un-

derstanding of the report content,’’ 12 of 142 respondents

(91%) agreed or strongly agreed.

Regarding physician satisfaction, 110 of 142 respondents

(77%) agreed or strongly agreed that multimedia reports

would ‘‘significantly improve referring physician satisfaction,’’

and 85 of 142 respondents (60%) felt strongly or very strongly

that multimedia reports would ‘‘significantly improve patient

care and outcomes.’’

With regard to the design of multimedia reports, 80 of 142

respondents (56%) agreed or strongly agreed that ‘‘in order for

embedded significant/key images to be useful, it is necessary

to overlay annotations and labels (e.g., arrows, circles, or

text).’’ Of 142 respondents, 72 (51%) agreed or strongly agreed

that ‘‘if images were embedded in an electronically formatted

text report, static 2D images would be sufficient (versus the

‘‘stack’’ mode sets of slices that a user can scroll through)’’;

another 35 of 142 respondents (25%) responded neutrally to

this question.

A total of 46 free-text responses (optional on the survey)

were submitted. Most comments were enthusiastic about

implementing multimedia reports. Some comments expressed

concern about the time it would take to download the multi-

media reports, particularly when accessing them from home.
DISCUSSION

The results of our study indicate that radiology reports with

embedded images are viewed very favorably by referring

clinicians and may have the potential to enhance the practice

of referring physicians, improve patient care and satisfaction,

and highlight the critical role radiology plays in current

medical care. Therefore, technological advances to support

the creation of easily accessible, readable, and automatic

multimedia reports should be pursued and considered a high

priority.

There are several limitations to our study. This study was

performed at a single institution. There may be some selection

bias, as those who voluntary responded to this electronic

survey format may not represent a random sampling. Further,

they may be a bias related to positive association, whereby
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respondents with a favorable opinion about multimedia re-

ports responded positively to other questions (such as patient

outcomes, etc) by association.

The development and incorporation of such image-

oriented reporting into a multienterprise health care system

could prove to be challenging for several reasons (2). First,

several resources will be required for the development of

an automated multimedia report. Computer programming

to query images from key image codes in the report text,

image processing algorithms (to resize images and overlay

annotations), and multimedia document composition (such

as an HTML page generator) would be necessary. In terms

of hardware, a dedicated server for image processing and

report composition would likely be necessary. In addition,

integration with picture archiving and communicating

system, radiology information system, the electronic medical

record, and maintenance of these systems would be needed.

Use of the National Cancer Institute’s Annotation and Image

Markup schema may facilitate multimedia reports, so that

image content can be easily accessed for search (13). The

Medical Imaging Resource Center’s Teaching File and

Clinical Trial Export integration profile may be used for

key image selection (14).

Second, there must be a buy-in from radiologists and refer-

ring physicians. While some radiologists already annotate

images, others will have to change their workflow to consis-

tently integrate adding key image codes in the report and

annotating significant images. This is a critical step, without

which automated multimedia reports would not be possible.

If it takes too long for radiologists to select key images or

otherwise identify images for reporting, adoption will not

be likely. Making this process integral to voice recognition

dictation or structured reporting may be the solution to mini-

mizing the time to author multimedia reports (15). And,

while many referring physicians would embrace the multi-

media reports, other may be hesitant to try a new technology,

and there will be undoubtedly a period of adaptation and

adjustment. Moreover, referring physicians, and even patients

who have access to medical records, may be faced with the

challenge of ‘‘information overload.’’ While the majority of

referring physicians in this study supported the idea that

‘‘having access to the significant/key images embedded in an

electronic version of the text report would significantly

reduce the time required for me to understand/process the in-

formation in the report,’’ some referring physicians may find

that reviewing images may be confusing and time consuming.

In addition, the display of multimedia reports must be easily

accessible to referring physicians. The lack of uniform elec-

tronic standards for transmitting and viewing images may serve

as a hurdle in developing a uniform reporting system that relies

heavily on images. Creating reports that may be easily viewed

on a number of types of displays, from standard radiologywork-

stations to personal computers to cell phones, and easily trans-

ported from one institution to another will be important (2).
Future directions for this project may be to implement the

survey at other institutions and other practice settings (for

example in the community setting). In addition, identifying

the different needs of different groups of referring subspecial-

ists may enhance the development of multimedia reports (for

example, including the RECIST [Response Evaluation

Criteria In Solid Tumors] for oncologists). Further, devel-

oping a pilot for generating automatic multimedia reports

may prove to be very informative.

In conclusion, the results of our study suggest that

multimedia reports have a very high perceived value amongst

referring physicians and may have the potential for enhancing

the practice of referring physicians, improving patient care

and satisfaction, and highlighting the critical role radiology

plays in current medical care. Therefore creation of easily

accessible, readable, and automatic multimedia reports should

be a high priority.
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APPENDIX 1

SURVEY QUESTIONS AND ANSWERS

1. Years in practice?

<10

>10

2. On an average, how many radiology reports do you

receive (review) per day?

0–5

5–10

>10

3. Think about all of the image reports that you review. In

what format(s) do you access and review the content of

radiology reports (provide % for each category, with the

total = 100%):

Electronically formatted text

0%

25%

50%

75%

100%

Paper-formatted text (e.g., printed version)

0%

25%

50%

75%

100%

Accessing the dictation system to listen to dictation report

0%

25%

Other

0%

25%

50%

75%

100%

4. I am happy with the standard report format that is text-

only content. (Strongly disagree = 1; Strongly agree = 5)

1

2

3

4

5

5. Do you want to look at images while reviewing a final text

report?

No, I primarily rely on information in the text report

Yes

6. Under what general circumstances do you want to look at

images while reviewing a final text report? (You may

select more than one answer, if relevant)

For specific types of studies

For studies reporting significant positive findings

For postprocedure/postintervention to check status

For special images, such as those from 3D or other post-

processing techniques

For studies in which I am assessing change in a specific

finding or process over time

For most studies, independent of findings

7. When you are reviewing the text reports, what are the pri-

mary reasons forwanting toview the images concurrently:

Deficiencies, inadequacies, or ambiguity in text

information

My own interest in correlating the reported result with a

specific appearance/image or confirming for myself a

specific finding that the radiologist has reported

My need to use an image to direct or plan an interven-

tion or therapy (e.g., biopsy or line placement)

My need to use an image to assess progression of a pro-

cess myself

8. If you want to view images while reviewing a text-based

report, which of the following typically characterizes

your situation:

I have access to remote viewing of the images using a

desktop or web application

I make a special trip to the radiology department to view

images

I view them during a planned, routine trip to the radi-

ology department

Although desirable, I don’t routinely view images while

reading the text-based report because the process of

accessing and viewing is too cumbersome

9. From your perspective, how difficult is it to access and

view images while you are reviewing the text-based

report? (Easy to use = 1; Very difficult = 5)

1

2

3

4

5

10. Reports with embedded images could improve the qual-

ity of my interactions with radiologists (Strongly

disagree = 1, Strongly agree = 5).

1

2

3

4

5
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11. On an average, what is the percentage of reports for

which you wish to view only the significant/key images

(i.e., the images with the key findings, or abnormalities)?

Number entry

12. Having access to the significant/key images when review-

ing a text-based report enhances my understanding of the

report content. (Strong disagree = 1; Strongly agree = 5)

1

2

3

4

5

13. Having access to the significant/key images embedded in

a text-based report would be appealing to me: (Strongly

disagree = 1; Strongly agree = 5)

1

2

3

4

5

14. Having access to the significant/key images embedded in

an electronic version of the text report would significantly

reduce the time required for me to understand/process

the information in the report: (Strongly disagree = 1;

Strongly agree = 5)

1

2

3

4

5

15. In order for embedded significant/key images to be use-

ful, it is necessary to overlay annotations and labels (e.g.,

arrows, circles, or text). (Strongly disagree = 1; Strongly

agree = 5)

1

2

3

4

5

16. I would find it easier to read a multimedia radiology

report that combines text information with images over-

laid with annotations and labels. (Strongly disagree = 1;

Strongly agree = 5)

1

2

3

4

5

17. If images were embedded in an electronically formatted

text report, static 2D images would be sufficient

(versus the ‘‘stack’’ mode sets of slices that a user can

scroll through). (Strongly disagree= 1; Strongly agree= 5)

1

2

3

4

5

18. If 3D images were embedded in an electronically

formatted text report, it is essential that they be viewable

as a cine/movie (versus static). (Strongly disagree = 1;

Strongly agree = 5)

1

2

3

4

5

19. I believe multimedia reports will significantly improve

referring physician satisfaction. (Strongly disagree = 1;

Strongly agree = 5)

1

2

3

4

5

20. I believe multimedia reports (electronically formatted

text content with embedded images) would significantly

improve patient care and outcomes. (Strongly

disagree = 1; Strongly agree = 5)

1

2

3

4

5

21. I believe that for cancer patients, multimedia reports that

include images summarizing each lesion to facilitate RE-

CIST (Response Evaluation Criteria in Solid Tumors)

scoring is crucial. (Stronglydisagree=1; Stronglyagree=5)

1

2

3

4

5

22. Do you provide your patients with access to an electron-

ically formatted report of their radiology study?

I would if I could

No

Yes
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23. My patients would find it appealing to be able to view im-

ages along with the electronically formatted text content

of the report. (Strongly disagree = 1; Strongly agree = 5)

1

2

3

4

5

24. Free-text comments

APPENDIX 2
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