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Rationale and Objectives: The introduction of picture
archiving and communication system (PACS) has de-
creased the time needed to interpret radiology examina-
tions resulting in an increased workflow. Because of
concerns that the increase in exam throughput and the
use of voice recognition may have a negative impact
upon radiology resident education, a survey was con-
ducted to assess the impact of PACS and voice
recognition. Materials and Methods: Residents at four
diagnostic radiology training programs were surveyed.
Survey topics included resident demographics, didactic
and technical issues, and areas for improvement.
Results: One hundred thirty-four residents were polled
with 42 respondents (42/134, 31.3%). The majority
have been using PACS for more than 1 year (29/41,
70.7%) to interpret 75Y100% of cases (33/39, 84.6%).
A majority believed PACS is a superior teaching tool to
printed film (28/38, 73.7%). However, only a minority
(9/40, 22.5%) indicated that PACS was always used to
contain teaching files and to conduct departmental
conferences (5/40, 12.5%). The majority of respon-
dents believed PACS have decreased the time needed to
interpret diagnostic examinations (33/41, 80.5%). A
majority (80.6%, 25/31) indicated that voice recogni-
tion takes more time than the traditional dictation and
transcription process, where 51.3% (20/39, 51.3%) felt
that voice recognition works well less than 50% of the
time. Conclusions: Residents believe that PACS has
positively affected their learning experience but indicate
that it can be better utilized for resident education.
Residents believe that voice recognition is less reliable
and more time consuming than the traditional dictation
system.
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tion, radiology

INTRODUCTION

Digital imaging and the picture archiving and

communication system (PACS) continue to

replace conventional radiographic film.1Y4 The

benefits derived from PACS are extensive and

positively affect health care by reducing costs,

improving efficiency, and enhancing patient

care.5Y8 For the radiologist, PACS facilitates the

interpretation of radiologic studies in less time

than with analog imaging, thereby increasing

work flow.1Y5,8,9

Resident education at the PACS workstation

must compete with this increased work flow. To

optimize learning and efficiency, residents must

acquire PACS skills early and consistently

throughout their training.4,10Y13 However, many

radiology departments may not provide the

resources for effective training programs.4,11Y13

Training in PACS should instruct attendings and

residents on the basics of image and report

retrieval and on the various workstation tools to

enhance image interpretation and resident educa-

tion.4,11,12

Although the effect of PACS on the health care

system has been extensively studied, the effect of

PACS on radiology resident education has been

minimally addressed. In 1992, the potential

applications of PACS for education and research

were described including the benefits of using

PACS to create an automated digital teaching
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file.14 In 1997, a prospective cohort study inves-

tigated the impact of changing from a film-based

image interpretation system to one using PACS

workstations on the training of radiology resi-

dents.15 The results of this investigation indicated

that there was a decrease in the autonomous and

active participation by radiology residents in the

image interpretation and reporting process follow-

ing the change to digital image workstations.15

In an investigation conducted in 1999, the effect

of PACS on resident education was assessed by a

survey of radiology residents.13 In this investiga-

tion 50 radiology residents were polled from two

university-based radiology residency programs

with 20 respondents.13 The conclusions of that

examination found that residents believed PACS

positively affected their learning experience and

did not negatively affect the quality of resident

education or patient care.13 Many important action

steps were identified from the survey, including

the need for formal PACS training and the use of

PACS to create a digital teaching file.13

The current investigation serves to confirm and

expand on the findings from the 1999 examination

with the administration of an updated survey. The

number of radiology residency programs that were

included in this survey increased from two to four

to increase the sample size and to evaluate the

opinions of residents in programs with varying

PACS utilization. The second survey examines

more closely the image interpretation process with

emphasis on the effect of increased workflow on

resident education. The penetration and effect of

the voice-recognition system on the dictation

process were also examined.

As previously stated, a combination of in-

creased work flow, referring physicians’ expect-

ations, and introduction of new technologies

created the need for new methods of radiology

education and practice.13 Because of concerns that

PACS and voice recognition may negatively affect

resident education, combined with the opportunity

to improve radiology education, the following

survey of resident perceptions and recommenda-

tions was undertaken.

MATERIALS AND METHODS

An anonymous survey was administered to all diagnostic

radiology residents at four large university-based diagnostic

radiology residency programs, and the results were tabulated.

The diagnostic radiology residency programs were chosen

based on the number of residents and the degree of PACS

penetration for image interpretation at each institution. The

survey was distributed and collected through the residency

program director’s office. The residents at radiology residency

program A (n = 40), radiology residency program B (n = 38),

radiology residency program C (n = 34), and radiology

residency program D (n = 22) were surveyed.

The survey was conducted from February 2003 through

March 2003, at which time the four residency programs had

mainly converted to PACS for daily interpretation. Penetration

of voice-recognition reporting was variable at the different

radiology residency programs. At radiology residency program

A, residents used Impax PACS (Agfa, Ridgefield Park, NJ) and

Powerscribe (Dictaphone, Stratford, CT) for interpretation and

reporting. At radiology residency program B, residents used

Impax PACS (Agfa) and TalkStation (Talk Technology,

Bensalem, PA) for interpretation and reporting. At radiology

residency program C, residents used the Pathspeed PACS

(General Electric Medical Systems, Waukesha, WI) and Talk-

Station (Talk Technology) for interpretation and reporting.

And at radiology residency program D, residents used the

Impax PACS (Agfa) and TalkStation (Talk Technology) for

interpretation and reporting.

The survey was divided into two sections. Section 1

encompassed demographics, including year in residency,

percent cases interpreted on PACS, length of time interpreting

on PACS, and evaluation of their computer skills. Section 1

also covered the educational use of PACS, the image inter-

pretation, review, and dictation process, and perception of the

voice-recognition system. Possible responses were provided in

section 1, and respondents were asked to write commentary

where appropriate. Section 2 provided open-ended questions

with occasional suggestions and yes-or-no direction to facili-

tate commentary and to provide suggestions to improve the

educational experience of image review of digital images using

PACS. Topics included the educational use of PACS, PACS

effect on image interpretation, review, and dictation, and the

overall effect of PACS on resident education. Resident re-

sponse varied from question to question where not all respon-

dents answered every question in the survey; however, there

was no significant difference in resident response between

sections 1 and 2 of the survey.

RESULTS

Section 1

Demographics

Of the 42 total respondents, 10 were first-year

radiology residents, 7 were second-year residents,

7 were third-year residents, and 4 were fourth-

year residents, and 14 respondents did not reveal

their year of training. (Results of section 1 are

included in Table 1.) The majority of respondents
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(25) indicated that they interpret 75Y100% of

cases on PACS, eight residents responded that

they interpret 100% of cases on PACS, and six

residents reported that they currently interpret

50Y75% of cases on PACS. Twenty-nine residents

had been using PACS for at least 1 year, whereas

12 residents had been interpreting images from

digital examinations for more than 7 months at the

time of the survey. Six residents rated their

computer skills as expert, 18 residents rated their

computer skills as excellent, 16 residents rated

their computer skills as good, and 1 resident rated

his/her computer skills as adequate.

Educational Use of PACS

When asked about the use of PACS to contain

teaching files in their divisions or departments, 26

residents replied that their departments sometimes

use PACS to contain teaching files, 9 replied that

their departments always use PACS to contain

teaching files, 4 responded that their departments

infrequently use PACS to contain teaching files,

and 1 stated that PACS is never used. Similarly,

24 residents replied that PACS is sometimes used

primarily to conduct departmental conferences, 5

responded that it was always used, and 11

responded that PACS is used infrequently to

conduct departmental conferences.

Image Interpretation, Review, and Dictation

Concerning the effect of PACS on the length of

time of interpretation of a diagnostic evaluation, a

majority (33 residents) responded that PACS

decreases the amount of time, whereas 2

responded that it increases the length of time of

interpretation. Four residents responded that they

did not know, and two residents felt that they had

too little experience to compare.

Prior to final review with attendings, 15

residents indicated that they preview 76Y100%

of the cases, 6 residents preview 51Y75% of cases,

8 preview less than 50% of cases, and 11

indicated that the number of cases they preview

is variable. When asked about the speed that

attendings review cases on PACS versus those on

printed film, a majority of residents (28) felt that

the attendings speed was just right, 3 indicated it

was too fast, 2 too slow, and 6 stated that they did

not know. Twenty-one residents felt that they

actually visualized all of the findings that attend-

ings indicated to place in the report in 76Y100% of

cases, 7 stated they visualized all the findings in

51Y75% of cases, 11 responded that they visual-

ized all the findings in less than 50% of cases, and

3 residents felt it was variable.

Twelve residents responded that they review

more than 20 cases with the attending in one

readout session prior to final dictation, six indi-

cated that they review 16 to 20, nine residents

review 11 to 15, five residents review 6 to 10, and

four residents responded that they review 0 to 5

cases with the attending prior to final dictation.

Eight residents indicated they always view the

exam as they dictate, 17 residents responded they

mostly view the exam and sometimes use written

notes as they dictate. Twelve residents replied that

they dictate mostly by written notes, and some-

times by viewing the image directly, and three

residents responded that it was variable.

Twenty-three residents felt that there were

insufficient PACS workstations for resident use,

whereas 6 responded there were just the right

amount available, and 12 residents believed that

there were sufficient PACS workstations. When

asked about how well their PACS system worked,

25 residents felt that it worked well 75Y100% of

the time, 14 residents felt that it worked well

50Y75% of the time, whereas only 2 residents felt

that it worked well less than 50% of the time.

Method of Dictation

Twenty residents responded that they dictate

75Y100% of the cases on a voice-recognition

system. Two residents responded that they use

voice recognition for 50Y75% of cases, and 14

residents responded that they use voice recog-

nition for less than 50% of the cases that they

dictate. Three residents indicated that they never

use voice recognition to dictate cases. Of those

residents using voice recognition, when asked

about the frequency of predictation, the process

of dictating a preliminary report prior to review-

ing the case with the attending, 14 residents

indicated that they predictate cases 76Y100% of

the time. Seven predictate 51Y75% of the time,

and 11 predictate less than 50% of the time. Six

residents indicated that it is variable. Twenty-five

residents felt that voice recognition takes more

time compared with traditional dictation and
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transcription. Four residents believed that voice

recognition takes the same amount of time, and

two indicated that voice recognition takes less

time. When asked about the reliability of voice

recognition, 13 residents believed that their voice

recognition worked well 50Y75% of the time, 6

felt that it worked well 75Y100% of the time, 19

felt that it worked well 0Y50% of the time, and 1

resident felt that it never worked well.

Section 2

Educational Use of PACS

In response to open-ended questions, 28 out of

38 residents felt that PACS is a superior teaching

tool to printed film. Residents noted that PACS

was superior because of image manipulation

(scrolling, windowing, magnification, measure-

ment), comparisons to prior studies, decrease in

ancillary time required to find and hang films,

interpretation of more cases, and more one-on-one

teaching. Also, identification and storage of

teaching cases for conferences, presentations,

and teaching files all make PACS superior to

printed film. There was some concern that PACS

was superior for cross-sectional studies but not for

plain films, that resolution was lost, and that at

times findings were harder to see. One resident

felt that it was a superior interpretational tool

compared to film, but not necessarily a superior

teaching tool. Six residents felt that they did not

have adequate experience to compare.

Adequate training and familiarity are important

to maximize the use of a new computer system. In

regard to PACS, 30 out of 39 residents who

responded were not formally trained but Blearned

on the job.^ Most learned from watching others

and indicated that it would be useful to have a

formal training session. Seventeen out of 39

residents had some sort of PACS training but felt

it was incomplete. Two residents did not receive

training and felt it did not matter as it was easy to

pick up and use.

As PACS continues to penetrate more academic

medical centers, its use for radiology education

will increase. Twenty-nine out of 39 residents re-

sponded that their departments do use PACS for

teaching cases. Some reported that there are large

PACS teaching file collections, but that it was

department dependent. This may be the result of

differences in examination volume between depart-

ments and the availability of storage space neces-

sary to store teaching files within the PACS system.

Many stated that although not widespread, the

practice of maintaining teaching files and using

PACS for conferences is increasing. Six residents

said that their division or department currently does

not use PACS for teaching cases. Four residents

stated it was variable as their particular PACS is

too slow and that it is attending dependent.

A benefit of having access to cases on PACS is

the ability to download high-quality images for

teaching files, conferences, and presentations.

Twenty-three out of 36 residents who responded

indicated that they have downloaded images from

PACS. Many felt that the process is quick, easy,

and with excellent image quality. However, some

residents noted that the process was difficult with

variable success. Some residents noted there was a

lack of training in the methods of downloading

images and indicated that their system crashes

easily with frequent network errors. Thirteen

residents noted that they have not downloaded

cases from PACS but would like to learn this

technique.

Image Interpretation, Review, and Dictation

Since the introduction of PACS, 16 out of 39

residents felt that PACS has increased viewing

images directly when they dictate. Residents

noted that PACS makes studies easily available

and easier to view while dictating. With PACS

they are able to review a large number of images

without the extra time required to hang films.

Residents noted that the ability to annotate images

directly was helpful during dictation. Eleven

residents indicated that there was no change, or

that PACS had no effect on viewing images while

dictating. Some residents noted that using voice-

recognition software actually interferes with view-

ing images directly and slows interpretation as

they have to look at a third monitor for dictation.

Eleven residents stated that they had little or no

experience to compare.

When asked if they took notes (hand written or

typed) during readout sessions using PACS, 19

out of 39 residents stated that they do take notes

and felt this is distracting. Many indicated that

notes are essential and do help make attending

readouts faster, but can be distracting if lengthy
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note taking is involved. Conversely, some resi-

dents felt dictations were less accurate and made

learning more difficult. One resident stated that

notes are taken because attendings go too fast,

which results in residents writing and not looking

at images. Thirteen of 39 residents did take notes

but indicated that this was not distracting. They

stated that notes are used as memory aides and are

helpful to identify key points, findings, and

measurements that otherwise would be missed in

the final dictation. Some residents found it less

distracting to type notes into the voice-recognition

software than writing notes. Three residents take

notes but did not comment if they were distract-

ing, but stated that most of the time they take

notes on the voice-recognition system. Three

residents did not take notes during readout, but

would preview with notes and confirm during

readout. One resident felt that it was variable and

that it depends on department and modality.

When asked if they viewed images directly

when dictating, 30 out of 39 residents said that

they do view the images while dictating. They

mentioned that they look back and forth from

screen to notes and always try to look at the exams

if time allows. However, residents noted that at

times it is difficult to view images because of time

constraints, voice recognition difficulties, lack of

PACS workstations, and increased work flow.

Seven residents indicated that they sometimes

look at the images while dictating and other times

they do not. Again, they mentioned it was variable

depending on the availability of PACS work-

stations, time constraints, and voice-recognition

software difficulties. Two residents stated that

they do not look at the images and mainly dictate

from notes.

Twenty-two out of 42 residents responded as to

why they performed dictations without viewing

the images while dictating. Reasons given include

large volume of studies to dictate, limited time,

limited number of PACS workstations, straight-

forward cases, easier to dictate from memory than

from PACS, and voice-recognition system diffi-

culties. Two residents stated that they rarely or

never dictate without looking at the images.

Thirty-two out of 39 residents responded that

the attending usually controls the mouse during

image interpretation. Six residents indicated that it

is variable depending on the attending, and one

resident noted that he/she always controls the

mouse. Residents noted a number of benefits for

having the attending control the mouse, including

increased efficiency, decreased Bmissed^ findings,

and the ability for residents to access patient

information. Residents noted that when the at-

tending controls the mouse they learn how to

more efficiently review cases. However, they

indicated that by not controlling the mouse they

do not have the opportunity to develop PACS

hand/eye coordination and found it difficult to

follow anatomic structures.

Twenty-one residents responded that they

would change something about the readout pro-

cess using PACS. Suggestions for improvements

include more PACS workstations, more efficient

PACS systems, and Bbetter^ monitors. Other

suggestions included easier access to prior exami-

nations, more time to preview and predictate

cases, improving voice recognition, and the ability

to construct, save, and organize work lists.

Residents also noted that they would like attend-

ings to give a detailed review of the preview

process and have them clearly summarize findings

at the end of each case. Residents would like

attendings to dictate more cases to increase the

time residents spend on reviewing cases. Eight

residents indicated that they would not change

anything about the readout sessions using PACS.

PACS Overall

Overall, 28 out of the 31 residents felt that

PACS benefits radiology resident education. Res-

idents believed that PACS improves efficiency by

eliminating the ancillary time of hanging films,

tracking down films, and minimizing lost films. It

allows for viewing greater number of cases, one-

on-one teaching, the creation of teaching files, and

better preparation for boards. Residents felt that

PACS improves diagnostic accuracy with the use

of image manipulation, comparison to prior

studies, and multimodality comparison. Recom-

mendations for improving the use of PACS in

resident education include increasing the number

of PACS workstations, establishing an organized

PACS teaching file, and providing formal PACS

training sessions. Residents indicated that voice

recognition for dictation needs to be improved,

and that although voice recognition has many

problems one resident felt that reports are better

with it. Two residents indicated there was no need
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for change and one resident felt that the introduc-

tion of PACS has had no real impact on resident

education. A few residents noted that a PACS-

only training will not allow them to confidently

read cases on printed film, which will limit future

employment opportunities.

DISCUSSION

The use of PACS and the voice-recognition

system in medical centers is increasing.7,9,12,16,17

Physicians currently train and practice in a

filmless environment in a number of medical

centers, which stresses the importance of adequate

PACS training and continual evaluation of PACS

on education. The number of programs that were

included in this survey was increased from two to

four in order to increase the sample size and to

evaluate resident opinions in programs with

varying PACS utilization. Residents in different

years of training, with varying computer skills,

and PACS experience were questioned regarding

the use of PACS and its impact on image

interpretation and education.

The results of this survey provide reassurance

that although radiology examinations are inter-

preted in less time, residents feel that PACS has a

positive impact on their education. Residents

believe that PACS is a superior teaching tool to

plain films with a vast teaching potential. This

teaching potential has yet to be fully realized

where there are many underexploited educational

tools. The survey has identified possible action

steps to help improve the use of PACS in resident

education. One important action step is the need

for formal and ongoing PACS instruction. Dedi-

cated instructional sessions, written manuals, and

training on how to download images would be

useful. Designing a training program where

faculty and residents can continuously teach each

other and share PACS functions can enhance

interpretation and education. Another area of

improvement is the creation of a centralized,

digital teaching file that is organized by organ

system or American College of Radiology (ACR)

collection coding system. This allows improved

access to teaching cases for presentations, confer-

ences, and for boards review.

While there are clearly benefits of PACS, there

exist a minority of residents who express concerns

that training in a BPACS-only^ program will leave

them without the proficiency in interpreting cases

on analog film. As hospitals continue to use

analog film they feel that this will limit their

employment opportunities. However, with the

continued shift to an all-digital radiology depart-

ment this will not be a major problem in the near

future. Other concerning points that were identi-

fied from the survey include residents dictating

cases without the image in front of them, review-

ing a large number of cases prior to final dictation,

and not visualizing all findings during final

readout, which were attributed to a combination

of an increased work flow and limited PACS

workstations.

Based on resident suggestions on improving the

image interpretation, review, and dictation pro-

cess, residents feel it would be beneficial to

preview cases prior to final review with the

attending. Residents would benefit from preview-

ing cases because they would have the opportunity

to control the mouse, develop their own interpre-

tation technique, learn hand/eye coordination, and

are able to initially identify key findings. During

the preview process residents can take notes and

annotate images to decrease the amount of note

taking during the final review with attendings. If

voice recognition is available residents could

predictate their findings and thus eliminate the

need for handwritten notes (Fig 1).

Regarding improvements for the readout ses-

sions, residents emphasized the importance of

having attendings clearly and thoroughly explain

all findings and summarize interpretations.

Attendings should explicitly ask each resident if

they have visualized all of the findings in an

examination before moving on to another case.

Through this, residents would have the opportu-

nity to confirm their findings and visualize new

findings with the attending. Residents learn tech-

nique, efficiency, and are taught to thoroughly

interpret cases. Improvements for final dictation

include having residents dictate cases after

reviewing a manageable number of cases with

the attending. More importantly, residents should

always dictate while visualizing the image. This

process is dependent on the availability of

sufficient PACS workstations for resident use.

As technology continues to improve the voice-

recognition system along with continued accept-

ance amongst radiologists, its use will continue to
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increase.17,18 Up to half the residents surveyed are

now using voice recognition to dictate a majority

of cases. However, a majority of residents feel

that voice recognition takes longer than the

traditional dictation process. A majority of those

who use voice recognition also feel that it works

well less than 50% of the time. These opinions are

very concerning as some residents feel that voice

recognition is a distraction to resident education.

These views of voice recognition can be the result

of lack of training, improper training, and the

frustration of using new and unfamiliar software.17

Voice recognition has been shown to decrease

report turnaround times and reduce costs.17,19

With improvements in voice-recognition technol-

ogy, the accuracy rates have increased to

98.5%.18,19 However, with the current difficulties

of using voice recognition, many physicians feel

that they need to be transcriptionists as well as

radiologists and feel that it decreases their

productivity.16,20 Further objective studies are

needed to compare the traditional dictation pro-

cess (dictation, transcription, editing, and signing)

with voice-recognition reporting to examine

accuracy and the time required to complete

reports.19,20 It is probable that if voice recognition

is used properly, with adequate training and

support, and with the use of its specialized

functions such as customizable templates/macros,

it may prove to be beneficial to resident education

if incorporated into the preview, review, and

dictation process (Fig 1).17

This evaluation of PACS and voice recognition

has limitations. The survey is based on subjective

questioning without the power of objective data.

The survey questions serve to elucidate residents’

subjective perceptions of PACS and voice recog-

nition without definable standards. The number of

residents who responded was only 42 and included

a number of first-year residents. A larger sample

size would provide better statistical power, convey

a wider range of opinions, and decrease bias. Also,

objective studies are necessary to evaluate the

effect of PACS on resident education. As previ-

ously stated, association with objective measures

might confirm the subjective opinions found in this

Fig 1. Flow chart of the interpretation/dictation process with and without previewing and voice recognition. If voice recognition is
used properly with adequate training and support, and with the use of its specialized functions such as customizable templates/macros, it
may prove to be beneficial to resident education if incorporated into the preview, review, and dictation process.
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survey and may provide further insight of PACS

on radiology education.13

CONCLUSIONS

This examination successfully accomplishes the

goal of expanding the subjective questioning to a

larger group of residents at four different radiol-

ogy residency programs. Above all, the results

provide reassurance that PACS benefits radiology

resident education while providing recommenda-

tions for improvement. In conclusion, residents

believe that PACS has positively affected their

learning experience but feel that it can be better

utilized for resident education. Residents also

believe that voice recognition is less reliable and

more time consuming than the traditional dicta-

tion system.
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