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Objective: This paper describes a high-quality, multisite
telemammography system to enable Balmost real-time^
remote patient management while the patient remains in
the clinic. One goal is to reduce the number of women
who would physically need to return to the clinic for
additional imaging procedures (termed Brecall^) to sup-
plement Broutine^ imaging of screening mammography.
Materials and Methods: Mammography films from cur-
rent and prior (when available) examinations are digi-
tized at three remote sites and transmitted along with
other pertinent information across low-level communi-
cation systems to the central site. Images are automat-
ically cropped, wavelet compressed, and encrypted prior
to transmission to the central site. At the central site,
radiologists review and rate examinations on a high-
resolution workstation that displays the images, com-
puter-assisted detection results, and the technologist’s
communication. Intersite communication is provided
instantly via a messaging Bchat^ window. Results: The
technologists recommended additional procedures at
2.7 times the actual clinical recall rate for the same
cases. Using the telemammography system during a
series of Boff-line^ clinically simulated studies, radiolo-
gists recommended additional procedures at 1.3 times
the actual clinical recall rate. Percent agreement and
kappa between the study and actual clinical interpreta-
tions were 66.1% and 0.315, respectively. For every
physical recall potentially avoided using the telemam-
mography system, approximately one presumed
Bunnecessary^ imaging procedure was recommended.
Conclusion: Remote patient management can reduce the
number of women recalled by as much as 50% without
performing an unreasonable number of presumed
Bunnecessary^ procedures.

KEY WORDS: Teleradiology, telemammography, mam-
mography, breast cancer screening, remote decision
making

INTRODUCTION

P eriodic mass screening of asymptomatic women

for early detection of breast cancer is an ac-

cepted and widely implemented practice with

extensive public and scientific support,1,2 despite

sporadic reports of limited benefits.3,4 The number

of mammograms being acquired is increasing be-

cause of improved compliance, longer life expec-

tancy, and an earlier recommended age for initial

examination. Shortages of expert mammographers

in many locations and efforts to improve radiol-

ogists’ practice and performance combined with

the desire to improve patient compliance resulted

in a distributed acquisition-centralized expert re-

view-type practices in a large number of institu-

tions.5,6 Immediate or shortened time intervals

between the recognized need for and the actual
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administration of services decrease patient anxiety,

increase patient compliance, and decrease cost.7Y10

The relatively high recall rates of screened women

(5Y15%) to supplement information that was not

ascertained during the initial visit (e.g., spot

compression, magnification views) strain all facets

of breast cancer screening practices.10Y12 More

importantly, perhaps it necessitates that the

recalled woman spends additional time and effort

before receiving a diagnosis, and there are clear

indications that this process adds emotional stress

as well, particularly in remote locations or under-

served locations.7,8,12 Enabling physicians to

remotely Bmonitor^ and Bmanage^ potential re-

call-related issues could aid in the diagnostic

decision making in Balmost real time^ while the

woman remains in the clinic. The remote manage-

ment concept could exploit the reported abilities of

trained mammography technologists to provide

limited nonclinical interpretation of screening

mammograms13,14 to identify women who may

need additional imaging procedures and obtain a

physician’s decision regarding the actual need (or

not) for such procedures while the woman remains

in the clinic.

Early attempts to develop and implement a

practical telemammography system failed because

of several technical problems associated with

acquisition, transmission, management, and dis-

play of the mammographic images.15,16 Manage-

ment of the large amount of acquired image data

(35Y55 MB/image) is but one challenge to

effective implementation of telemammography-

based practices. Many of these technical issues

have been resolved in recent years, but some

remain.16Y18 Although an adequate communica-

tion infrastructure for high-quality telemammog-

raphy is available in many large urban medical

centers, where it may be needed most (i.e.,

remote, nonurban locations), two-way communi-

cation systems are often limited to the Plain Old

Telephone System (POTS). Other communication

technologies (e.g., satellites) are being evaluated

for this purpose, but it is unlikely that these will

replace POTS in many underserved areas.19 Hence,

the problem of cost-effective, timely, remote

patient management in many of these areas is

not a simple one. Using a unique data-handling

scheme and a variety of image-processing techni-

ques, we have demonstrated that high-quality,

multisite telemammography systems can be de-

veloped under these acquisition and communica-

tion constraints.20,21

This study describes the capability of a tele-

mammography system designed to enable an

Balmost real-time^ remote patient monitoring and

management, specifically to reduce the number of

women who would physically need to return to

the clinic for additional imaging procedures

(termed Brecall^) as part of a breast cancer

screening protocol. Under the investigated scenar-

ios, remote patient management would be typical-

ly initiated when a mammography technologist at

a remote site identifies a woman that may require

additional image procedures to supplement the

Broutine^ mammographic imaging being per-

formed. The technologists then transmit pertinent

patient data and communicate their (the technolo-

gist’s) concerns to experienced radiologists at the

central site. The telemammography system was

evaluated under several clinically simulated para-

digms with an evolution of relevant clinical

information being transmitted by the technolo-

gists. Radiologists’ performance during a series of

Boff-line^ clinically simulated studies that includ-

ed reviewing and rating of screening examinations

using the telemammography system was com-

pared with the actual clinical interpretations of the

same cases.

MATERIALS AND METHODS

The high-quality, multisite telemammography system was

designed to acquire, process, transmit, and display mammo-

graphic image data and other relevant information (e.g., prior

reports) in a reasonable time across a low-level communication

system as well as to provide a two-way messaging system.

Several key image processing and transmission techniques

were implemented to allow the timely transmission of the large

amount of digitized mammographic image data. Computer

programs at the remote and central sites are designed and

implemented using multithreading to permit each task to be

completed in a timely manner, yet allow the system to be

responsive to user input (Fig. 1).

In short, a technologist at a remote facility (women’s

imaging clinic) identifies a woman who may need additional

imaging procedures to complete a screening mammography

examination during a review of the mammographic films for

quality assurance (QA) purposes. The technologist digitizes the

current and prior (when available) mammographic films, inputs

patient data into the computer data form, composes a message

(text and graphic) that describes the type of finding and

location of concern, and scans the patient’s prior report (when

available). This information and the results of computer-

assisted detection (CAD) scheme to detected suspicious
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regions are transmitted to the central site. At the central site, a

radiologist reviews the mammographic image data, the

technologist’s message (text and graphic), and patient reports

using a three-monitor workstation that was specifically

designed for this purpose. The radiologist then responds to

the technologist with the recommended additional procedures

(if any). The technical description of the system has been

provided in several reports.20,21 The following is a brief

summary of the system and its functionality.

Remote Site

Hardware

The remote site hardware includes a personal computer

(Athlon 900, Advanced Micro Device, Sunnyvale, CA, USA)

operating under Microsoft Windows 2000 Workstation and

connected to a high-resolution, laser film digitizer (Lumiscan

85, Eastman Kodak, Rochester, NY, USA) and document

scanner (HP Scanjet 5470c scanner, Hewlett-Packard Compa-

ny, Palo Alto, CA, USA). The computer is equipped with both

a 56K modem for data transfer across the POTS analog lines

and an Ethernet network card for data transfer across the local

area network (LAN). The film digitizer and document scanner

are equipped with automatic film and document feeders,

respectively, for scanning multiple films and multiple page

reports, respectively.

Mammographic Image Digitization and Image

Processing

At the remote sites, mammographic films are digitized at a

50-mm pixel size over optical densities ranging from 0 to 4.0 OD

(useful range 0.15Y3.7 OD). The digital images are automati-

cally cropped to reduce the nontissue areas and compressed at a

ratio of 75:1 using the irreversible (lossy), 9/7 transform,

wavelet-based JPEG 2000 method.22 A CAD scheme is applied

to the noncompressed images. Patient reports are scanned and

converted to 1 bit per pixel portable network graphic (PNG)

images. Application of a CAD scheme to the original digitized

images warranted the high-spatial resolution digitization for the

depiction and detection of microcalcifications. There are

Fig 1. Telemammography system organizational chart illustrating the flow of digitizing and processing image data and intersite
communication. The system software is implemented using multithreading that permits each task to be completed independently at the
remote and central sites.
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several methods to reduce the file size (e.g., subsampling,

image compression) prior to transmission subsequent to

application of the CAD scheme. Lossy, wavelet-based image

compression was chosen to decrease file size while preserving

much of the high-spatial frequency information.

Intersite communication

Technologists (remote site) and radiologists (central site)

communicate using a message window that features text and

graphics containing five sections: (1) patient demographics,

(2) message display area, (3) pull-down menus, (4) interactive

generic image (chart) of the right and left breasts, and (5)

free text typing window (Fig. 2). At the remote site, technol-

ogists construct a chat message using five pull-down menus

to focus communication on possible actionable items that in-

dicate the following:

Y breast: left or right

Y view: craniocaudal and/or mediolateral oblique

Y finding: mass, calcifications, tissue asymmetry, palpable

lump, or nodule

Y comparison with prior exam: baseline exam, new finding,

slight change, moderate change, or remarkable change

Y other findings stable

Y possible additional procedure needed: additional views and/

or ultrasound

The free text window permits description of suspicious

regions or pertinent patient information not listed in the pull-

down menus. The interactive generic image of the breasts

allows the technologists to place an BX^ mark on the region of

suspicion, which appears on the central site display messaging

window.

Data transfer

The mammographic image data, chat message (text and

graphic components), patient report image, and CAD results

are parsed and then encrypted using strong 128-bit Microsoft

Point-to-Point Encryption. The data packets are prioritized and

sent to the central site using a handshaking protocol.

Central Site

Hardware and Software

The central site dual processor telemammography worksta-

tion (Athlon MP, dual 1.2-GHz multiprocessor, Advanced

Micro Device) operates under Microsoft Windows 2000 Server

and communicates with the remote sites via 56K modems and

Ethernet network cards. The workstation display consists of

three high-resolution (2048 � 2560), 8-bit grayscale, portrait

monitors at a nominal setting of 80 ftL: two Dome C5i flat-

panel monitors (Planar Systems, Beaverton, OR, USA) for

image display and one Clinton DS5100P cathode ray tube

monitor (Clinton Electronics, Rockford, IL, USA) for text.

The key display features available on the workstation

include manual lookup table (LUT) adjustments, magnifica-

Fig. 2. Intersite communication messaging window depicted as it would appear at the remote sites used by the technologists to send
messages to the central site (radiologists).
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tion, quadrant viewing (images viewed one quadrant at a time),

and multiple image display formats (one, two, or four images

per monitor), which are all mouse-driven. The typical display

resolution was approximately 200-mm pixel dimensions for two

images/monitor (default). Images can be magnified by a free-

moving magnification box or quadrant panning. The left and

center monitors display the image data with the CAD results

overlaid, and the right monitor displays the message windows,

prior reports, case lists, etc.

The workstation is DICOM compatible and is capable of

sending and printing selected images to a mammographic film

printer (DryView 8610, Eastman Kodak). It also is capable of

sending and receiving images to and from another DICOM

device, such as full field digital mammography acquisition

systems.

Intersite Communication

The radiologist can reply to the technologist’s message after

reviewing each case. His/her response includes the following:

(1) do recommended procedure as suggested; (2) no additional

procedures necessary; and (3) do not do the procedure

recommended, but do X, Y, and Z. If the radiologist

recommends additional procedures, the interactive generic

image of the breast allows the radiologist to place a Bsquare^
mark precisely on the region that requires the additional

workup, which appears on the remote site display messaging

window. The central site messaging window is similar to the

remote site window (Fig. 2) except that, for simplicity and

efficiency, there is only one pull-down that contains the above

responses.

Image Processing

At the central site, the data packets received are decrypted

and reconstructed to their original file structure. The mammo-

graphic image data are decompressed. To reduce the visual

effects of cropping, images are restored to full height (but not

to full width) by padding (filling) prior to image display. Image

display on the workstation is enhanced through minimal

unsharp masking, and LUT values are automatically set. The

CAD results are presented as an overlay.

Technical Assessments

The breast tissue was completely retained subsequent to the

automated cropping, producing images that were adequate for

review. The automated LUT settings for image display were

acceptable for review, and manual adjustments were performed

in only approximately 10% of the cases.

The average cycle time from initiation of digitization to

availability for display at the central site was evaluated under

expected operating conditions. The transmission time of a

series of four cases (back to back) each consisting of four

images per case was reliably less than 7 min/case for all three

sites. The combination of image cropping and 75:1 data

compression decreased image file size to allow cycle times

that were adequate for implementation of the telemammog-

raphy concept and met our planned technical specifications.

There were no complaints during case review of noticeable

image artifacts or poor image quality because of the high

image compression used. At extremely high magnifications,

there were some visually detectable differences between

noncompressed digitized mammographic images and images

compressed at a 75:1 ratio, but based on several assessments

we performed, these differences should not have affected the

diagnostic image quality. In a two-alternative forced choice

discrimination experiment, when displayed side-by-side, radi-

ologists could not accurately or reliably discriminate between

noncompressed images and those compressed to 50:1 and 75:1

compression levels.22

Telemammography System Operation

The telemammography system has been operational for

more than 2 1/2 years, and to date, over 2400 different cases

(some more than once) have been successfully transmitted and

received. Currently, sites 1, 2, and 3 are 15, 20, and 15 mi from

the central site, respectively. However, in the past, we

successfully implemented and tested the system at a site

located 90 mi from the central site. Sites 1 and 2 transmit data

across analog POTS lines. Site 3 transmits data across the

LAN.

The image quality, image display configurations, effects of

the image processing, and telemammography system features

are generally well received and considered more than adequate

for reviewing screening mammography examinations by

participating radiologists. The magnification features provide

a detailed review of the breast tissue patterns at full resolution

(i.e., 50 mm/pixel), particularly microcalcifications.

The message window provides effective communication

between the technologists (remote site) and radiologists

(central site) and operates in almost real time (Fig. 2).

Typically, a message window is sent with each case and

communication performed in one cycle. The technologist sends

a message with each case, and the radiologist responds directly

to the message.

The technical performance of the telemammography system

was evaluated during a field test after the software was

modified to include mammographic images from the patient’s

current and prior screening examinations. The field tests

involved the simultaneous transmission of multiple examina-

tions (with and without prior images) from the three sites to the

central site.

Three separate Blive studies^ were performed to evaluate

clinical feasibility of the concept and the potential for a Breal-

time^ use of the telemammography system. The remote site

technologists sequestered screening exams the day prior to the

live studies that they (the technologists) believed needed

additional imaging procedures. These cases intermixed with

all applicable cases from the day of the experiment were

transmitted serially (back to back) to the central site and

reviewed and rated immediately by radiologists dedicated to

the telemammography workstation during the experiments.

Eight to 17 cases were successfully transmitted, interpreted,

and responded to by the radiologist during each study. We

emphasize that these studies were performed Boff-line^ in

terms of the clinical practice and had no impact on actual

patient care.
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Clinically Simulated Studies

Retrospective, clinically simulated studies were conducted

using cases accrued during normal operation of the tele-

mammography system that originated from women who

underwent breast cancer screening mammography at the three

remote sites. All studies described herein were performed

under an approved Institutional Review Board protocol.

Registered mammography technologists selected examinations

based on their belief (the technologists) of whether the woman

in question would be recalled for additional imaging proce-

dures to supplement the routine screening or not. The

technologists prospectively selected the examinations to be

transmitted and were unaware at the time of selection whether

or not the woman would ultimately be recalled as a result of

the actual clinical interpretation by an experienced radiologist.

The four routine mammographic films acquired at our centers

are the left and right craniocaudal views and the left and right

mediolateral oblique views. In study 1, the technologists

transmitted an equal number of cases that they believed needed

and did not need to be recalled. In studies 2Y5, the tech-

nologists transmitted only cases that they believed needed to be

recalled. The actual, subsequent clinical interpretation was

used to categorize each examination using the Breast Imaging

Reporting and Data System (BIRADS; Table 1). In this study,

the term recall is represented by BIRADS category 0. Patients

classified as BIRADS 0 due exclusively to technical deficiency

during the acquisition of the images were excluded from the

study.

Ten radiologists specializing in breast imaging (performing

or reading more than 2000 breast imaging procedures per year)

participated in five multimode observer performance studies in

which they reviewed and rated over 900 breast cancer

screening examinations with incrementally progressive levels

(amounts) of patient information supplied by the remote site

technologist (Table 2). The radiologists were informed of the

case origination and selection criteria, but not the mix of

Brecall^ and Bno-recall^ cases. Cases were randomly presented

in each session, and during the interpretation of an individual

case, all modes performed were presented and completed

serially. The radiologists used a computer mouse to complete a

computerized scoring form that included the technologist’s

chat message and graphic marks for each examination case as

appropriate for the specific study mode (Fig. 3). On the scoring

form, the radiologists indicated: (1) if additional procedures

were recommended; (2) if images from prior examination were

reviewed; (3) when appropriate, which breast depicted an

abnormality that need additional imaging; and (4) when

appropriate, the recommended procedures. The examinations

in studies 1Y4 were read by all participating radiologists,

whereas the examinations for study 5 were read only by one

radiologist. The number of examinations read by the individual

radiologists in study 5 ranged from 45 to 154.

The radiologists’ recommendations when using the tele-

mammography workstation were compared with the actual

interpretation during the clinical review. Performance was

evaluated in terms of the fraction (percent) of exams

recommended for recall, percent agreement, and kappa

between both types of interpretations (i.e., telemammography

and actual clinical). The cost of potentially Beliminating^ the

need for women to physically return to the clinic for additional

imaging procedures was measured by the performance of

presumed Bunnecessary^ additional procedures.

RESULTS

Technologists were able to identify women

whose screening mammography examinations

were suspicious in terms that additional imaging

procedures may be required, but the number (frac-

tion) of women they recommended for additional

procedures was substantially larger than the actual

clinical interpretation. Radiologists at the central

site were able to reduce the number of women

the technologists recommended for presumably

Table 1. Distribution of BIRADS categories as a result of the actual clinical interpretation

BIRADS category 0 (recall) 1 2 Total

Study 1 (independent set) 42 (13.7%) 206 (67.3%) 58 (19.0%) 306

Study 2 (independent set) 51 (39.2%) 34 (26.2%) 45 (34.6%) 130

Study 3 (subset of Study 2) 38 (38.4%) 25 (25.2%) 36 (36.4%) 99

Study 4 (independent set) 47 (40.9%) 41 (35.6%) 27 (23.5%) 115

Study 5 (independent set) 122 (34.6%) 153 (43.3%) 78 (22.1%) 353

Number of cases (percentage).

Table 2. Patient information present for interpretation during

studies and modes

Mode 1 Mode 2 Mode 3 Readers

Study 1 I n/a n/a 5

Study 2 I I, M n/a 4

Study 3 I, M I, M, R n/a 4

Study 4 I, M, R I, M, R, G I, M, R, G, C 5

Study 5 I, M, R, G, C, P n/a n/a 5

n/a—not applicable.

I—images from the current mammography exam.

M—technologist_s text message.

R—patient_s report from the prior mammography exam (when

available).

G—technologist_s graphic marks on a generic breast image.

C—CAD results.

P—images from the prior mammography exam (when available).
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Bunnecessary^ additional procedures using the

telemammography system to interpret examina-

tions in question. The addition of the mammo-

graphic images from the prior screening

examination to the images from the current

examination had the greatest positive effect on the

radiologists’ performance when interpreting cases

using the telemammography system compared to

the inclusion of other pertinent information (e.g.,

patient history, technologist’s observations).

The recall rates for radiologists interpreting

breast cancer screening examinations using the

telemammography system during all modes of

studies 1Y4 (images from the prior exam not

transmitted) were significantly higher (at least 1.8-

fold) than the actual clinical interpretation of the

same cases (Table 3). The inclusion of images

from the prior examination (when available) in

study 5 reduced the difference in recall rates to

1.3-fold. The different case selection criteria for

study 1 resulted in the lowest actual clinical recall

rate, but the image-only telemammography inter-

pretation produced the largest difference in rec-

ommended recall rates (telemammography vs.

actual clinical interpretations). As the level of

patient information increased across studies and

modes, the ratio (cost) of eliminating a recom-

mendation for a physical recall for additional

imaging procedures vs. performing Bunnecessary^
additional procedures during the same visit aided

by remote management decreased (Table 4).

The agreement between the telemammography

readings and actual clinical interpretations was

Fig 3. Computerized scoring form completed by the radiologists during the clinically simulated studies depicted as it would appear
during mode 3 of study 3.

Table 3. Mean percent recall rates during studies and modes

Mode 1 Mode 2 Mode 3

Study 1 38.2% (T11.6) n/a n/a

Study 2 73.3% (T17.9) 82.5% (T16.2) n/a

Study 3 79.6% (T12.3) 77.5% (T13.8) n/a

Study 4 72.3% (T9.3) 72.3% (T9.3) 72.7% (T9.2)

Study 5 46.1% (T8.4) n/a n/a

Mean percent (standard deviation).

n/a—not applicable.
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poor for studies 2Y4 and modest for studies 1 and

5 (Tables 5 and 6). However, study 1 had a dis-

proportionately high number (86.3%) of no-recall

cases during the actual clinical interpretation, and

the agreement between telemammography and

actual clinical interpretations for cases recom-

mended as Bno-recall^ accounted for the majority

of the agreement cases (85.4%) in study 1. Agree-

ment between the telemammography and actual

clinical interpretations in study 5 was more

balanced between cases recommended for recall

(36.4%) and no-recall (63.6%). Agreement be-

tween the telemammography and actual clinical

interpretations increased across studies 2Y5 as the

level of patient information increased (Tables 5 and

6). However, within a study, agreement remained

relatively consistent as the level of patient infor-

mation increased.

The majority of disagreement between the

telemammography readings and actual clinical

interpretations for all study modes resulted when

the telemammography review recommended ad-

ditional procedures and the actual clinical inter-

pretation recommended no additional procedures.

These disagreements (telemammography recall

and actual clinical no-recall) accounted for 86.5%

of the disagreements on average when images from

prior examinations were not included (studies 1Y4).

The inclusion of prior images (when available) in

study 5 reduced this disparity to 66.1%.

DISCUSSION

The Bproof of concept^ that a high-quality,

multisite telemammography system implemented

with low-level data connections can provide re-

mote Bunderserved^ clinics (e.g., a location where

a radiologist is not physically present) Balmost

real-time^ access to an experienced radiologist to

evaluate breast cancer screening examinations

was accomplished during this study. Particularly,

we focused on identifying women recommended

for additional imaging procedures as part of

screening protocol while the woman remains in

the clinic, and it was demonstrated that the

number of women who would need to physically

return to the clinic for additional imaging proce-

dures could be reduced substantially. The two-

way communication implemented in the tele-

mammography system between the technologists

(remote site) and radiologists (central) using a

messaging window (Fig. 2) that contained text and

graphics was sufficient and was treated as a

welcomed increase in communication by both

radiologists and technologists.

This study indicates that prior images (when

available) along with the ensemble of tools and

information provided by the telemammography

allowed the radiologist to successfully manage a

large fraction of cases that technologists consider

to be Bdifficult^ or those likely to require additional

imaging procedures. In studies 2, 4, and 5 (598

unique cases), the technologists recommend addi-

tional imaging procedures at 2.7 times the actual

Table 4. Ratio ofwhen the telemammography interpretationwas

to Brecall^ and the actual clinical interpretation was Bno-recall^

vs. when both the telemammography and actual clinical inter-

pretations were to Brecall^

Mode 1 Mode 2 Mode 3

Study 1 2.87 (433/151) n/a n/a

Study 2 1.28 (214/167) 1.34 (246/183) n/a

Study 3 1.27 (176/139) 1.26 (171/136) n/a

Study 4 1.05 (213/203) 1.06 (214/202) 1.07 (216/202)

Study 5 0.94 (81/86) n/a n/a

Ratios for all reads (total counts).

n/a—not applicable.

Table 5. Mean percent agreement during studies and modes

Mode 1 Mode 2 Mode 3

Study 1 67.8% (T10.0) n/a n/a

Study 2 51.7% (T5.5) 48.7% (T6.3) n/a

Study 3 52.3% (T6.7) 52.8% (T7.0) n/a

Study 4 57.4% (T4.6) 57.1% (T3.9) 56.7% (T3.9)

Study 5 66.6% (T5.3) n/a n/a

Mean percent (standard deviation).

n/a—not applicable.

Table 6. Mean kappa during studies and modes

Mode 1 Mode 2 Mode 3

Study 1 0.237 (T0.082) n/a n/a

Study 2 0.125 (T0.041) 0.102 (T0.059) n/a

Study 3 0.163 (T0.077) 0.165 (T0.081) n/a

Study 4 0.213 (T0.072) 0.206 (T0.060) 0.201 (T0.061)

Study 5 0.315 (T0.107) n/a n/a

Mean (standard deviation).

n/a—not applicable.
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clinical recall rate (220 cases) for the same cases

(Table 1). Using the telemammography system and

implementing the remote management concept,

radiologists reduced this Brecall^ rate by more than

50% during study 5. For every potential saving of

an actual recall, approximately one presumably

unnecessary additional procedure (Table 4) would

have been performed.

This study supports the results of other studies

advocating utilization of mammography technolo-

gists as physician extenders in breast cancer

screening practices,13,14 which may be accom-

plished through implementation of a telemam-

mography system. This study demonstrated that

technologists are reasonably sensitive, if not

specific, to mammography features and changes

that may lead to recall of women for additional

imaging procedures. Of the 598 unique screening

mammography exams used in studies 2, 4, and 5

that technologists believed needed additional

imaging procedures, 63.4% (378/598) were not

recalled during the actual clinical interpretation

(Table 1). One hundred fifty of the 378 not recalled

(39.7%) were rated as a BIRADS category of 2.

This suggests that the technologists were able to

detect benign findings during the screening mam-

mography exam, but were not skilled at classifying

the depicted findings as benign. Appropriate

training may be required for this purpose.

The high recall rates for additional imaging

procedures during this study when interpretation

was conducted without prior images (studies 2Y4)

were similar to those previously reported.5 The

high recall rates could be partially attributed to the

radiologists’ expectation of an Benriched^ sample

population. Additionally, in our studies, the radi-

ologists may have deferred to the technologists’

observations during limited review (e.g., lack of

images from a prior examination) of examinations

using telemammography system.

The short cycle time of the system was

realized because of image-processing techniques

that reduced the image file size through automat-

ed image cropping and image data compression

and the efficient multitasking software approach

based on a synchronized multithreading design.21

The image-processing techniques produced im-

ages without a significant degradation of the diag-

nostic image quality, which were well received

by the radiologists. Despite the initial uncertainty

regarding high level of image compression

(75:1), the implementation of wavelet compres-

sion permits high levels of compression without

a significant degradation in diagnostic image

quality.22Y24

There are several limitations to the current study.

First, this study did not affect clinical management,

and the knowledge that this was carried out Boff-

line^ may have resulted in the observed over-

reading. Second, the technologists were not trained

in selecting suspected examinations resulting in a

relatively low threshold of selection, in particular

as related to benign findings. Finally, we were

Bbreaking ground^ in several respects that include,

but are not limited to, the involvement of technol-

ogists in the decision-making process (namely,

which cases to send to the central site and why) and

possibly the increased Breliance^ of the radiolog-

ists on the technologists’ judgments. Our breast

imaging practice is a very well established one, and

it is not clear whether this Breliance^ and Btrust^
would exist in other practices. We note that this

study was designed to assess the effectiveness of

the telemammography system for reviewing

screening examinations for management purposes

rather than primary diagnosis.

CONCLUSION

This study demonstrated that the concept of

remote patient management using a telemammog-

raphy system can potentially reduce the number of

women who need to physically return to the clinic

for additional image procedures (e.g., spot com-

pression, magnification views) without performing

an unreasonable number of presumed unnecessary

imaging procedures. This could be accomplished

by exploiting the ability of experienced technol-

ogists to identify suspicious findings during QA

procedures and the use of a telemammography

system to transmit all pertinent information to a

radiologist (decision maker) at a central site. Even

with a low-level communication system, the

complete review process can be accomplished

while the woman remains in the clinic. Imple-

mentation of the remote management concept

requires a high Bcomfort level^ within the team

(radiologists and technologists). Our estimates are

that this type of practice could reduce actual recall

rates by as much as 50%.
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