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Abstract

Resumo

Comparison between the time required to generate
and type radiology reports by means of VolP-based
system and a traditional paper-based system™

Comparacédo dos tempos de geracdo e digitacdo de laudos radiolégicos entre um sistema
eletrénico baseado em voz sobre IP (VoIP) e um sistema tradicional baseado em papel

Déacio Miranda Ferreira’, Frederico Molina Cohrs?, Henrique Manoel Lederman?, lvan Torres
Pisa*

OBJECTIVE: To compare the time required for generation and typing of radiology reports by means of an
electronic system based on the technology of voice over internet protocol (VolP) and the traditional system,
in which the report is handwritten by the radiologist. MATERIALS AND METHODS: It was necessary to model,
build and deploy the proposed electronic system, capable of recording the reports in a digital audio format
and comparing it with the traditional method. Radiologists and transcriptionists recorded the reports gener-
ation and typing times for both systems, using appropriate forms. RESULTS: When the mean times between
both systems were compared, those from the electronic system presented a reduction of 20% (p = 0.0410)
in the report generation time as compared with the traditional method. On the other hand, the traditional
method was more efficient with respect to typing time, as the mean typing time with the electronic system
was three times longer (p < 0.0001). CONCLUSION: The results demonstrated a statistically significant
difference between the compared systems, with the electronic system being more efficient than the tradi-
tional one with respect to report generation time, while the traditional method presented better results with
respect to typing time.

Keywords: Radiology information systems; Medical records; Analog-digital conversion.

OBJETIVO: Comparar os tempos de geracao e digitacdo de laudos radiolégicos entre um sistema eletrénico
baseado na tecnologia de voz sobre o protocolo de internet (VolP) e o sistema tradicional, em que o radio-
logista escreve o laudo a mao. MATERIAIS E METODOS: Foi necessario modelar, construir e implantar o
sistema eletronico proposto, capaz de gravar o laudo em formato de audio digital, e compara-lo com o tra-
dicional ja existente. Por meio de formularios, radiologistas e digitadores anotaram os tempos de geracdo e
digitacdo dos laudos nos dois sistemas. RESULTADOS: Comparadas as médias dos tempos entre os siste-
mas, o eletrénico apresentou reducédo de 20% (p = 0,0410) do tempo médio de geracdo do laudo em com-
paracdo com o sistema tradicional. O tradicional foi mais eficiente em relacdo ao tempo de digitacdo, uma
vez que a média de tempo do eletrénico foi trés vezes maior (p < 0,0001). CONCLUSAO: Os resultados
mostraram diferenca estatisticamente significante entre os sistemas comparados, sendo que o eletrénico foi
mais eficiente do que o tradicional em relacdo ao tempo de geracéo dos laudos, porém, em relacéo ao tempo
de digitacdo, o tradicional apresentou melhores resultados.

Unitermos: Sistemas de informacao em radiologia; Registros médicos; Conversao analogo-digital.
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INTRODUCTION

The widespread use of computers ap-
pears to be decreasing peopl€’s ability to
handwrite, causing a change in the way
written texts are produced due to compu-
tational resources. The use of computersre-
duces writing times and provides people
with the capability of recording much more
information in less time®.

In the health sector, collection, process-
ing, recording and retrieval of patientsin-
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formation can be electronically performed,
by means of computers, as well as by tra-
ditional paper-based methods. With the
growth of data volumes comprised in pa-
tientsrecords, and with the need to retrieve
such datain astructured and effective man-
ner, it is easy to realize that information
technology may contribute to improve-
ments in quality of healthcare provided to
patients?.

Among thedatathat can be stored in pa-
tient records are medical consultations,



patient progression, demographic informa-
tion, complications, medications, history,
laboratory data, radiological reports, etc.®.
The radiological report constitutes the
documentation and formal communication
of the findingsin a given imaging diagno-
sis procedure, besides being the most criti-
cal aspect of the service rendered by the
radiologist®.

Over the last decade the quantity and
complexity of radiological reportshavein-
creased, and historically have been gener-
ated by means of different methods such as
voice-to-text systems, and dictation on a
magnetic tape recorder, for example®.

The present study compares the report
generation times between two different
report generation systems and identifies
which of them is more efficient with re-
spect to time spent in generation and in
typing of such reports. The first is the tra-
ditional system in which the radiologist
handwritesthereport and sendsit to atran-
scriptionist who types and printsthe report
using an appropriate computer system. The
second is the electronic system, in which
the radiologist generates his reports by
means of a system based on Voice over
Internet Protocol (VolP) using atelephone
or computer, and the audio recording of the
thus generated report is transcribed (heard
and typed) in digital format.

Theinvestigation hypothesisiswhether
thereisareduction in generation and typ-
ing times of the radiological reports when
the electronic Vol P system is used.

MATERIALSAND METHODS

The proposal for this study has been
originated in the need to carry out amodi-
fication in the report generation process at
an imaging diagnosis unit in such away to
allow thereportsto be generated by means
of voice recorded in digital format, in ad-
dition to the traditional method in which
the radiologist handwrites the report.

In order to enable this study, a partner-
ship was established with the Department
of Imaging Diagnosis (DID) of Universi-
dade Federal de S&o Paulo (Unifesp),
which provided the information on the tra-
ditional method of reports generation, as
well as the transcriptionists and radiolo-
gists (second year residents) who partici-
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pated in this study. After that, it was nec-
essary to extend the DID’s report genera-
tion process, and the modeling, building
and deployment of the proposed VolP-
based process. Subsequently, the data re-
garding to report generation and typing
timeswere collected both for the electronic
and traditional methods, for comparison
purposes.

Over a four-month the period, the eth-
nographic® method was utilized to ob-
serve, detail, describe and document the
report generation process at the DID.

After the studies are performed, the
films are placed in individual envelopes
labeled with the patient and study identifi-
cation. Such envelopes are taken to thera-
diologist who analyzes the images and
writes the report down on paper. Such
handwritten data.are then typed. Transcrip-
tionists use a computer system to type and
print the report. Periodically, the radiolo-
gist reviews and corrects the reports, and
those with corrections are retyped and re-
turned to the radiologist for afinal check.
The reports are then sent to the patient as-
sistance service and are delivered to the
patients. The transcriptionists update the
reports status in the system, and these are
automatically filed in the patient’s elec-
tronic medical records.

Based on interviews with radiologists,
transcriptionistsand DID staff members, it
was possible to detect the requirements for
modeling the RadVol P, aninformation sys-
tem developed for radiologists and tran-
scriptionists in order to record, type and
correct reports. With the use of the Unified
Modeling Language (UML®)?, use case
diagramswere built in order to identify the
main functionalities that the system should
comprise. Thus, it was possible to observe
that the RadVol P should be composed of
two modules: atelephone module in order
to allow radiologists to record the reports,
and a web module for typing, correction
and report issuance.

The telephone module relied on the
Voice over Internet Protocol technology
(VoIP). A server connected to the internet
receives calls from regular or cell phones
and records these calls in MPEG-1/2 Au-
dio Layer-3 (MP3) digital audio format. In
order to install and configure the VolP
server, the Asterisk® tool was chosen, asit

deploys in a software the resources found
in a Private Automatic Branch Exchange
(PABX). It is a freeware open-code soft-
ware, available for installation in opera-
tional systems based on the Unix platform.
One of its main functionalities is the pos-
sibility of using the Audible Response Unit
(ARU), which performs telephone tasks
such as automated answering and digit rec-
ognition.

The web module was designed in such
away to allow thetranscriptioniststo access
therecorded radiol ogist’saudio reportsand
type them. This module also allows the
radiologiststo follow-up the reportstyping
and to correct inconsistencies or typing
errors, and finally release them to be inte-
grated to the patients’ electronic medical
records. The method adopted in the devel-
opment of this module was the eXtreme
Programming (XP)®. The development of
the module was based on the MySQL
Server® databank, PHP® programming lan-
guage and Apache® web Server. It was de-
signed to operatejointly with the electronic
medical patient records (EMPR) of Hospi-
tal S&o Paulo (HSP), and the Information
System Division (1SD), responsiblefor the
development and maintenance of the
EMPR provided the necessary permits for
thereading and writing datafrom RadVol P
in the EMPR data bank worksheets.

Five radiologists were selected to pre-
parethereportsin thisresearch on 40 stud-
ies— 20 radiographs and 20 tomographs —
which were selected regardless of being
studies with normal or abnormal results,
with the possibility of both cases in the
sample universe. Theradiologistsand tran-
scriptionists received a single training, in
which they had the opportunity to record
some reports and operate the web system.

In order to comparethe electronic report
generation system with the traditional one,
the following times were collected and re-
corded:

Report generation time—Timerequired
by theradiologist to record thereport inthe
case of the electronic report and to hand-
write the report in the case of traditional
reports. For both cases the radiol ogists re-
corded in appropriate forms the time when
they started recording or handwriting the
reports (hour and minutes) and the time
when the task was completed.
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Report transcription time — Time re-
quired by the transcriptionists to listen to
and typethe electronic report or to read and
type the traditional reports. The transcrip-
tionists also recorded the start and comple-
tion times of the transcriptions. The final
result of this process was the typed report
available for review by the radiologists.

Such data were submitted to the statis-
tical Mann-Whitney test with the objective
of identifying whether or not there were
statistically significant differences between
the reports generation and typing times.

RESULTS

After building the use case diagrams,
the modules development was started. In
the telephone module (Figure 1) there are
two communication channelswith the Vol P
server (Block A). The first one receives

calls from regular and cell phones (Block
B), while the second one receives calls
from the digital extensions (BlocksA, C
and D).

Assoon asthereport recording wasfin-
ished, the generated digital audio file was
sent from the VoI P server (Block A) to the
web page server, which hosted the web
module of the RadVolIP (Block C).

The web module was developed soon
after the conclusion of the telephone mod-
ule, as it was necessary to record the first
reports so that they could be accessed. Fig-
ure 2 shows the web module devel opment
scenario. The PHP pageswerehosted in the
web page server of the ISD (Block C),
while the database was stored in the data
bank server at the Department of Informa-
tion Technology in Health (Block A). The
communication between both servers was
carried out over the Unifesp intranet.

Out of thefiveresidentsparticipating in
the study, two compl eted the entire spoken
and written report generation process, and
one prepared the reports on half the stud-
ies. The three residents that prepared the
reports returned the forms with the re-
corded times, and so did the transcription-
ist.

In the traditional report generation sys-
tem, the radiologists recorded the genera-
tion times for 46 reports, the same number
of reports generated in the electronic sys-
tem. When submitted to the Mann-Whitney
statistical test, the samples with times
longer than 15 minutes were excluded for
both systems, as such times were consid-
ered extreme values. Three cases were ex-
cluded in the electronic system and onein
the traditional system. The difference be-
tween the mean report generation timesin
the compared systems was one minute and
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Figure 1. Scenario of the RadVolP telephone module development.
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Figure 2. Scenario of the RadVolP web module development.

21 seconds, corresponding to a reduction

of 20% in the report generation time when
theelectronic systemwas utilized. Thedis-
tribution of report generation times is not
normal, and the difference between the av-
eragesinthe electronic and traditional sys-
tems generated the value of p = 0.0410 for
aconfidenceinterval of 95%. Other statis-
tical indicatorsrelated to the report genera-
tiontimewere: U=725.000and Z =-2.041.

The chart on Figure 3 showstherelation
between thereport generation timesin each
system, with the extreme values already
excluded. The X axisinthechart represents
thetimein minutesrequired by theradiolo-
gist to generate the report, whiletheY axis
represents the number of reports generated
within that particular time. By observing
the chart, one notices that most of the re-
portswere generated within the 3to 6 min-
utes interval. Of the 43 electronic reports,
29 were generated within thisinterval, ap-
proximately 67.5% of them. Within this
same interval are 23 of the 45 traditional
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Figure 3. Chart with the number of reports generated in each one of the systems in relation to genera-

tion time.

reports, or approximately 51% of them. The
number of reports that took 10 minutes or
more to be generated was 13 in the tradi-
tional system and only fiveintheelectronic
system, approximately 29% and 11.6% re-
spectively. In both systems most of the re-
ports were generated in up to 10 minutes,
38 (88.4%) of the 43 reports in the elec-
tronic system and 32 (71.1%) of the 45 re-

ports generated in the traditional system.
With respect to transcription time, the
transcriptionist recorded the times relative
to 17 reports in the traditional system and
19 reports generated through the el ectronic
system. In order to apply the Mann-
Whitney statistical test, atime longer than
450 seconds was excluded from the hand-
written sample. In the electronically gen-
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erated sample, there was no extreme value
exclusion.

The typing of reports made in the elec-
tronic system required an average time
above 5 minutes or three times longer
(303%) thanit didin thetraditional system.
The distribution of timesis not normal ei-
ther, and the same confidence interval ap-
plied for the generation times was applied
to this case, resulting in the value p <
0.0001. Other statistical indicators related
to typing time were: U = 24.000 and Z =
—4.381.

Thechart on Figure4 showstherelation
between the typing times in each system.
By observing the chart it is possible to see
that 15 of the 17 reports prepared in the
traditional system took between 1 and 4
minutes, approximately 88%. Within this
same interval, only three of the 19 reports
prepared in the electronic system were
typed, 15% of thetotal. Most of the reports
in the electronic system, or 12 out of 19,
took between eight and 15 minutes to be
typed while in the traditional system there
were no occurrences in that same interval.

DISCUSSION

The report times obtained from the
Mann-Whitney statistical tests demon-
strated a statistically significant difference
between the mean times of report genera-
tion, when comparing the reports generated
in the electronic system with those in the
traditional system. The difference between

themean timeswas one minute and 21 sec-
onds, with p = 0.0410, indicating that the
electronic system is more efficient in the
process of radiological report generation,
compared with the traditional system. The
one minute and 21 seconds difference pro-
vides the radiologist that prepares 20 re-
ports per day, a saving in time that totals
approximately 26 minutes. With that in
mind, the radiologist can use that timein a
more thorough analysis of the images, or
alternatively preparing a higher number of
reports during the work day, thus reducing
the study queues and speeding up the re-
lease of the reports to patients.

The Mann-Whitney test have also dem-
onstrated a statistically significant differ-
ence between the mean report typing times
in both systems, when comparing the re-
portsfrom the el ectronic system with those
from the traditional method. That differ-
ence corresponded to five minutes and 30
seconds, with p < 0.0001, indicating that
the traditional system is more efficient as
far as the typing of reportsis concerned.

Actualy, it was aready expected that
the traditional system would result in bet-
ter typing times, asthe transcriptionists had
been utilizing the system for more than two
years, and had to quickly adapt to a new
typing process. It was possible to observe
the transcriptionist’s difficulty in manipu-
lating the control buttons in the web plug-
in of the Windows Media Player which al-
lowed him to execute, advance, review,
pause and adjust the reproduction volume
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of the recorded report. For being used to
the traditional system, the transcriptionist
experienced difficulties in manipulating
the controls and buttons mainly because
she could not type as fast as the recorded
contents were reproduced. Thus it was
necessary to utilize the mouse to click on
the pause button, and also to drag the re-
view button back to the desired point. This
process significantly increased the typing
time.

In order to reduce such time, a process
to eliminate the need to use the mouse by
using shortcut keys such as ctrl+p to pause
and reinitiate reproduction was devised so
that the transcriptionist would not need to
remove one hand from the keyboard to
manipulate the mouse, thus reducing typ-
ing time. However this process was not
successful asthe shortcut key combination
did not work with the web plug in, in spite
of the fact that it did with the Windows
Media Player

The 19 reportstyped from the electronic
system were not enough to providethetran-
scriptionist with the required dexterity to
type the reports more swiftly. This factor
has certainly contributed to an increase in
the report typing time.

An interesting fact could be observed
during the use of the electronic system: the
shyness demonstrated by the radiologist
when using it. The system was utilized in
thesameroom wheretheroutinereportsare
prepared, and an embarrassment by the ra-
diologist when preparing the report was
evident as his colleaguesin the room could
listen to him during the report recording.
Thisdoesnot happenin thetraditiona sys-
tem, asthe processisinherently private and
the privacy is only broken with the
radiologist’s consent when he asks for a
colleague’s opinion, for example. The ob-
served constraint had adirect impact in the
quality of the recordings, asin many cases
it was necessary to increase sound volume
or even use more powerful speakersin or-
der to properly listen to the recording made
by the radiologist. When the reports were
recorded with anatural voice tone and vol-
ume, there was no problem affecting com-
prehension.

Most of the studies comparing different
report generation methods®*® involve
voice recognition with other some other
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kind of system. These studiesmainly report
the advantages and shortcomings of voice
recognition over other systems. Theauthors
have not found any study reporting radiol o-
gist voicerecording in digital format, mak-
ing the recordings available through aweb
interface for typing, correction and release
of the report.

CONCLUSIONS

The proposed electronic report genera-
tion system presented astatistically signifi-
cant difference in the mean report genera-
tion and typing time, when compared with
the traditional system. In the electronic
system there was areduction of 20% in the
report generation time; however thetyping
timeincreased by 303%. Thereforethetime
reduction hypothesis was only partially
confirmed, asit proved valid for the radio-
logical report generation time but failed

with respect to typing time.
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