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A B S T R A C T

With integration of the Radiological Information Systems (RIS), Picture Archiving and Communication systems (PACS), and reporting systems, patient
identifiers and examination information can automatically map into examination reports. There are many potential benefits of report automation to radi-
ologists including improvements in efficiency, accuracy, and fatigue. In this article we describe a 2 part study, with the first part being an anonymous sur-
vey of radiologists concerning report automation. A total of 13 staff radiologists and 9 radiology residents at a single institution completed an anonymous
survey. Respondents were asked if automatic population of examination description, comparison examination data, indications, computed tomography
dose, technique, and copy to physician data saved time, decreased fatigue, and increased accuracy. Respondents were asked if a “copy findings” function
saved time. The second objective part of the study was a mock examination experiment to assess time savings of report automation and to assess error
rates. Of all, 9 radiologists were asked to dictate fields for 8 mock examinations. Subjects were timed and reporting errors monitored. Estimated daily
time savings and error rates were calculated assuming a mix of 80 studies. A total of 95% surveyed responded that report automation saved time; 91%
that report automation improved accuracy of dictations; 82% that report automation decreased fatigue. Furthermore, 83% of copy finding function users
reported time savings. Average time to dictate these prepopulated fields was 51 seconds per study. Average error rate per report was 0.86, with an aver-
age of 0.26 errors remaining uncorrected upon report completion. Estimated average time per day saved per radiologist from report automation was 68
minutes. Estimated average corrected errors was 48 per day. Estimated average uncorrected or missed errors was 21 per day. These estimated benefits
from report automation result from tight integration of RIS, PACS, and reporting systems.
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Introduction

As radiology departments have become all-digital in the past
decade, the increasing integration of Radiological Information Sys-
tems-Hospital Information Systems (RIS-HIS) with Picture Archiv-
ing and Communication systems (PACS) has generated the
potential for marked gains in workflow efficiency. In part driven
by the Integrating the Healthcare Enterprise (IHE) initiative spon-
sored by the Radiological Society of North America (RSNA), there
has been an effort toward “increasing connectivity and systems
integration” creating avenues for more efficient and predictable
communication among imaging modalities, HIS-RIS, and PACS.1

These changes come at a time in which clinicians are increasingly
relying on imaging to aid patient diagnosis and assess treatment
outcomes. With meaningful use, referring clinicians and the
patients themselves are now also expecting rapid access to their
radiology reports.2,3 Radiologists have accordingly experienced
greater pressure for faster radiology report turnaround times and
increased productivity.4

Voice recognition (VR) is increasingly used by radiologists to
create radiology study reports. However, studies have shown that
implementation of VR may increase report dictation time,
increases errors in reports, and increases costs to the radiology
department compared to conventional dictation methods using a
transcriptionist.5,6

These drawbacks to VR can potentially be mitigated with the
use of report automation, now available through the integration
of RIS-PACS systems with VR reporting software. History, exami-
nation description, technique, comparison examination informa-
tion, and physician copy to information can now be automatically
populated into examination reports. In addition, a separate “copy
findings” function is also available at our institution, which may
further increase the efficiency of reporting. This feature allows for
all the contents of the body of a prior report to be automatically
inserted into the current study templated report. Then the radiol-
ogist just needs to update size measurements, etc for any fields
with changed findings. These various features may result in less
errors, increased speed, and less fatigue for the radiologist. This
article describes a 2 part study assessing the benefits of report
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TABLE 1
Summary findings for category responses

1 2 3 4 5 Overall positive response

Overall effect of report automation on time savings* 0 0 1 (5%) 6 (27%) 15 (68%) 21 (95%)
Overall effect of report automation on dictation accuracyy 0 0 2 (9%) 11 (50%) 9 (41%) 20 (91%)
Overall effect of report automation on fatiguey 0 0 4 (18%) 7 (32%) 11 (50%) 18 (82%)
Effect of automatic population of examination description on time savingsz 0 0 0 10 (45%) 12 (55%) 22 (100%)
Effect of automatic population of technique on time savingsx 0 0 0 11 (50%) 11 (50%) 22 (100%)
Effect of automatic population of comparison examinations on timex 0 0 0 9 (41%) 12 (55%) 21 (95%)
Effect of automatic population of examination indication on timez 0 0 2 11 (50%) 9 (41%) 20 (91%)
Effect of automatic population of CT dose on timez 0 0 2 12 (55%) 8 (36%) 20 (91%)
Effect of automatic population of ordering physician data on timez 0 1 3 8 (36%) 10 (45%) 18 (82%)
Effect of “copy findings” function on time║,{ 0 0 0 3 (17%) 12 (67%) 3 (17%)

*1—costs 30+ min; 2—costs 0-30 min; 3—does not affect; 4—saves 0-30 min; and 5—saves 30+ min.
y1—significantly decreases; 2—decreases; 3—does not affect; 4—improves; and 5—significantly improves.
z1—costs 10+ min; 2—costs 0-10 min; 3—does not affect; 4—saves 0-10 min; and 5—saves 10+ min.
xCosts 15+ min; 2—costs 0-15 min; 3—does not affect; 4—saves 0-15 min; and 5—saves 15+ min.
║Costs 20+ min; 2—costs 0-20 min; 3—does not affect; 4—saves 0-20 min; and 5—saves 20+ min.
{Copy findings was utilized by 18/22 (82%) of respondents.
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automation on workflow at a site with comprehensive RIS/PACS/
reporting integration. The 2 parts consisted of an anonymous sur-
vey of radiologists and an objective mock study experiment to
assess time savings of report automation and to assess error
rates.
Methods

Survey

A total of 13 staff radiologists and 9 radiology residents at a single
institution with experience in using systems both without and with
automatically populated reports were asked to complete an anony-
mous online 12 question 5-point Likert survey. Respondents were
asked if automatic prepopulation of examination description, com-
parison examination data, indications, computed tomography (CT)
dose, technique, and copy to physician data saved time, decreased
fatigue, and increased accuracy using a 5-point scale. For time savings
questions, responses were 1 = costs x minutes per day, 2 = costs 0-x
minutes per day, 3 = does not save me time, 4 = saves me 0-xminutes
per day, and 5 = saves me x minutes per day. The value of x ranged
between 10-30 minutes depending on the field queried. For fatigue
and accuracy questions, responses were 1 = significant worsening, 2 =
worsening, 3 = no improvement, 4 = improvement, and 5 = significant
improvement.
TABLE 2
Time savings by modality

Examination type Mean time savings per study (95% CI)

MRI reports 53 sec (26-81 sec)
CT reports 1 min and 21 sec (1 min-1 min 43 sec)
US reports 39 sec (23-55 sec)
Plain film reports 31 sec (14-49 sec)
Timing Experiment

To obtain a preliminary estimate of time gained by report
automation, 6 staff radiologists and 3 radiology residents were
asked to dictate, using VR, scripted specific fields listed in the dig-
ital requisition into a template report for 8 mock examinations.
The dictated report fields included examination description, com-
parison examination data, indications, CT dose, technique, and
copy to physician data fields normally autopopulated at our site.
All subjects spoke English as their first language and had more
than 2 years of experience using VR. The mock examinations
included 2 ultrasound (US), 2 plain radiograph (XR), 2 CT, and 2
MR examinations. In addition to measuring the time taken to dic-
tate the fields, dictation errors and corrections were also moni-
tored and recorded.

These results were then used to extrapolate projected time sav-
ings and error rates based on a mix of 80 studies (20 XR, 20 US, 20 CT,
20 MR), an estimate of daily workload for a radiologist. Average times
and errors are presented with confidence intervals.
Results

Survey

A total of 15 faculty were invited to participate in the survey and
the response rate was 87% (13/15). Response rate for polled residents
was 100% (9/9). Of all, 95% of respondents (21) replied that report
automation saved time. In addition, 82% (18) of respondents replied
that report automation decreased their fatigue. Furthermore, 91%
(20) of respondents replied that report automation improved accu-
racy of dictations. The full breakdown of individual responses to sur-
vey questions is depicted in Table 1.

The “copy findings” function was utilized by 82% (18) of respond-
ents. 83% of copy findings users reported time savings from this func-
tion.
Timing Experiment

Average time to dictate nonintegrated report fields across modali-
ties was 68 seconds. The breakdown of average times to dictate fields
per individual modality is detailed in Table 2.

A total of 56% of reports had errors made during dictation of the
report. Of those, 25% of dictations contained an error at the final dic-
tation. Readers had been asked to audit and correct their reports. An
average of 0.86 errors were made during each dictation. Furthermore,
0.26 went uncorrected at completion of dictation after reader audit-
ing, seen in Table 3.

Estimated time saved per day using report automation was 68
minutes, assuming an average of 80 studies per day. Estimated num-
ber of errors made per day using a nonintegrated system were 69
errors. Estimated number of uncorrected errors per day were 21.
Discussion

The survey results and timing experiment suggest that report
automation saves time, decreases fatigue, improves accuracy, and
was preferred by the radiologist. The timing study estimates time



TABLE 3
Errors committed per workflow assessment

Per study Per day (assuming mix of 80 studies)

Total errors 0.86 69
Errors corrected 0.6 48
Errors uncorrected 0.26 21
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savings of 68 minutes per day and avoidance of 69 errors per day, per
radiologist.

Regarding time savings, report automation allows the radiologist
to spend more time per examination reviewing the images and syn-
thesizing findings into a clinically relevant impression, rather than on
dictating automatable noninterpretive but required fields. The use of
templates, along with experience in VR, has been shown to increase
the efficiency of dictation.7,8 No studies, however, have demonstrated
the effects of a fully automated template system by which all nonin-
terpretive fields are automatically populated. Such workflow is made
possible leveraging links between HIS, RIS, and PACS systems, with
fully integrated reporting.

Some studies have shown that the use of VR, although decreasing
report turnaround times,9 actually takes more time to complete a
report than use of conventional dictation with a transcriptionist.10

The report automation described mitigates potential VR inefficiencies
by obviating the need for dictating initial report fields. Avoidance of
this nonclinical data synthesis and reporting improves the radiologist
clinical flow and reduces fatigue.

Results from the timing experiment revealed that 25% of nonauto-
mated reports contained errors after final review. This is similar to the
5%-42% error rates reported by others.11-13 Although most of these
errors were trivial, some uncorrected errors could have serious nega-
tive consequences. For example, incorrectly dictating a patient’s medi-
cal history could potentially be propagated into the future, leading to
eventual confusion in patient care. Of note however, if the history was
incorrectly entered by the referring clinician or technologist, this might
well propagate in automated reporting. Errors in dose reporting could
result in understatement or overstatement of dose, with associated
opportunities for over-radiation of a patient or underutilization of
imaging based on these errors. ACR guidelines mandate accurate
reports, to minimize such untoward consequences.14

The copy findings function was used by 82% of readers, with 83%
reporting time savings. This function is actuated with a single click,
replacing the default template with the body of the prior selected
examination report, then serving as the current report template from
which to work forward. Unchanged findings are automatically rere-
ported, as well as previously noted incidental findings, resulting in
improvement in efficiency. Ad hoc peer review is also facilitated, in
that the reading radiologist that actuates copy findings, sees the struc-
tured findings of the prior report as their current template. This makes
it easier to identify a discrepancy in the reading of the prior
examination, comparing the current examination with the prior, and
updating the current report. Randomized peer review is also available.

One significant limitation of this single institution preliminary
work is that the mock examination timing experiment represented
only a gross estimate of time spent dictating noninterpretive fields at
sites without fully integrated reporting, and thus did not represent a
true control. Timing of actual study dictations at sites with and with-
out integration of RIS, PACS, and reporting systems would be needed
for a full study in the future. Additionally, the qualitative Likert scale
questionnaire was limited to radiologists from a single institution. A
questionnaire with broader outreach would also help improve on the
qualitative assessment in the future.

Extrapolating 8 test examinations out to 80 examinations inter-
preted and reported each day, could lead to an underestimate, or
overestimate of the measured time savings and error rate per day per
reader, since examination volumes and mix of examination types at
other sites could significantly differ.

In conclusion, report automation using prepopulated fields is esti-
mated to save time, decrease fatigue, and increase accuracy during
report dictation. These benefits are made possible through the tight
integration of RIS, PACS, and reporting systems.
References

1. Boochever SS. HIS/RIS/PACS integration: Getting to the gold standard. Radiol man-
age 2004;26(3):16–24. [quiz 25-7].

2. Boland G, Guimares A, Muller P. Radiology report turnaround: Expectations and
solutions. Eur Radiol 2008;18:1326–8.

3. Branstetter B. Basics of imaging informatics. Radiology 2007;243(3):656–67.
4. Reiner B, Knight N, Siegel El. Radiology reporting, past, present, and future: The

radiologist’s perspective. J Am Coll Radiol 2007;4(5):313–9.
5. Larson DB, Towbin AJ, Pryor RM, et al. Improving consistency in radiology report-

ing through the use of department-wide standardized structured reporting. Radi-
ology [Internet] 2013;267(1):240–50. Apr 1 [cited 2017 Jul 27].

6. Hammana I, Lepanto L, Poder T, et al. Speech recognition in the radiology depart-
ment: A systematic review. Heal Inf Manag J [Internet] 2015;44(2):4–10. [cited
2017 Jul 27].

7. Bhan S, Coblentz CL, Norman GR, et al. Effect of voice recognition on radiologist
reporting time. Can Assoc Radiol J 2008;59(4):208–9.

8. Rana DS, et al. Voice recognition for radiology reporting: Is it good enough? Clin
Radiol. 2005;60(11):1205–12.

9. Krishnaraj A. Voice recognition software: Effect of radiology report turnaround
time at an academic medical center. AJR Am J Roentgenol 2010;195(1):194–7.

10. Hayt DB, Alexander S. The pros and cons of implementing PACS and speech recog-
nition systems. J Digit Imaging 2001;14(3):149–57.

11. McGurk S, Brauer K, Macfarlane TV, et al. The effect of voice recognition software
on comparative error rates in radiology reports. Br J Radiol 2008;81(970):767–70.

12. Quint LE, Quint DJ, Myles JD. Frequency and spectrum of errors in final radiology
reports generated with automatic speech recognition technology. J Am Coll Radiol
2008;5(12):1196–9.

13. Strahan RH, Schneider-Kolsky ME. Voice recognition versus transcriptionist: Error
rates and productivity in MRI reporting. J Med Imaging Radiat Oncol 2010;54
(5):411–4.

14. American College of Radiology. Practice guideline for communication of diagnostic
imaging findings. American College of Radiology, Guidelines and Standards. Restin,
VA: ACAR; 2007.

http://refhub.elsevier.com/S0363-0188(17)30205-0/sbref1
http://refhub.elsevier.com/S0363-0188(17)30205-0/sbref1
http://refhub.elsevier.com/S0363-0188(17)30205-0/sbref2
http://refhub.elsevier.com/S0363-0188(17)30205-0/sbref2
http://refhub.elsevier.com/S0363-0188(17)30205-0/sbref3
http://refhub.elsevier.com/S0363-0188(17)30205-0/sbref4
http://refhub.elsevier.com/S0363-0188(17)30205-0/sbref4
http://refhub.elsevier.com/S0363-0188(17)30205-0/sbref5
http://refhub.elsevier.com/S0363-0188(17)30205-0/sbref5
http://refhub.elsevier.com/S0363-0188(17)30205-0/sbref5
http://refhub.elsevier.com/S0363-0188(17)30205-0/sbref6
http://refhub.elsevier.com/S0363-0188(17)30205-0/sbref6
http://refhub.elsevier.com/S0363-0188(17)30205-0/sbref6
http://refhub.elsevier.com/S0363-0188(17)30205-0/sbref7
http://refhub.elsevier.com/S0363-0188(17)30205-0/sbref7
http://refhub.elsevier.com/S0363-0188(17)30205-0/sbref8
http://refhub.elsevier.com/S0363-0188(17)30205-0/sbref8
http://refhub.elsevier.com/S0363-0188(17)30205-0/sbref9
http://refhub.elsevier.com/S0363-0188(17)30205-0/sbref9
http://refhub.elsevier.com/S0363-0188(17)30205-0/sbref10
http://refhub.elsevier.com/S0363-0188(17)30205-0/sbref10
http://refhub.elsevier.com/S0363-0188(17)30205-0/sbref11
http://refhub.elsevier.com/S0363-0188(17)30205-0/sbref11
http://refhub.elsevier.com/S0363-0188(17)30205-0/sbref12
http://refhub.elsevier.com/S0363-0188(17)30205-0/sbref12
http://refhub.elsevier.com/S0363-0188(17)30205-0/sbref12
http://refhub.elsevier.com/S0363-0188(17)30205-0/sbref13
http://refhub.elsevier.com/S0363-0188(17)30205-0/sbref13
http://refhub.elsevier.com/S0363-0188(17)30205-0/sbref13
http://refhub.elsevier.com/S0363-0188(17)30205-0/sbref14
http://refhub.elsevier.com/S0363-0188(17)30205-0/sbref14
http://refhub.elsevier.com/S0363-0188(17)30205-0/sbref14

	Benefits of Integrated RIS/PACS/Reporting Due to Automatic Population of Templated Reports
	Introduction
	Methods
	Survey
	Timing Experiment

	Results
	Survey
	Timing Experiment

	Discussion
	References


