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Abstract: Technology in healthcare has become increasingly
prevalent and user friendly. In the last decade, advances in
hands-free methods of data input have become more viable in
a variety of medical professions. The aim of this study was to
assess the advantages or disadvantages of hands-free charting
through a voice-to-text app designed for perfusionists. Twelve
clinical perfusion students using two different simulated bypass
cases were recorded and assessed for the number of events
noticed and charted, as well as the speed at which they accom-
plished these steps. Paper charts were compared with a custom
app with voice-to-text charting capability. Data was analyzed
using linear mixed models to detect differences in length of
time until a chartable event was noticed, and how long after
noticing an event it took to record the event. Timeliness of
recording an event was made by assessing log-transformed time
data. There was significantly more information recorded when

charting on paper, while charting with voice-to-text resulted in
significantly faster mean time from noticing an event to the
recording of it. There was no significant difference between
how many events were noticed and recorded. When using paper
charting, a higher percentage of events that were missed were
drug administration events, while voice charting had a higher
percentage of missed events that were associated with cardiople-
gia delivery or bypass timing. With a decreased time interval
between noticing an event and charting the event, speech-to-
text for perfusion could be of benefit in situations where many
events occur at once, such as emergency situations or highly
active portions of bypass such as initiation and termination.
While efforts were made to make the app as intuitive as
possible, there is room for improvement. Keywords: perfusion,
charting, voice-input, paper charting, operating room
efficiency, simulation. J Extra Corpor Technol. 2021;53:286–92

In 2009, the American Recovery and Reinvestment Act
mandated that by 2014, all public and private healthcare
providers would need to adopt some form of electronic
medical record (EMR) and demonstrate meaningful use
of it (1–3). Financial incentives were included in this,
and hospitals nationwide who had not already embraced
the advancement of the digital age began to buy into
the associated Electronic Health Record Incentive Pro-
grams. The focus of these programs was to ensure elec-
tronic capture of clinical data and to provide patients
with copies of that data (1). After that step was

implemented, a process of continuous quality improve-
ment could be used to ensure an advancement of patient
care.

While individual departments were not mandated by
law to convert to EMRs, technology provides many bene-
fits. They tend to reduce medical error, help make pre-
scriptions more reliable, and streamline billing, all while
improving productivity and workflow of the associated
healthcare workers (1). Some departments within the hos-
pital, such as operating rooms (ORs) and intensive care
units, tend to be more technologically advanced environ-
ments, in part because the patients and employees stand
to gain more from small increases in workplace efficiency
(4). While there is somewhat inconsistent data supporting
that EMR implementation frees up time for clinicians to
use elsewhere, one undeniable benefit is the increased
amount and accuracy of data collected (5,6). Major limit-
ing factors for effective departmental conversion to an
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EMR seem to be the cost, the initial learning curve, and
the extent to which the system in question allows for
fast, intuitive input of data (3–8).

OR procedures are typically more time dependent and
critical in nature, and real-time charting during stressful
events is not easy (9). Most data that is not automatically
gathered is recorded after the event and this can lead to
misinformation or lack of information (9). New advances
in technology that promise to reduce this error has the
potential to be extremely helpful in a variety of situations.
These new options are often variations on hands-free
methods of data input, such as voice activated, gesture
controlled, or eye tracking software (10). Of those, voice
recognition and speech-to-text are some of the most
extensively tested and applied hands-free technologies
that are widely available (10). This explains why they
are more likely to be used across a growing variety of plat-
forms, including EMRs.

As with all new technologies, these new systems require
testing, validation, and proof of function before they
become widely applied. This process is why much of this
technology has been slow to advance through the health-
care field (4,10). However, the benefits of continuous data
collection that is offered by EMRs can not only lead to
better identification and reaction to patient parameters
outside of acceptable limits, but also better postoperative
review, analysis, and growth from events that makes it an
attractive option for administrators (11). AmSECT’s
guidelines and many hospital policies include sections
regarding continuous quality improvement (12). This
may include postoperative review of the “big data” of a
perfusion department to help inform perfusionists of
areas for improvement, reinforce compliance with stand-
ards, allow opportunities to engage in the direction of
improvement initiatives, and enhance research opportuni-
ties (13). Therefore, hands-free methods of charting that
allow for faster, and more timely input of data by the per-
fusionist have the potential to be quite beneficial in
advancing the profession, and should be evaluated for
possible future applications.

MATERIALS AND METHODS

Local Institutional Review Board approval for exemp-
tion status was obtained and consent of all participants
was obtained prior to beginning simulations. Twelve per-
fusion students from the University of Nebraska Medical
Center’s Clinical Perfusion Education Program volun-
teered to participate in the study, each completing two
different simulated bypass cases, one with a paper chart
and one with the custom voice-to-text charting method
with a working name of PerfNote. Each charting method
came with an instruction sheet to indicate what the

charting expectations were, and any limitations associated
with the method. Each scenario had equally formatted
patient information sheets to allow for comparable base-
line data. Students were randomized as to which simu-
lated case and which charting method they received first,
and differences between those categories and the fact that
each student contributed data twice were adjusted for
using linear mixed model analysis. Students were
recorded by video to allow for stop-motion analysis of
timing for the two charting methods. The intervals
between the occurrence of an event, the recognizing of
that event, and the recording of the event were measured.
The simulations were simple bypass cases programmed

by the authors and run on a Califia 3.0 simulator (Biomed
Simulation Inc., San Diego, CA). Each simulation had 16
events with fixed timing that could be compared. These
events included recording timing of bypass and cross-
clamp, charting patient data, drug administration, acti-
vated clotting time, and cardioplegia administration.
Events that were not noticed or were noticed but not
recorded were counted as missed events. To compare
the timeliness of recording events, lognormal distribution
was assumed. PerfNote was coded by the authors using
Android Studio 3.5.2 (JetBrains s.r.o., Prague, Czech
Republic) and loaded on a Kindle Fire HD 8 (Amazon.
com, Seattle, WA). The paper chart was copied from
the standard pump record used at our institution, last
revised in July 2006, and of which the participants had
some familiarity. All statistical analysis was performed
using SAS software version 9.4 (SAS Institute Inc.,
Cary, NC).

RESULTS

Primary outcome parameters fell within two categories:
recorded data and timeliness data. Recorded data consid-
ers whether any particular event was noticed, and or
recorded, while timeliness data considers the time inter-
vals between those events. Overall, no significant differ-
ence was found between the mean proportion of events
noticed between the charting mechanisms (p 5 .12), as
shown in Figure 1, wherein the proportion of events
noticed when charting on paper was .94, and the propor-
tion when charting by voice was .92.
Most events were noticed and recorded immediately by

the participants, so data was broken down into three cat-
egories: events that were noticed immediately, noticed
with a delay longer than 5 seconds, or not noticed at all
(Table 1, Figure 2). There was no statistical difference
in the numbers of events in each of those categories.
To determine whether there was a difference in the

amount of data that was recorded overall, the percentage
of recorded events was compared between the two
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groups. When looking at all of the events, participants
were significantly more likely to record events when using
paper charting (Figure 3). This was true even when adjust-
ing the data set to exclude events that were never noticed
by the participant, and therefore could not have been
recorded (Figure 4).
Timeliness analysis was run on log-transformed time

interval data. Since the events that were charted immedi-
ately would not have any variation, and events that were
not recorded did not have any data to analyze, timeliness
data was analyzed only on events with delayed notice or
delayed recording. Essentially, when there was a delay
in event recording, was that delay longer based on the
type of charging mechanism? From the data (Table 2),

timeliness of noticing events was not significantly different
between charting mechanisms; however, timeliness of
recording events was significantly faster in the voice-
charting group (Table 3).

While there was no statistical difference in the number
of events that were not noticed, there was a larger number
of total events that were not recorded when using voice
charting rather than paper charting. Further analysis
shows that individuals charting with paper were more
likely to not record drug administration events, while indi-
viduals charting by voice were more likely to miss bypass
events and cardioplegia delivery-related events (Figure 5).

While only 16 events were common points for compari-
son across all participants, additional charting was left up to
the individual’s discretion. The number of lines of patient
data that were charted varied greatly. Paper charting aver-
aged 7.25 lines of data per simulation (min: 3, max: 11, SD:
3.67) while voice charting averaged 4.75 lines per simula-
tion (min: 2, max: 8, SD: 1.86). And while a baseline eval-
uation of patient data is common prior to going on bypass,
variation in the prevalence of a complete baseline also
existed between the two charting methods (Figure 6),
with more students forgetting to chart a baseline entirely
while using paper charting. This may be partially attributed
to some students using the act of charting baseline data as a
way to acclimate to the voice-based charting system.

DISCUSSION

One of the primary goals of the voice-to-text charting
was to allow as much natural speaking as possible. Previ-
ous research on the topic of transitioning to electronic
charting has noted that there is a significant learning curve
associated with new technology, which can affect data col-
lected during that transitional period (1,7,9,14). An app
that could parse data from normal speech would poten-
tially eliminate this issue (9). Alapetite studied the use
of voice charting for anesthesiologists in 2008, but was
limited by the technology of the time, and the program

Figure 1. There was no significant difference in the model adjusted mean
proportion of events noticed between the paper chartingmechanism (mean
5 .94 events, SE 5 .01) and the voice charting mechanism (mean 5 .92
events, SE5 .01), p5 .12.

Table 1. Table of notice by category.

Charting Mechanism Event Totals Model Adjusted Mean Proportion of Events

Paper Voice Total Paper Voice Model p-Value

Notice immediate 119
61.98%

123
64.06%

242 .62 (.02) .64 (.02) .40

Notice delayed 61
31.77%

53
27.60%

114 .32 (.02) .28 (.02) .22

Unnoticed 12
6.25%

16
8.33%

28 .06 (.01) 08 (.01) .12

Unrecorded 28 46

Total data distribution for observations of events. Since most events that were noticed were noticed immediately, that data was summarized in categories: not
noticed, immediately noticed, or delayed notice. Therewasno significant difference between the voice andpaper groups inmodel adjustedmeanproportion of
events not noticed (p5 .12), noticed immediately (p5 .40), or noticed with a delay (p5 .22).
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that was used required stringent phrases to properly chart.
To get around this, the subjects of that research used
video and a “wizard of oz” charting method, wherein any-
thing that was spoken that would have worked if the pro-
gram was better, was counted as a successful charting
event. While every effort was made to avoid the need
for a similar effect in this study, it was not entirely

successful and video data was used to supplement the
charts where the voice-to-text failed. The primary source
of this failure was not in parsing data from naturally spo-
ken sentences, but in the voice-to-text function’s database
being unfamiliar with medical and OR specific jargon.
There were several other potential sources of differences

between charting methods. Although the app produced

Figure 2. Distribution of events by immediacy of
notice.

Figure 3. Students in the paper group had a signifi-
cantly highermodel adjustedmeanproportionof events
recorded (out of all events;mean5 .85,SE5 .03) com-
pared to students in the voice group (mean5 .76,
SE5 .03), p5 .02.
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timestamped data for a chart, it did not display the time of
the last recorded data for the participant. It also did not
have a visible list of parameters equal to those on the paper
chart on the main screen, as a reference for charting,
though it was available on the instruction sheet. Of greatest
consternation to the participants, the audio recording had a
fixed time interval after which it would stop, which most
participants found to be far too short for convenient chart-
ing. Video analysis was made more critical because of this.
The ability to pause, replay, and accurately pinpoint when

the participant actually charted an event was only success-
ful with the use of video analysis.

While video recording participants during their simula-
tion was necessary for complete analysis of the time inter-
vals, it is not without drawbacks. It is limited in the size and
angle of the visual field, and similar to any research done
with direct observation, it is subject to any observer bias
that might occur. This potential for bias already existed;
however, as participants knew ahead of time that they
were being observed for their charting methods, as they
were to participate in two simulated cases using different
charting methods. While the possibility also existed to
use the videos for stop-motion analysis of the time it
took to complete charting events, this was not analyzed
due to the inability of the programmer to change the
time interval that the voice-input system was active for,
resulting in some participants rushing through their charts,
while others opted to use multiple shorter individual voice-
input actions, and extend the time in that manner.

In Alapetite’s study, part of the benefit of using video to
analyze simulated cases was the ability to assess the mental
workload of individuals. Mental workload was assessed by
queueing theory, which measures the number of things that
a person must remember to do at any given time. In our
case, the mental queue would be the number of things
that have yet to be recorded at any given time, and presum-
ably this queue would grow as charting is put off in favor of
taking action at the pump, and then shrink again when the
simulation is less busy and the perfusionist has time to
record data. High mental workload is associated with
higher mental queues, and could result in events being for-
gotten, mis-remembered or errors occurring. However,
upon analysis, there appeared not to be enough overlap-
ping items within the simulation to test the relevance of
queuing theory. However, mental workload may be pre-
sumed instead by the increased delay between time of
event notice and time of event recording on events with

Figure 4. Students in the paper group had a significantly higher model ad-
justed mean proportion of events recorded (out of noticed events; mean
5 .91, SE 5 .03) compared to students in the voice group (mean 5 .83,
SE5 .03), p5 .04.

Table 2. Log transformed times from event-occurrence to event-notice for delayed-recording events.

Paper
Model Estimate Mean

Voice
Model Estimate Mean Model p-Value

Mean 13.51 seconds 10.63 seconds .40
Mean of log transformed 1.78 log-seconds 1.68 log-seconds .57
Geometric mean 5.94 seconds 5.37 seconds (Same as mean of log transformed)

Table 3. Log-transformed times from event-notice to event-recording for delayed-recording events.

Paper
Model Estimate Mean

Voice
Model Estimate Mean Model p-Value

Mean 115.3 seconds 52.0 seconds .04
Mean of log transformed 3.5 log-seconds 2.8 log-seconds .0002
Geometric mean 34.4 seconds 16.7 seconds (Same as mean of log transformed)
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delayed noticing. Voice-input charting was associated with
significantly lower time between noticing and recording an
event, which supports this idea; however overall, it was also
associated with fewer events being noticed and being
recorded, which may disprove the theory.

No participants used any additional functions that Perf-
Note was able to offer, such as verbal playback of previ-
ously entered data, deletion of previous data, or verbal
command of calculations such as oxygen delivery or oxy-
gen consumption. This may also be a result of lack of
familiarity with using similar functions in clinical scenarios
previously, or the learning curve associated with an unfa-
miliar system. Though this lack of use did not allow for
analysis of how intraoperative calculation use may vary
with verbal access to results, the variation on how Perf-
Note was used compared to how it was designed opens
more opportunities to see how apps might be used most
efficiently. While engaging in the simulations, several dif-
ferent methods were used by participants to use the app.
Some recorded data concurrently with closed loop com-
munication, eliminating all extra spoken words save for
entry of lab results. Some participants left the Kindle in
a single location and spoke to it from anywhere around
the pump, while some physically returned to the Kindle
every time they wanted to chart a line. Some individuals
spoke more casually than others, or in shorter or longer
bursts. Any further development on voice-to-text services
for perfusion would do well to take all of these potential
differences into account or factor them into features.

CONCLUSION

Perfusion, as with many professions, has needed to adapt
as technology has become more pervasive (11) and health-
care electronic data collection has become more wide-
spread (2). The practice of adopting a new technology is
often limited by available research of the practical benefits
it can provide, the training time it requires, and its ease of
use. In this research, naturally spoken phrases were used to
test a voice-to-text system of charting and resulted in a
reduction in the time delay between noticing an event
and charting that event, which would result in timelier
reporting of events in a perfusion record, but charting via
paper still resulted in more data collected.
This experiment had limitations in that the app used

was not able to perform to the degree that was
anticipated, necessitating data collection through video
analysis. And while this may be mitigated through better
hardware and software, training to use the application
would be necessary. Limitations in the amount of data
collected through voice-to-text could have been a result
of either the limitations of the app or the use of first-
year perfusion students as study participants, for whom
the paper chart might have offered more guidance.
Voice-to-text charting may not always be the most con-

venient method to chart for perfusionists, especially if
silence is necessary and when there is information to be
documented that colleagues do not need to be immediately
aware of. However, the use of voice-to-text is not simply

Figure 5. Types of events that were not recorded.

Figure 6. Flow of event timing.
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for intraoperative use. Extracorporeal membrane oxygena-
tion, preoperative use or high-stress environments may
benefit from having the option available. Additionally,
the option to use hands-free charting may pave the way
for other innovative technologies to be explored. Mobile
apps in healthcare are not generally built specifically to
replace people, other devices, or larger programs (though
there are some exceptions). Instead, they are built to sup-
port and compliment them as a point of care resource that
will inform better diagnoses and reduce medical error (15).
This occurs particularly where there are gaps in function
between devices or programs, or where a larger medical
device has not yet implemented newer technological func-
tions. In this way, apps can be a driving force for technolog-
ical change within healthcare, as their presence points out
where other technologies are failing or where they could
grow. As a comparatively low-effort investment, apps
may serve as a more timely addition to paper charting, or
as a bridge toward transitioning to electronic charting for
hospitals that still rely primarily on paper perfusion
records. This is consistent with the initiatives for continu-
ous quality improvement that are outlined in both the
EMR implementation programs and AmSECT’s Guide-
lines for Perfusion (13). The use of perfusion specific
apps within the OR would aide in reducing the discrepan-
cies between different parts of the surgical record as well as
collecting real-time and more accurate data. These
improvements would lead to higher quality patient care
as the healthcare system continues to grow and adapt
within the changing technological landscape (16).

ACKNOWLEDGMENTS

The authors would like to thank Kaeli Samson, MA, MPH,
of the University of Nebraska Medical Center's Biostatistics
department for her work on the statistical analysis for this
paper.

REFERENCES

1. Mongero LB.Will real-time monitoring technology be a game changer
for perfusion safety? J Extra Corpor Technol. 2017;49:P19–P24.

2. Steffens TG,Gunser JM, SavielloGM. Perfusion electronic record doc-
umentation using Epic Systems software. J Extra Corpor Technol.
2015;47:237–41.

3. Frazee RC, Cames A, Munoz Maldonado Y, et al. The impact of elec-
tronic medical record implementation on operating room efficiency.
J Hosp Adm. 2015;5:48–51.

4. Meyfroidt G. How to implement information technology in the operat-
ing room and the intensive care unit. Best Pract Res Clin Anaesthesiol.
2009;23:1–14.

5. Mador RL, Shaw NT. The Impact of a critical care information system
(CCIS) on time spent charting and in direct patient care by staff in the
ICU: A review of literature. Int J Med Inform. 2009;78:435–45.

6. Hollenberg JP, Pirraglia PA, Williams-Russo P, et al. Computerized
data collection in the operating room during coronary artery bypass
surgery: A comparison to the hand-written record. J Cardiothorac
Vasc Anesth. 1997;11:545–51.

7. Kumah-Crystal YA, Pirtle CJ, Whyte HM, et al. Electronic health
record interactions through voice: A review. Appl Clin Inform. 2018;
9:541–52.

8. Roukema J, Los RK, Bleeker SE, et al. Paper versus computer: Feasi-
bility of an electronic medical record in general pediatrics. Pediatrics.
2006;117:15–21.

9. AlapetiteA. Speech recognition for the anaesthesia record during crisis
scenarios. Int J Med Inform. 2008;77:448–60.

10. Mewes A, Hensen B, Wacker F, et al. Touchless interaction with soft-
ware in interventional radiology and surgery: A systematic literature
review. Int J CARS. 2017;12:291–305.

11. Beck JR, Fung K, Lopez H, et al. Real-time data acquisition and alerts
may reduce reaction time and improve perfusionist performance dur-
ing cardiopulmonary bypass. Perfusion. 2015;30:41–4.

12. American Society of Extracorporeal Technology. Standards and
Guidelines for Perfusion Practice. 2017. Available at: http://www.
amsect.org/perfusion-safety/standards-and-guidelines/.

13. Baker RA, Newland RF. Continuous quality improvement of perfu-
sion practice: The role of electronic data collection and statistical con-
trol charts. Perfusion. 2008;23:7–16.

14. Hu F, Xie D, Shen S. On the application of the internet of things in the
field of medical and health care. In 2013 IEEE International Confer-
ence on Green Computing and Communications and IEEE Internet
of Things and IEEE Cyber, Physical and Social Computing. IEEE.
2013:2053–8.

15. Ventola CL. Mobile devices and apps for health care professionals:
Uses and benefits. P&T. 2014;39:356–64.

16. Riley JB, Justison GA. Perfusion electronic record documentation
using Epic Systems software. J Extra Corpor Technol. 2015;47:242–4.

K. LUNG ET AL.292

J Extra Corpor Technol. 2021;53:286–92

http://www.amsect.org/perfusion-safety/standards-and-guidelines/
http://www.amsect.org/perfusion-safety/standards-and-guidelines/

	TF1

