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Abstract

Background As point-of-care ultrasound spreads across

the globe, there is an increased need for training and super-

vision of ultrasound studies. Real-time oversight is impor-

tant, especially in critically ill patients, but often an expert

ultrasound over-read is not available on location. Techno-

logical advances have improved data transmission so that

images and videos can be sent great distances very rapidly. In

this study, we examine the feasibility of real-time wireless

transmission of ultrasound video to an iPhone.

Methods An ultrasound machine was connected via a

video converter to a laptop. iCam (SKJM, LLC) software

was used to transmit the video across the Atlantic Ocean to

an iPhone. Images typical for those performed in an

emergency department were sent, in random order by a

‘scanning physician.’ An ‘interpreting physician’ overseas

was asked to identify the anatomy, presence or absence of

pathology, and comment on the quality, speed, and delay of

transmission.

Results Rapid image transmission was feasible and the

‘interpreting physician’ was always able to correctly

identify the anatomy and orientation. The average delay

was minimal (2.7 s), allowing for real-time feedback. The

frame rate was markedly slower in the received images as

compared to the transmitted images, and was faster when

the iPhone was connected via WiFi (1.1 fps) versus a 3G

connection (0.4 fps).

Conclusion Transmission of real-time ultrasound video to

a remote iPhone using inexpensive technology is feasible,

with the preservation of image quality and minimal delay.

Transmission speed was superior with a WiFi connection

than with a 3G connection.
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Background

Point-of-care ultrasound has undergone a dramatic expan-

sion to many new settings over the last two decades. With

technological advances, machines have become smaller,

more portable, and less expensive. As a result, machines

are more accessible and, therefore, worldwide there are

more novice sonographers who require training and

supervision. Point-of-care ultrasound is now frequently

used outside of the emergency department in novel ways

and for novel applications. Novice sonographers with

limited experience may need real-time assistance in

acquisition or interpretation of these images.

Technological advances in wireless communication and

data transmission have also rapidly progressed in recent

years. Products, such as the iPhone (Apple, Inc.) have

revolutionized the abilities of handheld phones and have

made high-speed wireless transmission and reception of

data via a 3G network accurate and immediate. iPhone

functionality is greatly enhanced with the installation of

various applications. iCam (SKJM, LLC) is an application
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that streams live audio and video input from a webcam

directly to an iPhone.

This technological proof-of-concept study analyzes the

feasibility of using the iCam software to transmit real-time

ultrasound video to an iPhone in a remote setting and such

an application could have important implications in point-

of-care ultrasound when expert image interpretation is not

readily available. Several such settings are pre-hospital

transports, community hospitals, small villages in the

underdeveloped world, high altitude clinics, the wilderness

environment, or even the battlefield.

We sought to answer the following specific questions:

1. Is it possible to transmit live ultrasound images via

iCam software?

2. Is the image quality (spatial resolution) sufficient to

identify anatomy?

3. Is the image frame rate (temporal resolution) fast

enough to interpret moving images?

4. Is the delay minimal enough to make real-time

decisions and provide real-time guidance?

Methods

A schematic and photo of the hardware set-up are shown in

Fig. 1. A Sonosite Micromaxx (Sonosite, Inc., Bothell,

WA) with a curvilinear probe (2–5 MHz) on abdominal

settings was used to acquire images by the ‘‘scanning

physician’’ (SP), an emergency physician with fellowship

training in emergency ultrasound. The ultrasound machine

was connected via an S-video cable to a converter. S-video

carries an analog video signal as two separate components,

brightness and color.

The signal entered an Advanced Digital Video Con-

verter (ADVC-55, Grass Valley, Thomson Inc.). This

converter is inexpensive (approximately $150 US) and

commercially available and does not require specialized

software or a separate power supply. The video signal was

transmitted as an NTSC format at 720 9 480 pixels at

29.97 frames per second (fps) via an IEEE 1394 cable, also

known as FireWire, which is capable of transmitting data at

up to 800 MB/s.

The FireWire cable entered a MacBook Pro laptop

(Apple, Inc.) with a 2.4 GHz Intel Core 2 Duo processor

and 2 GB of memory and 667 MHz SDRAM. The oper-

ating system was Mac OS X 10.5.7.

iCam and iCamSource (SKJM, LLC) were used to view

and send the image. These are inexpensive applications

(approximately $5 US) and are available online. iCamSource

can send video and audio as a signal which can be viewed on

an iPhone with the iCam software. The signal is password

protected. iCamSource was installed on the MacBook Pro.

The ADVC-55 video feed was selected as the input for the

iCamSource. The audio input was turned off.

The MacBook Pro was connected through an internal

802.11 g wireless network card (Airport) to a wireless

802.11 g router to a home DSL internet connection through

existing telephone lines.

The ‘‘interpreting physician’’ (IP), a physician with

training in emergency ultrasound, received the signal in a

transatlantic location over 5,000 km away (Boston, US to

Fig. 1 A schematic of the

hardware set-up. Solid lines
represent hard-wired

connections, dotted lines
represent wireless connections
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Oxford, UK.) An iPhone with iCam software installed was

connected via a cellular 3G connection or WiFi signal to

the local network. The SP and IP communicated via Skype,

a free internet phone call service.

The SP performed ultrasound scans that represented

applications and views typical of those performed in

emergency settings. These included a FAST examination, a

cardiac ultrasound, an aorta scan, a thoracic ultrasound for

lung sliding, and an internal jugular vein scan (to simulate

procedural guidance.) The IP was blinded to which parts of

the body were being scanned. For each video, the IP

determined: (1) anatomy and orientation (2) whether or not

there was pathology, (3) if the frame rate was adequate for

real-time interpretation, and (4) if the delay was minimal

enough to give real-time feedback. All scans were done

first with the iPhone connected to the local network via a

3G connection, and then via a WiFi connection.

Results

The IP interpreted, in real-time, each of the eight video

clips. Figure 2 shows a photo with a representative image

as seen on the iPhone. The results were communicated to

the receiving physician verbally via Skype. A summary of

the results is shown in Table 1. The delay was 2.7 s,

regardless of the type of clip or of whether the iPhone was

connected via 3G or WiFi. The average bandwidth for the

transmitted signal was 140 Kb/s (range 120–160 Kb/s).

The frame rate was calculated and was 0.4 fps when the

iPhone was connected via the 3G network, and 1.1 fps

when connected via WiFi. The frame rate of the original

transmitted signal was 11.9 fps.

Discussion

Point-of-care ultrasound is a well-established practice

within emergency departments in the United States and

much of the developed world. This kind of diagnostic

imaging is different from traditional or ‘‘formal’’ ultraso-

nography or radiology-performed imaging in which a study

is ordered by a treating physician, performed by an ultra-

sound technician, interpreted by a radiologist, and then the

results acted upon by the initial treating physician and

incorporated into clinical decision-making. Point-of-care

ultrasound involves the melding of these three functions

into one as scans are performed at the bedside by a clini-

cian trained in the acquisition and interpretation of ultra-

sound images.

As the use of point-of-care sonography spreads world-

wide, so too does its potential. Ultrasound is being used

more and more frequently in less traditional places and

manners. However, not every location that uses point-of-

care ultrasound has the resources, education, and supervi-

sion that most academic emergency departments have.

Training all users and potential users of ultrasound in

image acquisition and interpretation would be a formidable

and extremely challenging endeavor. It is in these situa-

tions that remote transmission of real-time video images

could play an important role.
Fig. 2 An example of an image (right upper quadrant Morrison’s

Pouch) transmitted to an iPhone

Table 1 Interpretations of transmitted clips

Clip

number

Anatomy

and view

Correctly identified

anatomy?

Could Identify positive

or negative?

Frame rate adequate? Delay

minimal? (2.7 s)
3G (0.4 fps) WiFi (1.1 fps)

1 FAST-RUQ Yes Yes Yes Yes Yes

2 Lung sliding Yes Yes No Yes Yes

3 Cardiac-parasternal long axis Yes Yes No Yes Yes

4 FAST-suprapubic Yes Yes Yes Yes Yes

5 Aorta Yes Yes Yes Yes Yes

6 Cardiac-subxyphoid Yes Yes No Yes Yes

7 FAST-LUQ Yes Yes Yes Yes Yes

8 Internal jugular vein Yes Yes No No No
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Telesonography has been studied in some of these set-

tings [1–3]. It has been shown to be feasible in the pre-

hospital setting [4, 5], austere environments [6], by ship

officers on merchant ships [7], outer space [8], and from

lower acuity hospitals to trauma centers [9, 10]. Studies

have shown that using robots, image acquisition can be

done remotely as well [11–16]. In addition, one could

imagine the potential in other settings where ultrasound

machines exist, but usually without much educational or

clinical oversight, such as underdeveloped countries or

community hospitals without an ultrasound expert readily

on hand with difficult cases. A needs-analysis study in

Queensland, Australia showed that up to 8% of studies

done in community hospitals would have benefited from

telesonography consultation, in diagnostic advice, scanning

technique, and patient management advice [17]. 3G net-

works already exist in much of the developing world where

resources are scarce—a sonographer could transmit images

wirelessly to an expert interpreter anywhere in the world

who could then provide immediate bedside assistance from

thousands of kilometers away. Military applications are

also possible where portable ultrasound machines could be

carried out into the battlefield by soldiers and interpreted

remotely by experts, providing decision support regarding

treatment or transport.

This study is a technological proof-of-concept. It is

different from many other studies in telesonography in that

it uses inexpensive commercially available technology to

transmit and view the images. Some other studies have

looked at ultrasound images being sent from hand-held

phones [18]. What is most unique about this study is that

these images are being transmitted to a handheld phone.

Cellular phones have the advantages of being easily por-

table and already items that a clinician would have readily

available. The use of cellular phones as viewing instru-

ments obviates the need for dedicated ‘reading rooms’ as

well.

The iCam software allows for preservation of image

quality and remote interpretation of ultrasound scans. Some

of its many features expand its potential use as a clinical

and educational tool. Up to four scans can be viewed

simultaneously, allowing for one remote expert interpreter

to oversee multiple scans from different parts of the world.

The video is protected with a password, which enhances

security of transmission. Likewise, anyone with the user-

name and password can log into the live video stream,

allowing for multiple interpreters of the same video. In

addition, since audio feed can also be transmitted, iCam

software has potential as a teaching tool—educational

modules with live ultrasound video and real-time audio

commentary could be transmitted, and learners worldwide

could log in and have access to this teaching in the palms

of their hands.

The question of adequacy of images relates most to the

capabilities of the wireless internet connections. With

infinite bandwidth, received images should have the same

quality and frame rate as transmitted ones. When there is a

limitation on bandwidth, the number of pixels per second

transferred has a finite maximum. This results in degra-

dation in the quality of the image, a drop in number of

frames per second, a delay in transmission, or some com-

bination of the above. Literature exists on technological

advances, variable compression and bandwidth on their

effect on real-time transmission of video [19–23].

The results of this study support the concept that remote

interpretation of images on an iPhone is feasible. Image

quality (spatial resolution) as viewed on the iPhone was

always preserved. In every instance, the IP was able to

correctly identify the anatomy and orientation, and whether

or not there was pathology visible. The delay of images

was also minimal, only 2.7 s on an average. The SP and IP

had a parallel live audio connection and the IP was able to

interpret images seconds after they were acquired.

Frame rate (temporal resolution) dropped significantly

in the received images. Frame rate as viewed on the laptop

was equal to the frame rate viewed on the ultrasound

machine, approximately 11.9 fps at a scanning depth of

13 cm. On the iPhone frame rate dropped to approximately

1.1 fps at this depth when connected via WiFi (approxi-

mately 11 times slower), and 0.4 fps when connected via

3G (approximately 31 times slower). For the majority of

applications (FAST, aorta, pericardial effusion) images

viewed at this slow frame rate were still perfectly sufficient

to make an accurate diagnosis. Frame rate did affect the

ability to judge cardiac ejection fraction, as accurate esti-

mation of this requires real-time visualization of motion.

For the same reason, one would expect that other motion-

dependent applications may also be challenging, such as

advanced echo, Doppler, or procedural guidance. While

actual lung sliding was difficult to perceive at 0.4 fps, the

lung tissue deep to the pleural line was visualized at dif-

ferent positions. In addition, comet tails were observed, and

these findings together were enough for the IP to make the

interpretation of ‘‘no pneumothorax.’’ Frame rate is

dependent on the depth and on the ultrasound machine

ranged from 24.8 fps at a depth of 4.7 cm to 5.8 fps at a

depth of 30 cm. We did not measure the frame rate of the

received images at these other depths, but presumably they

would have decreased proportionately.

Although no procedures were performed, the SP did

transmit images of an IJ vein, to simulate the ultrasound

associated with central venous access. While not specifi-

cally studied, it is the opinion of the authors that a delay of

2.7 s would likely be too long to give real-time guidance of

central catheterization. It is likely that by the time the

image was received and feedback given, the needle would
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be in a different location. A slow and deliberate procedure

would in theory be possible, but great care would be nee-

ded to minimize any movements between image trans-

mission and interpretation. WiFi connection for reception

of images had a faster frame rate than 3G and would be

preferable if this were to be attempted.

Limitations

There were several limitations to our study. First, there

were no abnormal findings transmitted. The IP did feel that

the image quality was excellent enough that pathology

would have been easily recognizable, but since this was not

actually studied, this is more of a postulation than a proven

finding. Further studies with both normal and abnormal

scans would better characterize the ability to accurately

differentiate between positive and negative findings. In

addition, multiple IPs and a scoring system would be

needed to score image quality.

The SP had sufficient prior experience with ultrasound

and hence the images were high quality. This may not rep-

resent the images that novice sonographers would obtain,

and hence generalizability of this study may be limited.

The schematic used of transmitting the images to the

iPhone does not allow for 2-way audio. For the IP to

provide feedback and real-time interpretation to the SP, a

parallel laptop-to-laptop audio conference was established

via Skype. This limits the utility of the iCam software to be

a sole means of real-time video transmission with live

feedback. In fact, if an IP is able to communicate via a

Skype connection, an iPhone may not be needed. A com-

puter-based audio connection is not required—a simple

telephone call may suffice—but a separate audio connec-

tion is required for real-time communication.

A digital video converter was required to transmit and

convert signals from the ultrasound machine to a laptop. Some

ultrasound machines are PC-based and have the ability to

connect directly to the internet. While these were not evalu-

ated in this study, it may theoretically be possible to send

images directly from such a machine, obviating the need for a

video converter and a separate laptop. Further research is

needed. And finally, the cost of transmission and reception

was not studied. Both the SP and the IP had unlimited data

transfer available so this was not an issue, but it would need to

be considered in situations where this is not the case.

Conclusion

Transmission of real-time ultrasound video to a remote

iPhone using inexpensive technology is feasible, with pres-

ervation of image quality and minimal delay. The

transmission speed was superior with a WiFi connection than

with a 3G connection. Further studies with a wider range of

anatomy and by more novice sonographers are needed.
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