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Abstract: Immediate access to patients’ anatomical image data is key to successful endovascular interventions. How-
ever, the limitation associated with the angiographic suite is that controls to such image data are located in the control 
room, outside the operative space. Here, we present a newly developed, wireless technology platform that enables 
physicians to control viewing and manipulation of images in the sterile operative space. The technology is enabled by a 
handheld, palm-sized device that tracks finger movements by employing electric-field–sensing techniques and translates 
such movements to drive image manipulation on the image viewer. The technology was tested in 15 consecutive cases, 
reporting clinical applicability and usability in controlling angiographic and computed tomography images in a variety of 
endovascular procedures. In particular, the technology improved workflow by minimizing the number of visits to the control 
room (episodes of scrubbing out) and procedural time, while reducing use of contrast agent and exposure to radiation in 
certain scenarios. These observations demonstrate the promise of a potential role for the technology to be used routinely 
in the endovascular suite.    
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INTRODUCTION 
Interventional specialists rely heavily on interacting with a multi-

tude of imaging equipment, devices, and patient records in a variety 
of different procedures. However, the current process of acquiring 
and interpreting patient data for real-time decisions is cumbersome 
and disruptive. An example is intraprocedural access and manipula-
tion of radiology images, which is routinely performed to confirm 
or refine a treatment plan in various procedures. To accomplish 
this, the operator may break scrub multiple times midprocedure 
and visit the workstation in the control room where a mouse and 
keyboard are available for interacting with the imagery. Alterna-
tively, the operator may delegate the task to an assistant,1,2 but he 
or she may be unfamiliar with the patient’s anatomy and history or 
the operator’s internal decision-making process. For these reasons, 
there is increasing recognition for the need to address this aspect 
of clinical practice to strive toward an improvement in procedural 
workflow.3

Here, we present a newly developed, wireless technology plat-
form that enables physicians to control viewing and manipulation 
of images in the sterile operative space. Additionally, we present 
a case series in which the technology was evaluated for clinical 
applicability in the endovascular suite for a variety of endovas-
cular interventions.

MATERIALS AND METHODS
The technology is a human-computer interface (HCI) platform 

that tracks finger movements by employing electric field sens-
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Figure 1. Handheld, wireless device for bedside image navi-
gation is draped in a sterile ultrasound probe cover ready for 
use by the physician.
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ing techniques and translates such movements to drive image 
manipulation on the image viewer. Functions are enabled by a 
remote-type controller, which is a handheld, wireless, palm-sized 
device with 4 distinct regions representing 4 commonly used 
image manipulating functions (scroll, magnify, pan, and win-
dow/level) (TIPSO AirPad, NZ Technologies Inc) (Figure 1). 
Tapping any of the 4 distinct regions on the device surface will 
activate that particular mode. A touchless, finger-twirling motion 
over the surface will subsequently control the manipulation of 
the images using that mode (eg, if in magnify mode, clockwise 
twirl will increase the magnification, while counter-clockwise 
twirl decreases the magnification). The device accomplishes these 
manipulations using built-in computer algorithms that process 
the captured motions of the fingers relative to these regions and 
transmit the signals wirelessly via a WiFi router to the USB dongle 
connected to the workstation. These signals, in turn, drive the 
corresponding functions that are otherwise activated by mouse/
keyboard commands in the imaging software. High resolution 
tracking and latency-free signal processing allows the physician to 
activate the image control functions and view images on demand 
in a responsive and fluid manner.

The device was integrated with an angiography suite for evalu-
ation in consecutive cases at our institution. Depending on the 
need for each case, the device was connected with either the 
live fluoroscopy workstation (Artis; Siemens Healthcare GmbH) 
or the PACS workstation (Synapse Cardiovascular, FUJIFILM 
Medical Systems). Training for use of this technology was pro-
vided to the physicians in advance. Prior to the start of each case, 
the device was draped using a sterile ultrasound probe cover and 
placed near or over the operating table on standby, ready for use 
by the physician (Figure 1). 

Case description and physician feedback on system utility was 
documented at the completion of each case. This study was in 
compliance with the Helsinki Declaration. 

RESULTS 
The technology was evaluated in 15 consecutive procedures 

by 3 interventional specialists, and we selected a series of 5 rep-
resentative cases reported in Table 1. In all cases, the physician 
was able to activate and make adjustments to the various modes 
using the technology intuitively and without errors.  

DISCUSSION
The novel technology platform examined here employs ad-

vanced techniques in 3D motion sensing and processing algo-
rithms to enable interaction with imaging data in the confines of 
the sterile interventional operative space. Using the device placed 
over the drape, the physician is able to control image manipulation 
otherwise offered only by the mouse/keyboard at the workstation. 

Figure 2. Dr Beasley using the wireless device for intrapro-
cedural access of PACS stored image. 

Figure 3. Dr Yates navigating through the images acquired 
with the cone beam CT during the mapping of metastatic liver 
disease for radioembolization therapy.  

Cop
yri

gh
t 2

01
9  

HMP G
lob

al 

For 
Pers

on
al 

Use
 O

nly
 



CLINICAL REVIEW

 Vascular Disease Management®   Volume 16, No. 2, February 2019   E5 

Our experience demonstrated that the technology worked 
well in the consecutive cases in the angiography suite, allowing 
us to manipulate digital subtraction angiography and computed 
tomography records acquired live or stored in picture archiving 
and communications systems (PACS) as they are needed dur-
ing the case. The technology was especially useful in situations 
where tridimensional reconstructions were needed and previous 
imaging had more information than fluoroscopy could gener-
ate during complex cases. Using the technology, the workflow 
was improved by reducing the number of visits to the control 
room (episodes of scrubbing out) and procedural time. Having 
the ability to conveniently access live and historical images at 
bedside eliminated the need to re-shoot fluoroscopy images in 
some cases, thus decreasing use of iodized contrast agent and 
exposure to radiation. 

Procedural workflow is a broad concept that drives the develop-
ment of medical technologies in the operative workspace, as it is 
a determinant for procedural efficiency and patient outcomes.1–6 

In the case of the modern angiography suite, there remains a 
workflow issue associated with the separation between control 
room and sterile operative area. Because of this set up, many 
procedures require the physicians to scrub out/in, often on mul-
tiple occasions, to enable them to review/manipulate images.7–10 
This is not a desirable practice because it may lead to diversions 
and cumbersome communication that negatively affect efficiency 
and decision-making during image-guided procedures, while 
contributing to added procedural time and cost associated with 
multiple episodes of scrubbing out and visiting the control room 
for the purpose of reviewing images.1,2,9,11–13 Furthermore, practice 
guidelines recommend limiting traffic (and door openings) in the 
endovascular suite to reduce transmission of microorganisms into 
the suite and potentially into the sterile field.3 While scanning 
equipment (eg, C-arm) may provide a panel console at bedside 
for image viewing and minor image interactions, it may be inad-
equate to provide the controls that physicians need to maximize 
their ability to review readily available images. 

Table 1. Case series on use of the image navigation technology platform 

Case 
number Procedure Imaging 

modality Summary of the procedure Utilization of the image navigation technology

1

Laser ather-
ectomy and 
percutaneous 
angioplasty 
with stenting 
of right lower 
extremity

DSA

The procedure involves antegrade and retrograde 
access of right lower extremity arteries. Arteriogra-
phy is performed to identify and plan target lesion 
approach. Use of laser atherectomy to minimize 
calcified lesions followed by percutaneous balloon 
angioplasty. Use of drug-eluting stent to treat a 
stenotic segment refractory to angioplasty. 

- Pre-procedural  
setup/review

- Access and navigation    
- Device deployment  
- Procedural  
confirmation

The technology improves visualization 
of previous images as well as planning 
of target lesion intervention at the mo-
ment of the procedure. The access and 
manipulation of the acquired images 
in the workfield decrease procedural 
time and maximize the accuracy of 
treatment. 

2
Aortoperiph-
eral angiogram 
(Figure 2)

DSA

The procedure involved selecting the aorta fol-
lowed by the contralateral external iliac artery, 
contrast injections, and documentation of the flow 
and patency of the arteries of the lower extremity 
in the level of femoral bifurcation, distal superficial 
femoral artery, popliteal artery, tibioperoneal trunk 
and pedal arch. 

-  Pre-procedural  
setup/review 

- Access and navigation    
- Device deployment  
- Procedural confirmation 

The technology allowed manipulation 
of acquired images as well as review of 
previous imaging to optimize focused 
imaging of the segments that were be-
ing evaluated.

3

Technetium-
99m macroag-
gregated 
albumin delivery 
for planning ra-
dioembolization 
of hepatocel-
lular carcinoma 
(Figure 3)

DSA,  
conebeam 
CT

The procedure involved superselection of branch-
es of the hepatic arterial circulation to deliver 
radiolabeled particles into the arterial supply of 
metastatic lesions of a cutaneous melanoma.

- Pre-procedural  
setup/review

- Access and navigation   
- Device deployment  
- Procedural confirmation

The technology allowed repeated in-
suite review of the pre-procedure CT 
to identify key arterial anatomy, such as 
vertebral level of the celiac trunk origin, 
origin and course of the right hepatic ar-
tery, as well as origin and course of the 
target arterial branches. This eliminated 
the need to scrub out to review images, 
making the procedure streamlined and 
more efficient.

4
Catheter 
guided throm-
bolysis of the 
right SFA 

DSA

The procedure involves performing an angiogram 
of the lower extremity to identify the site of oc-
clusion followed by crossing the thrombosed SFA 
segment with a side-hole infusion catheter.

- Pre-procedural  
setup/review 

- Access and navigation 
- Device deployment  
- Procedural confirmation 

The technology allowed manipulation 
of acquired images as well as review of 
previous imaging to optimize focused 
imaging of the segments that were be-
ing evaluated.

3
Percutaneous 
transhepatic 
internal-external 
biliary drain

DSA

The procedure involves a percutaneous access of 
peripheric dilated biliary duct identified via ultra-
sound. Catheterization if the biliary tree provides 
contrasted detailed imaging so the biliary drain can 
be properly placed. 

- Pre-procedural  
setup/review 

- Access and navigation 
- Device deployment
- Procedural confirmation

The touchless technology allows the 
performing physician to have quick ac-
cess to the sequential images acquired, 
facilitating the placement of external-
internal catheters in most adequate po-
sition. The quick and facilitated access 
of previously saved images reduces the 
need to obtain new images, which leads 
to decreased use of iodized contrast 
and radiation exposure. 

Abbreviations: CT, computed tomography; DSA, digital subtraction angiography; SFA, superficial femoral artery.
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HCI represents a growing area of clinical research in intraproce-
dural image navigation. A recent review has documented the dif-
ferent approaches undertaken by various research groups,8 largely 
employing commercially available camera-based platforms, such 
as Microsoft Kinect (used for gaming) (Microsoft Corp) or Leap 
Motion Controller (LMC) (Leap Motion Inc), which use hand 
and limb gestures as commands for image navigation.14–17 Other 
techniques, such as voice recognition and eye tracking, have also 
been evaluated as mechanisms for image interaction.8 Overall, the 
studies have shown their feasibility for implementation, particu-
larly with Kinect and LMC; however, few studies have been tested 
in a real clinical environment, and the experiments have reported 
mixed results. Namely, these studies reported short training times 
and ease-of-use responses from the study participants. However, 
findings reflect false-positive activation in a dark environment, 
confinement to a fixed area of interaction within the camera’s line 
of sight, and indefinite benefits over the existing mode of image 
interaction, such as the conventional keyboard and mouse.8 These 
limitations have not been observed with the image navigation 
technology during testing in the present case series.    

While the image navigation technology we have described in 
our case series provides effective and intuitive control of a number 
of different image manipulation functions, the current release that 
was tested does not enable the user to perform drawing, mea-
suring, and segmentation. This is particularly useful in cases for 
radioembolization therapy when 3-dimensional reconstructions 
are needed for spatial planning. Nonetheless, our observations in 
the present study show the promise of the technology platform 
as a translatable and useful technology in the endovascular suite.

CONCLUSION
Procedural workflow is a field of recent improvement efforts 

and new technologies are arising giving the physicians new al-
ternatives. Handheld remote control of the PACS system such as 
the TIPSO AirPad  is definitely a great resource for the operative 
workspace.  n
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