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Worksheet - PACS Fundamentals – ANSWER KEY
Digital Radiography and PACS 3rd Ed: Pg 113-136 
1. A PACS can be thought of as:
An electronic version of the radiologist reading room and the file room.
2. Which modalities utilize PACS?
Ultrasound, CT, MRI, Nuclear medicine, radiography
3. The first PACS was developed to serve a single modality, which one? Ultrasound
4. What is considered to be the most interactive component of PACS? Display workstations
5. Describe the purpose of the display workstation.
It receives images from the archive or from the various radiology modalities, and presents them for viewing.  Image manipulation techniques can be used.
6. Which component of PACS is considered to be the file room?  Describe its features.
The archive server is composed of a database server/image manager, short term and long term storage, and a computer that controls the PACS workflow (workflow manager).  It houses all historic data as well as current data.
7. Which monitors are used in PACS display stations?  Which is more common? CRT and LCD.  LCD is becoming more popular.
8. What determines the resolution required for a monitor?
The usage.  Radiologists will use the highest resolution monitor for the modality that is being read. A referring physician does not require the highest resolution.  Whoever is the primary doctor reading the exam typically has the highest resolution monitor.
9. Which modality requires a higher resolution for monitor? Mammography requires 5K or 5 megapixel resolution.
10. What type of hardware is required for a radiologist reading station?
Highest quality hardware with the best monitor.  Computer hardware is usually very robust so that there is little down time.  Peripheral devices (keyboard, mouse) are usually customized.  In addition, there is usually access to a nearby RIS, with some sort of dictation system near/connected to the PACS station.  Often the PACS software integrates the RIS and dictation system.
11. What is one of the most important features of a physician review station?
The ability to view current and previous reports along with the images.  It is a step down from the rad reading stations.  Often the report is more important to them than the images.
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12. What advantage has the implementation of PACS brought to the referring physician in terms of improving patient care?
The ability to consult on the phone with the radiologist while simultaneously reviewing the images.
The referring physician can pull up the images while in their office and have a phone consultation. No need for both doctors and physical hard copy images to be in the same place at the same time.
13. What is the technologist QC station used for?
To review images after acquisition but before sending them to the radiologist.  Can also be used to improve/adjust image quality, verify demographics, query and retrieve historic images.
14. Complete the chart.
	System 
	Description 
	Advantages 
	Disadvantages 

	 Client/Server 
	Images are sent to the archive server and they are located there.  At a workstation (client), the user can select a name, and the archive server sends the image data to that workstation.  When the user is finished with the image, it is sent back to the archive server and the image info is removed from the workstation.  Software has to be loaded onto the client computer.  
	· Any exam on PACS is available anywhere - Only one user can have an exam open, this prevents others from reading it while it is in use
· Less time spent pulling old images as they are all available on the  archive server.
	· Single point of failure is the archive server, if it goes down, the entire system is down.
· Network dependent, as there is a large volume of data being moved between the archive and the workstation.  Can slow the system down
· Archive server is handling all the requests, can be slowed down if there is a large volume of requests at one time. 

	 Distributed / Stand-alone 
	The modalities send the images to a designated reading/review station.  Images are stored locally at designated workstations and then sent to the archive server after being read.  
	If the archive server goes down, local reading at the workstations is uninterrupted (only impacted if trying to retrieve historic data) Images can be distributed to many locations at once, so multiple copies of an exam exist, less likely that PACS data can be lost. System is less dependent on the system for its speed, lower volume of data exchange. 
	 Heavy reliance on the assumption that images are being distributed correctly Each workstation has a different worklist, only one user can be working on it at a time 
Can be inconvenient if the radiologist needs to read additional studies, they may have to change workstations It is possible for two radiologists to be reading the same examination 

	 Web-based 
	 Similar to client/server system in terms of how data flows.  Difference is that both the images and application software for the client display is held centrally.  So a user can access the images with any computer, as no special software is required. 
	 The client can be any sort of hardware that is able to support the web browser, greater flexibility and accessibility. 
Same application can be used onsite/offsite Enables tele-radiology 
	 Functionality is limited because the software is not installed locally 
Network connection limits the amount of data that can be transferred for download The network is the biggest performance obstacle. 


15. Are technologists allowed to manipulate the images before sending them to the radiologist?
To a minimal degree, the technologist needs to be careful not to chance the images too much. This will limit what the radiologist is able to do to manipulate the images.
16. Why would a technologist need to retrieve historic images?
This can help the tech select technical factors, or offer insight into any modifications of protocol required for the patient.  This also allows the tech to check any previous pathologies, or body characteristics.
17. What is the primary function of the file room workstation?
Can be used to look up exams for a physician or to print copies/burn CDs of images for the patient to take.  Can also be used for correcting patient demographics.
18. How can image CDs be viewed?  Can the images be manipulated?
They can be viewed on a PC, the CD will include software to allow for viewing the images.  The software often includes some basic image manipulation capabilities –typically windowing
19. Complete the following chart describing the types of common functions found on a PACS workstation.
	Function 
	Purpose 

	 Navigation 
	 Move through images, series, studies and patients 

	 Image manipulation and Enhancement 
	 Changes the appearance of the image 

	 Image Management 
	 Modify patient demographics, query/retrieve studies from the archive 

	 Advanced Workstations 
	 Specialty workstations with advanced image functions – MPR, MIP, MinIP, VRT, 
SSD 
QC – stitching, image post processing 


20. What is a hanging protocol?
How a set of images will be displayed on the monitor, this can be customized.  Can also include previous exams on one monitor, and current exams on the other.
21. List and describe the commonly used image manipulation and enhancement functions. Window width/level: can adjust the window width and level of the image, often default function of the mouse buttons.  Holding the mouse and moving it can adjust the windowing.
Annotations: annotate text onto the image, markers, arrows.  Any image information deemed appropriate.  Electronic markers do not replace the use of lead markers.
Flip and rotate: change orientation of the image into anatomic hanging position.
Pan, zoom and magnify: increase the size of an area on the image.  Magnify enlarges an area of the image, and that area can be moved around to see specific areas enlarged.  Pan and zoom are used together.  Zoom enlarges the entire image, pan moves the image around so that the different areas can be viewed.
Measurements: distance and angle.  ROI can be used to determine the pixel intensity of a certain area.
22. What can happen if demographic information is incorrect? Image can be impossible/difficult to find.
23. What is a measure taken to decrease errors when modification of demographic information is needed?
Only a few users are able to access this function, not every user.
24. List and describe the commonly used advanced functions.
MPR: multiplanar reconstruction. Allows reconstruction of images in another plane.
MIP and MinIP: MIP is used to visualize vessels, MinIP is used to visualize air filled structures. This is used after the injection of contrast on CT/MRI studies, to show areas of strictures/blockages within the vessels.
VRT: volume rendering technique, similar to MIP but the user can assign colors based on the intensity of the tissues, differentiates the various structures
SSD: Shaded surface display, selected pixel intensity values will be assigned a color and shown as a 3D object.
Stitching: combining multiple images into one image – full spine, leg length
Image post-processing: edge enhancement, smoothing, contrast enhancement
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