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Abstract

The last two decades have seen remarkable advances in imaging and procedural-guidance

technology. Enhancements in computing, sensors, and data processing now allow many

imaging modalities to produce information that can be displayed, transmitted, and utilized in

real time. This has allowed the immediate use of imaging modalities to guide surgery and

interventional therapies, with improvements in patient care and outcome. Until recently,

diagnostic imaging, surgery, endoscopy, and interventional radiology had developed and

evolved fairly independently. In the past, procedural rooms were generally designed with a

single discipline in mind. We are now asked to construct enhanced work environments which

support multidisciplinary work flow and novel navigated therapeutic procedures. In these new

image-enhanced working environments, the collection, processing, and display of information

is rapidly evolving. Accompanying these changes in the workflow are increased demands on

staff, on infrastructure, and on additional equipment needed to support integration of new

technologies. This chapter discusses the design of these rooms. The goal in interventional OR

design is to produce functional spaces that are safe and efficient and that have the capacity

to support the evolution of new technologies and equipment with minimal construction

changes.
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Introduction

Operating rooms, diagnostic radiology facilities, and interventional radiology suites each have

their common and unique elements. As imaging equipment and image processing improves in

speed to allow real-time use of images for navigation and monitoring, and with increasing

intersection of the needs of interventionists from many disciplines for similar expensive

equipment, there has arisen a demand for complex, image-guided, interventional rooms

[1,2,3,4,5]. The facilities designer is now confronted with technical design and operational

challenges not encountered in single discipline rooms. An understanding of the components

of room design is particularly important now for clinicians, to allow them to effectively

collaborate with the architect in the building of such complex interventional environments. In

order to produce useful and efficient hybrid interventional oncology facilities, all members of

the design team, including the physicians, must have an understanding of regulatory as well

as the facility issues. When doctors, engineers of new technology, and facilities designers

collaborate and pool their resources, the result is an optimally functioning facility [6]. The

academic therapeutic oncologist designing new technology or novel use of current

technology must have even a better grasp of facilities issues to collaborate in the design of

these experimental facilities. In this chapter, the main considerations in designing the

interventional room will be discussed.

Overview of the Interventional Center

The basic functional and space program for an interventional suite has three major

components:

Patient preparation, holding, and recovery areas. A well-designed preparation and

recovery area is essential for efficient flow of patients, and is important for the high

turnover reality of modern interventional practices. Such areas require space for

reception, waiting, interview and consult rooms, exam rooms, dressing rooms, holding

areas, and PACU beds (Fig. 1). When well designed, this area also provides support for

communications to alleviate anxieties of families and patients.

Procedure rooms: Designs of procedure rooms must also account for scrub areas (Fig.

2), clean supply, storage, control rooms, and observation space for staff. Additional

space must be provided for diagnostic equipment, infrastructure, and storage space for

portable or mobile equipment not always in use or fixed in the procedure room.

Support areas: These areas include staff offices, clean and soiled work rooms,

instrument cleaning and processing, clean and sterile supply storage and delivery, waste

handling and cleanup, locker and changing rooms for staff, and janitor’s closets.

Fig. 1

Preoperative preparation and postoperative recovery room. For procedures of short duration, a

combined pre- and post-operative room allows for efficient flow of patients. Private rooms create a

comfortable setting for patient and family. (Photograph courtesy of John Bartelstone Photography)
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Fig. 2

Operating room clean core and work area. This area provides for scrub sinks, storage area for essential

and emergency equipment, as well as quiet work areas for the clinician in proximity to the procedure

rooms. (Photograph courtesy of John Bartelstone Photography)
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In this chapter, remarks will be restricted mainly to the procedure rooms. For discussion of the

other two areas, the reader is referred to standard texts on these subjects.

Regulatory Issues and Guidelines

Procedure room requirements are distinct within surgical suites, endoscopy areas, and

radiology departments. There are common elements for preparation and recovery of the

patients and support of staff. These are governed by the Facilities Guidelines Institute and

published as “Guidelines for Design and Construction of Health Care Facilities” [7]. This set of

guidelines, which sets minimum standards for hospitals, has been adopted by most states. In

the past there were differences between facilities based on the type of procedure performed.

Their construction used to be guided by different standards depending on the invasiveness of

the procedure, the equipment needs, and the level of anesthesia and life support required for

the procedure. More recently, there has been a shift to a common standard for guiding sterile

or operating room environments for all invasive procedures with the major design differences

related to room sizes. The layouts will vary according to equipment and staffing differences

related to the procedure and type of anesthesia used. The time required to complete the

procedure and recover the patient will affect infrastructure of the facility, such as emergency

power requirements. Generally, in the design of these facilities we work to produce a unified

work environment with consistent work processes, material flows, and computer/device

interfaces in each room. Modularity is also used to allow for flexibility of staffing assignments

and efficiency in training and orientation.

Definition of the Level of Care: The size and optimal location of the procedure rooms is

generally determined by the level of care to be provided. The levels of care as defined by the

American College of Surgeons in the FGI “Guidelines” 2010 edition [7] are as follows:

Class A: Provides for minor surgical procedures performed under topical, local, or

regional anesthesia without pre-operative sedation. Excluded are intravenous, spinal,

and epidural routes; these methods are appropriate for Class B and Class C facilities.

Class B: Provides for minor or major surgical procedures performed in conjunction with

oral, parenteral, or intravenous sedation or under analgesic or dissociative drugs.

Class C: Provides for major surgical procedures that require general or regional block

anesthesia and support of vital bodily functions.

The level of care also affects infrastructure and utility requirements and will be discussed in a

separate section.

In 2018 FGI Guidelines removed the Class designation and adopted a descriptive approach

based on the procedures that are to be performed. This shapes the room size by identifying

the types of procedures, the amount of staff, and the equipment required. The spatial layout

includes maintaining minimum space for the sterile field, circulation pathway, moveable

equipment in zones, and an anesthesia work zone. Minimums are still imposed with Operating

Rooms at a minimum of 400 ft  and 600 ft  when designed for the purposes of image-guided

surgery or procedures.

Size of Rooms: Operating rooms generally start with a minimum floor area of 400 ft  (Fig. 3a)

by modern minimum standards and are regularly built at 1000 ft  or more to accommodate

additional personnel and equipment for procedures (Figs. 3b and 4). Diagnostic rooms start

at 200 ft  and get as large as 1000 ft  for modalities such as MRI (Fig. 5).

Fig. 3

Typical size and designs of procedure rooms. Panel a illustrates a typical operating room for

conventional surgery of approximately 400 ft . Panel b illustrates a typical room for laparoscopy of

approximately 600 ft . Panel c illustrates a complex imaging procedure room of approximately

1200 ft
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Fig. 4

Typical laparoscopic/MIS/general operating room. This photograph illustrates lighting requirements

including ceiling lights, spot LED lights, and green light for dimmed environments. Ceiling mounts in

the center of the room for laminar ceiling to floor air flow are also seen. (Photograph courtesy of John

Bartelstone Photography)
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Fig. 5

PET/CT procedure room. This photograph illustrates the challenges of monitoring the patient when

large view-obstructing equipment is involved. Note the anesthesia boom in the middle of picture,

which is mobile and can be moved to provide electrical, vital signs monitors, and gases from any of

360° around the gantry. (Photograph courtesy of John Bartelstone Photography)

Full size image

The size of hybrid image-guided interventional rooms is substantially larger, and generally will

not fit into the footprint of existing OR’s or diagnostic rooms they are replacing. Trying to

retrofit them into existing suites originally planned for single function spaces is a difficult

proposition because these hybrid rooms must accommodate both the functionality of sterile

procedure rooms (OR’S) and full size diagnostic equipment (Fig. 3c, d).

The difficulty is to provide adequate space to support the equipment, the procedure, the

staff, and supplies without compromising adjacent rooms or functions.

According to 2018 FGI Guidelines A2.2–3.3.3.2 Determining operating room space

requirements:

Operating room size should be based on the procedures to be performed, including the

number of staff required and the amount and size of equipment to be used.

The minimum clear floor area requirements for an operating room were determined by

combining the following:

Sterile field: 3 ft (91.44 cm) on each side and at the foot of an operating table,

gurney, or procedural chair.

Circulation pathway: 3 ft (91.44 cm) on both sides and 2 ft (60.96 cm) at the foot of

the sterile field.

Movable equipment zone: 2 ft 6 in. (76.20 cm) on the sides and 2 ft at the foot of

the circulation pathway.

Anesthesia work zone: 48 ft  (4.46 m ) at the head of the operating table, gurney,

or procedural chair.

The sterile field includes the OR table (measuring 3 × 7 ft or 91.44 cm × 2.13 m), a 3-foot

(91.44-cm) clearance on each side to accommodate personnel and outstretched patient

armrests, and a 3-foot (91.44-cm) clearance at the foot for personnel.

The circulation pathway includes space for two people to meet and pass each other

without touching either non-sterile surfaces (e.g., walls, people, or equipment) on one

side or personnel wearing sterile attire who are standing at the sterile field on the other

side. The circulation pathway on all four sides is to provide space for personnel to set up

a sterile field prior to the procedure, assist with safe patient evacuation using a stretcher

in case of an emergency, pass between the back table and the wall during the

procedure, and pass at the head of the patient without interfering with care being

provided by the anesthesia care provider(s). The anesthesia work zone is a 6 × 8-foot

space at the head of the table, but when the anesthesia care provider(s) is not actively

setting up sedation of the patient 2 ft (60.96 cm) at the top of that zone can be used as

part of the circulation pathway.

The movable equipment zone includes 2 ft 6 in. (76.20 cm) on each side and 2 ft

(60.96 cm) at the foot of the table to accommodate the minimum equipment for a

surgical procedure.

Basic Considerations in Design

The precedents for the design of image-guided interventional facilities are interventional

radiology rooms, the integrated image management-based laparoscopic ORs, and the first

generation hybrid and intraoperative ORs built for special purposes and specific procedures.

The integrated OR provides a good starting model for thinking about image guidance in that

the OR provides a well-understood workflow and system approach to providing therapy and

controlling the environment as it affects the treatment. There is a well-developed information

management system for the creation of visual images and their display at the bedside for the

use of the surgeon. The protocols and controls are understood by the staff and have

generally been developed to support the process and needs of each individual institution.

Moving forward, this is a good starting point for live image guidance. It is important for the

facilities designer to understand the new imaging equipment to be added to the therapy

environment, how it works and how its information is produced and used in the treatment of

the patients.

The image-guided therapies discussed in other chapters of this book can be sorted into

several major categories for the purposes of room planning and process design. Most

therapies under consideration are mobile and involve movable equipment and instruments

that move from room to room and are brought to the imaging and guidance systems. Rooms

for these therapies need to be flexible, designed with sufficient work space, storage, and

power sources for the nomadic equipment. Design for fixed therapeutic technology is more

straightforward. These involve installed therapies, such as linear accelerators or focused

ultrasound, and are usually integrated into imaging modalites such as CT, PET, or MR

systems; however, these systems must also be designed to support the nomads when they

visit.

The greatest challenge in design is that due in large part to the new and developmental

nature of image-guided procedure rooms and the small market for equipment, there is a lack

of equipment and systems designed and manufactured to support these uses. Thus, design

of novel guidance procedures usually involves large bulky diagnostic equipment that has big

space requirements and poor ergonomics for the proceduralist [8]. The imaging equipment in

the best case is designed for interventional radiology procedures that may require the use of

an angio system or Cath lab. Other modalities will require a room-based system to provide

visual guidance information to the physician.

Lighting

Lighting consists of two major elements: the fixtures and the controls. Both are necessary to

get the system to function correctly and support the procedures to be performed. As a rule,

controls and specialty fixtures like OR lights should be consistent from room to room within a

facility in order to prevent staff fatigue and errors and to allow for ease of maintenance (Fig.

4).

The two most important characteristics of lighting are color and intensity. For overhead lights,

the light sources used now are LED because they have long life, are easily controlled and

dimmed, and have very consistent color from lamp to lamp. They are also the most efficient

light source on a lumens produced per watt of electricity.

In general, overhead LED lamps serve well for illuminating setup, cleaning, and equipment

service: functions that require uniform bright light throughout the room. A common design is

for the lights in a room to have the ability to be dimmed and controlled in small, localized

zones for lighting of specific tasks in the room during a procedure. When all the lights are

switched on at high intensity, uniform, general lighting of the room is achieved. The dimming

control system is selected so that groups of lights can be dimmed to 10% of maximum

brightness without flicker or color shift. This will enable support of the image-guided and

interventional procedures where the information displayed on video screens is at lower light

levels. Lowering the room lights reduces glare and helps with highlighting the detail and color

rendition from the video displays.

In all procedures and surgeries there are staff circulating about the room. Thus, a consistent

low level of lighting across the entire room is necessary to allow for this travel without

accidents. Beyond this there is the need for task lighting of certain areas to permit the

operation of equipment to complete chart notes, to operate equipment, or to prepare

instruments and supplies. Ideally, the general lighting can be set at a sufficient level to

support these functions using spot lighting that is brighter than the room lighting. Separate

ceiling-mounted task lights should have controls that allow them to be turned on and off as

needed by the person working in areas such as the anesthesiologists, technicians preparing

case carts, nurses managing notes, or imaging personnel operating control consoles [9, 10].

For lighting of the procedure area itself, the controls should be not only adjustable but also

programmable so that the usual setups or operating modes of the room can be preset. This

allows a quick transition between lighting programs and provides a consistent work

environment from room to room, and from day to day. This programming should include

general and task specific lights throughout the room and control room. The essential lighting

and equipment should also be configured on emergency power to allow the procedure to

continue without interruption even in the event of a power outage. The lighting and controls

should also be designed to function through the transition between power sources and

function identically on normal or emergency power [11, 12].

For novel interventional environments such as those with MRI’s, the electrical and lighting

considerations are even more complex. Filtered, dimmable LED lighting systems for

illumination of the work environment within the high magnetic field are used. Fiberoptic

switching networks and RF-shielded direct fiberoptic fed monitors for MRI images are

necessary.

Sterile Work Environment

The design standard for clean work environments requires a laminar flow air supply and a

HEPA filtration system to clean the air and remove almost all particulates [13]. The laminar

flow system is based on a special air supply diffuser mounted in the ceiling that supplies air in

a non-aspirating curtain that falls vertically toward the floor until it is past the table (Fig. 4).

The curtain is then drawn horizontally away from the field to low return grills in the corners of

the room. To be effective, the diffusers must form a closed ring and extend 2 ft beyond the

work area. These procedure rooms have a code requirement of 20 air changes per hour,

which is a large quantity of air. Care must be taken in the design of this system to control air

velocity and thereby to reduce noise. The white noise produced by an air supply system not

properly sized or balanced can mask speech. The large diffuser in the ceiling, general and

task lighting, boom-mounted displays, and other equipment must be coordinated with

imaging equipment and the planned working positions to provide convenient access to the

utility connections and sight lines to the displays.

Other design challenges have to do with the control of equipment and process heat loads. To

the extent possible these should be isolated from the procedure space in separately air-

conditioned rooms. These mechanical rooms also allow access for service without disturbing

the procedure rooms. In both the equipment and the procedure spaces the designer needs to

be aware that the equipment heat loads vary dramatically over time. The imaging systems idle

at low power when not in use but produce large heat outputs during imaging. The load

profiles are inconsistent from room to room so the zoning for the controls must be by

individual room, not groups of adjacent rooms.

Imaging and Image Processing

The diagnostic image is the principal output from the radiology equipment such as an MRI

scanner, CT, PET/CT, or C-Arm. Depending on how it is to be used in the room, care must be

given to display and routing of this signal to maintain its quality and consistency. The simplest

way to do this is with a dedicated display chain provided by the equipment manufacturer that

is not routed or switched in the room. The dedicated chain provides the radiology staff with a

single visual reference point or “live image” for calibration and comparison of all of the

displays and image routing equipment within each room.

The image storage and picture archiving (PACS) system serves a dual role in interventional

suites. It is the system that brings the diagnostic information already collected and

interpreted to the procedure room for use in guidance systems or as reference information in
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interpreted to the procedure room for use in guidance systems or as reference information in

an image-guided procedure. PACS also functions as an integral part of the medical record of

the procedure. Thus, in this environment the PACS interface is a two-way interactive system

providing images previously archived from other modalities as well as storing records from

the procedure in progress and storing images at the conclusion. The PACS images generated

in the room have the same quality control requirements as standard diagnostic images.

Once the acquired images are displayed and stored in PACS in their native format, they are

also often exported to separate diagnostic displays at different scales for use on guidance

systems [14]. Therefore, there should be a way to set up an image or an image set in PACS

and then route it anywhere while maintaining its proportions and fidelity. Many of the imaging

system data sets are post processed into other views or 3D images as part of the treatment

planning or pre-procedure diagnostic work. These computers are generally separate

workstations and have different display systems from the diagnostic tools they support. In

interventional work often the ability to reprocess a new view will be helpful in resolving an

anatomy question or some visually ambiguous image. The ability to do this independent of

the ongoing procedure and imaging is an important asset. This is best done from the control

room (Fig. 7), out of the traffic of the case, and displayed at the bedside or elsewhere in the

procedure room.

Visual Information Management

The information necessary to guide a case needs to be displayable at the bedside and at

multiple other locations in the room so that all of the staff is aware of what was going on and

where in the procedure they were at the moment [15,16,17]. Ideally, there should be a large

display visible to all in the room with essential data relevant to all personnel. Such a “Wall of

Knowledge” should display important background data on a patient such as allergies and

brief history, as well as live data such as ongoing vital signs. This system uses data already in

systems at the hospital and displays it in a standard format for the staff to use in monitoring

the patient and organizing their schedule and workflow (Fig. 6).

Fig. 6

Angiography/CT procedure room. The different displays needed in an advanced image-guided

procedure room are highlighted. There needs to be PACS displays (left), boom-mounted displays with

processed images (right), and patient information wall displays. Spot lights also will need to be mobile

because of the mobile area of therapeutic interest. (Photograph courtesy of John Bartelstone

Photography)

Full size image

The live and near live images to be displayed in the modern interventional environment

include not only radiologic images but also images from ceiling, operative light-mounted, and

laparoscopic cameras. Thus monitors must support display of almost every video format.

There is also the need to provide remote viewing access for visiting physicians and students,

which can be optimized by displaying the working images at strategic points in the room and

on multiple displays around the patient. The optimal visual working distance for the fine

details on video displays is much shorter than the distance from which one watches television

images. Keeping the working distances consistent from eye to hand and eye to display and

maintaining a uniform light level from display to working field and from display to display is

important in reducing fatigue and eyestrain caused by refocusing or adjusting to different

illumination as one works.

Visual Technology and Infrastructure for Advanced

Image-Guided Interventional and Surgical Spaces
With the exponential increase in imaging device resolutions, the complexity of image

guidance/navigation technologies, and the requirements for distributed collaborative clinical

environments, the need for advanced procedure/operating room designs and their associated

infrastructure is imperative.

Image-guided interventional procedure rooms and operating rooms have constantly evolved

from their early boardroom-like audiovisual distribution systems to today’s extremely

advanced network-centric routing, streaming, and data-driven clinical systems. EHR, PACS,

VNA, RFID/IR image guidance/navigation, physiological monitoring, pathology, and many other

clinical information systems have been integrated into these state-of-the-art procedure room

systems. Fused multi-modality imaging data sets, real-time volumetric rendering, and

enhanced navigation planning have become required technologies for many institutions.

XR (extended reality) technologies will begin to be integrated into image guidance therapies

and surgeries. XR encompasses augmented reality, virtual reality, and haptics. With the

advent of 5G wireless technologies, transmitting and receiving extremely high bandwidth very

low latency images and video can be achieved. With the recent announcement of Cisco’s

Hologram conferencing solution, remote 3-D holographic imaging will soon become an

important technology for remote case viewing and telementoring.

These next-generation spaces require advanced high-performance cloud-based AI/ML and

collaborative, evidence-based protocols. Infrastructure and technical requirements have

become considerably more complicated.

Software-defined virtual networks (SDN) and their “on-the-fly” abilities to re-route network

traffic provide the foundation for these high-performance network-intensive systems.

Creating mini-edge data centers and secondary communication rooms may become the new

standard.

Today and in the future, there is an emphasis on IoT and IoMT initiatives; it is very important to

build surgical/interventional spaces with infrastructure that will integrate edge data collection

devices. These sensors and systems will allow the acquisition of many different point-of-care

medical treatment and imaging devices for data acquisition in the cloud.

Many of the edge to cloud analytics and deep learning capabilities we are now building into

surgical and interventional spaces will allow modeling clinical and operational workflows to

optimize and reduce costs and errors. Examples could be: how multidisciplinary

surgical/interventional teams work together or the efficiency of treatment and services.

In summary, the most important technology design considerations for image-guided

treatment interventional and surgical spaces is to provide the infrastructure to accommodate

the new technologies and modalities. We are moving from Healthcare Information Technology

to Health Data Technology.

Image Displays
Resolutions of image displays have been improving rapidly. 8K HD video displays have

become standard – a substantial upgrade in image quality over the previous PC display

standards used in integrated ORs. Video and other working images are migrating to this

standard. It is more than likely that in the near future consumer 3-D television display systems

will migrate into these image-guided rooms for display of the post-processed 3-D radiology

images. Even with glasses, these systems will be useful for virtual reality overlay imaging (and

even better once co-registration software is perfected). 3-D displays not requiring glasses

are also available, and their implementation is only awaiting further improvements in

resolution and decrease in cost.

Design in placement of displays depends mainly on sizes needed to provide working

information at the distance from which the display would be viewed. Boom-mounted displays

are usually smaller than wall-mounted displays but should be the same resolution and aspect

ratios (Fig. 6). The signals coming from each piece of equipment should optimally be

preprocessed to a standard HD format compatible with the displays and switchable through

the video system. This allows for equipment to travel from room to room. The use of a

standard signal in the switching systems also makes it easy to route images produced by

different systems and display them consistently throughout the facility.

Composite procedures are those that include multiple therapies or modalities simultaneously

to accomplish something that one specialist could not do alone. Examples include the use of

catheters or laparoscopes to manipulate and protect an adjacent structure to enhance tumor

ablation. Other examples include combined endoscopic ultrasound and CT guidance to

provide multiple image planes and real-time updating of transbronchial procedures. The

composite element adds people to the procedure room and requires additional displays in the

field to display images and information for each of the simultaneous processes.

Because most imaging equipment was developed as diagnostic equipment, the specifications

of room sizes and configurations necessary to house much of the imaging hardware is not

well defined and not optimal for interventional rooms. Even the length of cable becomes an

issue when equipment is isolated and the work area is enlarged to support sterile instruments

and a sterile field. This creates a planning and functional hardship that the equipment vendors

should be pressured to address. The cables currently connecting many cross-sectional

imaging machines and tables to the support computer equipment is sufficiently short that it

restricts room size or dictates that equipment closets be placed in the spaces immediately

adjacent to the procedure rooms, that is better used for staff and ancillary supplies and

equipment.

A number of pending changes are likely to greatly impact this field. Future use of fiberoptic

cabling to allow direct fiber fed equipment and fiber switching will reduce latency and improve

bandwidth and connectivity between rooms within the suite. Remote surgery by human-

operated “robotics” will be employed to address and resolve the challenges posed by working

in the small bores of scanners, to reduce the radiation exposures to the staff, and increase

accuracy of procedures. The “no-touch” controllers, similar to the controller-less interfaces

new this season in consumer video games, will likely be applied in the future to allow control

of equipment information and images while maintaining sterility.

Equipment Noise and Acoustics

Acoustics in sterile environments are compromised by need for washable and wet-cleanable

hard surfaces that generally reflect and amplify sound. Noise from systems and equipment in

the room must be minimized at the sources and in the equipment design in order to maintain

a comfortable work space, since the ability to dampen and control sound with finishes and

materials is limited. Walls between rooms and doors to corridors need to be substantial to

attenuate sound transmission between rooms and through walls and corridors. Special

construction details are required in the walls of rooms containing noise- producing equipment

such as MRI, where gradient coils can produce noise at 60 Db (subway train volume) so that

staff in adjacent rooms is not disturbed.

Magnetic and radiofrequency shielding and radiation protection all require continuity and

closure which conflicts with the requirements for the distribution of and access to the utilities

and infrastructure in the walls. A design solution that addresses this is a multi-layered wall

where the shielding is isolated in the center where it can be installed early in construction and

inspected. Then the individual rooms and their cabling and piping could be installed in the

room. These free standing layered walls will enhance sound attenuation between rooms. In

the future it is expected this will enhance our ability to work in the rooms and update systems

and equipment one room at a time without disturbing procedures in adjacent rooms.

Challenge of Large Equipment and Nomadic Equipment

Several workflow challenges in the design and operation of image-guided environments that

do not exist in traditional ORs are related to the mechanics and need to move the patient

through large immobile imaging equipment. Unlike traditional surgery where the operative

field is generally placed in the middle of the room and personnel as well as therapeutic

equipment are brought to the field, in interventional environments the operative field is not

usually fixed in space and is rarely in the center of the room. The patient and therapeutic field

is usually brought to the imaging machine. The work site can be in the center of the imaging

machine for percutaneous therapies or at some distance for catheter based treatments.

Depending on the procedure, patients may be head in or head out of the imaging equipment.

Re-orienting the patient causes all of the staff to move as well. The most difficult of these

displacements is in anesthesia where the staff is tethered at both ends since their equipment

has connections to both the patient and the room utilities. In some rooms there are multiple

locations where anesthesia utilities support must be provided to support the variety of

procedures performed.

The increased sizes of the working fields resulting from equipment having several optional

working locations requires us to provide duplications of utilities and infrastructure that are not

needed in standard ORs. Once the optimal location for the anesthesia set up for a case has

been determined, issues relating to cable and tubing management around and to the patient

as well as the movement of the patient for imaging during the case must be resolved. These

include maintaining the connections for routing cables so they do not pass through the sterile

fields or work areas during the procedure. These are routed so they do not create image

artifacts. Routing should also be planned to minimize need for handling, and to protect them

from impact.

There are also many pieces of equipment that are shared amongst many rooms, such as

ablation generators, ultrasounds, or C-arms. Such nomadic therapy and imaging equipment

need a place to live when in the room and a method to connect to the infrastructure without

blocking circulation paths around the room. Surgical booms and ceiling-mounted displays

address some of these needs. Manufacturers of fixed equipment need to provide space for

utilities infrastructure and connectivity to support the ancillary equipment so it does not need

connections to walls.

The Patient Experience

The quality of the patient experience or “hospitality” component of the hospital is a significant

component of the design of new facilities. Along with an expectation of excellent medical

care, there is an expectation of quality personal care. A well-planned modern work

environment that is more efficient allows both expectations to be fulfilled, and produces

better, more consistent outcomes.

Where a patient is to recover after a procedure is a very important consideration in patient

flow. It has been shown that fewer transfers between stretchers tables and beds make the

patient more comfortable and reduces complications caused by movement. During the entire

treatment day, the patients should be provided the utmost privacy and the ability to be

accompanied by a family member or friend. They should be able to talk with staff and

physicians in private settings to preserve their confidentiality. These expectations are

reflected in evolving standards that now call for private rooms and closed consultation and

interview rooms [8]. Patients’ expectations for the care of their clothing and belongings,

adequate space for dressing in private and preparing oneself to leave the hospital include

personal care items, such as a mirror to check one’s appearance and a chair to sit on while

getting dressed as well as adequate space for someone to assist them in these activities,

must be reflected in the design.

PACU/recovery is the place where patients spend the majority of their conscious time in the

interventional suite. Ideally, these spaces should be designed as private rooms with solid

walls and doors (Fig. 1). Patients are often accompanied by family members in these areas

and need to talk with them and the staff responsible for their care. These conversations

require privacy and patients recovering from anesthesia require quiet and isolation from the

traffic and noise produced by others in the area and need an appropriate area to be cared for

in private.

Other Adjacencies Necessary to Support This Work

A plan for immediate interaction with pathology is essential for any modern interventional

suite. There is the need for expedited delivery of excised or biopsied tissue to pathology for

immediate analysis. A live information connection for consultation and reporting of results in

real time to the OR/procedure room is required [15, 18].

Central sterile supply and instrument processing facilities need to be located so that materials

can move between them and procedure rooms simply by cart or elevator. A process such as

case carts or “just in time” ordering and delivery must be planned to meet the needs for

supplies and instruments for procedures. Regularly needed equipment or equipment needed

in an emergency (such as specialty angiographic catheters) should be placed in close

proximity to the procedure [6].

Planning room placement and sharing of control rooms for rooms where similar procedures

are performed will enhance efficiency and minimize personnel and stocking costs. This will

also allow for sharing of high cost mobile equipment and other specialized items. Intra-

procedural consultations can then also be facilitated in difficult cases (Fig. 7).

Fig. 7

Common control room. The entire procedure must be visible from the control room. Work space must

be provided not only for the imaging technicians, and the interventional physicians, but also for

anesthesiologists, and medical physicists. Sharing of a common control room between two or more

procedure rooms can reduce personnel and equipment requirements. In designing common control

rooms, it is important to be sure that patients within the procedure room cannot look through to

adjacent procedure rooms. (Photograph courtesy of John Bartelstone Photography)

Full size image

Equally important are quiet workspaces away from the procedure room for charting post-

processing images and data, and for discussions and phone calls. These areas make it

possible to complete those administrative and social tasks that accompany our daily work

without the acoustical challenges in the procedure room (Fig. 13.13).

Conclusion

The development of image-guided operating rooms began with laparoscopic/MIS and

interventional radiology suites. As increasingly larger, more expensive, and sophisticated

imaging equipment became standard in the interventional environment, simple procedure

rooms evolved to interventional suites, and now multimodality interventional platforms.

Because of the high cost of the construction operation and maintenance of these rooms, they

must necessarily be shared facilities that cross disciplines. These comprehensive surgical,

endoscopic, and image-guided interventional ORs are also designed to serve both in-patients

and outpatients. Uniform standards and equipment should be selected and workflow, room

controls and charting information systems standardized to support collaboration between the

specialties and to provide support for the application of new and developing therapies. For

efficiency and further cost reduction, groups have started to design rooms and workflow that

would allow a number of patients being treated in adjacent rooms to be transported to a

central area with a large immobile imaging machine only when scanning is necessary. The

next evolution in this area is likely to involve development of mobile, high resolution, imaging

equipment that will travel between and service a number of procedures simultaneously. Both

models would move away from the current one room-one machine model of intra-procedural

imaging to a less costly many rooms-one machine model.
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