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Four decades of ICU design evolution 
with a peak into the future



Agenda
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• Transitions 
• Hospital & ICUs
• Patient rooms
• Informatics
• Staffing
• POCT
• Models of care
• COVID 19 
• Sustainability  
• 1984 vs 2022
• Future proofing







How many ICUs are we talking about in US?
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• 3000 acute care hospitals

• 2-3 ICUs/Hospital

• 6000-9000 ICUs
• 100,000 ICU beds

• Larger hospitals more ICUs than smaller hospitals 

• Not possible to determine number of renovated or newly built ICUs



There

(1980s)

Here

(2020s)
There

(2030s)

• Iterative

• Transformative

• Slow Change

• Cannot pinpoint 

inflection point

• Seems like evolution 

• Prophesy 

• Foresight

• Tea Leaves

• Tarot Cards

• Future proofing

• AI 

From Here to There and There Again



Transition: Informing ICU design: 1950s-1980s
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• Dearth of information

• Architects & Intensivists- minimal experiences

• Physical drawings

• Physical mock-up

• Renovate in old spaces 



Transition: Informing ICU design – Today 
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• SCCM website outstanding designs - 30yrs of awards

• Evidence based design literature

• Experienced designers, ICU architects, intensivists

• Strategic thinking

• Capacity modelling

• Guidelines (SCCM, US-FGI and international)

• Electronic displays

• 3D configurations

• AI design 



Transition: Who participates in ICU design ?
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• 1950s-1980s
• Hospital administrators 

• Architects

• 1980s-2010
• Broad based – Inclusive of users

• Nurses
• Intensivists

• Now - large pavilions
• Hospital administrators 

• Architects

• Hopefully, ICU team members
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ICU transitions: Where are ICUs positioned? 
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• 1970s-1980s – Older hospitals

• Build or renovate ICUs & SDUs wherever space is available 

• No attention to economies of scale 

• No consideration of hospital supporting the ICU 

• No consideration of ICU supporting the hospital 
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ICU transitions: Where are ICUs positioned? 
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• 2000 to date - Acute care pavilions 
• Purposeful ICU location 

• Co-locate ICUs (same floors, stacked)

• Economies of scale

• Locate supporting facilities 
• Support ICU (Pharmacy, Lab, RT, Imaging)

• ICU supports other spaces (OR/PACU)
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• Open bay, multi-patient, no corridors 

• Gen 1: Combine multi bed rooms to form ICUs 

• Gen 2: Construct large open space ICUs with some isolation rooms 

The good The bad

Visibility maximized Virtual rooms 

Resources rapidly deployed Minimal Privacy 

Patient space (Room) can stretch May not have ambient light 

See visitors to arrange meetings  

The ICU themselves: 1960s-1980s 
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• Open bay, multi-patient & no corridors to SINGLE rooms & corridors  
The good The bad

Excellent privacy Eliminates direct visibility 

Room based Infection control Must rely on hi tech surveillance (webcam, split 
screens central stations)

Environmental control May need more RNs

Windows/ ambient light Limited room size/no stretch 

Sinks, toilets, CRRT/HD plumbing  

Local computers 

Local entertainment 

Builds out corridors 

The ICU themselves: 1990s forward 
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Privacy, room zones and utilities 
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• Privacy 

• Curtains

• Glass doors + curtains or integrated blinds or integrated e-glass

• Make sure the patient’s head is always visualized from the corridor 
regardless of privacy option or room design 

• Zones of care
• Minimal zones

• Physical & virtual zones
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Utilities are room’s CORE: Positioning options 
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• Utilities 
• O2, air, suction, power, data, displays, device integrators, pt lifts

• Stationary 
• Headwall  

• Column

• Mobile
• Mobile articulating arms (Booms)

• Many configurations 

• Hybrid (stationary and mobile) 
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Informatics (re)evolution 
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• Simple devices transition to healthcare informatics platforms

• Standalone to incorporated modules 

• No association with pt to association with pt

• Paper to EHR 
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PB MA1 (1980s) to 980 (2010s)
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POCT device evolution 
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• Large & complex to smaller & simpler

• Location shifts from Lab to ICU

• Specialty Lab Techs to bedside staff

• However, great technologies come and go

• But new stuff is coming to an ICU near you   
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Technology drives POCT evolution 
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• ICU & Hospital Lab visualize new opportunities 
• New POCT technologies shift testing to ICU & bedside 

• CAP (College Am Pathology) & CLIA (Clin Lab Improvement 
Amendment) regulations 
• Coordinate compliance

• POCT certification for ICU teams
• Maintain certification

• POCT marketing / education needs to understand ICU staffing 
• Staff types 

• Staff by shift 



Printer

Monitor

BloodArtery
Arterial

Catheter

In-Vivo SensorIn-Vivo Sensor

Blood

Arterial

CatheterArtery

Monitor

Printer

POCT Device Evolution: In-Vivo Monitor 
( 1990s-2000s) 



Printer

Monitor

BloodArtery
Arterial

Catheter

Sensor

Blood

path

Pressure

Tubing

Blood

Aspiration

System

POCT Device Evolution: Ex-Vivo 
Monitor ( 1990s-2000s) 



POCT evolution: In and Ex Vivo  
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• What happened? Gone from marketplace 
• Sensors very expensive

• Too much data & no data manager 

• Future (hopeful):
• Sensors will offer more analytes

• Sensors less costly

• Improved data management

• Device integration 



4

OX sensor

Skin sensor

SQ sensor

Sono sensor

POCT 
Sensors

VentPumpsMonitor

ICU POCT steps into the future 



Evolution of care models 
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• New staff joins the ICU team 

• Patient centered bedside care

• Tele-critical Care 

• Bedside plus Tele-Critical Care 

• And then COVID 19 came along!
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• 2000 onward

• APPs APP Pharmacists Tele-
students critical

care

+• 1960s-2000s

• RNs RTs MDs House- Med Lab
staff students techs

Transition: ICU staffing
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COVID 19 speeds up ICU design evolution 
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MSK Main ICU- Pre COVID 
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MSK COVID-19 Main ICU / Hybrid Care 
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Remote Monitoring vs Remote Management 

Remote monitoring 
allows for view only of

device settings and 
data.

Remote management 
permits the changing

of device settings 
through bidirectional 

communication.
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https://orange-med.com/applications/

Remote Ventilator Management 

• Existing ventilator pre 
COVID-19 with FDA 
clearance for remote 
ventilator 
management

• Remote control via 
fully functional 
secondary user 
interface

• Negates patient safety 
issues of moving entire 
device outside of room

• March 2020, ventilator 
granted EUA for 
software upgrade 
providing informatics 
based remote control

• Software enabled 
remote control via 
computer attached to 
hospital’s local 
network

• Limitations: use only 
COVID-19 patients 
during public health 
emergency

https://orange-med.com/applications/
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Sustainability comes to an ICU near you 
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• 1960s to 2020s
• Never thought about the ICU from an environmental perspective 

• 2020s onward
• Sustainability – GREENING comes to ICU within context of hospital 
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Evolution in
sustainability 



Greening Critical Care 

Chapman and Chapman Critical Care 2011, 15:302

http://ccforum.com/content/15/2/302



US-DHHS 1983-1984 vs FGI 2022



ICU design evolution: FGI 1984 vs 2022 (1)
MID 1980S PRESENT

Small ICUs located anywhere Large, purposefully located ICUs and SDUs

Open space for patient Single dedicated room 

Central work/staffing spaces Central and/or decentralized spaces 

No corridors Corridors

Stationary support 

(headwalls or columns)

Stationary and Mobile articulating arms (booms) 



ICU design evolution: FGI 1984 vs 2022 (2)
MID 1980S PRESENT

Minimal concerns for ICU 

environment

Focus on aesthetically pleasing, warm 

environment, and design encouraging positive 

engagement for staff, patients and visitors  

Paper health record Electronic Health Record (EHR)

Standalone medical devices Integrated healthcare informatics platforms

No informatics Informatics with connectivity, interoperability and 

association 

Care monitored and rendered 

locally

Care monitored and rendered locally and 

remotely

No thought for the future Future proofing integral to design 



Evolving  an ICU in place 
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Enhancements in the ICU & Supporting Platforms 
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• ICU workflow and staffing model

• ICU corridors

• Supply rooms and infection prevention

• Conference room renovations

• Reallocation of space for new or expanded programs

• Critical Care academic office

• Enhanced patient experience

• Central staffing areas 

• Patient rooms

• Middleware

• Enhancements tried or investigated but could not yet be implemented 



Futureproofing: Designing for the future 
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Based on what we know today, we need to design the ICU to enable future 
modernization beyond current needs
• Excess electrical power 
• Digital support 

• Large informatics infrastructure closets

• Enabling cable replacement 

• Easily replaceable switches

• Floors with high weight-load capacity
• Mobile Scanners

• Large spaces between floors
• Space between floors / cement palates 

• (over the ceiling tiles)



AI evolution 

Evolving terminology 

• Machine learning

• Artificial neural networks

• Predictive analytics 

• Prediction algorithms

• Learning based AI

• Generative AI 

• ChatGPT (OpenAI)

AI designs new ICU 



2030 ICU Design

AI Designs New ICU



Conclusions 

• ICU design has evolved over 4 decades

• ICUs design & approaches to care respond to enhancements in 
staffing, technologies, space, needs & societal imperatives 

• Designing for the future is doable, except we don’t  know the future! 


