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• Acinetobacter
• Burkholderia cepacia
• Clostridium difficile
• Clostridium sordellii
• Enterobacteriaceae (carbapenem-

resistance)
• Gram-negative bacteria
• Hepatitis
• Human Immunodeficiency Virus (HIV)
• Influenza
• Klebsiella

• Methicillin-resistant Staphylococcus aureus
(MRSA)

• Mycobacterium abscessus
• Norovirus
• Pseudomonas aeruginosa
• Staphylococcus aureus
• Tuberculosis (TB)
• Vancomycin-intermediate Staphylococcus aureus
• Vancomycin-resistant Staphylococcus aureus
• Vancomycin-resistant Enterococci (VRE)

http://www.cdc.gov/mrsa/community/photos/index.html

http://www.agefotostock.com/age/en/Stock-
Images/Rights-Managed/BSI-1427705

https://misswalkerswiki.wikispaces.com/Pseudomonas+aeruginosa

http://www.foodpoisonjournal.com/food-poisoning-
information/about-clostridium-difficile/#.VyEuzvkrKUk

C. difficile

Pseudomonas aeruginosa MRSA

VRE

In 2011, there 
were an estimated 

722,000 HAIs in 
U.S. acute care 

hospitals (75,000
patients died) 

Health-Related and Financial Burdon of HAI



Health-Related and Financial Burdon of HAI

Cost per infection: 
• Central Line-Associated Bloodstream Infection 

(CLABSI): $45,814
• Ventilator-Associated Pneumonia (VAP): $40,144 
• Surgical Site Infection (SSI): $20,785 
• Clostridium difficile infection: $11,285
• Catheter-Associated Urinary Tract Infections 

(CAUTI): $896

From: Health Care–Associated Infections: A Meta-analysis of Costs and Financial 
Impact on the US Health Care System

JAMA Intern Med. 2013;173(22):2039-2046. doi:10.1001/jamainternmed.2013.9763



• Total Attributable Financial Impacts of Health Care–Associated 
Infections in US Adult Inpatients at Acute Care Hospitals, 2009

Health-Related and Financial Burdon of HAI

From: Health Care–Associated Infections: A Meta-analysis of Costs and Financial 
Impact on the US Health Care System

JAMA Intern Med. 2013;173(22):2039-2046. doi:10.1001/jamainternmed.2013.9763

CHIP 
spending 
(covers 8.9 
million children) 
reached 
about $13.6 
billion in FY 
2016.



Multi-Bed versus Single-Bed Patient Rooms   

http://https://www.redlandshospital.org/services/nicu/default.aspx http://www.healthcaredesignmagazine.com/architecture/room-grow/



https://necsociety.org/2014/02/23/10-incredible-gifts-for-nicu-families/

http://www.grhosp.on.ca/care/services-departments/childrens-program/nicu/your-babys-care

• Improve family experience 
– Family accommodations
– Sense of control
– Integration in the care process
– Communication with caregivers

Single-Bed Versus Multi-Bed Patient Rooms   



http://www.medindia.net/patients/patientinfo/septicemia.htm

http://www.kangaroomothercare.com/productinfo.aspx

• Improve family experience 
– Family accommodations
– Sense of control
– Integration in the care process
– Communication with caregivers

• Improve clinical/financial outcomes
– Reduce length of stay 
– Control nosocomial infections
– Lower cost of care 

Single-Bed Versus Multi-Bed Patient Rooms   



http://www.procure21plus.nhs.uk/standardisation/

 ICU: 250 sq.ft. per bed and 20 sq.ft. for ancillary 
anterooms in single-bed rooms versus 225 sq.ft in 
multiple-bed rooms.

Guidelines/Practice Parameters Committee of the American College of Critical Care Medicine 
SoCCM. Guidelines for intensive care unit design. Crit Care Med 1995; 23(3):582–8.

Single-Bed Versus Multi-Bed Patient Rooms   

 NICU: minimum 165 sq.ft. clear in single-bed rooms 
versus 120 square feet clear in the multiple-bed rooms.

White RD, Smith JA, Shepley MM. The Committee to Establish Recommended Standards for 
Newborn ICU Design. Recommended standards for newborn ICU design, eighth edition. J Perinatol
2013; 33: S2–16.



https://sparksandfavorpc.com/about-us/why-brookwood/http://www.westeastdesign.com/higher-education-1/

32 beds X 120 sq.ft./bed  = 3,840 sq.ft. 

X 1.5 =  5,760 GSF  

32 beds X 165 sq.ft./bed  = 5,280 sq.ft. 

X 1.5 =  7,920 GSF  

∆ 2,160 GSF

Single-Bed Versus Multi-Bed Patient Rooms   



http://blueprints.ufhealth.org/2016/10/09/uf-health-shands-
childrens-hospital-nicu-renovations-begin-jan-4/#prettyPhoto

http://www.ratcliffarch.com/projects/JMMCNICU

Our analysis represents a 
hypothetical 32-bed NICU:

Option I: 32 beds in bay rooms

Option II: 32 single-bed rooms

Financial Evaluation



http://blueprints.ufhealth.org/2016/10/09/uf-health-shands-
childrens-hospital-nicu-renovations-begin-jan-4/#prettyPhoto

http://www.ratcliffarch.com/projects/JMMCNICU

We will perform an 
incremental analysis by 
looking at differences in 
costs and benefits between 
the two options.

This approach simplifies 
the analysis by excluding 
costs that are similar 
between the two 
scenarios:
o Example: beds and medical 

devices

Financial Evaluation



Financial Evaluation

- Additional initial investment  
(first costs)

- Additional ongoing costs (operation and maintenance) 

- Ongoing savings 

Time Zero Yr2Yr1 Yr3 Yr4 Yr n

Negative cash flow (outflow)

Positive cash flow (inflow)



Yr2Yr1 Yr3 Yr4 Yr n

- Initial investment (first cost)

- Ongoing costs (operation and maintenance) 
Present value of costs

Present value of savings

Time Zero

Financial Evaluation

I = 8% , n = 5



- Ongoing savings 

Time Zero Yr2Yr1 Yr3 Yr4 Yr n

2,160 GSF  total additional space
X 550 $/GSF =  $1,188,000 additional construction cost 

2,160 GSF X 12 $/GSF = $25,920 additional annual O&M costs
1 FTE x $50,000 = $50,000  additional annual FTE costs

Financial Evaluation



 

                
p   p  y ,      y y    

Analysis parameter Baseline value  Estimated 
mean 

Probability 
distribution 

CONSTRUCTION AND OPERATION COSTS 
Additional construction costs of 32 SFRs versus OPBY beds 
Additional annual facility costs of SFRs versus OPBY unit 
Additional annual full time equivalent (FTE) costs in SFRs versus OPBY unit 

OUTCOME 1—NOSOCOMIAL INFECTIONS  
Occupancy rate 
Survival rate of infants admitted to NICU 
Sepsis rate in OPBY unit (per 1,000 patient days) 
MRSA rate in OPBY unit (per 1,000 patient days) 
Relative ratio of sepsis in SFR versus OPBY unit 
Relative ratio of MRSA in SFR versus OPBY unit  
Infection mortality rate  
Extra costs of each incident of sepsis among infants who survived  
Extra costs of each incident of sepsis among infants who died 
Extra costs of each incident of MRSA among infants who survived  
Additional costs of MRSA for infants who died  

OUTCOME 2—LENGTH OF STAY  
Number of preterm patients per bed (per year) 
Survival rate of infants below 37-week gestational age 
Length of stay in bay rooms (days) 
Length of stay in SFR (days) 
Daily cost of NICU care for each preterm patient  

OUTCOME 3—DIRECT COST OF CARE  
Percentage of multiple-birth   
Daily cost of NICU care per patient in OPBY unit 
Ratio of cost of bay rooms to cost of SFRs per patient  

 
$1,188,000 (±$118,800)    
$25,920 (±$2,592)   
$50,000 (±$5,000)   
 
80%   
90%  
2.08  
1.11 
0.82 (0.58-1.18)  
0.62 (0.35-1.21)  
10%  
$22,021   
$52,150  
$57,685(53,892-61,477)  
50%  
 
7.105 
87.5%  
4.9 (3.4-6.4)  
3.2 (1.2-5.2)  
$1,566  
 
20%  
$1,044  
1.11 (1.03–1.19)   

 
$1,187,886 
$25,921 
$49,930 
 
79.95% 
85.06% 
1.383 
1.272 
0.836 
0.615 
10.00% 
$21,913 
$52,034 
$57,664 
50.08% 
 
7.105 
87.44% 
4.961 
3.421 
$1,572 
 
20.04 
$1,050 
1.106 

 
gamma(100, 11,880.0) 
gamma(100, 259.2) 
gamma(100, 500.0) 
 
beta(50.40, 12.60) 
beta(31.5, 3.5) 
gamma(67.24, 0.031) 
gamma(29.17, 0.038) 
lognormal(-0.19, 0.182) 
lognormal(-0.49, 0.320) 
beta(3.50, 31.50) 
see table note  
see table note  
gamma(1,083.70, 53.23) 
beta(12.0,12.0) 
 
gamma(732, 0.0097) 
beta(37.4, 5.3) 
lognormal(1.16, 0.37) 
lognormal(1.59, 0.16) 
see table note  
 
beta(12.60, 50.40) 
see table note  
lognormal(0.10, 0.04) 
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- Ongoing savings 

Time Zero Yr2Yr1 Yr3 Yr4 Yr n

Financial Evaluation

$1,188,000 additional construction cost

$25,920 additional annual O&M costs

$50,000  additional annual FTE costs

gamma (100, 11,880)

Gamma (100, 259.2)

Gamma (100, 500)



Results
Outcome 1 – Reductions in Infections Outcome 2 – Reductions in Length of Stay Outcome 3 – Reductions in Direct Costs



Risk Analysis



Risk Analysis

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1

-1.00 0.00 1.00 2.00 3.00

Cumulative Distribution Function (B/C)

B/C = 1.2

P (B/C < 1.2) = 45%



Risk Analysis

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1

-1.00 0.00 1.00 2.00 3.00

Cumulative Distribution Function (B/C)

B/C = 0.8

P (B/C < ?) = 20%



Sensitivity Analysis



Sensitivity Analysis
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