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Objective: A monitoring pulmonary artery catheter (PAC) is utilized in approximately 34% 
of the US cardiac surgical procedures. Increased use of PAC has been reported to have an 
association with complication rates: significant decreases in new-onset heart failure (HF) and 
respiratory failure (RF), but increases in bacteremia and urinary tract infections. We assessed 
the impact of increasing PAC adoption on hospital costs among cardiac surgery patients for 
US-based healthcare systems.
Methods: An Excel-based economic model calculated annualized savings for a US hospital 
with various cardiac surgical volumes and PAC adoption rates. A second model, for an 
integrated payer-provider health system, analyzed outcomes/costs resulting from the cardiac 
surgical admission and for the treatment of persistent HF and RF complications in the year 
following surgery. Model inputs were extracted from published literature, and one-way and 
probabilistic sensitivity analyses were performed.
Results: For an acute care hospital with 500 procedures/year and 34% PAC adoption, 
annualized savings equalled $61,806 vs no PAC utilization. An increase in PAC adoption 
rate led to increased savings of $134,751 for 75% and $170,685 for 95% adoption. Savings 
ranged from $12,361 to $185,418 at volumes of 100 and 1500 procedures/year, respectively. 
For an integrated payer-provider health system with the base-case scenario of 3845 proce-
dures/year and 34% PAC adoption, estimated savings were $596,637 for the combined 
surgical index admission and treatment for related complications over the following year.
Conclusion: PAC utilization in adult cardiac surgery patients results in reduced costs for 
both acute care hospitals and payer-provider integrated health systems.
Keywords: heart failure, respiratory failure, economic evaluation, cost analysis, acute care 
hospital, integrated payer-provider

Introduction
Cardiovascular surgery in the United States presents a sizable burden to the healthcare 
system with an annual number of coronary artery bypass graft (CABG) and valve 
procedures exceeding 290,000.1 The pulmonary artery catheter (PAC) may be used for 
simultaneous monitoring of multiple right heart pressures as well as continuous 
monitoring of cardiac output and mixed venous oxygen saturation, which makes it a 
useful tool for cardiac anesthesiologists.2 Although PAC use decreased between 1993 
and 2004,3 it is increasingly being used for heart surgeries,2,4 with a large study 
showing an increase in utilization from 26% in 2010 to 38% in 2014 among patients 
receiving CABG or valve procedures.2 Additionally, even with less invasive 
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hemodynamic monitoring devices and technologies avail-
able currently, a survey study by Judge et al4 found that 
most respondents preferred to place a PAC for monitoring 
during cardiac surgery.

Few studies have directly compared the costs for 
patients receiving a PAC versus not receiving a PAC within 
a US cardiac surgical population. Ramsey et al5 examined 
hospital costs for patients undergoing CABG procedures 
with and without PAC utilization, but the analysis was 
restricted to non-emergent cases, while Chiang et al6 exam-
ined only total hospital charges surrounding PAC use for 
CABG and valve procedures, which may not accurately 
reflect the direct cost to the hospital. Moreover, none of 
these studies evaluated the long-term costs associated with 
PAC utilization nor the longer-term economic impact of 
cardiopulmonary complications that may occur during the 
index surgical admission. Other studies evaluating eco-
nomic outcomes for CABG and valve procedures included 
studies restricted to a particular PAC,7 partial costs,8 or 
were of non-US geography.9

A recent large matched cohort study used a US elec-
tronic health records (EHR) database to evaluate clinical 
outcomes associated with PAC use among patients 
undergoing all major cardiac procedures.10 PAC was 
associated with a significant decrease in the incidence 
of new-onset heart failure and respiratory failure follow-
ing cardiac surgery, while the incidence of bacteremia 
and urinary tract infection significantly increased com-
pared to the no-PAC group.10 The treatment of these 
conditions represents a significant economic burden in 
the short term.11–14 However, the economic impact for 
the treatment of heart failure and respiratory failure goes 
beyond the short term,15–18 unlike infections that can 
typically be treated in 5–14 days with antibiotics.19,20 

The present study evaluated the economic impact of 
utilizing a monitoring PAC for adult cardiac surgeries 
from two perspectives: 1) the acute care hospital (index 
surgical admission); and 2) an integrated payer/provider 
health system which covers the cost of longer-term care 
(index surgical admission and the following year), to 
support decision-making processes regarding PAC adop-
tion for patients undergoing cardiac surgical procedures.

Methods
Model Overview
Two economic models were built using Microsoft Excel (ver-
sion 1906) to assess the impact of using a PAC for monitoring 

purposes in US cardiac surgeries. The first model looked at an 
acute care hospital focused on the cardiac surgical admission. 
The second model accounted for an integrated payer-provider 
health system (for payer-owned and operated hospitals) which 
included the surgical visit and mid-term costs for up to one- 
year post-surgery. Both models calculated the annualized cost/ 
savings related to PAC use, as per their perspective, for a US 
hospital at various PAC adoption rates.

Patient Population and Interventions
Adult patients undergoing cardiac surgery who did or did 
not receive a PAC for monitoring purposes were 
included in the models. A large recent retrospective 
EHR study evaluating PAC use or non-use for adult 
cardiac procedures and the effects on clinical outcomes10 

provided a robust propensity-matched study population 
for this analysis with 6844 patients analyzed. This study 
(NCT02964026) extracted HIPAA-compliant data from 
the US Cerner Health Facts® (Cerner Corp., Kansas City, 
MO, USA) database. In addition to hospital characteris-
tics (bed size, teaching status, location) and encounter- 
level patient data (demographics, admission type, payer), 
comprehensive timestamped medication orders, phar-
macy records, laboratory results, admission and dis-
charge diagnoses (International Classification of 
Diseases Ninth Revision Clinical Modification [ICD-9- 
CM codes]), and procedures were available.10

The study population consisted of patients ≥18 years- 
of-age undergoing isolated CABG (64.8%), isolated valve 
(20.5%), and multi-cardiac procedures (13.3%); <2% con-
sisted of other procedures (heart transplant, aortic, or other 
complex non-valvular surgeries) between January 1, 2011, 
and June 30, 2015.10 Patients were excluded if they 
received a percutaneous coronary intervention (PCI) prior 
to a CABG or valve procedure. See Shaw et al10 for 
detailed inclusion and exclusion criteria. Cohorts were 
assigned based on PAC usage, and patients without a 
monitoring PAC comprised the control arm. Patients ful-
filling all inclusion/exclusion criteria were matched on 
patient and hospital demographics, surgery type, a mod-
ified European System for Cardiac Operative Risk 
Evaluation (EuroSCORE II), and Elixhauser comorbidities 
by a 1:1 propensity score method.10

Outcomes that were significantly different between the 
PAC and no-PAC cohorts were included in the model: 
new-onset heart failure, respiratory failure, bacteremia, 
and urine infection. The cardiopulmonary morbidity com-
posite, one of the Shaw et al study primary outcomes,10 
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showed significantly improved outcomes for the PAC 
cohort primarily due to new-onset heart failure (HF), 
respiratory failure (RF), and haemorrhage (however, 
there was not a significant difference in transfusion rates, 
and thus haemorrhage was not included in the model). 
Conversely, the primary outcome of infectious morbidity 
composite favoured patients that did not receive a PAC, 
driven by a significant decrease in bacteremia and urine 
infection.

Model and Analytic Framework
Acute Care Hospital Model
The impact on hospital costs with increasing PAC adop-
tion among cardiac surgery patients was computed via 
annualized cost for institutions with varying cardiac surgi-
cal volumes. Based on the PAC adoption rate, the patient 
population for a given surgical volume was divided into 
PAC and “no-PAC” cohorts. The numbers of patients 
experiencing adverse clinical outcomes (new-onset heart 
failure, respiratory failure, bacteremia, and urinary tract 
infection) were calculated using cohort-specific complica-
tion rates from Shaw et al10 Complication-associated costs 
were estimated by multiplying the number of patients with 
each complication by their respective costs. Annual total 
PAC cost was determined by multiplying PAC device cost 
by the total annual number of procedures modelled with a 
PAC. For the acute care hospital model, annual costs/ 
savings were calculated by subtracting the costs for treat-
ment of complications and total PAC device costs for a 
given (>0%) PAC adoption rate from costs associated with 
0% PAC adoption.

Integrated Payer-Provider Health System Model
The integrated payer-provider health system model ana-
lyzed outcomes/costs from the cardiac surgical visit, as 
described above, as well as for the year following surgery. 
Mortality rates were applied to determine post-surgery 
survivors. Complications of HF and RF have long-term 
consequences for a proportion of patients, resulting in 
healthcare utilization and costs.21 Infectious complications 
of bacteremia and urine infection are treated during the 
hospital visit and do not typically require long-term 
treatment.19,20 The model calculated annual savings for a 
specific PAC adoption rate (>0%), by subtracting the costs 
for treatment of complications, total PAC device costs, and 
total patient visit costs in the year post-surgery for >0% 
PAC utilization from the costs incurred with 0% PAC 
adoption.

Model Inputs and Data Sources
Acute Care Hospital Model
Model inputs were obtained from multiple sources and 
are detailed in Table 1. Inputs for the acute care hospital 
model included an adult cardiac surgical load, PAC 
utilization rate, and cost for a monitoring PAC. PAC 
cost was calculated by taking the average cost of rele-
vant PAC devices (pediatric PACs and pacing catheters/ 
probes were excluded) obtained from a market spend 
report.22 The rates of complications were based on the 
Shaw et al10 study. Inpatient-specific costs for each 
complication were determined from the US HCUP data-
base (Agency for Healthcare Research and Quality, 
Rockville, MD).23 The ICD9 codes used and the query 
parameters for the HCUP database are found in 
Appendix Table 1. All costs were inflated to December 
2018 US dollars (USD) using the United States Bureau 
of Labor and Statistics Consumer Price Index (CPI) 
inflation calculator.24

Integrated Payer-Provider Health System Model
The adult cardiac surgical load for the integrated 
payer-provider model was calculated for a large-size 
integrated health system in the US using cardiac surgi-
cal volume data from Kaiser Permanente-owned hospi-
tals (3 states) serving a covered population of 
approximately 9.9 million (adult CABG and valve sur-
geries performed within Kaiser Permanente operated 
hospitals in the US states of CA, WA and HI).25,26 

All remaining inputs for the index visit, including 
PAC utilization rate, PAC cost, index visit-related com-
plication rates, and associated costs, were the same as 
within the acute care hospital model. Mortality rates 
for the surgical visit were extracted from Shaw et al10 

study data with additional analysis (see Appendix 
Table 2). Rates for cardiac surgical patients with 
post-operative complications that persist (HF and RF) 
were extracted from published literature along with 
their respective healthcare utilization and 
costs.16,21,27,28

Analyses and Outputs
Acute Care Hospital Model
The base case assumed a medium cardiac surgical load 
(n=500 cases/year), a PAC utilization rate of 34.4%,2 a 
mean PAC cost of $109.84,22 and rates of complications as 
reported in Shaw et al10 at HCUP costs (Table 1). Acute care 
hospital model scenarios were executed for the following 
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Table 1 Summary of Model Inputs

Model Inputs Value Source

Annual cardiac surgical volume 
Acute care hospital

Low 100 Assumptions and hospital informationa

Medium 500

High 1500

PAC adoption rate
Base case 34.4% Brovman et al 2016

PAC device cost (US$)
Average cost $109.84 MarketPulse report 2018 (Ediom/Vizient)

Complication rates PAC No PAC

New onset heart failure 6.5% 9.0%

Respiratory failure 3.7% 5.5% Shaw et al 2018, =Appendix Table 2

Bacteremia 3.2% 2.5%
Urine infection 4.1% 2.7%

Costs of treating complications (US$)b

New onset heart failure $12,167.09

Respiratory failure $19,233.17 https://hcupnet.ahrq.gov/
Bacteremia $11,663.30

Urine infection $7,110.90

Additional inputs – Integrated payer-provider health systemc

Annual cardiac surgical 
volumed

3,845 https://www.californiacardiacsurgery.com/, 
https://about.kaiserpermanente.org/who-we-are/fast-facts

Mortality ratesd

New onset heart failure 3.97% Shaw et al 2018, Appendix Table 2
Respiratory failure 9.94%

Proportion of patients needing long-term treatment

New onset heart failure 16.64% Stevens et al 2019

Respiratory failure 1.69%

Number of visits per 
patient per year

IP OP ED ED+IP

Heart failure 1.49 2.02 0.33 0.08 Stevens et al 2019

Respiratory failure 1.55 0.51 0.13 0.06

Cost per visitb IP OP ED ED+IP

Heart failure $12,304 $462 $1,480 $13,784 IP: https://hcupnet.ahrq.gov/ 

OP: Voigt et al 2014, CMS 2018 Physician Fee Schedule Look-Up Tool, 
CMS Clinical Laboratory Fee Schedule data file 2018Q3 Lab Fee 

Schedule, AARC coding guidelines 

ED: Voigt et al 2014, Wilson et al 2000 

Respiratory failure $18,748 $218 $2,365 $21,113

Notes: ahttps://my.clevelandclinic.org/departments/heart/outcomes/359-surgical-treatment-for-ischemic-heart-disease https://medicine.umich.edu/sites/default/files/ 
CardiacOutcomes_2016.pdf. bValues converted to 2018 using https://www.bls.gov/data/inflation_calculator.htm. cAll inputs for acute care are applicable except for surgical 
volume. dSee Methods for details. 
Abbreviations: IP, inpatient visit; OP, outpatient visit; ED, emergency department visit only; ED+IP, emergency department visit resulting in an inpatient stay.
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variable values: adult cardiac surgical load (low = 100/year, 
medium = 500/year, high = 1500/year), PAC utilization rate 
(0.0%, 34.4%, 75.0%, 90.0%), and at a mean PAC cost of 
$109.84. Clinical outcomes are reported for the base case, 
and economic outcomes are reported for varying cardiac 
surgical loads and PAC adoption rates.

Integrated Payer-Provider Health System Model
The base case was defined as 3845 cardiac surgeries, a 
PAC utilization rate of 34.4%,2 a mean PAC cost of 
$109.84,22 and rates of complications from Shaw et al10 

with treatment costs derived from HCUP (Table 1). 
Mid-term costs up to one-year post-surgery were calcu-
lated across multiple visit types based on the persistence 
of complications post-surgery. Economic outcomes were 
inclusive of costs during the index surgical visit and 
over the one-year follow-up period for the proportion 
of patients that have persistent complications.

Annual savings for both models were calculated via a 
comparison of costs for a specified PAC utilization rate 
(>0%) compared to costs resulting from no PAC adop-
tion (0%).

Sensitivity Analyses
One-Way Sensitivity Analysis
A one-way sensitivity analysis was performed for the 
acute care hospital model. It evaluated the independent 
effects of each input (see Appendix Table 3) on the 
model outcome (total hospital costs/savings) for the 
index hospital admission. Inputs were varied indepen-
dently using high and low input values. Lower and upper 
bounds were informed by published literature, where 
available, or varied ± 20% (complication rates) or ± 75% 
(cost data) (see Appendix Table 3).

Probabilistic Sensitivity Analysis (PSA)
A PSA was performed (@Risk add-in, version 7.6, 
Palisade, Ithaca, NY, USA) for both models to address 
the uncertainty of model inputs and provide a measure of 
confidence in the base case. All model inputs were varied 
simultaneously, for a total of 10,000 iterations. Input and 
assumption values were drawn from specified distributions 
(Appendix Table 4 [acute care hospital]; Appendix Table 5 
[integrated payer-provider]). Distributions were parameter-
ized using the mean and standard deviation. In cases where 
standard deviation was unknown, these were estimated 
using published methods.29

Results
Acute Care Hospital Perspective
Clinical and economic outcomes for an acute care hospital 
related to monitoring PAC usage among adult cardiac surgi-
cal patients are shown in Table 2. While heart and respiratory 
failure complication rates are reduced (HF: 9% to 6.6%, RF: 
5.5% to 3.8%) with higher PAC usage (0% to 95%, respec-
tively), infection rates are increased (bacteremia: 2.5% to 
3.2%, urine infection: 2.7% to 4%; 0% to 95% PAC adoption, 
respectively). Adoption of PAC for monitoring purposes led 
to annual savings that increased with hospital cardiac surgical 
load and PAC adoption rate (Figure 1). Savings resulted from 
decreased rates for HF and RF, thus offsetting the PAC 
device cost, and costs for treating infections which are 
more frequent among patients that receive a PAC. For the 
base-case scenario, a hospital with an average cardiac surgi-
cal load of 500 cases and 34% PAC adoption was estimated 
to have total annual savings of US $61,806.25.

One-Way Sensitivity Analysis
A sensitivity analysis was performed to look at variation 
surrounding the base case (see Appendix Table 3 for inputs). 
Costs for treating HF and RF were the parameters with the 
greatest impact, followed by the complication rates of HF in 
the no PAC group, and for RF in the PAC group (see 
Appendix Figure 1). Savings were always positive and ran-
ged from $8459 for the lower bound PAC average sales price 
to $106,466 for the higher bound RF treatment cost. Varying 
annual surgical loads had a relatively minor impact on total 
savings. Urine infection complication rates in the PAC and 
no PAC group had the least effect on savings.

Probabilistic Sensitivity Analysis
The overall mean total savings calculated from 10,000 
iterations varying all input values simultaneously (see 
Appendix Table 4 for inputs) was $60,125.72 (95% CI ± 
$973.48; Figure 2A), close to the base-case savings 
($61,806.25). Of the 10,000 model iterations, 91.9% of 
iterations generated savings between $1 and $390,064.36 
(maximum). The PSA (Figure 2A), similar to the one-way 
sensitivity analysis, revealed that treatment costs for HF 
and RF had the largest impact on savings, followed by the 
PAC average sales price.

Integrated Payer-Provider Health System 
Perspective
Clinical and economic outcomes associated with increased 
PAC utilization for an integrated payer-provider health 
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system are shown in Table 3. Savings were largely due to 
lower HF and RF complication rates during the index visit 
as PAC adoption increased. A decrease in patients with HF 
and RF drove a reduction in healthcare utilization in the 
year following surgery, leading to additional health system 
savings. Overall savings increased as the PAC adoption 
rate increased. The base-case scenario, an average annual 
cardiac surgical load of 3845 procedures and a 34% PAC 
adoption rate, generated total annual savings of 
$596,637.18, with index admission savings of 
$475,290.00, and additional savings of $121,347.19 in 
the year following surgery, compared to 0% PAC adoption.

Probabilistic Sensitivity Analysis
The overall mean total savings, calculated from 10,000 
iterations varying input values simultaneously (see 
Appendix Table 5), were $584,343.69 (95% CI ± 
$8,206.90), close to the base-case savings calculated as 
$596,637.18. Ninety percent of model iterations generated 
positive savings between $20,334 and $1,332,294 (95.7% 
yielded positive savings). PSA results (Figure 2B) demon-
strated that treatment costs for HF and RF during the index 
visit had the largest impact on annualized savings, fol-
lowed by complication rates for RF and HF for the no 
PAC group.

Table 2 Clinical and Economic Outcomes Associated with Increased PAC Usage in an Acute Care Hospital, Base Casea

PAC Adoption Rates

0.0% 34.4% 75.0% 95.0%

Complications, % of cardiac surgical patients (n/year)b

New onset heart failure 9.0% (45) 8.1% (41) 7.1% (36) 6.6% (33)
Respiratory failure 5.5% (28) 4.9% (24) 4.2% (21) 3.8% (19)

Bacteremia 2.5% (13) 2.7% (14) 3.0% (15) 3.2% (16)

Urine infection 2.7% (14) 3.2% (16) 3.8% (19) 4.0% (20)

Economic outcomes (US$) 
Cost of complications

New onset heart failure $547,519.05 $495,200.56 $433,452.58 $403,034.86

Respiratory failure $528,912.18 $469,366.28 $399,088.28 $364,468.57

Bacteremia $145,791.25 $159,833.86 $176,407.41 $184,571.72
Urine infection $95,997.15 $113,120.20 $133,329.38 $143,284.64

Total $1,318,219.63 $1,237,520.90 $1,142,277.65 $1,095,359.79

Total PAC cost (US$) $0 $18,892.48 $41,190.00 $52,174.00
Total cost for annual cardiac surgical volume (US$) $1,318,219.63 $1,256,413.38 $1,183,467.65 $1,147,533.79

Total savings for annual cardiac surgical volume (US$)c $0 $61,806.25 $134,751.98 $170,685.84

Notes: aAnnual cardiac surgical volume = 500. bn/year rounded to nearest unit. cSavings to the hospital compared to 0% PAC adoption.

Figure 1 Total annual savings for an acute care hospital with varying annual cardiac surgery volume and PAC adoption rate, compared to 0% PAC adoption. Annual cardiac 
surgery load: low volume, 100; medium volume, 500; high volume, 1,500. 
Abbreviations: PAC, pulmonary artery catheter; USD, United States dollars.
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Discussion
The economic models described in this study demon-
strate that significant cost savings may be achieved by 
increasing the use of a monitoring PAC, presumably 
coupled with appropriate treatment, surrounding cardiac 
surgical procedures. Cost savings were in the range of 
$123.61 to $341.37 per cardiac surgical case for an acute 
care hospital and $155.17 to $428.53 per case for inte-
grated payer-providers at 34% and 95% PAC adoption 
rates, respectively, inclusive of PAC device costs. From 
the acute care hospital perspective, monitoring PAC 
adoption resulted in annual savings which increased 
with higher rates of PAC adoption and greater annual 
numbers of surgical procedures. Savings are generated 
largely by a decrease in the frequency of HF and RF 
complications which offset both the PAC cost and the 
cost of treating infections, which occur more frequently 

in patients that receive a PAC. As expected, treatment 
costs for RF and HF complications that occur during the 
index surgical stay are higher than the cost of treating 
infections. Both deterministic and probabilistic sensitiv-
ity analyses demonstrated that RF treatment costs had the 
largest impact on savings, followed by HF treatment 
costs.

From the perspective of an integrated payer-provider, 
who is responsible for both the costs of the index admis-
sion and follow-up treatment, our study revealed annual 
savings of approximately $600,000 for a 34% PAC adop-
tion rate, and $1.6 million for a 95% PAC adoption rate. 
Similar to the acute hospital setting, savings were largely 
driven by a reduction in HF and RF complications during 
the index visit, with increased PAC adoption resulting in 
lower overall treatment cost. Probabilistic sensitivity ana-
lyses confirmed that the two inputs with the greatest 

Figure 2 Probabilistic sensitivity analysis of total annual savings associated with 0.0% PAC adoption versus 34.4% PAC adoption ((A) acute care hospital, (B) integrated 
payer-provider). Inputs were sampled simultaneously from a specified distribution and ranked by their effect on the output mean. The length of each bar represents the 
change in total savings from the mean (a: $60,125.72, 95% CI ± $973.48; b: $584,343.69; 95% CI ± $8,206.90), represented by the midline. Grey bars represent savings 
associated with input of the upper bound, and blue bars represent savings associated with input of the lower bound for each variable. The 10 highest ranking inputs are 
shown. See Appendix Tables 4 and 5 for distribution parameters. 
Abbreviations: Compl. rate, complication rate; HF, heart failure; PAC, pulmonary artery catheter; RF, respiratory failure.
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Table 3 Clinical and Economic Outcomes Associated with Increased PAC Usage in an Integrated Payer-Provider System, Base Casea

PAC Adoption Rates

0.0% 34.4% 75.0% 95.0%

Index-visit summary

Complications, % of cardiac surgical patients (n/year)b

New onset heart failure 9.0% (346) 8.1% (313) 7.1% (274) 6.6% (255)

Respiratory failure 5.5% (211) 4.9% (188) 4.2% (160) 3.8% (146)

Bacteremia 2.5% (96) 2.7% (105) 3.0% (116) 3.2% (122)

Urine infection 2.7% (104) 3.2% (122) 3.8% (144) 4.0% (155)

Economic outcomes (US$) 
Cost of complications

New onset heart failure $4,210,421.49 $3,808,092.33 $3,333,250.35 $3,099,338.04

Respiratory failure $4,067,334.63 $3,609,426.70 $3,068,988.85 $2,802,763.31

Bacteremia $1,121,134.71 $1,229,122.41 $1,356,573.00 $1,419,356.55

Urine infection $738,218.08 $869,894.32 $1,025,302.89 $1,101,858.84

Total $10,137,108.92 $9,516,535.75 $8,784,115.10 $8,423,316.75

Total PAC cost (US$) $0 $145,283.17 $316,751.10 $401,218.06

Total cost for annual cardiac surgical volume (US$) $10,137,108.92 $9,661,818.92 $9,100,866.20 $8,824,534.81

Follow-up period (365-day) summary

Survivors, % of patients surviving index hospitalization with 
complications (n/year)b

New onset heart failure 96.0% (332) 96.0% (301) 96.0% (263) 96.0% (245)

Respiratory failure 90.1% (190) 90.1% (169) 90.1% (144) 90.1% (131)

Persistent complications, % of survivors (n/year)b

Heart failure 16.6% (55) 16.6% (50) 16.6% (44) 16.6% (41)

Respiratory failure 1.7% (3) 1.7% (3) 1.7% (2) 1.7% (2)

Healthcare utilization, number of visitsb

Heart failure

IP 82 75 65 61

OP 112 101 88 82

ED 18 17 14 13

ED+IP 4 4 4 3

Respiratory failure

IP 5 4 4 3

OP 2 1 1 1

ED 0 0 0 0

ED+IP 0 0 0 0

Economic outcomes (US$) 
Cost of complications

Heart failure

IP $1,013,747.81 $916,878.58 $802,550.35 $746,231.03

OP $51,597.26 $46,666.86 $40,847.83 $37,981.32

ED $27,003.80 $24,423.44 $21,378.01 $19,877.80

ED+IP $60,975.79 $55,149.21 $48,272.50 $44,884.96

Respiratory failure

IP $93,530.69 $83,000.83 $70,573.16 $64,451.15

OP $358.12 $317.80 $270.21 $246.77

ED $989.59 $878.18 $746.69 $681.92

ED+IP $4,077.28 $3,618.25 $3,076.49 $2,809.61

Total $1,252,280.33 $1,130,933.14 $987,715.24 $917,164.55

(Continued)
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impact on savings were index treatment costs for RF and 
HF complications. As expected, higher treatment costs for 
complications were associated with larger cost savings. 
Decreased HF and RF complication rates during the year 
following index admission were responsible for a decrease 
in healthcare utilization. Although ~80% of savings are 
accrued during the index visit, ~20% of total savings are 
due to treatment of persistent complications during the 
one-year follow-up. Our study suggests that an upfront 
reduction in index admission complications may have 
important downstream economic consequences for an inte-
grated health system.

Across studies reporting costs associated with PAC utiliza-
tion in cardiac surgery patients, only two include direct cost 
comparisons between patients with or without a PAC. A retro-
spective analysis of cardiac surgical patients in the National 
Inpatient Sample (NIS) database by Chiang et al6 found that 
total charges (not hospital costs) were higher in the PAC group 
versus the no PAC group ($133,000 and $125,000, respec-
tively) among patients that received bypass anastomosis for 
heart revascularization or valve repair or replacement proce-
dures. The present study analyzed a broader range of proce-
dure types. A retrospective cohort study by Ramsey et al5 

among patients undergoing non-emergent CABG surgery 
identified from an administrative database of community hos-
pitals found total hospital costs to be $1,402 higher for patients 
who received a PAC compared to patients without a PAC, 
although this study was conducted over two decades ago. 
Although both studies controlled for confounding factors that 
could potentially have influenced the association of PAC use 
on the outcomes examined, none of these studies used a 
propensity score-matched cohort design. Additionally, these 
studies did not report a breakdown of the costs associated with 
cardiac surgery complications and did not characterize the cost 
during the year following cardiac surgery. Only Chiang et al6 

analyzed a study population comparable to the one considered 
within the current study; however, the study did not report any 

details regarding the rates of cardiopulmonary complications 
and associated cost. The patient population analyzed in 
Ramsey et al5 is not directly comparable to the current study 
population as the authors only included non-emergent CABG 
surgery patients, whereas Shaw et al10 included both non- 
emergent and emergent cardiac surgeries in urban teaching/ 
non-teaching hospitals and academic centres.

The present economic models utilized inputs and 
assumptions which are representative of real-world US 
hospitals,10,23 and savings generated are, therefore, trans-
ferable to acute care hospitals and integrated payer-provi-
der health systems with comparable numbers of annual 
cardiac procedures to the current study base cases. We 
calculated savings based on a sample of pre-defined sce-
narios; for hospitals and health systems performing more 
cardiac procedures and/or utilizing a monitoring PAC with 
a greater proportion of patients, greater savings would be 
expected. Further research is required to understand the 
economic benefits of PAC adoption in cardiac surgery 
patients from the patient and societal perspective (eg, 
quality of life, productivity) as well as cost savings that 
might be achieved beyond the first-year follow-up period.

Limitations
Several limitations affect the findings of this study. Our 
model only evaluated direct hospital costs and did not 
account for direct and indirect costs from a societal or 
patient perspective. Indirect costs associated with HF and 
RF complications (eg loss of productivity, transportation 
cost, costs for caregiver) and medication costs for mana-
ging these complications outside the hospital were not 
included in the models. Costs for medication administered 
during the index visit and during inpatient stays and emer-
gency visits in the 1-year follow-up period are included in 
the total cost; however, medications prescribed in the out-
patient setting would be expected to incur additional cost 
for the treatment of HF and RF complications.

Table 3 (Continued). 

PAC Adoption Rates

0.0% 34.4% 75.0% 95.0%

Overall economic outcomes summary (US$)
Overall cost for annual cardiac surgical volume $11,389,389.24 $10,792,752.06 $10,088,581.44 $9,741,699.36

Overall savings for annual cardiac surgical volumec $0 $596,637.18 $1,300,807.81 $1,647,689.89

Notes: aAnnual cardiac surgical volume = 3,845. bn/year and number of visits rounded to nearest unit. cSavings to the integrated payer-provider system compared to 0% 
PAC adoption. 
Abbreviations: IP, inpatient visit; OP, outpatient visit; ED, emergency department visit.
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Our models do not include management techniques 
that may be utilized for the “no PAC” cohort, eg transeso-
phageal echo or other techniques. Since only the cost of a 
PAC is included for the PAC cohort, the resulting esti-
mated savings from the models are conservative.

Although most cost inputs were obtained from HCUP, a 
large national database, and therefore likely to accurately 
reflect the average cost across US hospitals, a minor limita-
tion is that the exact savings/cost would depend on the cost at 
a specific hospital where care is provided.

Our model uses costs derived from HCUP for the cost 
of complications. A limitation of the HCUP database is 
that it does not provide cost granularity specific to the 
postoperative complication versus from other medical con-
ditions. However, since all costs were sourced from HCUP 
and annual savings were calculated by subtracting the 
costs at a given (>0%) PAC adoption rate from costs 
associated with 0% PAC adoption, any under- or over- 
estimation should occur across both groups and should 
have minimal effect on estimated savings.

Another limitation is that these costs can change from 
year to year and therefore may affect savings. Variation in 
treatment costs for HF and RF, constituting the largest 
contributions to savings, would have a relatively large 
impact on total savings amounts compared to changes in 
other input parameters. This variation, however, was mod-
elled within the presented sensitivity analyses.

The integrated payer-provider model assumes that the 
payer-provider owns the hospitals or facilities where care is 
provided and/or takes financial responsibility for the care 
provided. Systems that do not own the site of care will most 
likely have other costing methods in place and savings will 
differ for these types of systems. Due to the lack of RCT data 
to inform our economic evaluation, we also acknowledge the 
limitation that our findings are contingent upon future valida-
tion of the efficacy of PAC use in a cardiac surgical popula-
tion through additional well-conducted studies and the 
confirmation of PAC clinical benefit in these studies.

Conclusion
Both acute care hospitals and integrated payer-provider 
health systems can achieve significant economic savings 
by utilizing a PAC with adult cardiac surgery patients to 
guide clinical treatment. The main driver of these cost 
savings is the reduction in cardiopulmonary complications 
which leads to lower overall treatment costs. Despite sig-
nificant mid-term healthcare utilization associated with 
cardiopulmonary complications, the bulk of the treatment 

costs is incurred during the index surgical stay. 
Organizations with a high PAC adoption rate for their 
cardiac surgery population may observe increased cost 
savings.
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