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Abstract

Background—In the setting of a statewide quality collaborative approach to the review of 

cardiac surgical mortalities in intensive care units (ICUs), variations in complication-related 

outcomes became apparent. Utilizing “failure to rescue” methodology, (FTR; the probability of 

death after a complication), we compared FTR rates after adult cardiac surgery in low, medium, 

and high mortality centers from a voluntary, 33-center quality collaborative.

Methods—We identified 45,904 patients with a Society of Thoracic Surgeons predicted risk of 

mortality who underwent cardiac surgery between 2006 and 2010. The 33 centers were ranked 
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according to observed-to-expected (O/E) ratios for mortality and were categorized into 3 equal 

groups. We then compared rates of complications and FTR.

Results—Overall unadjusted mortality was 2.6%, ranging from 1.5% in the low-mortality group 

to 3.6% in the high group. The rate of 17 complications ranged from 19.1% in the low group to 

22.9% in the high group while FTR rates were 6.6% in the low group, 10.4% in the medium 

group, and 13.5% in the high group (p<0.001). The FTR rate was significantly better in the low 

mortality group for the majority of complications (11 of 17) with the most significant findings for 

cardiac arrest, dialysis, prolonged ventilation, and pneumonia.

Conclusion—Low mortality hospitals have superior ability to rescue patients from 

complications after cardiac surgery procedures. Outcomes review incorporating a collaborative 

multi-hospital approach can provide an ideal opportunity to review processes that anticipate and 

manage complications in the ICU and help recognize and share “differentiators” in care.
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Introduction

The Michigan Society of Thoracic and Cardiovascular Surgeons (MSTCVS) serves as the 

platform for a statewide, surgeon directed, voluntary, quality collaborative program. With 

participation of all 33 cardiac surgical programs in the state, Society of Thoracic Surgeons 

(STS) adult cardiac surgery data have been utilized in an unblinded fashion to promote 

discussion and share approaches to improve outcomes and care processes in cardiac surgery 

[1]. Quarterly review of all mortalities published in previous work identified post-operative 

intensive care unit (ICU) care as a significant source of potentially avoidable mortality 

(Figure 1) [2]. Furthermore, despite improved overall outcomes in cardiac surgery over the 

past several decades, there remains significant inter-hospital variation in mortality [3].

In attempts to reduce this variation in outcomes, multiple efforts have been proposed to 

reduce post-operative complication rates, which no doubt contribute to post-operative 

mortality. However, there is a growing body of evidence that “failure to rescue” (FTR) – 

mortality among patients with a major complication – is an important mechanism underlying 

post-operative mortality [4]. This has been demonstrated to be an important source of inter-

hospital variation in general surgery, vascular surgery, and other surgical disciplines [3, 5–

7]. Failure to rescue is now used by Agency of Health Care Research and Quality as one of 

20 patient safety indicators [8]. The degree to which FTR is an important contributor to 

variation in adult cardiac surgery is less established.

In this context, we sought to determine whether variations in surgical mortality among 

patients undergoing cardiac surgery in Michigan are due to differences in the incidence of 

complications or differences in the success of managing complications once they occur (i.e. 

FTR). Using audited MSTCVS data, we compared the rates of complications and FTR in 

cardiac surgery across hospitals, with a particular focus on 17 major complications.

Reddy et al. Page 2

Ann Thorac Surg. Author manuscript; available in PMC 2015 April 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Patients and Methods

Data Source

The MSTCVS Quality Collaborative is a multidisciplinary group consisting of all 33 

hospitals that perform adult cardiac surgery in the state of Michigan. All programs use the 

Society of Thoracic Surgeons (STS) data collection form and submit data on a quarterly 

basis to both the STS database and the MSTCVS collaborative warehouse with state-specific 

data fields including phase of care mortality analysis (POCMA). Data collected include 

perioperative, operative, and outcomes data on all patients undergoing cardiac surgery at all 

33 participating hospitals. Data managers meet quarterly for ongoing education and training 

in data abstraction and outcomes reporting. In addition, there are scheduled conference calls 

and web-based seminars that focus specifically on issues related to institutional quality 

initiatives or data definitions. Yearly data audits are performed to enhance reliability.

Data Definitions

We defined operative mortality as (1) all deaths occurring during the hospital period in 

which the operation was performed; and (2) those deaths occurring after hospital discharge, 

but within 30 days of the procedure. Failure to rescue (FTR), as previously described, was 

defined as operative mortality after suffering a complication [5]. Seventeen complications 

were examined: multi-system organ failure (MSOF), coma, cardiac arrest, renal dialysis, 

sepsis, anticoagulation event, gastrointestinal event, intensive care unit (ICU) readmission, 

prolonged ventilation, reoperation for bleeding, pneumonia, stroke, cardiac tamponade, 

pulmonary embolism, deep sternal wound infection, heart block, and aortic dissection.

Study Population

We analyzed a total of 45,904 patients who underwent any cardiac surgery procedure from 

2006 to 2010 at the 33 participating MSTCVS hospitals that had a STS predicted risk of 

mortality (76% of all patients). The STS risk model for predicted mortality has been 

described previously and was most recently updated in 2008 [9–11]. Procedures included 

isolated coronary artery bypass grafting (CABG) surgery, isolated aortic valve replacement 

(AVR), isolated mitral valve replacement (MVR), AVR plus CABG, MVR plus CABG, 

mitral valve repair, and mitral valve repair plus CABG.

Statistical Analysis

Study variables were described using standard summary statistics. Outcomes were 

calculated at the hospital level, including operative mortality rate (number of total operative 

deaths divided by number of total patients), complication rate (number of patients with any 

of the 17 post-operative complications described divided by number of total patients), and 

FTR rate (number of deaths in those with any of the 17 post-operative complications divided 

by number of total patients with any of the 17 post-operative complications). Predicted 

mortality probabilities were summed at each hospital to estimate the expected number of 

deaths. We then calculated the ratio of observed-to-expected (O/E) deaths for each hospital. 

Hospitals were then ranked according to these O/E ratios and divided into three equal-sized 

groups (tertiles). The low-mortality group included those sites whose O/E ratios were 0.23 – 
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0.77, the medium-mortality group was 0.77 – 0.96, and the high-mortality group was 0.96 – 

1.56. We next compared the complication rates and FTR rates across these tertiles of 

mortality. To determine whether specific complications had different rates of FTR, we 

calculated a FTR rate for each specific complication. Statistical analyses were carried out 

using SAS 9.3 (SAS Institute, Cary, NC).

Results

Descriptive statistics are shown in Table 1. The low mortality hospitals treated a higher 

proportion of males and Caucasians. Less patients in the low mortality hospitals had 

diabetes, renal failure, hypertension, chronic lung disease, peripheral vascular disease, prior 

stroke, and were on immunosuppression. More patients in the low mortality hospitals had no 

previous history of myocardial infarction. Interestingly, there were more patients in the low 

mortality hospitals that underwent isolated valve and CABG plus valve surgery and less 

isolated CABG patients than the medium mortality and high mortality groups. All these 

factors were accounted for in the STS risk prediction model, and hospitals were ranked 

according to their observed-to-expected mortality ratios.

The overall unadjusted mortality was 2.6% and varied by a factor of 2.4 across the hospital 

tertiles, from 1.5% in the low-mortality group to 3.6% in the high-mortality group (p<0.001) 

(Figure 2). The overall complication rates between the three groups were significantly 

different (19.1 vs. 21.3% vs. 22.9%, p<0.001). While the complication rates between the 

three groups had a significant p value, the percentage differences were small supporting the 

fact that reaching statistical significance does not equal a clinically significant difference. 

However, the failure-to-rescue rate was markedly elevated in hospitals with higher overall 

mortality. Patients treated at high-mortality hospitals had greater than two times the 

likelihood of death after developing a complication when compared to patients treated at 

low-mortality hospitals (13.5% vs. 6.6%, p<0.001).

The FTR rate was significantly better in the low-mortality group for the majority (11 of 17) 

of complications (Table 2). The largest differences in FTR between high-mortality and low-

mortality hospitals were observed in patients with cardiac arrest (62.2% vs 38.2%, p<0.001), 

renal dialysis (40.7% vs. 24.6%, p<0.001), prolonged ventilation (15.6% vs. 8.6%, 

p<0.001), and pneumonia (20.1% vs 7.6%, p<0.001). There were no statistically significant 

differences in FTR for six complications: stroke, tamponade, pulmonary embolism, deep 

space wound infection, heart block, and aortic dissection.

Comment

The results of this study help explain the variation in mortality rates between hospitals. 

There was a 2.4-fold difference in mortality between the low-mortality hospitals and high-

mortality hospitals. The incidence of complications, though different between these 

hospitals, varied to a much smaller extent. However, the rates of failure to rescue varied 

markedly between high-performing and low-performing hospitals. These data suggest that 

while patients at low-mortality hospitals suffer fewer complications than high-mortality 
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hospitals, what truly distinguishes these high-performing hospitals is their superior ability to 

recognize and rescue patients from complications that arise after cardiac surgery procedures.

Our results are consistent with a growing body of evidence that supports “failure to rescue” 

as a major mechanism explaining variation in hospital mortality rates among hospitals. 

Failure to rescue was first popularized by Silber and colleagues [4] and validated in surgical 

patient populations by multiple subsequent analyses. Ghaferi and colleagues [5] studied 

84,370 patients who had undergone general or vascular surgery from 2005 to 2007 using 

data from the American College of Surgeons National Surgical Quality Improvement 

Program and found similar rates of postoperative complications between high mortality and 

low mortality centers, but a drastically different rate of failure to rescue in high-performing 

versus low-performing hospitals (6.8% vs. 16.7%). An analysis of Medicare beneficiaries 

undergoing 6 major operations that included CABG, AVR, and MVR yielded similar 

results; complication rates were similar at worst (bottom 20%) and best (top 20%) hospitals, 

but FTR rates were much higher at worst compared with best hospitals (16.7% vs. 6.8%) [3]. 

Breakdown into individual operations revealed slight differences in complication rates 

between the best and worst hospitals and markedly different rates in FTR. Analyses in 

pediatric heart surgery patients with the STS Congenital Heart Surgery Database [7] and 

trauma patients using the National Trauma Databank [6] also reveal similar complication 

rates and drastically different FTR rates among high-performing and low-performing 

hospitals. Our study is the first study to our knowledge that examines the adult cardiac 

surgery patient population using a prospectively-collected clinical database, ensuring both 

adequate risk adjustment using a well-validated model and accurate ascertainment of 

postoperative complications.

Our study has several limitations. First, our analysis was limited to MSTCVS hospitals, 

which may not be representative of all hospitals in the United States. However, the 

MSTCVS consists of all hospitals in Michigan that perform cardiac surgery, and rates of 

mortality and complications are similar to like hospitals in STS national data [12] and failure 

to rescue analysis is similar to previous analysis of the national Medicare population [3]. 

Second, the database does not capture every possible postoperative complication. Therefore, 

we may have underestimated the degree to which other uncaptured complications varied 

across hospitals. However, greater than 85% of deaths were preceded by at least one of the 

complications captured in the database. In addition, in this analysis, we examined the 

correlation between hospital mortality and FTR; however, surgical mortality rankings alone 

are limited in their ability to evaluate overall hospital quality due to small sample sizes for 

certain operations. It may be that a composite measure of various factors may be more 

reliable in predicting surgical mortality [13–15].

The factors underlying failure to rescue have yet to be fully elucidated; however, Silber and 

colleagues demonstrated that while complication rates were associated primarily with 

patient characteristics, failure to rescue was associated more with hospital characteristics [4]. 

Hospital characteristics that have been associated with low FTR rates in pancreatectomy 

patients include teaching status, hospital size greater than 200 beds, average daily census 

greater than 50% capacity, increased nurse-to-patient ratios, and high hospital technology 

[16]. Aiken and colleagues demonstrated that each additional patient per nurse was 
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associated with a 7% increase in the odds of failure to rescue [17]. Nurse education, 

communication, job satisfaction, and burnout have all been implicated as factors 

contributing to failure to rescue [18]. Ghaferi and colleagues categorized contributors to 

FTR into two broad classes: timely recognition of a complication and effective management 

[5]. To address the latter, rapid response teams and increasing ICU physician staffing ratios 

have been trialed, however retrospective data exist to support the observation that there is 

still a lack of early recognition of complications [19]. Still more work needs to be done to 

better understand the mechanisms underlying failure to rescue. Pronovost and colleagues 

showed an association between physician staffing levels in the ICU and patient mortality 

[20]. To that effect, in follow-up of this analysis of our data, we have sent a detailed 

questionnaire to each of the 33 participating MSTCVS hospitals to better understand the 

hospital structures and processes in place in the operating rooms and ICUs at each 

institution.

Conclusions

This study suggests that the variation in mortality rates among hospitals is largely 

attributable to the marked differences in mortality after complications among hospitals. Low 

mortality hospitals are better able to recognize and treat life-threatening complications. 

Further characterization of hospital structures and processes is needed to better understand 

the variation in failure to rescue rates between hospitals.
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Figure 1. 
Phase of Care Mortality Analysis (POCMA) Profile 2006 – 2010

ICU = Intensive Care Unit Phase; Intra-op = Intra-operative Phase; Pre-op = Preoperative 

Phase
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Figure 2. 
Rates of Mortality, Complications and Failure to Rescue (2006–2010)

O/E = Observed Over Expected Mortality Group
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Table 1

Demographics and Clinical Characteristics of Patients, Stratified by Hospital Tertile of Mortality

Variable Low
Mortality
(N=15842)

Medium
Mortality
(N=14181)

High
Mortality
(N=15881)

p value

Demographics

Age (yr), median 66.00 66.00 66.00 1.000

Male sex (%) 70.5% 69.1% 68.2% < 0.001

Non-white race (%) 3.5% 4.3% 5.8% < 0.001

Risk Factors

Diabetes mellitus (%) 36.2% 39.3% 38.0% < 0.001

Dialysis (%) 2.2% 2.1% 3.2% < 0.001

Hypertension (%) 81.7% 84.6% 86.0% < 0.001

Chronic lung disease

  None 81.3% 76.8% 77.7%

  Mild 11.3% 14.4% 13.9% < 0.001

  Moderate 4.8% 4.7% 5.1%

  Severe 2.5% 4.2% 3.3%

Immunosuppressive therapy (%) 2.3% 2.6% 4.6% < 0.001

Peripheral vascular disease (%) 14.5% 15.4% 16.9% < 0.001

Prior cerebrovascular accident (%) 13.3% 15.3% 16.1% < 0.001

Previous Cardiovascular
Interventions

Previous CABG (%) 5.0% 4.5% 5.0% 0.080

Previous valve surgery (%) 2.1% 0.9% 1.7% < 0.001

Previous PCI (%) 22.3% 24.5% 25.0% < 0.001

Preoperative Cardiac Status

Previous myocardial infarction (%) 39.4% 45.1% 43.2% < 0.001

Congestive heart failure (%)

  NYHA Class I-III 12.0% 11.4% 13.0% < 0.001

  NYHA Class IV 6.8% 4.3% 7.4% <0.001

Hemodynamics and Catheterization
data

Three vessel coronary disease (%) 61.9% 64.9% 64.5% < 0.001

Ejection fraction (%), mean 51.8 51.0 51.4 < 0.001

Operative Characteristics

First cardiovascular surgery (%) 93.3% 94.7% 93.6% < 0.001

Elective status (%) 45.4% 38.7% 44.6% < 0.001

Procedure

Isolated CABG (%) 70.7% 79.9% 77.7% < 0.001

Isolated valve surgery (%) 16.6% 10.5% 12.6% < 0.001
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Variable Low
Mortality
(N=15842)

Medium
Mortality
(N=14181)

High
Mortality
(N=15881)

p value

CABG plus valve surgery (%) 12.8% 9.7% 9.7% < 0.001

Mortality

Expected mortality (%) 2.82 2.88 3.11 < 0.001

Observed-to-expected ratio 0.23–0.77 0.78–0.96 0.97–1.56 -

CABG=coronary artery bypass graft, PCI=previous cardiovascular intervention, MI=myocardial infarction, NYHA=New York Heart Association, 
CPR=cardiopulmonary resuscitation

Ann Thorac Surg. Author manuscript; available in PMC 2015 April 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Reddy et al. Page 12

T
ab

le
 2

In
ci

de
nc

e 
of

 M
or

ta
lit

y,
 C

om
pl

ic
at

io
ns

, a
nd

 F
ai

lu
re

-t
o-

R
es

cu
e,

 S
tr

at
if

ie
d 

by
 H

os
pi

ta
l T

er
til

e 
of

 M
or

ta
lit

y

M
or

ta
lit

y
M

or
ta

lit
y

L
ow

M
ed

iu
m

H
ig

h
O

dd
s 

R
at

io
H

ig
h 

vs
. L

ow
 M

or
ta

lit
y

(9
5%

 C
I)

L
ow

M
ed

iu
m

H
ig

h
O

dd
s 

R
at

io
H

ig
h 

vs
. L

ow
 M

or
ta

lit
y

(9
5%

 C
I)

V
ar

ia
bl

e

In
ci

de
nc

e 
of

 C
om

pl
ic

at
io

n
In

ci
de

nc
e 

of
 F

ai
lu

re
 t

o 
R

es
cu

e

P
er

ce
nt

 o
f p

at
ie

nt
s

P
er

ce
nt

 o
f p

at
ie

nt
s

O
ve

ra
ll 

(a
ny

 o
f 

17
 li

st
ed

)
19

.1
21

.3
22

.9
1.

26
 (

1.
19

, 1
.3

3)
6.

6
10

.4
13

.5
2.

21
 (

1.
86

, 2
.6

2)

M
ul

ti-
sy

st
em

 o
rg

an
 f

ai
lu

re
0.

2
0.

5
0.

8
3.

44
 (

2.
39

, 4
.9

7)
67

.6
83

.1
85

.8
2.

91
 (

1.
24

, 6
.8

0)

C
om

a
0.

3
0.

3
0.

5
1.

38
 (

0.
97

, 1
.9

8)
44

.2
70

.7
72

.2
3.

28
 (

1.
55

, 6
.9

5)

C
ar

di
ac

 a
rr

es
t

1.
5

1.
9

2.
4

1.
60

 (
1.

36
, 1

.8
8)

38
.2

52
.6

62
.2

2.
65

 (
1.

89
, 3

.7
1)

R
en

al
 d

ia
ly

si
s

1.
5

1.
6

1.
7

1.
13

 (
0.

95
, 1

.3
5)

24
.6

30
.6

40
.7

2.
11

 (
1.

43
, 3

.1
0)

Se
ps

is
0.

8
1.

1
1.

6
1.

93
 (

1.
56

, 2
.3

8)
20

.3
26

.9
33

.7
2.

00
 (

1.
22

, 3
.2

8)

A
nt

ic
oa

gu
la

tio
n 

E
ve

nt
0.

6
0.

7
0.

9
1.

50
 (

1.
15

, 1
.9

5)
15

.4
23

.5
30

.9
2.

46
 (

1.
25

, 4
.8

3)

G
as

tr
oi

nt
es

tin
al

 E
ve

nt
2.

5
2.

8
2.

8
1.

13
 (

0.
98

, 1
.3

0)
11

.0
14

.7
19

.3
1.

93
 (

1.
30

, 2
.8

7)

IC
U

 r
ea

dm
is

si
on

2.
8

3.
4

3.
4

1.
20

 (
1.

06
, 1

.3
7)

8.
3

15
.4

15
.1

1.
97

 (
1.

31
, 2

.9
8)

Pr
ol

on
ge

d 
ve

nt
ila

tio
n

11
.8

13
.0

14
.9

1.
31

 (
1.

22
, 1

.3
9)

8.
6

13
.3

15
.6

1.
95

 (
1.

61
, 2

.2
8)

R
eo

pe
ra

tio
n 

fo
r 

bl
ee

di
ng

2.
6

2.
7

2.
8

1.
09

 (
0.

95
, 1

.2
5)

7.
7

11
.7

14
.8

2.
09

 (
1.

33
, 3

.2
8)

Pn
eu

m
on

ia
3.

1
4.

7
4.

5
1.

46
 (

1.
30

, 1
.6

3)
7.

6
10

.9
20

.1
3.

05
 (

2.
09

, 4
.4

5)

St
ro

ke
1.

2
1.

3
1.

6
1.

34
 (

1.
11

, 1
.6

2)
18

.0
21

.0
24

.5
1.

49
 (

0.
94

, 2
.3

6)

T
am

po
na

de
0.

5
0.

4
0.

3
0.

60
 (

0.
35

, 1
.0

4)
21

.2
36

.0
38

.1
2.

29
 (

0.
68

, 7
.6

9)

Pu
lm

on
ar

y 
em

bo
lis

m
0.

2
0.

1
0.

2
1.

26
 (

0.
78

, 2
04

)
6.

7
10

.5
15

.8
2.

63
 (

0.
49

, 1
4.

07
)

D
ee

p 
st

er
na

l w
ou

nd
 in

fe
ct

io
n

0.
6

0.
4

0.
7

1.
20

 (
0.

92
, 1

.5
7)

10
.2

8.
0

10
.2

1.
00

 (
0.

41
, 2

.4
2)

H
ea

rt
 b

lo
ck

1.
5

1.
6

1.
4

0.
96

 (
0.

80
, 1

.1
5)

3.
5

4.
9

5.
8

1.
73

 (
0.

70
, 4

.2
7)

A
or

tic
 d

is
se

ct
io

n
0.

03
0.

02
0.

04
1.

75
 (

0.
51

, 5
.9

7)
25

.0
0.

0
42

.9
2.

25
 (

0.
15

, 3
3.

93
)

Ann Thorac Surg. Author manuscript; available in PMC 2015 April 15.


