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Abstract

Background: Despite the increased acceptance of failure-to-rescue (FTR) as an important patient safety indicator (defined as
the percentage of deaths among surgical patients with treatable complications), there has not been any large
epidemiological study reporting FTR in an Australian setting nor any evaluation on its suitability as a performance indicator.

Methods: We conducted a population-based study on elective surgical patients from 82 public acute hospitals in New
South Wales, Australia between 2002 and 2009, exploring the trends and variations in rates of hospital complications, FTR
and 30-day mortality. We used Poisson regression models to derive relative risk ratios (RRs) after adjusting for a range of
patient and hospital characteristics.

Results: The average rates of complications, FTR and 30-day mortality were 13.8 per 1000 admissions, 14.1% and 6.1 per
1000 admission, respectively. The rates of complications and 30-day mortality were stable throughout the study period
however there was a significant decrease in FTR rate after 2006, coinciding with the establishment of national and state-
level peak patient safety agencies. There were marked variations in the three rates within the top 20% of hospitals (best)
and bottom 20% of hospitals (worst) for each of the four peer-hospital groups. The group comprising the largest volume
hospitals (principal referral/teaching hospitals) had a significantly higher rate of FTR in comparison to the other three groups
of smaller-sized peer hospital groups (RR=0.78, 0.57, and 0.61, respectively). Adjusted rates of complications, FTR and 30-
day mortality varied widely for individual surgical procedures between the best and worst quintile hospitals within the
principal referral hospital group.

Conclusions: The decrease in FTR rate over the study period appears to be associated with a wide range of patient safety
programs. The marked variations in the three rates between- and within- peer hospital groups highlight the potential for
further quality improvement intervention opportunities.
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Introduction pneumonia, sepsis, shock (and/or cardiac arrest), and gastrointes-
tinal bleeding (and/or ulcer) [3]. Given the growing recognition of
rapid response systems (RRS) for the timely identification and
response to in-hospital deteriorating patients, the term of FTR is
potentially preventable deaths after surgical complications. The also used for evaluating the effectiveness of RRSs [4,5]. In this
concept has been used in the United States (US) as a nursing context, the measure of 'TR can estimate the entire organization’s
sensitive indicator by the National Quality Forum [2] and a ability to prevent avoidable complications such as unexpected
patient safety indicator (PSI) by the Agency for Healthcare cardiac arrest and related deaths for all hospital patients, not just
Research and Quality (AHRQ) [3]. While the original concept of surgical patients [3,6-8]. Over the past decade, FTR has been
FTR covered a wide range of surgical complications, the AHRQ — yidely used as one of seventeen patient safety indicators developed

The concept of failure-to-rescue (FT'R) was first coined by Silber
and colleagues in 1992 [1] with the intention of measuring

definition focused on surgical patients who developed at least one by AHRQ for quality measurement and hospital comparison
of six complications during hospitalisation as one of its PSIs: acute purposes [9-14]. Failure to achieve such targets also carries
renal failure, deep vein thrombosis (and/or pulmonary embolism), financial consequences [15]. In the US, the incidence of TR was
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the most common PSI accounting for 16.9% of the total number
of hospital incidents [10].

Despite the widespread recognition of problems occurring in
patient safety, and the plethora of quality improvement initiatives
implemented, the progress in patient safety improvement remains
slow [16-18]. There is still a need for universally accepted patient
safety indicators for evaluating quality improvement programs,
reporting health system performance and building a self-learning
health-care system [16,17]. In contrast to the US, however, there
is no published research or formal reporting of FTR in Australia,
or attempts to correlate FTR with other estimates of patient safety.

Thus, the aims of this study were to 1) explore trends in the rates
of complications, FITR and 30-day mortality in acute public
hospitals in New South Wales (NSW), Australia, between 2002—
2009; and, 2) estimate the variations in such rates among all NSW
hospitals and between the bottom 20% of hospitals (worst
outcomes) and top 20% of hospitals (best outcomes) by peer
hospital groups.

Methods

Data Source

We conducted this study using data from the NSW Admitted
Patient Data Collection (APDC). The APDC is administrated by
the NSW Ministry of Health as a census of all admitted patient
services provided by NSW public and private healthcare facilities.
The APDC includes information on patient demographics,
medical conditions and procedures, hospital characteristics, and
separations (discharges, transfers and deaths) from all public and
private hospitals, as well as day procedure centres. The medical
records for each episode of care in the APDC were assigned with
codes based on the International Statistical Classification of
Diseases and Related Health Problems, Tenth Revision, Austra-
lian Modification ICD-10-AM) [19]. NSW has implemented the
ICD-10-AM since 1998 and each public hospital has certified and
trained coders following standardised procedures to extract the
information from medical records. Surgical patient records for any
of the six AHRQ-defined FTR complications (acute renal failure,
deep vein thrombosis [and/or pulmonary embolism], pneumonia,
sepsis, shock [and/or cardiac arrest], and gastrointestinal bleeding
[and/or ulcer]) were subsequently identified.

Study Population

Our study included the data from 82 public acute care hospitals
in NSW between 1* January 2002 and 31* December 2009,
excluding two children’s hospitals. We defined the study popula-
tion by using the inclusion criteria for FTR developed by the
AHRQ [3]. Elective surgical patients aged 18 years or over were
identified through the source of admission code, procedure code
and procedure date for an operation. Patients who had a principal
procedure within two days of admission were included in the
study. We excluded those who were 90 years or older, those who
were transferred to an acute hospital, and those with missing data
in discharge status, gender, age, year, or principal diagnosis. The
selected data from the APDC were linked to the NSW Registry of
Births, Deaths and Marriages data, which includes all death
records in NSW, in order to identify those patients who died after
discharge but within 30 days of admission. The way in which the
study population was derived is presented in Figure 1. This study
was approved by the NSW Population & Health Services
Research Ethics Committee (LNR/11/CIPHS/64).

Study Outcomes
Three study outcomes were measured as rates of:
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1. In-hospital surgical complications: defined as all surgical
admission patients who developed at least one of the six
complications as per AHRQ definition. We then translated the
1CD-9-CM based AHRQ) definition using the ICD-10-AM codes
developed by the Victorian Health Department [20]. The six
complications were based on 54 secondary diagnostic codes in the
APDC;

2. Failure to Rescue: defined as deaths during hospitalisation in
surgical patients who developed at least one of the six
complications as listed above;

3. 30-day mortality: defined as deaths within 30 days of all surgical
admissions, including deaths after hospital discharge.

We used 30-day mortality instead of in-hospital mortality as the
outcome measure given the report that 30-day mortality could
remove the bias introduced by in-hospital mortality in hospitals
with a shorter length of stay [21]. Both 30-day hospital mortality
and in-hospital complication rates were presented as incidence per
1,000 admissions within each year between 2002 and 2009,
inclusively.

Patient Demographic and Hospital Characteristics

Patient demographic information included age, gender, country
of birth, marital status, major principal diagnostic diseases, and
advantage and disadvantage index scores of Socio-Economic
Indices For Areas (SEIFA) [22]. We categorised the SEIFA scores
into four classes (1 quartile = most disadvantaged arcas and 4™
quartile = most advantaged areas) representing patient socio-
economic position. Principal diagnostic diseases included ten
conditions which were the most common diseases or serious
conditions as defined by lezzoni and colleagues [23]. These ten
conditions were identified through principal diagnostic coding
(ICD-10-AM) at admission using the methodology developed by
Quan et al.[24].

Hospital characteristics included the local health district
(metropolitan, rural and regional NSW), peer group (Al: principal
referral, usually teaching hospitals; A3: ungrouped acute; B: major
metropolitan and non-metropolitan; C1: district group 1; and, C2:
district group 2), and major procedure group. Peer hospital groups
are divided into those of similar type and size, ranging from
treating 25,000 or more acute case-mix weighted separations per
annum in the principal referral group through to treating 2,000 or
more (but less than 5,000) acute case-mix weighted separations per
annum in district group 2 [25]. Using appropriate procedure codes
from ICD-10-AM (Appendix S1), we defined six groups of major
surgical procedures including coronary-artery bypass graft
(CABG), abdominal aortic aneurysm (AAA) repair, total hip
replacement, total knee replacement, cholecystectomy, and other
surgical procedures.

Statistical Analysis

We used linear regression to test mean differences between the
years for continuous variables, and multinomial logistic regression
for categorical variables. The interaction effect was tested between
years and some of the characteristic variables such as age group,
gender, local health district, and peer hospital group. If any test
was statistically significant, we then stratified the results by either
the characteristic variable or the calendar year of admission.
Poisson regression models were performed to directly evaluate
adjusted risk ratios (RR) for outcome variables using the calendar
years as indicator variables, with 2002 as the reference year. We
also examined quadratic time trends of the outcomes in the
bivariate and adjusted analysis, using calendar year as a
continuous variable. The risk factors in the model were patient
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6,825,134 were excluded (6,812,532
were from private and other health care

facilities, 12,597 were duplicates, 5
were invalid data due to input errors)

4,362,659 had elective surgical
procedure within 2 days of
admission, and aged between 18-
89 vears.

\ 4
9,221,138 from 82 public acute
hospitals in NSW
4,858,479 were excluded because the
cases did not meet the inclusion
criteria (831,311 missed procedure
date)
A 4

35 were excluded due to nussing data on

gender

A 4
4,362,624 episodes at 84 hospitals
were included 1n the final study
population

y

A

A

60,092 developed at least one of six
complications

4,302,532 did not have complications

Figure 1. Flow chart illustrating the derivation of the study population.

doi:10.1371/journal.pone.0096164.g001

demographic and hospital characteristics. We examined the
Elixhauser and the Charlson Index comorbidities based on the
ICD-10 coding scheme in the preliminary analyses [24]. We did
not include the Elixhauser and Charlson Index score in the
adjusted analysis given the recent report on the potential bias
introduced by these methods [26-28]. Hospitals were ranked by
the quintile of complication, FTR or 30-day mortality outcomes,
and we compared the three outcomes between the best and worst
20% hospitals within a specific peer hospital group. We also
examined variations in all three outcomes for the six groups of
surgical procedures within the principal referral (or teaching
hospital) group because most of the major surgical procedures
were performed in teaching hospitals.

We used the Huber/White/Sandwich estimator in all statistical
analyses to account for hospital clustering effect [29]. Statistical
significance was calculated with 95% confidence intervals (Cls)
and all analyses were performed using STATA 12 (StataCorp.
College Station, TX).

PLOS ONE | www.plosone.org

Results

Hospital and Patient Characteristics Over the Study
Period

A total of 4,362,624 elective surgical admissions between 2002
and 2009 were included in the analysis (T'able 1). Gender was split
evenly (P=0.15). The average age between 2002 and 2009
increased from 55.9 to 58.2 years old (P<<0.001). Over the study
period, there was an increase in the average age of: those in the
oldest age group (>75 years) (P<<0.001); Asia-born patients
(P=0.01); patients living in disadvantaged areas (lower SEIFA
score); and, patients admitted for: congestive heart failure (P<
0.001), anaemia (P=0.01), and chronic pulmonary disease
(P=0.05).

Crude and Adjusted Rates of Complications, FTR and 30-
day Mortality

Between 2002 and 2009, there were 60,092 surgical admissions
(13.8 per 1,000 episodes) suffering at least one of the six
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complications after surgery, showing an unchanged trend across
the study period (P=0.19) (Table 2, Figure 2). During the same
period, there were 8,446 (14.1%) deaths (FI'R) related to those six
complications during hospitalisation. The FIR rate showed a
significant quadratic trend over the study period (P: linear =0.012,
quadratic = 0.005), increasing from 2002 to 2006 and then
decreasing to 2009. The average incidence rate of 30-day
mortality was 6.1 per 1,000 episodes, remaining stable over the
study period (p = 0.28).

Adjusted complication rates over the eight-year period in-
creased significantly for CABG only (P=0.03) (Figure 3, a).
Adjusted FTR rates fluctuated for CABG, AAA repair, total hip
replacement, total knee replacement, cholecystectomy. However,
the rates for the group of other surgery showed a quadratic trend
with an initial increase between 2002 and 2006 followed by a
decrease between 2006 and 2009 (P: linear =0.012; quadrat-
ic=0.005) (Figure 3, ¢ and d). The adjusted rates of 30-day
mortality significantly decreased for AAA repair (P=0.049) and
significantly increased for total hip replacement (P =0.041). The
rates were however, steady for other four groups during the same
period (Figure 3, e and f).

Variation of Patient Outcomes between and within Peer
Hospital Groups

The incidence rates of all outcomes significantly varied between
the best and worst quintile hospitals within each peer group
(Table 3). There was a more than ten-fold difference in 30-day
mortality incidence rates between best and worst quintile hospitals
for district group 1 (2.0 vs 23.0 per 1,000 admissions; adjusted
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RR=13.9,95% CI: 4.27-45.49). Similarly, there was a more than
six-fold difference in complication rates between the best and
worst quintile hospitals for district group 2 (3.1 vs 18.8 per 1,000
admissions; adjusted RR =6.4, 95% CI: 3.03-13.33). Compared
to other hospital groups, district group 2 had the largest observed
difference of FTR between the best and worst quintile hospitals
(1.7 vs 21.8 per 1,000 admissions; adjusted RR=8.1, 95% CI:
4.45-14.72). Principal referral hospitals had the smallest incidence
ranges for all outcomes with a=2.5-fold difference between the
bottom and best quintiles. The variations in the rates of
complications and 30-day mortality across peer groups were not
statistically significant. However, compared to the principal
referral hospital group, smaller hospitals, such as major metro-
politan and non-metropolitan (RR=0.78, 95% CI: 0.60-0.99),
district group 1 (RR=10.57, 95% CI: 0.34-0.94) and district group
2 (RR=0.61, 95% CI 0.41-0.90) had a lower FTR rate.

There were also significant variations in rates of complications,
FTR, and 30-day mortality between the worst and best quintiles
for each of the six surgical procedures (Table 4). The adjusted RR
ranged from 1.9 to 3.4 for complications, from 2.2 to + for FTR,
and from 2.4 to +% for 30-day mortality. AAA repair surgery
resulted in the highest rates in all three outcomes: complications
(114.7 per 1,000 admissions), FTR (23.1%), and 30-day mortality
(47.7 per 1,000 admissions). The largest variations in FTR and 30-
day mortality emerged for three common procedures (i.e. hip
replacement: 0 vs 15.8% and 0 vs 19.7 per 1,000 admissions; knee
replacement: 0 vs 17.2% and 0 vs 9.6 per 1,000 admissions; and,
cholecystectomy: 0 vs 42.3% and 0.3 vs 5.2 per 1,000 admissions).
On average, patients undergoing cholecystectomy had the lowest
rate of complications (8.9 per 1,000 admissions), but had the

Table 3. Crude incidence rates of complications, failure-to-rescue and 30-day mortality between the ‘best’ (top quintile) and
‘worst’ (bottom quintile) peer hospital group and adjusted risk ratio (RR) for the worst versus best, from 2002-2009.

Complications

Failure-to-rescue 30-day mortality

Adjusted RR (95% Cl)

Major metro- and non-metropolitan (n=22)

Adjusted RR (95% Cl)
District group 1 (n=13)

Adjusted RR (95% Cl)
District group 2 (n=30)

Adjusted RR (95% Cl)

1.8 (1.38-2.35)**

Average 16.9
Best 8.1
Worst 311

5.3 (3.30-8.52)**

Average 12.2
Best 5.9
Worst 273

5.4 (5.20-5.61)**

Average 10
Best 3.1
Worst 18.8

6.4 (3.03-13.33)**

2.3 (1.90-2.88)**

13

7.1

18.1

2.5 (1.89-3.41)**

9.2

4

18

6.0 (3.47-10.47)**

10.2

1.7

218

8.1 (4.45-14.72)**

(per 1000 admissions) (%) (per 1000 admissions)
Principal referral (n=14)
Average 13 15.5 5.2
Best 9.5 8.7 28
Worst 17.7 21.2 7.8

2.5 (1.57-3.98)**

7

22

134

8.4 (4.38-16.16)**

6.2

2

23

13.9 (4.27-45.49)**

5.6

1.5

13.7

7.1 (4.77-10.44)**

doi:10.1371/journal.pone.0096164.t003
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Note: **P=0.01. We excluded ungrouped acute hospitals (A3) as there were only three hospitals and they were extremely different hospital types.
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3.9 (2.60-5.96)**

47.7 25.0 90.2
29
1.5

2.0
5.2

3.7 (2.28-6.02)**

341

9.6

23.1
6.1

3.4 (1.87-1.14)**
1.9

2346
53.6
85.1

76.6

114.7
276

3,626)

AAA repair (n

+oo

19.7
9.6

+00

15.8

3.2 (3.05-3.34))**

16.3

8.959)

Hip replacement (n

+00

+00

17.2
423

2.5 (2.03-3.05)**

26.4
4.6

47.2
8.9

Knee replacement (n=13,383)

19.1 (8.00-45.81)**
2.6 (1.60-4.10)**

52
7.8

0.3

+00

2.7 (1.64-4.30)** 17.7

16.9
16.7

Cholecystectomy (n=15,799)

Other (n

2.8

2.2 (1.81-2.71)**

21.2

15.8 9.3

2.5 (2.04-3.02)**

87

123

2,313,491)

Note: *P=0.05;

Coronary Artery Bypass Graft; AAA repair = Abdominal Aortic Aneurysm repair.

doi:10.1371/journal.pone.0096164.t004

**P=0.01. CABG
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second highest rate of TR (17.7%). Total knee replacement
surgery resulted in the lowest rates of both FTR (1.9%) and 30-day
mortality (1.5 per 1000 admissions), with a complication rate
ranked in the middle of the six groups of procedures.

Discussion

We conducted a population-based study investigating trends
and variations in the rates of surgical complications, F'I'R and 30-
day mortality among all public acute hospitals in NSW, Australia
over an 8-year period. We found that approximately 14 per 1000
hospital elective surgical admissions experienced at least one of six
complications showing a stable incidence rate occurrence between
2002 and 2009. On average, around 14% of patients who had one
of the six complications died during their hospital stay, accounting
for 38% of all surgical hospital deaths. The rate of FTR increased
between 2002 and 2006 then decreased afterwards. The rate of
30-day mortality was 6 per 1000 admissions and relatively stable
between 2002 and 2009. Moreover, we found significant variations
in the difference in the rates of complications, FTR and 30-day
mortality between the best and worst quintile hospitals within each
peer hospital group. The principal referral hospitals had a
significantly higher overall rate of FTR in comparison to other
peer hospital groups. We also found that there were modest
variations in complication rates but marked significant differences
in the rates of FTR and 30-day mortality across the six groups of
surgical procedures between the best and the worst hospitals in the
principal referral group.

To date, our study is the first in Australia to investigate trends
and variations in the rates of surgical complications, I'I'R and 30-
day mortality across all NSW public acute hospitals. The most
recently published US benchmark data [30] reported an overall
FTR rate of 11.9%, with a range of 6% for patients in the 18-39
years group and 12.1% in the 75+ years group, using the 2010
Healthcare Cost and Utilisation Project (HCUP) data. A recent
large study [31] in the United Kingdom (UK) using the National
Health Services (NHS) Commissioning Data Sets (CDS; 1997—
2009), which included 146 hospital trusts and all (over 66 million)
surgical admissions, reported a 9.1% FTR and 3.8% complication
rate. Moreover, the UK study reported that the FIR rate was
relatively stable during the study period but the complication rate
increased from 3.6% in 1997-1998 to 4.2% in 2008—2009; three
times as high as the complication rate reported in our study
(1.4%). The UK study also reports that patients aged 75+ years
had a 20.6% FTR rate. Another recent study [32] in the US found
that the complication rate was much higher in patients aged 65+
years, accounting for 32.7-36.4% of all complications. The
subsequent death rates after the complications varied from 6.8—
16.7% between the best and worst hospitals.

It should be noted that reported rates of complications, FTR
and 30-day mortality from individual centres are highly dependent
on the complication definition adopted [33,34], patient charac-
teristics and co-morbidities [33,35], surgical sub-specialties
[36,37], and features of the hospital [38,39]. For example, a
2002 Australian teaching hospital study found that 16.9% of
surgical patients suffered from at least one adverse event (very
broadly defined complications), and 7% of them died as a result of
an adverse event during their hospital stay [5].

Our study was consistent with those previously reported [32,40],
finding a large variability in F'T'R rates between the best and worst
performing hospitals. However, our results indicate that large
volume hospitals (i.e. principal referral) had a higher FI'R rate
compared to other peer hospital groups (low volume hospitals).
This is in contrast to the reports of an association between high
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patient volume and better I'TR outcome [41-43], but supports the
findings that the volume-outcome relationship may be confounded
by many other factors such as the level of nurse staffing [44],
patient insurance status [45], severity of illness [33], level of ICU
[46], and overall staffing level of the hospital [47].

Despite the relatively stable rates of complications and 30-day
hospital mortality, the findings that FTR was increasing until 2006
and decreased afterwards has significant policy relevance. In
Australia, patient safety agencies such as the National Australian
Commission on Quality and Safety in Health Care and state-
based Clinical Excellence Commission (CEC) of NSW were
founded in 2006 and August 2004, respectively. Both agencies
launched a wide range of patient safety programs targeting the
quality of health care. For example, the Collaborating Hospitals’
Audit of Surgical Mortality (CHASM) which was implemented as
a systematic peer-reviewed audit of surgically-related deaths in
NSW and was reported as being beneficial to surgical practice
improvement and the reduction of deaths [48]. Other programs
initiated in NSW by the CEC, such as ‘Prevention of hospital-
acquired infections’, ‘Sepsis Kills campaign’, ‘Quality indicator
monitoring and public reporting’, ‘Clinical improvement and
leadership program’, and “Towards a safer culture’, may have also
contributed to the changes in FI'R rates seen in this study.

The increasing complication rates for CABG in our study were
possibly, in part, attributed to the fact that patients undergoing
CABG were getting older with more comorbidities. The recent
decrease in FTR rates among all surgical patients was especially
encouraging considering that older patients are associated with an
increased risk of FTR [5,49] and that the average patient age
undergoing elective surgery had increased over the past decade. It
is worth noting that the five individual surgical procedure groups
(i,e. CABG, AAA repair, total hip replacement, total knee
replacement, Cholecystectomy) did not exhibit the similar clear
trends of TR possibly due to the relatively small number of
operations (less than 3% of total surgical procedures done).
However, all other surgical procedures combined showed the same
quadratic trend.

In our study, the rates of complications, FTR and 30-day
mortality varied markedly between the best and worst quintile
hospitals in every peer hospital group, notably in district groups 1
and 2. The smallest variations in all three outcomes between best
and worst quintile occurred in principal referral hospitals,
suggesting fewer quality differences in those hospitals. The very
large variations in the three outcomes between best and worst
quintile of the district hospital groups suggests a greater need for
improvement of post-surgical care in smaller sized hospitals.
However, our study results also suggest that even within principal
referral hospitals, there were still marked variations in rates of
complications, FTR and 30-day mortality for the same surgical
procedure. In particular, such variations were more striking for
rates of FTR and 30-day mortality between the best and worst
quintile hospitals, suggesting that many patient lives could be
potentially saved should such variation be reduced in some degree.
For example, the adjusted RR of FTR rates for worst versus best
quintile were greater in our study compared with the variations for
the same surgery in the US (adjusted RR: 6.8 in our study vs 3.1 in
US study for CABG; 3.7 in our study vs 1.6 in US study for AAA
repair) [32,50]. The variations in 30-day mortality for high-risk
surgical procedures in our study were much higher than that
reported in the US (adjusted RR: 2.4 in our study vs 1.9 in US
study for CABG; 3.9 in our study vs 2.5 in US study for AAA
repair [50,51]. Moreover, the variations were greater for FIR
than that for 30-day mortality, suggesting that further attention to
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major surgical performance in relation to patient safety using FTR
as an indicator may be warranted in NSW.

Principal referral hospitals had a higher rate of FTR compared
to other peer hospital groups in our study, in contrast to previous
reports that large teaching hospitals provide better quality surgical
care and have lower mortality [42,43,52,53]. One possible reason
for this discrepancy could be that the case-mix, complexity and
severity of surgical patients in principal referral hospitals in NSW
are different from that of patients in other hospital groups (it is
common practice for other peer hospital groups to transfer
complex patients to principal referral hospitals). In addition, the
differences in case-mix may, to a lesser extent, contribute to the
differences between the best and worst hospitals within each peer
hospital group. This suggests that government agencies such as the
Bureau of Health Information of NSW and the National Health
Performance Authority should consider reporting the post-surgical
rates of complications, IR and 30-day mortality, benchmarked
within each peer hospital group with an appropriately tested risk-
adjustment strategy. Moreover, after particular high-risk surgical
procedures these rates may also be beneficial towards avoiding the
potential difficulties introduced by differences in case-mix between
different peer hospital groups.

Our findings that the rates of complications and 30-day
mortality were similar but FTR rates varied between different
peer hospital groups suggest that the F'IR rate may not be closely
associated with the overall mortality rate. The FTR rate reflects
the ability of a hospital to detect and provide appropriate care to
surgical patients after a complication has occurred. However, the
rate of complications can also be an important indicator of the
quality of care leading up to the complication(s). Despite the fact
that we analysed all six complications together, each may have
specific implications reflecting different aspects of care. For
example, the degree of success in controlling hospital-acquired
infection may, in part, contribute to the rate of sepsis. The high
rate of cardiac arrest could be due to the lack of an early detection
of deteriorating patients and rapid response system [54]. Similarly,
whilst a death after cardiac arrest is an indicator of failure-of-
rescue, the incidence rate of cardiac arrest in the first place is an
indicator of failure to prevent. Thus, the higher rate of sepsis or
cardiac arrest in a hospital may also reflect its preceding quality of
care, contradicting the arguments that complications were mostly
decided by patient characteristics rather than quality of care
[1,34]. A recent study in the US [55] showed that despite the rate
of FTR decreased over the study years, in five out of the seven
years there was a significant increase in patient safety indicators
directly associated with surgery: accidental puncture/laceration,
post-operative physiologic and metabolic derangement, post-
operative sepsis, post-operative pulmonary embolus or deep vein
thrombosis, and post-operative respiratory failure. The US authors
discussed the possibility that the reduced FTR could be due to the
increased use of Do Not Resuscitate (DNR) orders upon
admission, leading to a better selection of candidates for
resuscitation, better training of code teams, more rested resident
physicians, and perhaps the implementation of rapid response
teams [56] Therefore, it is important that the rates of complica-
tions and 30-day mortality should also be reported when
considering FTR rates.

Our study was the first population-based study of all public
acute hospitals, in the largest health jurisdiction in Australia, to
present the change in the rates of complications, FTR and 30-day
mortality among elective surgical patients. It adds weight to
findings from similar studies in the US and Europe [55,57,58].
The current study used administrative data based on the ICD-10-
AM which were extracted by certified professional coders based on
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standardised guidelines at each hospital, minimising potential
mvestigator biases. The analyses and methodology can be
repeated in the future at both a state and national level, offering
a means for tracking and benchmarking the performance of
surgical care among hospitals. Our study also had several
limitations. Firstly, this was an observational study and as a result,
no causality should be assumed among the relationships identified.
Secondly, our study did not explore changes in the pattern of
complication-specific postoperative mortality rates. Future analy-
ses may shed more light if each component of the complication
such as renal failure, sepsis, and shock/cardiac arrest is analysed
separately. Thirdly, despite the evidence that FIR is a robust
measure in showing a link between the key determinants of quality
of surgical care (such as nurse-patient ratio,
environment, hospital technology, hospital size and surgical
volume level) and patients outcomes, the sensitivity and specificity
of FTR may still be improved through the Present at Admission
(POA) coding which wasunavailable for the current study [2,59].

nurse work

Conclusion

Despite the relatively stable trends in the rates of complications
and 30-day mortality over the study period, the rate of FI'R has
decreased since 2006 after an initial upward trend since 2002,
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possibly due to the wide range of patient safety programs
introduced in NSW by peak patient safety agencies. The marked
variations in the three rates between the best and worst quintile
hospitals (among all peer hospital groups) highlight the opportu-
nity for further quality improvement. The significant difference in
FTR between each group of hospitals warrants further investiga-
tion. The potential of the three rates as a whole, among other
indicators, for use as surgical performance indicators and a
screening tool across Australia could be further explored. Further
research is needed to investigate the implications of different ways
for defining and identifying complications, and reporting compli-
cation- and procedure-specific postoperative mortality.
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