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Abstract

Objective—To determine the effect of hospital characteristics on failure to rescue after high-risk 

surgery in Medicare Beneficiaries.

Summary Background Data—Reducing failure to rescue events is a common quality target 

for U.S. hospitals. Little is known about which hospital characteristics influence this phenomenon 

and more importantly by how much.

Methods—We identified 1,945,802 Medicare beneficiaries undergoing one of six high-risk 

general or vascular operations between 2007-10. Using multilevel mixed-effects logistic 

regression modeling, we evaluated how failure to rescue rates were influenced by specific hospital 

characteristics previously associated with postsurgical outcomes. We used variance partitioning to 

determine the relative influence of patient and hospital characteristics on the between-hospital 

variability in failure to rescue rates.

Results—Failure to rescue rates varied up to 11-fold between very high and very low mortality 

hospitals. Comparing the highest and lowest mortality hospitals, we observed that teaching status 

(range: OR 1.08-1.54), high hospital technology (range: OR 1.08-1.58), increasing nurse-to-

patient ratio (range: OR 1.02-1.14), and presence of >20 ICU beds (range: OR 1.09-1.62) 

significantly influenced failure to rescue rates for all procedures. When taken together, hospital 

and patient characteristics accounted for 12% (lower extremity revascularization) to 57% 

(esophagectomy) of the observed variation in failure to rescue rates across hospitals.

Conclusions—While several hospital characteristics are associated with lower failure to rescue 

rates, these macro-system factors explain a small proportion of the variability between hospitals. 

This suggests that micro-system characteristics, such as hospital culture and safety climate, may 

play a larger role in improving a hospital's ability to manage postoperative complications.
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Introduction

In 2010, the National Quality Forum (NQF) formally endorsed failure to rescue as a quality 

measure for surgical care. It is now widely accepted as a principal driver of variation in 

postoperative mortality between hospitals.1, 2 Though its mechanisms are incompletely 

understood, national and regional surgical quality collaboratives are providing hospitals with 

their own data on failure to rescue as a means of facilitating safer care practices.3, 4 

Reporting within these collaboratives or publicly through efforts such as the Centers for 

Medicare and Medicaid Services (CMS) Value Based Purchasing Program (VBP) have 

made hospitals' data on surgical safety more accessible to patient and policymaker scrutiny.

The extent to which specific hospital characteristics influence failure to rescue is unclear. 

Several factors (e.g. lower nurse to patient ratios) are associated with lower failure to rescue 

rates in surgical patients.5-9 However, prior work is limited to single-center studies or those 

confined to specific patient populations.10-12 These current studies fail to answer two 

important questions. First, it is unclear how hospital characteristics influence outcomes for 

patients undergoing different operations within the same center. Second, the extent to which 

hospital characteristics contribute to the wide variation in failure to rescue rates across 

hospitals is not known. Understanding these issues is critical as hospitals determine whether 

augmenting available resources will be met with tangible improvements in surgical quality 

and safety.

Using national Medicare data, we sought to determine the influence of hospital 

characteristics on failure to rescue following common general and vascular surgery 

procedures. We then determined the relative effect of hospital characteristics on the 

between-hospital variation in failure to rescue, after adjusting for patient factors and 

procedural volume, to assess whether modifying these characteristics would significantly 

augment postoperative mortality.

Methods

Patient Population and Data Source

We used national data from the Medicare Provider Analysis and Review (MEDPAR) files 

for the years 2007 thru 2010. The Centers for Medicare & Medicaid Services (CMS) 

maintains this database using claims submitted by hospitals where Medicare beneficiaries 

receive care. Patient-level data includes age, sex, race, 29 Elixhauser comorbidities 

(principal and secondary diagnosis codes), procedural codes, 30-day morbidity and 

mortality, and information on length of hospital stay.13 We excluded patients under age 65 

or those with incomplete clinical data in the registry. We selected patients undergoing six 

common general or vascular surgical operations using International Classification of 

Disease, Ninth Revision, Clinical Modification (ICD-9-CM) codes. Specifically, we 

identified patients undergoing colectomy, pancreatectomy, esophagectomy, abdominal 

aortic aneurysm repair, lower-extremity revascularization, or lower extremity amputation. 

We combined general (colectomy, pancreatectomy, esophagectomy) and vascular (AAA 

repair, LE revascularization, LE amputation) operations in to two groups to improve 

generalizability of the results.
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Hospital Characteristics

Using the MEDPAR file claims data; we calculated the annual operative volume of each 

hospital using hospitals' unique Medicare Provider Identification numbers. Data on hospital 

structure and resources was derived from the American Hospital Association (AHA) Annual 

Survey Database. This data included hospital bed size and occupancy, annual inpatient 

surgical volumes, Council of Teaching Hospital status, intensive care unit (ICU) beds, nurse 

staffing, and hospital technology. We defined nurse-to-patient ratio as [nursing full-time 

equivalents (FTE) × 1,768 / adjusted patient days] as has been previously described.9 This 

method calculates the number of nurse hours per patient day and was treated as a continuous 

variable in all analyses. We dichotomized the remaining outcomes in the interest of 

improving generalizability. Hospital bed size greater than 200 beds was used to differentiate 

hospitals above and below the median for hospitals in our patient population. We calculated 

percent hospital occupancy as average daily census divided by the hospital bed size. This 

was dichotomized at greater than 50%.11 Similar to overall bed size, we calculated the total 

number of ICU beds in each hospital and dichotomized this variable at a median of greater 

than 20 beds. Finally, we defined hospital technology dichotomously as hospitals 

performing open heart surgery or solid organ transplantation.14 For all analyses, hospital 

characteristics and cut-points for dichotomizing were defined a priori.

Outcomes

Our primary outcomes for this analysis were 30-day mortality, major complications, and 

failure to rescue. Major complications were identified by ICD-9-CM codes for the following 

occurrence categories: pulmonary failure (518.81, 518.4, 518.5, 518.8), pneumonia (481, 

482.0–482.9, 483, 484, 485, 507.0), myocardial infarction (410.00–410.91), deep venous 

thrombosis/pulmonary embolism (415.1, 451.11, 451.19, 451.2, 451.81, 453.8), renal failure 

(584), surgical site infection (958.3, 998.3, 998.5, 998.59, 998.51), gastrointestinal bleeding 

(530.82, 531.00–531.21, 531.40, 531.41, 531.60, 531.61, 532.00–532.21, 532.40, 532.41, 

532.60, 532.61, 533.00–533.21, 533.40, 533.41, 533.60, 533.61, 534.00–534.21, 534.40, 

534.41, 534.60, 534.61, 535.01, 535.11, 535.21, 535.31, 535.41, 535.51, 535.61, 578.9), and 

hemorrhage (998.1). This method of identifying complications with administrative data has 

been previously described and validated.15, 16 Complication rates are consistent with 

previously published work using similar patient populations and datasets. We defined a 

failure to rescue as mortality in a patient with at least one major complication.

Statistical Analysis

We compared demographic, comorbidity, and length of stay differences between hospitals 

with Student's t-test, Chi-squared, Mann-U Whitney test, and analysis of variance (ANOVA) 

as appropriate. Using multilevel mixed-effects regression modeling, we first grouped 

hospitals in to quintiles by risk- and reliability-adjusted 30-day mortality. To do this, we 

used a logistic regression model with 30-day mortality as the primary outcome, including 

patient characteristics such as age, race, urgency of operation, operative approach (e.g. 

endovascular) where appropriate, and 29 Elixhauser comorbidities as fixed-effects 

covariates.13 All estimates were adjusted for clustering of patients within hospitals. We then 

adjusted our estimates for reliability using empirical Bayes methods in order to reduce 
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random variation attributed to statistical noise that can result from hospitals with small 

sample size (case volume).17 The c-statistic for all models ranged between 0.77 and 0.92, 

with good discriminatory power on the basis of Hosmer-Lemeshow test.

Next, we focused our analysis of hospital characteristics on those hospitals in the highest 

and lowest quintiles of risk- and reliability-adjusted mortality for each procedure. We 

evaluated the effect of each hospital characteristic individually using logistic regression. 

Failure to rescue served as our primary outcome and each characteristic was assessed in the 

model as having a fixed-effect.

For each procedure, we then conducted model testing to determine the relative contribution 

of patient-level covariates, annual procedure volume, and hospital characteristics to the 

variation in failure to rescue rates observed between hospitals.18, 19 We first quantified the 

variance ascribed to hospital level random effects using an empty mixed-effects logistic 

regression model (xtmelogit in Stata v. 12.1). We generated models with failure to rescue as 

our primary outcome using patient-level covariates first. We sequentially added hospital 

volume and hospital characteristics, each time generating a new model. The relative 

decrease in variance attributed to hospital-level random effects was then calculated to 

determine each parameters influence on observed variation.

A significance level of α=0.05 was used. All statistical analyses were performed using Stata 

statistical software version 12.1 (College Station, Texas). This study was approved by the 

University of Michigan Institutional Review Board.

Results

Patient Characteristics

For all procedures, patient characteristics were similar across quintiles of hospital mortality. 

(Table 1) There were no differences in median age, gender distribution, or overall comorbid 

disease burden between hospitals for all procedures. There were significant differences in 

the percentage of patients of non-white race for all procedures – with an overall higher 

proportion of non-white patients being treated at high mortality hospitals (10-34%) 

compared to low mortality hospitals (8-30%). There were also statistically significant 

differences in overall hospital length of stay across hospitals for each procedure. The 

number of hospitals included in this study ranged from 1,681 for esophagectomy to 3,827 

for colectomy.

Hospital Mortality, Major Complications, and Failure to Rescue

Comparing very low and very high mortality centers, hospital mortality varied between 1.4-

fold following lower extremity amputation to 7-fold following pancreatectomy. (Table 2) 

There was a significant difference in the incidence of major complications between very low 

and very high mortality hospitals following colectomy (OR 1.2, 95% CI 1.2 to 1.3), 

pancreatectomy (OR 2.0, 95% CI 1.7 to 2.3, esophagectomy (OR 2.1, 95% CI 1.8 to 2.4), 

and lower extremity revascularization (OR 1.2, 95% CI 1.1 to 1.2). No significant 

differences in the incidence of major complications were observed following abdominal 

aortic aneurysm repair (OR 1.0, 95% CI 0.9 to 1.1) or lower extremity amputation (OR 1.0, 
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95% CI 0.9 to 1.1). There were statistically significant differences in failure to rescue rates 

between very low and very high mortality hospitals for all procedures. Patients treated at 

very low compared to very high mortality hospitals had an increased odds of dying after a 

major complication – ranging from 1.9 (95% CI 1.8 to 2.0) after lower extremity 

revascularization to 18.2 (95% CI 11.4 to 21.4) after esophagectomy.

Hospital Characteristics Associated with Failure to Rescue

When comparing very low and very high mortality hospitals, teaching status (range: OR 

1.08 to 1.54), high hospital technology (range: OR 1.08 to 1.58), increasing nurse-to-patient 

ratio (range: OR 1.02 to 1.14), and presence of an ICU >20 beds (range: OR 1.09 to 1.62) 

significantly influenced failure to rescue rates for all procedures. (Table 3) Hospital size 

greater than 200 beds was associated with failure to rescue (range: OR 1.15 to 1.93) for all 

procedures, except abdominal aortic aneurysm repair. Hospital occupancy greater than 50% 

was associated with failure to rescue (range: OR 1.14 to 1.76) for colectomy, 

pancreatectomy, and abdominal aortic aneurysm repair only. For each procedure, there was 

variability in influence of hospital characteristics on failure to rescue between very low and 

very high mortality hospitals. For example, following colectomy, hospital bed size had the 

largest influence on failure to rescue (OR 1.18, 95% CI 1.10 to 1.36). In contrast, following 

abdominal aortic aneurysm repair, hospital occupancy had the largest influence (OR 1.32, 

95% CI 1.20 to 1.43). Taken together, patient and procedural characteristics, procedure 

volume, and hospital characteristics accounted for 12% (lower extremity revascularization) 

to 57% (esophagectomy) of the variability in failure to rescue between hospitals. (Figure 1) 

Relative to the total amount of variation explained by all factors considered– hospital 

characteristics explained between 36% (abdominal aortic aneurysm repair) and 80% 

(esophagectomy) of the observed variation.

Discussion

Safe and efficient surgical care is a clinical imperative for hospitals that perform major 

surgery. We used data from six common, high-risk, surgical procedures in the national 

Medicare population to examine the influence of hospital characteristics on failure to rescue. 

As previously observed, failure to rescue rates varied widely across hospitals for all 

procedures and were highly correlated with postoperative mortality. Hospital bed size, ICU 

availability, technology, nurse staffing, occupancy, and teaching status were all associated 

with differences in failure to rescue between very low and very high mortality hospitals. 

Despite the association with failure to rescue, these factors along with patient characteristics 

and surgical volume explain only a small proportion of the variability in failure to rescue 

that exists between hospitals in the United States.

Interest in the relationship between hospital characteristics and patient safety is not new.20 

Within the surgical literature, the emergence of failure to rescue as a quality metric has 

increased interest in understanding what factors influence quality and safety. Prior work 

studying failure to rescue in patients undergoing pancreatic or colorectal resections 

identified the importance of macro-system hospital characteristics such as bed size, ICU 

availability, and teaching status.10, 11 The nursing literature represents the most active 
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attempts to understand the relationship between the presence and utilization resources and 

failure to rescue.5, 6, 21, 22 Not only is the presence of lower nurse-to-patient ratios important 

in complication rescue, but also it appears that nurses physical time with the patient is 

associated with improved outcomes.23 On a broader scale, hospital credentialing is another 

example of an attempt to improve care through concentration of hospital resources. Steering 

patients towards certain centers for bariatric (Centers of Excellence) or oncologic 

(Comprehensive Cancer Centers) procedures, for example, all attempt to consolidate care 

where hospital resources and characteristics are most appropriate to deliver safe and 

effective care.24, 25 The efficacy of efforts such as these are debated widely.

Since it was first described by Silber and colleagues, failure to rescue has been largely 

regarded as a hospital-level phenomenon – thereby necessitating some association with 

hospital characteristics.2 However, the relationship between fixed aspects of a hospital and 

the management of postoperative complications is complex. Surgeon and hospital 

experience are also intimately associated with outcomes.26, 27 The mechanism by which 

these factors work in conjunction with hospital resources to augment failure to rescue are 

not well understood.28 Our results suggest that hospital size, occupancy, ICU availability, 

teaching status, and technology offer a survival advantage to patients undergoing major 

surgery. While significant, these factors are not easily remediable and likely serve as proxies 

for an overall pedigree of hospital with sufficient resources to manage the complexity of 

high-risk surgical patients and their complications. While nurse staffing may be more readily 

augmented, the exact mechanism by which lower nurse-to-patient ratios reduce failure to 

rescue events is unknown. It is plausible that this characteristic also serves as a surrogate for 

a hospital's preparedness to perform high-risk operations. Despite these associations, 

hospital characteristics, patient factors, and operative volume explain a small proportion of 

the variation in failure to rescue rates that exist across hospitals. Potentially these factors act 

more as threshold barriers to safety when performing complex surgeries. There is emerging 

evidence to suggest that caregiver attitudes, safety culture, and care process adherence may 

be more actionable means of improving surgical care.29, 30

This study has numerous limitations and it is important to note that this work does not 

suggest causation. The use of Medicare data restricts this study to a particular patient 

population, which may reduce generalizability. The use of administrative data also imposes 

limitation on adequate risk-adjustment, though our approach using the Elixhauser method is 

widely accepted.31 We attempted to address possible inaccuracies in identification of 

complications by restricting our analysis to a validated subset of events known to have high 

sensitivity and specificity.15 Our results may not be generalizable to other procedures. We 

attempted to select a group of procedures that represent a spectrum of major general and 

vascular surgery. Further, all analyses were carried out for each procedure individually. 

There may be an element of information bias in using the AHA Annual Hospital Survey data 

to identify hospital characteristics given that this information is self-reported by each 

hospital. Finally, operative mortality is a rare event and issues of data reliability are real. We 

have attempted to address this in all analyses using empirical Bayes methods as previously 

described.17
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The exact relationship between hospital characteristics and failure to rescue after major 

surgery is unknown. Though significant associations exist, these factors do not explain the 

wide variation in outcomes observed between U.S. hospitals. There were some exceptions to 

this observation, especially for pancreatectomy and esophagectomy. This observation may 

be due to the fact that many centers perform only a handful of these operations annually. 

The majority cluster at hospitals with substantial experience. These centers tend to be larger 

and resource-rich. Some baseline structural composition of acute care hospitals is likely 

necessary to perform high-risk surgeries. However, augmentation of hospital characteristics 

alone will likely be of marginal benefit. Emerging efforts to improve hospitals' effectiveness 

in responding to patients in crisis may address the quality targets sought by hospitals and 

described in this study.32 This involves a more complex understanding of the hospital 

system, caregivers, and available resources. Implementing process methods developed and 

popularized by industry may allow hospitals to effectively learn from failure to rescue 

events (e.g. root cause analysis).33 Hospital process analysis is demanding of both 

manpower and capital. However, coordinated and deliberate efforts to understand failure to 

rescue may be necessary to facilitate the cultural changes that lead to safer patient care.
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Figure 1. 
Identifying sources of between-hospital variation in failure to rescue rates. Patient 

characteristics, procedural volume, and hospital characteristics were compiled in aggregate. 

The remaining variation is explained by other factors.
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