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STRUCTURED ABSTRACT 1 

Objective 2 

To investigate adverse event free admissions as a potential, patient-centred indicator aligned 3 

directly with the goal of patient safety -“freedom from harm”. 4 

Background 5 

Preventable adverse event rates in healthcare could be further reduced.  These are generally 6 

measured separately, one adverse event at a time. However, this does not reveal whether different 7 

patients are affected or the same patients are experiencing multiple events.  8 

Methods 9 

We examined Medicare inpatient hospital administrative datasets for 2009-2011, processed using 10 

standard criteria. Events were: 1) Death within 30 days, 2) Unplanned Readmissions within 30 days, 11 

3) Long Length of Stay, 4) Healthcare Acquired Infections, and 5) established Patient Safety 12 

Indicators not present on admission.  We defined adverse event free admissions as those without 13 

record of any of these events.  National rates were calculated by diagnosis group. Risk-adjusted 14 

hospital-specific rates of adverse event free admissions were calculated using colorectal procedures 15 

as an example. 16 

Results 17 

There were 23,991,193 admissions after exclusions.  64% went through the acute inpatient Medicare 18 

system without record of anything untoward.  Multiple events were recorded in 22·7% admissions; 19 

15% of these experienced >2 adverse events.  Risk-adjusted hospital-specific rates of adverse event 20 

free admissions for colorectal procedures showed 131/3786 hospitals below the 99·8% lower control 21 

limit of the national upper quartile. 22 

Conclusions 23 



2/18  

Adverse event free admissions in Medicare   ANNSURG-D-15-01599 R1 

Overall, only 60% of admissions were recorded as adverse event free.  Multiple adverse events were 24 

common.  Even if events are under recorded, this measure could provide an easily understandable 25 

and useful baseline for clinicians and managers. 26 

27 
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INTRODUCTION 28 

Patient safety has become an increasingly investigated area of research and development in the US 29 

and internationally particularly subsequent to the Institute of Medicine’s (IOM) report “To Err is 30 

Human” in 1999.1  Fifteen years subsequent to the IOM report, morbidity and mortality from 31 

complications and adverse events remain high.2  This has led to a demand for patient safety 32 

strategies. For example, the Affordable Care Act (ACA) includes regulations to improve patient 33 

safety.3, 4, 5 Given the axiom that ‘you can’t improve what you can’t measure’, it is clear that novel 34 

methods to measure and improve patient safety are required.6 35 

Measurement of safety is complex, but one approach is to focus on measuring harm rather than 36 

errors.6 Conventionally, “outcomes” linked to harm are measured separately, one event at a time. 37 

This does not measure whether different patients are affected or the same patients are experiencing 38 

multiple events; it does not measure harm at a patient level.  Most aggregate/composite measures 39 

are however difficult to interpret accurately7,8. One approach to dealing with this complexity is to 40 

measure the proportion of patients that do not experience any adverse event,9  i.e., adverse event 41 

free admissions: those patients that go through the acute care admission without experiencing 42 

anything untoward.  43 

Importantly these adverse event free admissions are aligned with the goal of patient safety – 44 

“freedom from harm”.1  Adverse event free admissions could be a useful measure of patient safety,9 45 

as they account for some complexity and patients who experience more than one event.  Measuring 46 

patient safety in this way is more indicative of what occurs clinically and is intuitively easy to 47 

understand; an increase in adverse event free admissions suggests a positive improvement in patient 48 

safety.  Here we investigate the overall proportions of adverse event free admissions using US 49 

Medicare data as a possible screening tool to help indicate areas requiring detailed investigation. 50 

METHODS 51 
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Study design, setting and patients 52 

We performed a retrospective cross sectional study of 2009-2011 Medicare patients. Medicare 53 

Anonymised Inpatient Standard Analytical Files (SAF) Limited DataSets (LDS) and denominator LDS 54 

files were obtained from the Centers for Medicare & Medicaid Services (CMS) for years 2009-2011.  55 

The three years of Inpatient SAF files were combined.  SAF files were processed to remove duplicate 56 

claims using CMS guidelines and examination of the data.  CMS technical documents11,12 were used 57 

to define the cohort (exclusions: age<65, not acute care/critical access hospitals, invalid sex, patients 58 

who left against medical advice, Length of Stay (LOS) >365 days, transfers from acute hospital). The 59 

SAF data include diagnosis and procedures ICD9-CM codes for all Medicare beneficiaries admitted to 60 

an acute care hospital; these codes were used to calculate Elixhauser comorbidities and dementia10 61 

for each patient using diagnosis and present on admission (POA) flags.  CCS multilevel procedure and 62 

diagnoses categories were used to group the data.13 63 

Outcomes 64 

The denominator files were combined with the inpatient SAF LDS files to incorporate post-discharge 65 

deaths.  CMS guidelines were used to determine whether readmissions were planned or unplanned.  66 

The readmissions outcome was then determined as any unplanned readmission up to 30 days after 67 

discharge from an acute care facility.   Length of stay was dichotomised into normal and long length 68 

of stay separately for each diagnosis or procedure group for each year by taking the 75th percentile. 69 

The long length of stay outcome was then determined as those above this individually for diagnosis 70 

or procedure groups.10, 16 71 

Events were defined as 1) death within 30 days (excluding high risk mortality groups)14 2) Unplanned 72 

Readmissions within 30 days12 3) Long Length of Stay (for diagnostic or procedure group)16 4) 73 

Healthcare Acquired Infections14 5) Patient safety indicators14 and Healthcare Acquired Conditions15 74 

not present on admission.  Adverse event free admissions were then defined as those that did not 75 
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experience any of these events.  Multiple events in the same patient were calculated in three ways: 76 

1) one or more of any of the adverse events 2) number of multiple events and 3) a multiple 77 

“modifiable” events flag was calculated using all outcomes but excluding mortality (as it is a finite 78 

endpoint) to assess whether multiple adverse events were associated with mortality.  Colorectal 79 

laparoscopic and open resection procedures were defined using ICD9-CM coding definitions 80 

previously published17 which included resection for:  colon neoplasm, rectal neoplasm, inflammatory 81 

bowel disease, diverticular disease and non-colorectal cancer.  Subgroups were rectal or colonic 82 

resection.   Oracle and SAS software (Version 9 of the SAS System for Windows. Copyright © 2002-83 

2008 SAS Institute Inc. Cary, NC, USA) were used for all data processing and analyses. 84 

Statistical Methods 85 

Risk adjusted models included the Elixhauser comorbidities plus dementia,10 procedure subgroups, 86 

age, sex year and Medicare status. Hierarchical logistic regression was performed using PROC 87 

GLIMMIX in SAS software (V.9.2 for Windows©2002-2008 SAS Institute Inc. Cary, NC, USA).  The 88 

adjusted rates were plotted on a funnel plot with a national upper quartile or mean as a benchmark 89 

and control limits equivalent to 2 or 3 from the upper quartile or mean  overlaid as 95% or 99·8% 90 

control limits respectively.  To help account for multiple testing, providers with rates beyond the 91 

99·8%, rather than 95%, control limits were defined as statistical outliers, with a rate which may 92 

require investigation. Correlations were performed using rates aggregated at provider or procedure 93 

groups.   94 

  95 
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RESULTS 96 

There were 23,991,209 admissions after exclusions were applied. 63·8% of these were adverse event 97 

free.  The proportions of adverse event free admissions and their components per diagnosis group 98 

are shown in Table 1. Overall, the lowest proportion of adverse event free admissions occurred in 99 

admissions for infectious and parasitic diseases, at just over 50%.  The highest proportions of 100 

adverse event free admissions occurred in diseases of the musculoskeletal system and connective 101 

tissue, at 75·7%. 102 

Multiple events in the same patient accounted for 22·7% of events (Figure 1).  The compositions of 103 

these multiple events are shown in Figure 2.  The most frequent recorded multiple events in patients 104 

were readmission and long length of stay (58·9% of multiple events). 15·7% of multiple events were 105 

recorded as more than 2 adverse events in the same patient.  18·8% of recorded multiple events in 106 

patients were long length of stay and patient safety indicators, and 24·2% were recorded with 107 

healthcare associated infections.  Readmissions were recorded in conjunction with healthcare 108 

associated infections in 8·1% of multiple events and in conjunction with AHRQ patient safety 109 

indicators in 5·3% of multiple events.  Mortality occurred after patient safety indicators in 2·7% of 110 

multiple events and after hospital associated infections in 2·3%. The most frequent triple adverse 111 

events were infection, long length of stay and readmissions, occurring in 4·4% of multiple events. 112 

There was a positive correlation between multiple “modifiable” events and mortality for providers 113 

(0·94, p<0·0001) and within procedure groups (0·98, p<0·0001).  This association persisted after risk 114 

adjustment with recorded multiple modifiable events as a predictor of 30 day mortality OR 1·31 115 

(95% CI 1·30-1·32, p<0·0001). 116 

 117 

 118 

 119 
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Variation in rates by hospital: example of colorectal surgery 120 

For the risk-adjusted colorectal procedures there were a total of 256,251 operative admissions, of 121 

which 60% were adverse event free admissions.  Figure 3 shows a funnel plot with risk-adjusted 122 

hospital specific rates of adverse event free admissions in colorectal patients (red dots) (model 123 

discrimination was reasonable: c=0·71).  There were 131 hospitals below the 99·8% lower control 124 

limit using the upper quartile (68·9 events/year).  These hospitals have fewer than expected number 125 

of patients that do not experience any recorded adverse events.  Multiple events accounted for 126 

21·8% of all events.  95% of outliers could be accounted for as having higher multiple events, death, 127 

unplanned readmissions, hospital acquired condition or hospital associated infections than 128 

expected.  5% of outliers were accounted for by long length of stay only.  The c statistic for the 129 

model excluding long-length of stay was 0·66.  The characteristics of the outliers were investigated.  130 

Outliers were more likely to be non-teaching hospitals (p<0·0001) and have a lower number of 131 

registered FTE nurses per Medicare inpatient (p<0·0001).  Figure 4 shows a funnel plot using the 132 

national mean as a benchmark; there are 31 hospitals (n=3786) that had a lower proportion of 133 

adverse event free admissions in the risk adjusted model than expected.  A volume-outcome effect 134 

is suggested in Figure 3 and 4 with the low volume hospitals on the left of the funnel plots 135 

performing worse than higher volume hospitals on the right of the funnel plots. The outliers 136 

performing worse than expected all performed less than 75 procedures per year.  One high volume 137 

hospital was identifiable as performing better than expected against the national mean on the right 138 

of the funnel plots. 139 

  140 
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DISCUSSION 141 

In this manuscript we describe adverse event free admission to measure patient safety in a large 142 

national dataset of acute Medicare hospitals. These adverse event free admissions use 143 

administrative data to reflect performance against the goal of patient safety – “freedom from harm”.  144 

In these Medicare data, only 60% of patients overall did not have a record of an adverse event.  This 145 

is quite a low proportion, with considerable room for improvement.   146 

We also show that 22·7% of events were multiple events.  Multiple events are useful to measure, 147 

but general composite measures are difficult to interpret as they rely on judgements about how to 148 

weight the different components.7  Hospital performance as estimated by composites can be 149 

sensitive to the choice of weights but this is often underappreciated by users and use of weighted 150 

composites in patient safety as performance measures have been criticised.18 The method we have 151 

used is a way of summarising some of this complexity as it uses an all or nothing approach, which is 152 

more intuitive to understand9. A higher number of adverse event free admissions represents better 153 

patient safety, which can be summarised in lay terminology as more patients go through the 154 

healthcare system free from harm. Providers would be able to use the results to concentrate the 155 

investigation of resources on those 1) with multiple events and 2) specialties with low proportions of 156 

adverse event free admissions.  Importantly, adverse event free admissions are more indicative of 157 

the clinical situation than standard measures as a single patient may experience a sequence of 158 

adverse events. For example, the most common triplicate events were infection, long length of stay 159 

and readmission.  Therefore if, for instance, the infections were the first event then perhaps an 160 

increase in infection control systems19 would prevent this cascade of events, decreasing length of 161 

stay and readmissions, meaning better patient outcomes, reduced resource use and cost.  162 

Measuring one outcome or complication at a time or constructing composites with weighting does 163 

not account for this complexity in patient pathways.  The association between multiple “modifiable” 164 

events and mortality is of interest particularly as it persists after risk adjustment.  Further work 165 
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should investigate this further to see whether a reduction in preventable readmissions, prolonged 166 

length of stay, PSIs and infections can assist in reducing preventable mortality. 167 

There are preventable events which are easy to define (e.g. wrong-site surgery, fatal doses, blood 168 

incompatibility) and therefore changes to systems to prevent these are relatively easy to identify 169 

and target with improvements. However, not all preventable events are as easy to identify, as 170 

comorbidities and other factors place some patients at very high risk compared with others.  It is 171 

important to identify preventable adverse events and not events that occur within an acceptable 172 

level of risk expected for that surgery, treatment and patient.  Combining risk-adjusted models with 173 

funnel plots is a common approach to identify a number of hospitals performing better or worse 174 

than expected compared with a national benchmark. This benchmark can be altered depending on 175 

the target required and would likely be manageable in terms of investigation of resources and 176 

patient safety systems.  Funnel plots can also indicate a possible volume-outcome relationship as 177 

observed here with hospitals performing higher volumes of procedures per year having higher rates 178 

of risk adjusted adverse event free admissions compared with hospitals performing <75 procedures 179 

per year.  Many volume-outcome relationships have been well reported20 but have not, however, 180 

necessarily been incorporated into clinical practice.  Publication of risk-adjusted volume-outcome 181 

relationships can be an important factor to instigate change in practice.21 182 

There are limitations to these data.  First, our analysis only includes Medicare patients.  However, 183 

this is an important demographic to consider as patient safety and use of resources in those of 184 

retirement age is of national interest.  Further work should apply this method to broader 185 

populations.  Second, these analyses use administrative data which rely on correct complete 186 

documentation by clinicians and then correct interpretation and documentation of this by coders. 187 

Therefore it is likely that comorbidities and clinical details are under-recorded and there may be 188 

differences in coding practices between hospitals. The present on admission diagnosis flags were 189 

shown to be inaccurate for some PSIs in 2008.22 This has improved with time23.  However, 190 
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administrative data in the US are widely used and the individual outcomes here have been reported 191 

previously using administrative data 9, 11, 12, 24, 25 and for colorectal surgery.26-31  We have also chosen 192 

outcomes which have been researched and approved by the CMS11-12 and AHRQ14, who have 193 

published experience with these data.  PSI’s were developed and validated by AHRQ14 to be used for 194 

screening for quality improvement.  Our methodology uses PSI’s for the same purpose as they have 195 

been validated14; to describe a method for screening for quality improvement rather than for pay-for 196 

performance where there are concerns over surveillance bias in particular the use of composite PSI-197 

90.18  Assuming under recording is the main problem with PSIs, at the very least, our estimates 198 

should provide an upper ceiling for the rates of event free admissions. Third, long length of stay is 199 

defined using upper quartile as a cut-off. Therefore around 25% of admissions will be above this by 200 

definition.  However, we found that only 5% of hospital outliers were solely accounted for by 201 

prolonged length of stay.  Length of stay also frequently contributed to a multiple event.  Other ways 202 

to define long length of stay have been proposed, such as 50% above the median.32 Finally, the 203 

numbers have been grouped by CCS multilevel diagnosis groups in order to summarise these large 204 

and complex datasets for illustration purposes. For any inference to be drawn for differences 205 

between specialties, further work should concentrate on procedure and diagnosis specific 206 

complications to be added to the definition of adverse events.  Future investigation into adverse 207 

event free admissions should concentrate on tailoring them to include complications and adverse 208 

events for different procedures and conditions within specialties to help identify major adverse 209 

events in each specialty to distinguish major safety problems from less serious adverse events which 210 

may indicate different types of quality improvement. 211 

These adverse event free admissions could be a useful and intuitive measure of patient safety. They 212 

can be tailored for different procedures and conditions and account for complexity and patients who 213 

experience more than one event at different parts of the patient pathway. Diagnosis and procedure 214 

specific complications should be added to the definition of adverse events. 215 



11/18  

Adverse event free admissions in Medicare   ANNSURG-D-15-01599 R1 

ETHICS COMMITTEE APPROVAL 216 

The Centers for Medicare & Medicaid Services data provider reviewed the data application and 217 

approved it, for these administrative data this is the only ethics approval required. 218 

AUTHOR CONTRIBUTIONS 219 

AK - literature search, figures, study design, data analysis, data interpretation, drafting manuscript 220 

and final approval of manuscript to be published. AB - data interpretation, revising manuscript 221 

critically for important intellectual content and final approval of manuscript to be published. OF - 222 

data interpretation, revising manuscript critically for important intellectual content and final 223 

approval of manuscript to be published. PA - study design, data interpretation and revising 224 

manuscript critically for important intellectual content and final approval of manuscript to be 225 

published. 226 

 227 



12/18  

Adverse event free admissions in Medicare   ANNSURG-D-15-01599 R1 

FIGURE LEGENDS 

Figure 1. Adverse event free admissions and multiple events per CCS diagnostic group. 

 

Figure 2.  Overlap of multiple events.  Graph showing distribution of the components of multiple 

events. 
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Figure 3. Upper quartile Colorectal Adverse Event Free Admissions.  Funnel plot of rate of adverse 

event free admissions per acute inpatient provider per year around the upper quartile 
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Figure 4. Mean of Colorectal Adverse Event Free Admissions. Funnel plot of rate of adverse event 

free admissions per acute inpatient provider per year around a benchmark of mean. 

 

REFERENCES 

1. Kohn LT CJ, Donaldson MS . To err is human: building a safer health system. Washington, DC: 

National Academy Press; 1999. 

2. Smith M, Saunders R, Stuckhardt L, et al. Best Care at Lower Cost The Path to Continuously 

Learning Health Care in America Committee on the Learning Health Care System in America.  

Washington (DC): National Academies Press (US); 2013. 

3. Patient Protection and Affordable Care Act, Pub. L. 111-148, 2010. 

4. Health Care Education and Reconciliation Act. Pub. L. 111–152; 2010. 

5. Shaw FE, Asomugha CN, Conway PH, et al. The Patient Protection and Affordable Care Act: 

opportunities for prevention and public health. Lancet. 2014; 384:75-82 

6. Vincent C, Burnett S, Carthey J. Safety measurement and monitoring in healthcare: a 

framework to guide clinical teams and healthcare organisations in maintaining safety. BMJ Qual Saf 

2014;23:670–7. 



15/18  

Adverse event free admissions in Medicare   ANNSURG-D-15-01599 R1 

7. Peterson ED, Delong ER, Masoudi FA, et al. ACCF/AHA 2010 Position Statement on 

Composite Measures for Healthcare Performance Assessment: a report of the American College of 

Cardiology Foundation/American Heart Association Task Force on Performance Measures. 

Circulation. 2010;121:1780-91. 

8. Krumholz HM, Brindis RG, Brush JE, et al. Standards for statistical models used for public 

reporting of health outcomes. Circulation. 2006;113:456-62. 

9. Perla RJ, Hohmann SF, Annis K. Whole-patient measure of safety: using administrative data 

to assess the probability of highly undesirable events during hospitalization. J Healthc Qual. 

2013;35:20-31. 

10. Bottle A, Aylin P. Comorbidity scores for administrative data benefited from adaptation to 

local coding and diagnostic practices. J. Clin. Epidemiol. 2011;64:1426-33. 

11. Krumholz H, Normand SL, Galusha D, et al.  Hospital-Level 30-Day Risk-Standardized 

Mortality Measures. Report Prepared For: Centers for Medicare & Medicaid Services (CMS). 2013 

Avaliable from:  

http://www.qualitynet.org/dcs/ContentServer?c=Page&pagename=QnetPublic%2FPage%2FQnetTie

r4&cid=1163010421830. Accessed  September 1, 2014. 

12. Krumholz H, Normand SL, Keenan P, et al.  Hospital-Wide All-Cause Unplanned Readmission. 

Report Prepared for Centers for Medicare & Medicaid Services (CMS). 2013 Avaliable from: 

http://www.qualitynet.org/dcs/ContentServer?c=Page&pagename=QnetPublic%2FPage%2FQnetTie

r3&cid=1219069855273. Accessed September 1, 2014. 

13. HCUP Clinical Classifications Software (CCS) for ICD-9-CM. Healthcare Cost and Utilization 

Project (HCUP). 2006-2009. Agency for Healthcare Research and Quality, Rockville, MD. 

14. Agency for Healthcare Research and Quality (AHRQ). Guide to patient safety indicators. 

Version 4.5, 2013 Avaliable from:  http://qualityindicators.ahrq.gov/modules/psi_resources.aspx. 

Accessed August 26, 2015. 

http://www.qualitynet.org/dcs/ContentServer?c=Page&pagename=QnetPublic%2FPage%2FQnetTier4&cid=1163010421830
http://www.qualitynet.org/dcs/ContentServer?c=Page&pagename=QnetPublic%2FPage%2FQnetTier4&cid=1163010421830
http://www.qualitynet.org/dcs/ContentServer?c=Page&pagename=QnetPublic%2FPage%2FQnetTier3&cid=1219069855273
http://www.qualitynet.org/dcs/ContentServer?c=Page&pagename=QnetPublic%2FPage%2FQnetTier3&cid=1219069855273


16/18  

Adverse event free admissions in Medicare   ANNSURG-D-15-01599 R1 

15. Centers for Medicare and Medicaid Services (CMS).  Hospital Acquired Conditions 2012.  

Avaliable from: http://www.cms.gov/Medicare/Medicare-Fee-for-Service-

Payment/HospitalAcqCond/Hospital-Acquired_Conditions.html. Accessed August 26, 2015. 

16. Bottle A, Aylin P. Intelligent information: a national system for monitoring clinical 

performance. Health Serv. Res. 2008;43:10-31. 

17. Bottle A, Middleton S, Kalkman CJ, et al. Global comparators project: international 

comparison of hospital outcomes using administrative data. Health Serv. Res. 2013;48:2081-100. 

18. Rajaram  R, Barnard  C, Bilimoria  KY.  Concerns about using the patient safety indicator-90 

composite in pay-for-performance programs. JAMA. 2015;313:897-898. 

19. Khabbaz RF, Moseley RR, Steiner RJ, et al. Challenges of infectious diseases in the USA. 

Lancet. 2014;384:53-63. 

20. Birkmeyer JD, Dimick JB. Understanding and reducing variation in surgical mortality. Annu 

Rev Med. 2009;60:405-15.   

21. Sternberg S. Hospitals Move to Limit Low-Volume Surgeries [US News web site]. May 19, 

2015 http://www.usnews.com/news/articles/2015/05/19/hospitals-move-to-limit-low-volume-

surgeries. Accessed August 26, 2015. 

22. Houchens RL, Elixhauser A, Romano PS. How often are potential patient safety events 

present on admission? Jt Comm J Qual Patient Saf.  2008;34:154-63. 

23. Sundararajan V, Romano PS, Quan H, et al. Capturing diagnosis-timing in ICD-coded hospital 

data: recommendations from the WHO ICD-11 topic advisory group on quality and safety. Int J Qual 

Health C. [Online]. 2015; Avaliable from: http://dx.doi.org/10.1093/intqhc/mzv037. Accessed August 

26, 2015. 

24. Merkow RP, Ju MH, Chung JW, et al. Underlying reasons associated with hospital 

readmission following surgery in the United States. JAMA. 2015;313:483-95. 

25. Collins TC DJ, Henderson WH, Khuri SF. Risk Factors for Prolonged Length of Stay  After 

Major Elective Surgery. Ann Surg. 1999;230:251-259. 

http://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/HospitalAcqCond/Hospital-Acquired_Conditions.html
http://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/HospitalAcqCond/Hospital-Acquired_Conditions.html
http://www.usnews.com/news/articles/2015/05/19/hospitals-move-to-limit-low-volume-surgeries
http://www.usnews.com/news/articles/2015/05/19/hospitals-move-to-limit-low-volume-surgeries
http://dx.doi.org/10.1093/intqhc/mzv037


17/18  

Adverse event free admissions in Medicare   ANNSURG-D-15-01599 R1 

26. Wind J, Polle SW, Fung Kon Jin PH, et al. Systematic review of enhanced recovery 

programmes in colonic surgery. Br J Surg. 2006;93:800-9. 

27. Cohen ME, Bilimoria KY, Ko CY, et al. Variability in Length of Stay After Colorectal Surgery. 

Ann Surg. 2009;250:901-7. 

28. Walter CJ, Collin J, Dumville JC, et al. Enhanced recovery in colorectal resections: a 

systematic review and meta-analysis. Colorectal Dis. 2009;11:344-53. 

29. Ahmed J, Lim M, Khan S, et al. Predictors of length of stay in patients having elective 

colorectal surgery within an enhanced recovery protocol. Int J Surg. 2010;8:628-32. 

30. Faiz O, Haji A, Burns E, et al. Hospital stay amongst patients undergoing major elective 

colorectal surgery: predicting prolonged stay and readmissions in NHS hospitals. Colorectal Dis. 

2011;13:816-22. 

31. Delaney CP, Brady K, Woconish D, et al. Towards optimizing perioperative colorectal care: 

outcomes for 1,000 consecutive laparoscopic colon procedures using enhanced recovery pathways. 

Am J Surg. 2012;203:353-6. 

32. Borghans I, Hekkert KD, den Ouden L, et al. Unexpectedly long hospital stays as an indicator 

of risk of unsafe care: an exploratory study. BMJ open. [Online] 2014;4:e004773.  Availiable from: 

http://dx.doi.org/10.1136/bmjopen-2013-004773. Accessed August 26, 2015. 

http://dx.doi.org/10.1136/bmjopen-2013-004773

