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IntroductionIntroduction

•• 1999 IOM report on patient safety1999 IOM report on patient safety
Up to 98,000 preventable deaths/year due to adverse eventsUp to 98,000 preventable deaths/year due to adverse events

•• JCAHO ORYX initiativeJCAHO ORYX initiative
Requires measurement and comparison with other Requires measurement and comparison with other hospitalshospitals

•• Publicly available Publicly available ““report cardsreport cards””  
www.www.HealthgradesHealthgrades.Com.Com

Definition of ComplicationDefinition of Complication

ComplicationComplication

Disease-related            Disease-related            Healthcare-relatedHealthcare-related

1. Not preventable1. Not preventable 1.1. Iatrogenic Iatrogenic

2. Preventable2. Preventable 2. Adverse event2. Adverse event

3. Error3. Error

Computer Identification ofComputer Identification of
ComplicationsComplications

•• Existing data (ICD-9 diagnoses on billing)Existing data (ICD-9 diagnoses on billing)

•• Several sets available (Several sets available (IezzoniIezzoni - Sachs, MedStat) - Sachs, MedStat)

•• Derived from complex clinical algorithmsDerived from complex clinical algorithms

•• Calculated relative to specific risk groupsCalculated relative to specific risk groups

Sample ComplicationSample Complication

Complication of care #1:Complication of care #1:
Postop StrokePostop Stroke

Present/absent definition:Present/absent definition:
    Secondary dx  433.x1, 434.x1, 997.02 cerebral    Secondary dx  433.x1, 434.x1, 997.02 cerebral

infarctionsinfarctions

At risk definition:At risk definition:
ANY PROCEDUREANY PROCEDURE major or minor surgerymajor or minor surgery

        EXCLUDES EXCLUDES Preop > 1 dayPreop > 1 day
MDC = 1 (neurology body system)MDC = 1 (neurology body system)
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Purpose of ProjectPurpose of Project

•• Assess usefulness of computerized complicationsAssess usefulness of computerized complications

–– AccuracyAccuracy

•• False positives (pre-existing)False positives (pre-existing)

•• False negatives (not at-risk)False negatives (not at-risk)

•• Estimate effect of acquired complicationsEstimate effect of acquired complications

MayoMayo’’s Acquired Conditionss Acquired Conditions

•• Beginning in July 1990, Mayo collectedBeginning in July 1990, Mayo collected

““Pre-existingPre-existing”” flags on every secondary diagnosis flags on every secondary diagnosis

•• P - Present on admissionP - Present on admission
A - Acquired during hospitalizationA - Acquired during hospitalization
U - UncertainU - Uncertain

•• Good reliability, <2 minutes/caseGood reliability, <2 minutes/case
((Quality Assurance In Health CareQuality Assurance In Health Care, 3:257-262, 1991), 3:257-262, 1991)

Reliability of Acquired Condition CodeReliability of Acquired Condition Code

CCCooonnndddiiitttiiiooonnn PPPeeerrrccceeennnttt
AAAgggrrreeeeeemmmeeennnttt KKKaaappppppaaa

AAAcccuuuttteee   MMMyyyooocccaaarrrdddiiiaaalll   IIInnnfffaaarrrccctttiiiooonnn 999111...333 000...888222333
SSStttrrroookkkeee 999444...777 000...888999444
PPPnnneeeuuummmooonnniiiaaa 888000...888 000...666000666
PPPuuulllmmmooonnnaaarrryyy   EEEmmmbbbooollliiisssmmm 999111...333 000...888222444
RRReeennnaaalll   FFFaaaiiillluuurrreee 888000...000 000...555888333
DDDeeecccuuubbbiiitttuuusss   UUUlllccceeerrr 888333...333 000...666666777

TTToootttaaalll 888666...888 000...777333333

(Quality Assurance In Health Care , 3:257-262, 1991)

Acquired Conditions 1997-98Acquired Conditions 1997-98
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•• Total dischargesTotal discharges
109,397109,397

•• 17.4% with 1+17.4% with 1+
conditionsconditions
overalloverall
27.0% of adult surgeries27.0% of adult surgeries
  8.4% of adult medical  8.4% of adult medical
15.2% of obstetrics15.2% of obstetrics
  9.9% of pediatrics  9.9% of pediatrics
  6.2% of neonates  6.2% of neonates

MethodologyMethodology

•• Using Mayo data from 1998-1999Using Mayo data from 1998-1999
•• Identified complications of care through computerIdentified complications of care through computer

screeningscreening
–– Risk group identifiedRisk group identified
–– Numerator identification algorithmNumerator identification algorithm

•• Example:Example: Postop Postop stroke stroke
–– At risk: All surgeries with exclusionsAt risk: All surgeries with exclusions
–– Numerator: SecondaryNumerator: Secondary dx dx of stroke of stroke

MethodologyMethodology

••  False positive (FP)- any identified computer False positive (FP)- any identified computer
complication where flag indicates diagnosis wascomplication where flag indicates diagnosis was
pre-existingpre-existing

••  False negative (FN)- patients with acquired False negative (FN)- patients with acquired
condition meeting computer numerator who werecondition meeting computer numerator who were
not considered at risknot considered at risk
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Computer Complication
Acquired Condition Yes No

Yes a(TP) b(FN)

No c(FP) d(TN)

Assessment of Complication AAssessment of Complication A

Sensitivity = a/(a+b)%

Positive PV = a/(a+c)%

Results - IResults - I
Postop Stroke CC #1Postop Stroke CC #1

•• 101 postop strokes identified (65% Positive PV)101 postop strokes identified (65% Positive PV)
–– 35 (35%) coded as pre-existing35 (35%) coded as pre-existing

•• 77 acquired strokes were not at risk (46% Sensitivity)77 acquired strokes were not at risk (46% Sensitivity)
–– 46 (60%) were surgical 46 (60%) were surgical (neurosurgery or preop(neurosurgery or preop

>1)>1)
–– 7 (9%) were cardiovascular procedures7 (9%) were cardiovascular procedures
–– 3 (4%) were endoscopic3 (4%) were endoscopic
–– 17 (22%) were medical patients17 (22%) were medical patients

ResultsResults
Postop Septicemia CC #7Postop Septicemia CC #7

•• 25 complications identified (48% Positive PV)25 complications identified (48% Positive PV)

–– 13 (52%) coded as pre-existing13 (52%) coded as pre-existing

•• 226 acquired septicemias were not at risk 226 acquired septicemias were not at risk 
(5% Sensitivity)(5% Sensitivity)

–– 144 (64%) were surgical144 (64%) were surgical

––  4 (2%) were cardiovascular procedures 4 (2%) were cardiovascular procedures

–– 10 (4%) were endoscopic10 (4%) were endoscopic

–– 65 (29%) were medical patients65 (29%) were medical patients

Complications Assessed - AccuracyComplications Assessed - Accuracy

•• 28 defined complications28 defined complications

–– 3 excluded due to complex algorithm3 excluded due to complex algorithm

•• 23 with any cases in two years23 with any cases in two years

•• 19 with 10+ cases19 with 10+ cases

•• 1 group had 100% of cases acquired1 group had 100% of cases acquired

Refer toRefer to
handout

Identify True ComplicationsIdentify True Complications
(Highest positive predictive value)

Comp 9 - Reopening of Surgical Site 100.0%

Comp 24 - Post-procedural Hemorrhage or
                    Hematoma

66.2%

Comp 1 - Post-operative Stroke 65.3%

Comp 3 - Post-operative Pulmonary Compromise 59.8%

Comp 26 - Iatrogenic Complications 59.5%

How Many are Missed?How Many are Missed?
Complications with highest surgical sensitivity

Comp 26 – Iatrogenic Complications 99.9%

Comp 23 – Wound Infection 99.3%

Comp 25 – Hip Fracture or Fall 90.0%

Comp 24 – Post-procedure Hemorrhage 88.7%

Comp 11 – Miscellaneous Complications 85.6%
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SummarySummary

•• Use of complications to compare hospitals in the USUse of complications to compare hospitals in the US
has problemshas problems
–– Issues with pre-existing conditions, particularly atIssues with pre-existing conditions, particularly at

tertiary care centerstertiary care centers
–– Issues with coding differences between hospitalsIssues with coding differences between hospitals

•• Harder one looks, more likely one will findHarder one looks, more likely one will find
problemproblem

–– Limitations of ICD-9-CM diagnosis codesLimitations of ICD-9-CM diagnosis codes
–– Restrictive risk groups miss acquired conditionsRestrictive risk groups miss acquired conditions

SummarySummary

•• Complications are expensive, however costedComplications are expensive, however costed
Efforts to reduce their occurrence can be worthwhileEfforts to reduce their occurrence can be worthwhile

•• Internal use of complication measures may beInternal use of complication measures may be
beneficialbeneficial

–– Tracking overtimeTracking overtime

–– Identification of areas for improvementIdentification of areas for improvement

LimitationsLimitations

••Limited generalizability of accuracy ratesLimited generalizability of accuracy rates
Rate of preexisting conditions may be higher at Rate of preexisting conditions may be higher at 

tertiary care referral centertertiary care referral center

••Cost of complications may be higher for sicker Cost of complications may be higher for sicker 
patientspatients

••Administrative data limitationsAdministrative data limitations

Future DirectionsFuture Directions

•• Evaluation of other complication algorithmsEvaluation of other complication algorithms

•• Collaboration with hospitals in New York (NYCollaboration with hospitals in New York (NY
Presbyterian) and California (UCLA)Presbyterian) and California (UCLA)

•• Reassess reliability of acquired condition codeReassess reliability of acquired condition code

•• Working with Patient Safety CommitteeWorking with Patient Safety Committee

•• Presenting to internal Mayo audiencesPresenting to internal Mayo audiences

Contact InformationContact Information

•• E-mail:E-mail:
naessensnaessens@mayo.@mayo.eduedu

•• Telephone:Telephone:

507-284-5592507-284-5592

•• Fax:Fax:

507-284-1731507-284-1731


