
Copyright 2014 American Medical Association. All rights reserved.

Hospital Readmission After Noncardiac Surgery
The Role of Major Complications
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IMPORTANCE Hospital readmissions are believed to be an indicator of suboptimal care and
are the focus of efforts by the Centers for Medicare andMedicaid Services to reduce health
care cost and improve quality. Strategies to reduce surgical readmissions may bemost
effective if applied prospectively to patients who are at increased risk for readmission.
Hospitals do not currently have themeans to identify surgical patients who are at high risk for
unplanned rehospitalizations.

OBJECTIVE To examine whether the American College of Surgeons National Surgical Quality
Improvement Program (ACS NSQIP) predicted risk of major complications can be used to
identify surgical patients at risk for rehospitalization.

DESIGN, SETTING, AND PARTICIPANTS Retrospective cohort study of 142 232 admissions in the
ACS NSQIP registry for major noncardiac surgery.

MAIN OUTCOMES ANDMEASURES The association between unplanned 30-day readmission
and the ACS NSQIP predicted risk of major complications, controlling for severity of disease
and surgical complexity.

RESULTS Of the 143 232 patients undergoing noncardiac surgery, 6.8% had unplanned
30-day readmissions. The rate of unplanned 30-day readmissions was 78.3% for patients
with any postdischarge complication, compared with 12.3% for patients with only in-hospital
complications and 4.8% for patients without any complications. Patients at very high risk for
major complications (predicted risk of ACS NSQIP complication >10%) had 10-fold higher
odds of readmission compared with patients at very low risk for complications (adjusted odds
ratio = 10.35; 95% CI, 9.16-11.70), whereas patients at high (adjusted odds ratio = 6.57; 95%
CI, 5.89-7.34) andmoderate (adjusted odds ratio = 3.96; 95% CI, 3.57-4.39) risk of
complications had 7- and 4-fold higher odds of readmission, respectively.

CONCLUSIONS AND RELEVANCE Unplanned readmissions in surgical patients are common in
patients experiencing postoperative complications and can be predicted using the ACS NSQIP
risk of major complications. Prospective identification of high-risk patients, using the NSQIP
complication risk index, may allow hospitals to reduce unplanned rehospitalizations.
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H ospital readmissions are widely believed to be an in-
dicatorof suboptimal careand for that reasonhavebe-
comeamajor focus of efforts by theCenters forMedi-

care and Medicaid Services (CMS) to improve outcomes and
reduce health care costs. The substantial variability in hospi-
tal readmission rates among patients hospitalized for acute
myocardial infarctionandheart failure suggests that ampleop-
portunities exist for reducing readmission rates amongmedi-
cal and surgical patients.1 Preventable hospital readmissions
have many causes, including fragmented and poorly coordi-
nated care, unsafe transitions between inpatient and outpa-
tient settings, andmedical errors.2,3 Specific interventionssuch
as reducingnurses’workload, comprehensivedischargeplan-
ning, and early physician follow-up have been found to be ef-
fective in loweringhospital readmission rates.4-8 Strategies to
reduce surgical readmissionsmaybemoreeffective if theyare
focused on patientswho face the highest risk of readmission.
This requires an evidence-based method to identify surgical
patients at elevated risk for readmission.

Recently, a single-center studyusingdata fromtheAmeri-
can College of Surgeons National Surgical Quality Improve-
ment Program (ACS NSQIP) determined that postoperative
complicationswereassociatedwitha4-fold increase in the risk
of hospital readmission.9 If these findings hold true across a
much larger groupofhospitals, thiswould indicate that strati-
fying surgical patients by their risk of developing postopera-
tive complicationsmight help identify those patientswhoare
most likely to be readmitted. To examine the potential asso-
ciation between the risk of complications, as predicted by the
ACS NSQIP complication model, and subsequent readmis-
sion of patients undergoing noncardiac surgery, we analyze
data fromhospitals that participate inACSNSQIP.Wehypoth-
esized that surgical patients with a high baseline risk of com-
plications are significantly more likely to be readmitted than
those at low risk. Because 400 hospitals in the United States
currently participate in ACS NSQIP and each of these hospi-
tals receives information on individual patient risk of major
complications,10 it should be feasible to rapidly implement a
system to identify patients with an elevated risk of readmis-
sion if complications are a major driver of hospital readmis-
sions. Leveraging the existing ACS NSQIP data infrastructure
in thismannermayhelpUShospitals achieveCMS’s goal of re-
ducing hospital readmissions by 20% and generating $2.5 bil-
lion of annual savings in health care costs.2,11

Methods
Data Source
This analysis was conducted using data from the ACS NSQIP
participant use data file for patients having noncardiac sur-
gery in 2011. The ACSNSQIP participant use data file includes
detailed information onpatient demographic characteristics,
admission source, preoperative risk factors, and 30-day post-
operative mortality, complications, and readmissions for pa-
tients undergoingmajor surgery.12 It defines 30-day readmis-
sionoutcomeasany rehospitalizationoccurringwithin30days
of the surgical procedure and includes a data field to identify

unplanned readmissions.12 It also includes theestimatedprob-
ability of complications for general and vascular surgical
cases.10Dataquality is achieved through theuseof trainedsur-
gical clinical reviewers and auditing of participating sites. Pa-
tient data are abstracted from the medical record, operative
log, anesthesia record, interviews with the attending sur-
geon, and telephone interviews with patients. A systematic
sampling strategy is used to avoid bias in case selection and
to ensure a diverse surgical case mix.13

Study Population andOutcomes
For our primary study sample, we identified 172 745 patients
whomet the following criteria: (1) underwent general, vascu-
lar, ororthopedic surgery; (2)weredischargedalivewithapost-
surgery length of stay (LOS) of 30 days or less; and (3) did not
undergo a prior operation within 30 days. We only included
records fromhospitals thatparticipated inNSQIP’sClassicmod-
ule (which includes the full set of clinical variables). We
excluded records with missing information on American So-
ciety of Anesthesiologists (ASA) physical status (617), read-
mission status (17 324), operation performed within 30 days
of the index surgery (2545), and surgical complexity (4372).
Patient records with missing information on sex (147), func-
tional status (301), weight and height (4158), and comorbidi-
ties (49) were also excluded. The final analytic sample con-
sisted of 143 232 records (82.9% of eligible cases) (eFigure 1 in
Supplement). This studywasexempted fromreviewby the in-
stitutional reviewboardat theUniversityofRochester, and the
requirement for informedconsentwaswaivedowing to the ret-
rospective design of the study.

Statistical Analysis
The primary outcome was unplanned hospital readmission
within 30 days of the index surgical procedure. For our main
analysis,weestimatedtheindependentassociationbetweenun-
planned30-dayreadmissionandtheACSNSQIPpredictedprob-
abilityofmajor30-daycomplications,controllingforASAphysi-
cal statusandsurgical complexity.Weadjusted for thevariation
in time at risk of the readmission outcome using the log of the
postdischarge period as anoffset14,15 (because 30-day rehospi-
talization ismeasured fromthesurgerydate,patientswith lon-
ger hospital LOS are less likely to be readmitted than patients
withshorterLOS,all elsebeingequal). Inaddition tousingwork
relative value units as ameasure of surgical complexity,we in-
cludedseparate intercepttermsforthetypeofprocedurebyCur-
rent Procedural Terminology code group (eTable 1 in Supple-
ment).We constructed categorical variables to specify the risk
of 30-daymajor complicationsbasedon theempiricaldistribu-
tion of the predicted risk of major complications: (1) very low
risk,0 to25thpercentile (≤1%riskofmajorcomplication forACS
NSQIPmodel); (2) low risk, 26th to 50th percentile (>1%-3.5%);
(3)moderate risk, 51st to 75thpercentile (>3.5%-6.5%); (4) high
risk, 76th to90thpercentile (>6.5%-10%); and (5)veryhigh risk,
greater than 90th percentile (>10%).

Weused2differentmethods tocalculateeachpatient’spre-
dicted probability of 30-day complication. In the first ap-
proach, we used the estimated probability of 30-day compli-
cation provided in the ACS NSQIP database (eTable 2 in
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Supplement). In the secondapproach,wecalculated theprob-
ability of major complication after first estimating a nonpar-
simonious logistic regression model for a composite compli-
cation outcome, which is similar but not identical to the
composite complicationoutcomeusedbyACSNSQIP16 (eTable
2 inSupplement).Risk factors included in thecustomizedcom-
posite complicationmodel are shown ineTable3 in theSupple-
ment. In addition towork relative value units as ameasure of
surgical complexity,we included separate intercept terms for
the typeof procedurebyCurrent Procedural Terminology code
group (eTable 1 in Supplement). We assessed the perfor-
mance of our composite complicationmodel usingmeasures
of discrimination (C statistic) and calibration (Hosmer-
Lemeshow statistic).

To estimate the population attributable fraction (PAF) of
in-hospital andpostdischargecomposite complications (asde-
fined earlier),we conducted a secondary analysis.We first es-
timated the independent association between unplanned re-
admissionsandcomplications, controlling forpatient riskusing
the same set of risk factors describedearlier.We thenused the
Stata routinePUNAF (StataCorpLP) to calculate thePAFbased
on the approach described by Greenland and Drescher.17 The
PAF is calculated by comparing a hypothetical scenario in
which none of the patients had a complication with the real-
world scenario captured by the actual data. The PAF of un-
planned readmissionsdue to complicationswas calculated for
in-hospital andpostdischarge complications. A secondanaly-
sis was performed in which each of the individual complica-
tionswas specified separately in the readmissionmodel to es-
timate the PAF for each individual complication.

BecauseACSNSQIPdefines 30-day readmissions as rehos-
pitalizations occurring within 30 days of the surgical proce-
dure, it is possible that patients with long hospital LOS would
be less likely to be readmitted because the at-risk period is
shorter. Because we have varying exposure times across pa-
tients, we examined the robustness of our results by perform-
ingasensitivityanalysis inwhichwelimitedouranalyticsample
topatientswith (1)postprocedurehospitalLOSof 14daysor less
and (2) postprocedure hospital LOS of 7 days or less. Statistical
analyses were performed using Stata SE/MP version 11.2 soft-
ware (StataCorp LP). Robust variance estimators were used.18
A 2-sided significance level of .05 was used for all tests.

Results
Exploratory Analyses
The rate of unplannedadmissions inour sampleof 143 232pa-
tients undergoing major noncardiac surgery was 6.8%. Pa-
tients with unplanned 30-day readmissions compared with
those without unplanned 30-day readmissions tended to be
older (61 vs 57 years, respectively), bemore likely to be either
partially dependent (6.8%vs 2.8%)or totally dependent (1.8%
vs 0.5%), have increased baseline severity of disease with an
ASAphysical status of 3 (55.0%vs 38.2%) or 4 (12.6%vs4.7%),
and undergo surgery as inpatients (87.5% vs 59.4%) (eTable 3
in Supplement).Our initial exploratory analyses revealed that
the most important predictor of unplanned 30-day readmis-

sions was not baseline severity of disease but rather the oc-
currence of complications (Figure 1). The rate of unplanned
30-day readmissionswas 78.3% for patientswith anypostdis-
charge complication, compared with 12.3% among patients
with in-hospital complications and 4.8% for patients with no
complications.We thenstratifiedpatientsbyASAphysical sta-
tus and ACS NSQIP calculated probability of major complica-
tion (as supplied by ACS NSQIP) and found that an increased
risk of complications was strongly associated with an el-
evated rate of 30-day unplanned readmission (Figure 2).

Results ofMultivariate Analyses
In ourmultivariate analyses, after controlling for baseline se-
verity of disease and surgical complexity, the strong associa-
tion between the risk of 30-day unplanned readmission and
the predicted risk of major complications persisted (Table 1).
Patients at very high risk for major complications (predicted
risk ofACSNSQIP complication>15%)had 10-foldhigher odds
of readmissioncomparedwithpatientsatvery lowrisk forcom-
plications (adjusted odds ratio [AOR] = 10.35; 95% CI, 9.16-
11.70). Patients with a high (AOR = 6.57; 95% CI, 5.89-7.34) or
moderate (AOR = 3.96; 95% CI, 3.57-4.39) risk of complica-
tions experienced a lower but still elevated risk of readmis-
sion (7- and 4-fold higher odds, respectively) relative to pa-
tients at low risk for complications.

After adjusting for severity of disease and surgical com-
plexity, patients with a predischarge complication had 2-fold
higher odds of readmission (AOR = 2.09; 95% CI, 1.86-2.35),
whereas patients with a postdischarge complication had 61-
fold higher odds of readmission (AOR = 61.11; 95% CI, 55.87-
66.83). The PAF of postdischarge complications for un-
planned readmissions was 26.16% (95% CI, 25.55%-26.77%),
whereaspredischarge complicationsdidnot account for a sub-
stantial fractionof readmissions (PAF = 2.35%; 95%CI, 1.91%-
2.78%) (Table2).Amongthe individualcomponentsof thecom-

Figure 1. Thirty-Day Unplanned Readmission Rates for Noncardiac
Surgery by Inpatient andOutpatient Complications
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posite complication outcome, postdischarge wound
complications (PAF = 9.60%;95%CI, 9.20%-10.00%) and sep-
sis (PAF = 4.84%; 95% CI, 4.61%-5.06%) accounted for the
greatest proportionof readmissions. The complicationmodel
exhibited good discrimination (C statistic = 0.79).Model cali-
bration was acceptable (Hosmer-Lemeshow statistic = 55.5)

given the large sample size (143 232 patients) and the sensi-
tivityof theHosmer-Lemeshowstatistic to largesamplesizes.19

When we limited our analytic sample to patients with (1)
postprocedure hospital LOS of 14 days or less and (2) postpro-
cedure hospital LOS of 7 days or less, our findings were un-
changed (eFigure 2, eFigure 3, and eTable 4 in Supplement).

Table 1. Risk of 30-Day Readmission as a Function of Risk of AnyMajor Complicationa

Risk or ASA Physical Status

ACS NSQIP Risk
of Major Complication

Customized Risk of
Major Complication

AOR (95% CI) P Value AOR (95% CI) P Value
Risk of any major
complication

Very low 1 [Reference] 1 [Reference]

Low 2.17 (1.96-2.42) <.001 2.20 (1.98-2.44) <.001

Moderate 3.96 (3.57-4.39) <.001 4.02 (3.63-4.46) <.001

High 6.57 (5.89-7.34) <.001 5.88 (5.26-6.58) <.001

Very high 10.35 (9.16-11.70) <.001 9.46 (8.42-10.62) <.001

ASA physical status

1 1 [Reference] 1 [Reference]

2 1.46 (1.29-1.65) <.001 1.42 (1.26-1.61) <.001

3 2.29 (2.02-2.60) <.001 2.20 (1.94-2.49) <.001

4 3.45 (3.00-3.97) <.001 3.29 (2.86-3.79) <.001

Abbreviations: ACS NSQIP, American
College of Surgeons National Surgical
Quality Improvement Program;
AOR, adjusted odds ratio;
ASA, American Society of
Anesthesiologists.
a See text for description of risk
categories for major complications.
Predicted risk of major
complications is based on ACS
NSQIP calculated risk.

Figure 2. Thirty-Day Unplanned Readmission Rates for Noncardiac Surgery by American Society
of Anesthesiologists (ASA) Physical Status and American College of Surgeons National Surgical
Quality Improvement ProgramRisk of Complications
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Discussion

If, as we hypothesized, the occurrence of postoperative com-
plications is stronglyassociatedwithunplannedhospital read-
missions, it should be possible to use this relationship to pro-
spectively identify surgical patients who are at increased risk
for readmission. To determine whether the hypothesized as-
sociation exists, we examined a cohort of more than 140 000
surgical patients in ACS NSQIP. We determined that un-
planned readmissions are, in fact, strongly and independently
associatedwithan increased riskof seriouspostoperativecom-
plications. Complications that occurred after hospital dis-
charge were much more likely to be associated with rehospi-
talization thancomplications thatoccurredduring thepatient’s
index hospital stay. Surgical patients who experienced a post-
discharge complication had 61-fold higher odds of rehospital-
ization comparedwith patientswith no postoperative compli-
cations. In comparison, patients who experienced a
complicationduringtheirhospitalizationhadonly2-foldhigher
oddsof rehospitalization.Patientswith thehighest riskof com-
plication (top10thpercentile)had10-foldhigheroddsof rehos-
pitalization, and patients in the next highest risk category
(10th-25th percentile) had nearly 7-fold higher odds of rehos-

pitalization. Based on these findings, we conclude that a pa-
tient’s risk of developing a serious postoperative complication
is a powerful predictor of unplanned rehospitalization.

The6.8%unplanned rehospitalization rate for surgical pa-
tients we report ismuch lower than the 15%national all-cause
rehospitalizationratereportedbyJencksetal20 forMedicareben-
eficiariesundergoingsurgery. Inpart, this reflectsdifferences in
howrehospitalizationrateswerecalculatedinourstudy.TheACS
NSQIP participant use data file only reports rehospitalizations
thatoccurwithin30daysaftersurgeryasopposedtoCMS’sdefi-
nition of early rehospitalizations as those that occur within
30daysofhospitaldischarge.20AlthoughJencksandcolleagues
did not examine the role of postoperative complications for
rehospitalization, a recent large multicenter study of patients
undergoingcolorectal surgerybasedonthe linkedSurveillance,
Epidemiology, andEndResultsProgram–Medicaredata setde-
termined thatpostsurgical complicationswereassociatedwith
a higher risk of rehospitalization.21 A small single-center study
basedonACSNSQIPdatareportedasimilarassociationbetween
in-hospital andpostdischargecomplicationsandearly rehospi-
talization.Toourknowledge,weare the first to study theasso-
ciationbetweentheriskofpostoperativecomplicationsandthe
rate of unplanned rehospitalizations in a large, nationally rep-
resentativecohortofpatientsundergoinggeneralsurgery.Weare

Table 2. Risk of 30-Day Readmission as a Function of Occurrence ofMajor Complications

Complication
At Risk,
No.

Readmission,
No.

30-d
Readmission

Rate, % AOR (95% CI) PAF (95% CI), %
Anya

Predischarge 3709 456 12.3 2.09 (1.86-2.35) 2.35 (1.91-2.78)

Postdischarge 3591 2811 78.3 61.10 (55.87-66.83) 26.16 (25.55-26.77)

Cardiovascularb

Predischarge 306 44 14.4 1.67 (1.21-2.32) 0.23 (0.06-0.39)

Postdischarge 106 87 82.1 48.88 (29.26-81.64) 0.88 (0.78-0.97)

Pneumoniab

Predischarge 559 62 11.1 1.30 (1.01-1.66) 0.20 (0.00-0.40)

Postdischarge 179 141 78.8 50.79 (34.26-75.29) 1.44 (1.31-1.57)

Renalb

Predischarge 289 36 12.5 1.48 (1.00-2.18) 0.12 (0.00-0.25)

Postdischarge 150 133 88.7 76.20 (46.42-125.09) 1.23 (1.13-1.33)

CNSb

Predischarge 120 12 10.0 0.94 (0.50-1.75) 0.00 (0.00-0.07)

Postdischarge 73 61 83.6 79.46 (39.28-160.75) 0.54 (0.48-0.61)

Sepsisb

Predischarge 874 108 12.4 1.56 (1.27-1.92) 0.54 (0.27-0.81)

Postdischarge 561 487 86.8 61.78 (47.68-80.04) 4.84 (4.61-5.06)

Thromboembolicb

Predischarge 434 64 14.8 1.89 (1.41-2.53) 0.28 (0.12-0.43)

Postdischarge 509 352 69.2 37.97 (30.57-47.16) 2.94 (2.73-3.15)

Woundb

Predischarge 1067 154 14.4 2.24 (1.80-2.79) 0.71 (0.48-0.95)

Postdischarge 1843 1425 77.3 39.86 (34.95-45.45) 9.60 (9.20-10.00)

Graft failureb

Predischarge 117 25 21.4 2.45 (1.46-4.11) 0.11 (0.03-0.18)

Postdischarge 113 76 67.3 20.97 (13.03-33.73) 0.48 (0.39-0.58)

Abbreviations: AOR, adjusted odds
ratio; CNS, central nervous system;
PAF, population attributable risk.
a Results of analysis examining the
independent association between
any complication and unplanned
readmission, controlling for baseline
patient risk and surgical complexity.

b Results of analysis examining the
independent association between
individual complications and
unplanned readmission, controlling
for baseline patient risk and surgical
complexity.
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alsothefirst toobservethat it ispostdischargecomplicationsthat
appear todrivesurgical readmissions, asopposedtopostopera-
tive complications that occurduring the indexhospitalization.

Our findingsare importantbecauseof theirpractical impli-
cations for patient safety and cost reduction.Nonpublic report
cards likeACSNSQIP aim to improve patient outcomes bypro-
viding hospitalswith feedback on patient risk and subsequent
outcomes.10This information, althoughuseful forbenchmark-
ing,doesnotnecessarilyhelphospitalspinpointandcorrect the
causes of bad outcomes. Although public reporting increases
transparency and promotes accountability, it has not yet been
shown to lead to dramatic improvements in health care
outcomes22—evenwhen tied to financial incentives.23 Perhaps
therealpromiseofqualitymeasurementresides in itsusetopro-
spectivelyidentifygroupsofpatientswhofaceaparticularlyhigh
risk for a poor outcome due to preventable or manageable
complications—sothesepatientscanbeprovidedwithevidence-
based risk-reductionstrategies to improve their likelihood for a
goodoutcome.Forsurgicalpatientsundergoingnoncardiacsur-
gery, postdischarge complicationsappear tobeapowerful, im-
portantdriverofunplannedrehospitalization.Havingshownthat
theriskofrehospitalizationiscloselypredictedbytheriskofma-
jor complications, it shouldbe feasible forACSNSQIPhospitals
to identify high risk for rehospitalization using the ACS NSQIP
predictionmodel. Although the complication risk index is not
currentlyavailable inreal time,ACSNSQIPcouldprovidepartici-
patinghospitalswith themeansofcalculatingapatient’s risk in-
dexat thetimeofdatacollection.Physiciansandhospitalscould
thenusethis informationtoguideeffortstoreducethelikelihood
of rehospitalization through early detection and treatment.

Ourstudy is limited incertainrespects.First, theACSNSQIP
definitionof30-dayreadmissions isbasedonthenumberofdays
sincesurgeryasopposedtotheusualpost–hospitaldischargepe-
riod. The decision by ACSNSQIP to use this nonstandard defi-
nitionwasmade so that rehospitalizationswouldbemeasured
atthesamepointasother30-daysurgicaloutcomessuchasmor-
talityandmajorcomplications.Becauseofthis,patientswithlon-
gerhospital LOSmaybe less likely to showup in theACSNSQIP
databaseasrehospitalizedbecauseareadmissioniscountedonly
if it occurswithin 30days of the surgery. Because high-risk pa-
tientsaremore likely tohaveacomplicatedhospital courseand
a longerhospitalLOS, theuseof thisnonstandarddefinition for
30-dayreadmissionprobablyunderestimatesthetrue incidence
of unplanned admissions and therebyweakens the strengthof
theassociationbetweencomplicationsandunplannedreadmis-
sions.However, the results of our sensitivity analysis, inwhich
weonlyconsideredpatientswithahospitalLOSof7daysor less,
were essentially identical to thoseof ouroriginal analysis. This
suggests that our findings are relatively robust despite the use
of a nonstandard period to define rehospitalization.

Second,ouranalysisisbasedonaself-selectedsampleofhos-
pitals participating inACSNSQIP. Because these hospitals tend

tobemorefocusedonqualityimprovement,ourfindingsmaynot
begeneralizabletoallacute-carehospitals.However,thefactthat
ACSNSQIP includesadiversepopulationofacademic, rural and
nonrural,andlargeandsmallhospitals24makesthisconcernless
compelling than it otherwisemight be.Although studies based
onMedicaredataaremoregeneralizablebecauseMedicaredata
arepopulationbased,theaccuracyofadministrativedataformea-
suring surgical complications is less than ideal25 and thus less
suitable forexploringtheassociationbetweentheriskofcompli-
cations and subsequent unplanned rehospitalizations.

Finally, it canbeargued that our finding that patientswith
postdischarge complications are likely to be rehospitalized is
tautological and self-evident.However, to argue this is tomiss
the larger point of this analysis, namely that because postdis-
charge complications are a major driver for rehospitaliza-
tions and ACS NSQIP provides hospitals with a robust means
toprospectively calculate the riskof complications,ACSNSQIP
could be readily extended tohelphospitals identify andman-
age patients through careful monitoring and timely postdis-
charge care, thereby reducing their risk of adverse outcomes
including unplanned rehospitalization.

Conclusions
There is broadagreementon theneed to reengineer incentives
inhealthcaretopromotehigh-qualitycare.However,mostphy-
siciansandhospitals, althoughnotperfect, arealreadystrongly
incentivized to provide high-quality care by their ethical
calling and senseof professionalism.Measuring the endprod-
ucts of health care such as mortality, complications, and
rehospitalizations—andreportingthat informationafter the fact
tohealth careprofessionals, patients, and third-partypayers in
the form of report cards—may not be sufficient to achieve the
best possible outcomes.Weneed to reengineer our data infra-
structuretoprospectivelyproviderisk informationtophysicians
andotherhealthcareprofessionalsbefore,not after, complica-
tions occur. Providing physicians and hospitals with the tools
to identify, inreal time,patientswhoareathighriskforpoorout-
comesmay be the key to preventing poor outcomes down the
line.Risk stratificationprovidesphysicians theopportunity to
interveneandpreventpooroutcomesbefore theyoccur. In the
caseofsurgical readmissions,our findingssuggest that it should
be feasible to implementearlydetectionofhigh-riskpatientsby
calculating their riskofmajor complicationsonadmissionwith
ACSNSQIP.Although this score isnot currently available at the
time of admission, it may be cost-effective for the ACS to cre-
ate this functionality and for CMS to provide incentives to en-
courageeveryacute-carehospital to adopt anduseACSNSQIP.
If it is successful at flagginghigh-riskpatients and reducing the
need forunnecessary rehospitalizations, thepayoffwill be im-
mediate and substantial.
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Invited Commentary

Forecasting Hospital Readmission After Surgery
Data and the Hard-to-Measure Role of Culture
Sandra DiBrito, MD; Martin A. Makary, MD, MPH

Muchdebate has surrounded the definition and role of hospi-
tal readmission in the scienceof quality improvement.Most of
these discussions have focused on this fundamental question:

howcanwemakesurequality
measurement is fair? In our
opinion,benchmarkingperfor-

manceand improvingquality requireabetterunderstandingof
theclinical,behavioral,andsocioeconomicdetailsofwhatbrings
ourpatients back to thehospital.Moreover, targeted strategies
aimedat reducing readmissionrelyonknowingmoreabout the

risk factors for readmission such as those elucidated in the ar-
ticle by Glance et al.1

Inthemostdetailedstudyofsurgical readmissionof itskind,
Glanceandcolleaguesdemonstrate thatprehospital andpreop-
eration characteristics can predict risk not only for postopera-
tive complicationsbut also for readmission.Theyalsodescribe
thecloseassociationofreadmissionswithcomplicationsthatde-
velop in the postdischarge period. At the bedside level of care,
knowing this informationmatters. They also inform formal ef-
forts toprevent readmission suchasbetter discharge teaching,
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homehealthsupport, follow-upcalls,earlyclinicvisits,andeven
homemonitoring. These interventions can be applied in addi-
tiontopatienteducationefforts rangingfromeducationalhand-
outsandprintedmedicationliststo in-housetutorialswithnurse
educatorsusingtablettechnology.Formationofmultidisciplinary
teams includingdischargecoordinators,homecare specialists,
socialworkers,andcliniciansalsoallowsamultifacetedapproach
tosecuringasafedischarge.2Assuggested in thisarticle,outpa-
tient support is important. Services such as 24-hour telephone
assistance by nurses and other health care professionalsmake
patientsfeelmorecomfortabletakingcareoftheir issuesathome.
Ifproblemsdoariseandaresufficientlyconcerning,patientscan
be directed toward outpatient clinics or acute care facilities as
opposed to theemergencydepartmentandultimatelyan inpa-
tient stay for an issue that could have been resolved on an out-
patientbasis.Thesolutiontotheproblemofreadmissionrequires
resources. For efforts towork in reducing readmission,money
willneedtobe invested inbettersupportofpatients fromthere-
covery room to the last follow-up visit.3

In making conclusions about readmission rates, it is im-
portant for data collection to be standardized.Wehave previ-

ously observed that readmission rates vary widely by the
method of data collection.4 Despite widespread public sup-
port for quality improvement through benchmarking, regis-
try participation by US hospitals remains limited.Maturation
andwidespread adoption of national registries in surgery are
an important futuredirection for fairbenchmarking. Ifdatacol-
lection is not standardized and independent tominimize self-
reporting bias, then we may be unfairly punishing hospitals
that do a good job of capturing data and rewarding hospitals
that do a lousy job of data collection.

While this article informs the science of quality improve-
ment, we should not be naive enough to think that readmis-
sion isdrivenonlybymedical characteristics.This studynicely
details clinical predictors, butwemust also remember that so-
cial, economic, and cultural characteristics can influence re-
admission rates. However, unlike clinical data, these factors
are difficult to measure and are thus often omitted from the
scientific conversation. Accounting for these differencesmay
be a critical prerequisite before penalizing hospitals that dis-
proportionately and admirably care for populations at higher
risk for readmission.
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