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Underlying Reasons Associated With Hospital Readmission
Following Surgery in the United States
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Karl Y. Bilimoria, MD, MS

IMPORTANCE Financial penalties for readmission have been expanded beyond medical
conditions to include surgical procedures. Hospitals are working to reduce readmissions;
however, little is known about the reasons for surgical readmission.

OBJECTIVE To characterize the reasons, timing, and factors associated with unplanned
postoperative readmissions.

DESIGN, SETTING, AND PARTICIPANTS Patients undergoing surgery at one of 346 continuously
enrolled US hospitals participating in the American College of Surgeons National Surgical
Quality Improvement Program (ACS NSQIP) between January 1, 2012, and December 31,
2012, had clinically abstracted information examined. Readmission rates and reasons
(ascertained by clinical data abstractors at each hospital) were assessed for all surgical
procedures and for 6 representative operations: bariatric procedures, colectomy or
proctectomy, hysterectomy, total hip or knee arthroplasty, ventral hernia repair, and lower
extremity vascular bypass.

MAIN OUTCOMES AND MEASURES Unplanned 30-day readmission and reason for
readmission.

RESULTS The unplanned readmission rate for the 498 875 operations was 5.7%. For the
individual procedures, the readmission rate ranged from 3.8% for hysterectomy to 14.9% for
lower extremity vascular bypass. The most common reason for unplanned readmission was
surgical site infection (SSI) overall (19.5%) and also after colectomy or proctectomy (25.8%),
ventral hernia repair (26.5%), hysterectomy (28.8%), arthroplasty (18.8%), and lower
extremity vascular bypass (36.4%). Obstruction or ileus was the most common reason for
readmission after bariatric surgery (24.5%) and the second most common reason overall
(10.3%), after colectomy or proctectomy (18.1%), ventral hernia repair (16.7%), and
hysterectomy (13.4%). Only 2.3% of patients were readmitted for the same complication they
had experienced during their index hospitalization. Only 3.3% of patients readmitted for SSIs
had experienced an SSI during their index hospitalization. There was no time pattern for
readmission, and early (�7 days postdischarge) and late (>7 days postdischarge)
readmissions were associated with the same 3 most common reasons: SSI, ileus or
obstruction, and bleeding. Patient comorbidities, index surgical admission complications,
non-home discharge (hazard ratio [HR], 1.40 [95% CI, 1.35-1.46]), teaching hospital status
(HR, 1.14 [95% CI 1.07-1.21]), and higher surgical volume (HR, 1.15 [95% CI, 1.07-1.25]) were
associated with a higher risk of hospital readmission.

CONCLUSIONS AND RELEVANCE Readmissions after surgery were associated with new
postdischarge complications related to the procedure and not exacerbation of prior index
hospitalization complications, suggesting that readmissions after surgery are a measure of
postdischarge complications. These data should be considered when developing quality
indicators and any policies penalizing hospitals for surgical readmission.
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R eadmission as a quality and cost-containment metric
is now a major issue for hospitals, clinicians, and
policy makers. Although the initial focus was on 3

medical conditions (myocardial infarction, heart failure,
and pneumonia),1-3 the Centers for Medicare & Medicaid
Services has since expanded its focus on readmissions to
include 2 separate measures related to surgical patients:
readmissions following total hip and knee arthroplasty as
part of their Hospital Readmissions Reduction Program and
hospital-wide readmissions (ie, includes all surgical
patients), which are publicly reported.4 Future inclusion of
additional individual operations is anticipated.5

Despite the emphasis on readmissions, studies have not
comprehensively evaluated the underlying reasons and fac-
tors associated with readmissions after surgical hospitaliza-
tions using clinical data from a diverse, national sample of
hospitals. Limitations of existing studies include the inability
to identify a specific valid reason for readmission because of
the use of data sources that lack clinical granularity.6-12

Another gap in the extant literature is insufficient under-
standing of the relationship between surgical complications
occurring during the index surgical admission and the causes
for readmission (ie, whether the readmission is related to a
complication from the index hospitalization or rather is a
new issue that developed after discharge). It is also unclear
whether early and late postsurgical readmissions have simi-
lar underlying reasons. Identification of the reasons and
factors associated with unplanned surgical readmissions
can help direct future surgical quality improvement efforts
and policy decisions designed to reduce surgical readmis-
sion rates.

The American College of Surgeons National Surgical Qual-
ity Improvement Program (ACS NSQIP) collects clinical read-
mission information, including the primary reason for read-
mission, a data element that is not available in most other
multi-institutional data sources.12-14 Having prospectively col-
lected information about surgical readmission, ACS NSQIP en-
ables a more precise assessment of the causes for surgical re-
admission than have been previously reported. The objectives
of this study were to characterize the reasons for and timing
of readmissions and to examine factors associated with un-
planned surgical readmissions.

Methods
Data Source and Study Population
The details of the ACS NSQIP, including sampling strategy,
data abstraction procedures, variables collected, outcomes,
and structure, are described elsewhere.15-21 In 2012, ACS
NSQIP included 374 adult hospitals, accounting for approxi-
mately 10% of all hospitals and 30% of operations per-
formed in the United States. Of those hospitals, 346 were
continuously enrolled for the entire study period. In brief,
hospitals collect standardized and audited clinical data on
patient demographics, preoperative risk factors, laboratory
values, operative variables, and postoperative complica-
tions for a predefined sample of their patients.19,20 Trained

clinical data abstractors use definitions standardized for all
participating institutions. Onsite data audits are regularly
performed. Patients are followed up for postoperative out-
comes for 30 days after the index operation, irrespective of
whether the patient is an inpatient, has been discharged to
his or her home or another facility, or has been readmitted
to another hospital. Patients are followed up by surgical
clinical reviewers at each participating hospital who exam-
ine the medical record, query involved clinicians, and con-
tact patients as needed to ascertain the required ACS NSQIP
data elements.

Patients undergoing surgery at a continuously enrolled US
ACS NSQIP hospital from January 1, 2012, to December 31, 2012,
were included in this study. Six representative procedure
groups based on Current Procedural Terminology (CPT) codes22

(eTable 1 in the Supplement) were also examined: bariatric sur-
gery, colectomy or proctectomy, hysterectomy, total hip or knee
arthroplasty, ventral hernia repair, and lower extremity vas-
cular bypass. These procedures were selected based on their
clinical and policy relevance, because they are frequently used
in public reporting and pay-for-performance programs. The
Northwestern University institutional review board deemed
this study as exempt.

Readmission Variables
The ACS NSQIP collects data on whether a readmission oc-
curred to the same or a different facility, whether the read-
mission was planned or unplanned at the time of index dis-
charge, and the primary suspected reason for the readmission.
The accuracy of these variables has been examined against phy-
sician chart review.13,14 The data abstractors can review inpa-
tient and outpatient charts, contact other hospitals, and con-
tact patients directly to ascertain whether a readmission
occurred.

Consistent with other ACS NSQIP outcomes, readmis-
sion events were captured if they occurred within 30 days of
the index procedure. A readmission event was defined as
unplanned by the hospital’s data abstractor if it was not part
of the treatment plan at the time of the index procedure dis-
charge per the ACS NSQIP definition.13,14,23 The analyses
focused on unplanned readmissions. The primary reason for
readmission was identified as a standard ACS NSQIP postop-
erative complication (eg, surgical site infection [SSI], myo-
cardial infarction) or, if not in the ACS NSQIP set of standard
outcomes collected, a diagnosis classified by an Interna-
tional Classification of Diseases, Ninth Revision (ICD-9)
code.23 The hospital’s clinical data abstractor assigned the
reasons for the readmission after review of the entire medi-
cal record, discussions with treating physicians and outside
hospitals, and contacting the patient directly as needed.
Thus, although assigned an ICD-9 diagnostic code, this was
still a clinically abstracted and not administratively coded
reason for hospital readmission. Prior research has validated
that this assigned reason is concordant with physician case
reviews.13,14 ICD-9 codes were grouped using the Agency for
Healthcare Research and Quality Clinical Classification
Software.24,25 The resulting categories were consolidated
with the ACS NSQIP postoperative occurrence categories,
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resulting in a total of 18 potential reasons for readmission
(eTable 2 in the Supplement).

The most common reasons for unplanned readmission
within 30 days of the index procedure were assessed, as well
as the proportion of patients readmitted for the same preex-
isting inpatient complication. In addition, the top 3 reasons for
early (within 7 days of discharge) unplanned readmission were
compared with those for late (more than 7 days after dis-
charge) readmission.

Hospital Characteristics
Data from the 2010 American Hospital Association Annual
Survey were used to evaluate whether certain hospital char-
acteristics were associated with unplanned readmissions.
Selected hospital characteristics used in previous studies of
health care quality were selected a priori for inclusion in
this study26-32: hospital ownership, rural hospital designa-
tion, resident-to-bed ratio, teaching status designated by
the Accreditation Council for Graduate Medical Education
(ACGME), hospital volume, and hospital disproportionate
share index. Hospitals with inpatient surgical volumes in
the lowest quartile were designated as low-volume centers,
and those with volumes in the highest quartile were
designated as high-volume centers. To evaluate the
relationship between a hospital’s care of vulnerable popula-
tions and readmissions, we used the Medicare dispropor-
tionate hospital share index.33 Using a previously described
approach,34 hospitals with disproportionate hospital
share index in the upper quartile were defined as safety net
hospitals.

Statistical Analysis
Because ACS NSQIP captures readmission data within 30
days from the index procedure, we used time-to-event
modeling using hierarchical Cox proportional hazards mod-
els with patients clustered within hospitals to characterize
the time from discharge to readmission and to evaluate vari-
ables associated with readmissions. The time-to-event
interval was measured from the date of surgery to the date
of readmission. Patients were censored at 30 days from the
index procedure or if they died prior to readmission. To
focus on new postdischarge complications causing readmis-
sions (ie, those not simply exacerbations of known compli-
cations), patients were excluded from the analyses of fac-
tors associated with readmission if they were readmitted for
a complication that also occurred during their initial hospi-
tal stay. Candidate variables comprised clinical covariates,
including the procedure (CPT codes), patient demographics,
health summary status variables (eg, functional status,
American Society of Anesthesiologists [ASA] class), specific
comorbidities (eg, heart failure, diabetes), inpatient compli-
cations (that occurred during the index hospitalization), dis-
charge destination, hospital characteristics, and hospital
disproportionate share status. All variables were entered
into the model. The proportionality assumption was con-
firmed graphically.

To determine the relative strength of association
between each covariate and the risk of readmission, vari-

ables associated with unplanned readmission were selected
into the models using a forward selection process (P < .05 as
entry criterion). Although this approach offers some indica-
tion of the clinical relevance of the variables in predicting
readmissions, the method is not specifically designed for
this purpose. Variables selected earlier were the most signifi-
cant of the remaining covariates after adjusting for any
already selected covariates. The likelihood ratio test was
used to compare all models with the null model. Only vari-
ables that had clinical relevance or that had been shown to
have an association with readmissions in prior studies were
included in the model. Index hospitalization complications,
discharge destination, hospital characteristics, and hospital
disproportionate share status were added into the models,
even if not selected.

Using the individual variables examined in the
models above, 5 categories of variables generally considered
to be explanatory for readmission were assessed: patient
factors, inpatient complications (except if the index hospi-
talization complication was the reason for the readmission),
discharge destination, hospital characteristics, and hos-
pital disproportionate share. The association between
these factors (together and individually) and time to read-
mission was estimated in separate Cox models with robust
clustered standard errors to account for hospital-level
clustering. The proportion of variation in the outcome
explained by these factors was estimated using the Royston
R2 method.35

Statistical significance was set at P < .05, and all tests were
2-tailed. All analyses were performed using SAS version 9.3 (SAS
Institute) and Stata version 13.1MP (StataCorp).

Results
From 346 ACS NSQIP hospitals, 498 875 patients were identi-
fied, of which 18 143 underwent bariatric surgery, 35 112 col-
ectomy or proctectomy, 33 895 ventral hernia repair, 25 119
hysterectomy, 38 671 hip or knee arthroplasty, and 6341
lower extremity vascular bypass (Table 1). The median
length of stay ranged from 0 days for ventral hernia repair to
6 days for colectomy or proctectomy (Table 1). Specific
patient characteristics by procedure type are detailed in
eTable 3A in the Supplement. Among the 346 hospitals
included in this study, 219 (63.3%) were teaching hospitals
(eTable 3B in the Supplement).

Across procedure groups, planned readmissions were
relatively infrequent, since the all-cause readmission rate of
6.1% closely approximated the unplanned readmission rate
of 5.7%. The largest difference between rates of overall and
unplanned readmission occurred in the patients undergoing
lower extremity vascular bypass, for whom the planned
readmission rate was 0.6%. The overall length of stay was 1
day (interquartile range, 0-4 days), and median time to
readmission was 8 days (interquartile range, 3-14 days). For
the individual procedures, the rate of unplanned readmis-
sion ranged from 3.8% after hysterectomy to 14.9% after
lower extremity vascular bypass (Table 1).
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The variation in the number of days from discharge to
unplanned readmission was estimated across procedures. As
a reflection of the variability in when readmissions occurred,
the interquartile range of unplanned readmissions was 13
days after bariatric surgery, 11 days after ventral hernia

repair, 11 days after lower extremity bypass, 13 days after hip
or knee arthroplasty, 10 days after hysterectomy, and 9 days
after colectomy or proctectomy. There was no particular
peak in when readmissions occurred: The readmissions
occurred relatively linearly over the 30-day follow-up period

Table 2. Ten Most Frequent Reasons for Unplanned Readmissions After Surgery (Overall and for 6 Selected Procedures)a

Procedure

Unplanned Readmissions by Reason, in Descending Order Left to Right, No. (%) [95% CI]

1 2 3 4 5 6 7 8 9 10

Overall

SSI Ileus or
obstruction

Bleeding Pulmonary VTE Dehydration
or nutrition

Sepsis CNS or CVA Pain Other
surgical

5576
(19.5)

[19.1-20.0]

2945
(10.3)

[10.0-10.7]

1399
(4.9)

[4.7-5.2]

1034
(3.6)

[3.4-3.8]

978
(3.4)

[3.2-3.6]

922
(3.2)

[3.0-3.4]

833
(2.9)

[2.7-3.1]

709
(2.5)

[2.3-2.7]

694
(2.4)

[2.3-2.6]

613
(2.1)

[2.0-2.3]

Bariatric
(n = 950)

Ileus or
obstruction

Dehydration
or nutrition

SSI Pain Bleeding VTE Pulmonary Sepsis Other
surgical

CNS or CVA

233
(24.5)

[21.8-27.5]

171
(18.0)

[15.6-20.4]

108
(11.4)

[9.3-13.4]

77
(8.1)

[6.4-9.8]

55
(5.8)

[4.3-7.3]

47
(5.0)

[3.6-6.3]

22
(2.3)

[1.4-3.3]

18
(1.9)

[1.0-2.8]

14
(1.5)

[0.7-2.2]

13
(1.4)

[0.6-2.1]

Colectomy or
proctectomy
(n = 3830)

SSI Ileus or
obstruction

Dehydration
or nutrition

Bleeding VTE Sepsis AKI or other
GU

Pain Other
surgical

UTI

990
(25.8)

[24.5-27.2]

693
(18.1)

[16.9-19.3]

255
(6.7)

[5.9-7.4]

156
(4.1)

[3.4-4.7]

121
(3.2)

[2.6-3.7]

119
(3.1)

[2.6-3.70]

115
(3.0)

[2.5-3.5]

112
(2.9)

[2.4-3.5]

80
(2.1)

[1.6-2.5]

78
(2.0)

[1.6-2.5]

Ventral
hernia repair
(n = 1549)

SSI Ileus or
obstruction

Bleeding VTE Pain Pulmonary CNS or CVA Dehydration
or nutrition

Sepsis AKI or
other GU

411
(26.5)

[24.3-28.7]

259
(16.7)

[14.9-18.6]

100
(6.5)

[5.2-7.7]

54
(3.5)

(2.6-4.4)

53
(3.4)

[2.5-4.3]

39
(2.5)

[1.7-3.3]

28
(1.8)

[1.1-2.5]

26
(1.7)

[1.0-2.3]

25
(1.6)

[1.0-2.2]

24
(1.5)

[0.9-2.2]

Hysterectomy
(n = 945)

SSI Ileus or
obstruction

Bleeding VTE UTI Other
surgical

Dehydration
or nutrition

Pain Sepsis CNS or CVA

272
(28.8)

[25.9-31.7]

127
(13.4)

[11.3-15.6]

79
(8.4)

[6.6-10.1]

57
(6.0)

[4.5-7.60]

31
(3.3)

[2.1-4.4]

27
(2.9)

[1.8-3.9]

23
(2.4)

[1.4-3.4]

23
(2.4)

[1.4-3.4]

23
(2.4)

[1.4-3.4]

21
(2.2)

[1.3-3.2]

Total hip or
knee
arthroplasty
(n=1676)

SSI Graft or
prosthesis

VTE Bleeding Orthopedic
related

Pulmonary Cardiac CNS or CVA Ileus or
obstruction

Sepsis

315
(18.8)

[16.9-20.7]

126
(7.5)

[6.3-8.8]

105
(6.3)

[5.1-7.4]

101
(6.3)

[5.1-7.4]

85
(5.1)

[4.0-6.1]

54
(3.2)

[2.4-4.10]

41
(2.4)

[1.7-3.2]

40
(2.4)

[1.7-3.1]

38
(2.3)

[1.6-3.0]

35
(2.1)

[1.4-2.8]

Lower
extremity
vascular
bypass
(n = 944)

SSI Graft or
prosthesis

Vascular Bleeding Sepsis Other
surgical

Pulmonary Cardiac VTE Other
medical

344
(36.4)

[33.4-39.5]

71
(7.5)

[5.8-9.2]

62
(6.6)

[5.0-8.2]

42
(4.4)

[3.1-5.8]

27
(2.9)

[1.8-3.9]

24
(2.5)

[1.5-3.5]

20
(2.1)

[1.2-3.0]

19
(2.0)

[1.1-2.9]

18
(1.9)

[1.0-2.8]

14
(1.5)

[0.7-2.3]

Abbreviations: AKI, acute kidney injury; CNS, central nervous system;
CVA, cerebrovascular accident; GU, genitourinary; SSI, surgical site infection;
UTI, urinary tract infection; VTE, venous thromboembolism.

a See eTable 2 for examples of each category of reasons for readmission.
Percentages represent percentage of readmissions for a given procedure
group attributable to the particular readmission reason.

Table 1. Thirty-Day Readmission Rates, Length of Stay, and Days From Discharge to Readmission Following Surgery

Procedure

Overall
(n=498 875)

Bariatric
(n=18 143)

Colectomy or
Proctectomy
(n=35 112)

Ventral Hernia
Repair

(n=33 895)
Hysterectomy

(n=25 119)

Total Hip or Knee
Arthroplasty
(n=38 671)

Lower
Extremity
Vascular
Bypass

(n=6341)
Readmission, No. (%)a

All-cause 30 270 (6.1) 960 (5.3) 3907 (11.1) 1573 (4.6) 982 (3.9) 1719 (4.5) 983 (15.5)

Unplanned 28 541 (5.7) 950 (5.2) 3830 (10.9) 1549 (4.6) 945 (3.8) 1676 (4.3) 944 (14.9)

Length of stay,
median (IQR), db

1 (0-4) 2 (1-2) 6 (4-8) 0 (0-2) 1 (1-2) 3 (2-3) 4 (3-7)

Time to unplanned
readmission,
median (IQR), dc

8 (3-14) 8 (3-16) 6 (3-12) 7 (3-14) 7 (3-13) 9 (4-17) 10 (5-16)

Abbreviation: IQR, interquartile range.
a Unadjusted.

b For index hospitalization.
c Number of days from discharge to readmission.
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overall and for each of the individual operations examined
(eFigure in the Supplement).

Reasons for Unplanned Readmissions
The reasons for unplanned readmissions are shown in Table 2.
The most common reason for readmission was SSI (19.5%),
ranging from 11.4% after bariatric surgery to 36.4% after lower
extremity vascular bypass. The most common reason for re-
admission after bariatric surgery was ileus or obstruction
(24.5%), and ileus or obstruction was the second most com-
mon reason for readmission overall (10.3%) and for colec-
tomy or proctectomy, ventral hernia repair, and hysterec-
tomy. Other common causes included dehydration or
nutritional deficiency, bleeding or anemia, venous thrombo-
embolism, and prosthesis or graft issues (after arthroplasty and
lower extremity vascular bypass procedures).

When examining early (within 7 days of discharge) and late
(more than 7 days after discharge) unplanned readmissions
separately, the top 3 reasons for readmission were similar over-
all (SSI, ileus or obstruction, and bleeding) and when exam-
ining each of the 6 procedure groups individually (eTable 4 in
the Supplement).

When examining the percentage of patients readmitted for
a complication that also occurred during their index hospital-
ization (ie, exacerbation of a known issue), the most common
reason was bleeding (21.0% of patients readmitted for bleed-
ing also experienced a bleeding-related event during index sur-
gical admission), followed by pulmonary complications (6.2%)
and sepsis (5.5%) (Table 3). Overall, however, only 2.3% of pa-
tients were readmitted for a preexisting complication (ie, rea-
son for readmission also occurred during the index hospital-

ization). Among patients readmitted for SSIs (the most common
reason for readmission overall), only 3.3% of these patients had
experienced an SSI during their index hospitalization.

Factors Associated With Unplanned Readmission
The association of patient factors, inpatient complications,
discharge destination, and hospital characteristics with
unplanned readmissions was examined (Table 4). Because
we found that patients were rarely readmitted for the same
type of complication that they had also experienced during
the index surgical admission (2.3%)( Table 3) and most read-
missions were attributable to new complications that
occurred after discharge, patients readmitted for the same
complication they had experienced as an inpatient were
excluded from this analysis to focus on postdischarge com-
plications and not simply exacerbations of known issues.
Patient factors associated with readmission were higher ASA
class, presence of ascites, disseminated cancer, bleeding dis-
order, renal failure, steroid use, and weight loss. Experienc-
ing an inpatient complication (particularly bleeding, cardiac
complication, sepsis, urinary tract infection, and venous
thromboembolism) was associated with unplanned readmis-
sion (for a different reason). Patients discharged to a location
other than home (eg, nursing facility) were also more likely
to be readmitted (odds ratio [HR], 1.40 [95% CI, 1.35-1.46]).
Although hospital control or ownership was not associated
with unplanned readmission, teaching hospitals had a
higher likelihood of unplanned readmission (HR, 1.14 [95%
CI, 1.07-1.21]). Highest-volume centers also had a higher like-
lihood of unplanned readmission when compared with low-
volume centers (HR, 1.15 [95% CI, 1.07-1.25]). Hospital

Table 3. Percentage of Inpatients Readmitted for Preexisting Complications, by Specific Complicationa

Procedure

No./Total (%) [95% CI]

Bleeding Pulmonary Sepsis SSI Cardiac
CNS or

CVA VTE
AKI or

Other GU UTI
Graft or

Prosthesis
Other

Surgical
Overall 224/1066

(21.0)
[18.6-23.5]

58/932
(6.2)

[4.7-7.8]

41/745
(5.5)

[3.9-7.1]

164/4920
(3.3)

[2.8-3.8]

13/412
(3.2)

[1.5-4.9]

15/596
(2.5)

[1.3-3.8]

15/822
(1.8)

[0.9-2.7]

7/394
(1.8)

[0.5-3.1]

6/398
(1.5)

[0.3-2.7]

5/533
(0.9)

[0.1-1.8]

1/547
(0.2)

[0.0-0.5]
Bariatric 4/53

(7.6)
[0.2-14.9]

2/22
(9.1)

[0.0-22.1]

1/18
(5.6)

[0.0-17.3]

3/104
(2.9)

[0.0-6.2]

0/5 0/13 1/43
(2.3)

[0.0-7.0]

1/4
(25.0)

[0.0-100.0]

0/4 0/1 0/14

Colectomy or
proctectomy

28/152
(18.4)

[12.2-24.7]

3/74
(4.1)

[0.0-8.7]

9/119
(7.6)

[2.7-12.4]

50/986
(5.1)

[3.7-6.4]

2/28
(7.1)

[0.0-17.3]

3/43
(7.0)

[0.0-14.9]

3/121
(2.5)

[0.0-5.3]

1/114
(0.9)

[0.0-2.6]

1/78
(1.3)

[0.0-3.8]

0/38 0/7938

Ventral
hernia repair

6/69
(8.7)

[1.9-15.5]

1/28
(3.6)

[0.0-10.9]

0/18 7/316
(2.2)

[0.6-3.8]

0/7 1/16
(6.3)

[0.0-19.6]

0/30 0/17 0/12 0/14 0/20

Hysterectomy 9/52
(17.3)

[6.7-27.9]

1/17
(5.9)

[0.0-18.4]

2/18
(11.1)

[0.0-27.2]

0/196 0/3 0/13 0/44 0/9 2/28
(7.1)

[0.0-17.2]

0/0 0/14

Total hip
or knee
arthroplasty

28/101
(27.7)

[18.8-36.6]

2/54
(3.7)

[0.0-8.9]

0/35 2/314
(0.6)

[0.0-1.5]

1/41
(2.4)

[0.0-7.4]

1/40
(2.5)

[0.0-7.6]

2/104
(1.9)

[0.0-4.6]

0/20 1/25
(4.0)

[0.0-12.3]

0/126 1/22
(4.6)

[0.0-14.0]
Lower
extremity
vascular
bypass

12/42
(28.6)

[14.3-42.8]

0/20 0/27 8/343
(2.3)

[0.7-3.9]

2/19
(10.5)

[0.0-25.7]

0/11 0/18 0/5 0/3 2/71
(2.8)

[0.0-6.8]

0/24

Abbreviations: AKI, acute kidney injury; CNS, central nervous system;
CVA, cerebrovascular accident; GU, genitourinary; SSI, surgical site infection;
UTI, urinary tract infection; VTE, venous thromboembolism.
a ”Preexisting complication” indicates that reason for 30-day unplanned

readmission is the same as the complication that occurred during the index

hospitalization. Numerators represent the number of patients readmitted for
the same reason as an index hospitalization complication; denominators
represent total numbers of patients readmitted for a given complication
reason.
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Table 4. Factors Associated With Unplanned Readmission for All Inpatient Surgical Cases

No. of Patients
(n = 498 299)a

Unplanned
Readmission,

No. (%)
(n = 27 965) HR (95%CI)

P
Value

Patient Factors

Age, y

<50 161 770 6821 (4.2) 1 [Reference]

50-64 161 067 8654 (5.4) 1.01 (0.97-1.04) .78

65-79 132 616 8642 (6.5) 1.05 (1.01-1.09) .007

≥80 42 846 3848 (9.0) 1.27 (1.21-1.33) <.001

Sex

Female 287 438 15 179 (5.3) 1 [Reference]

Male 210 861 12 786 (6.1) 1.05 (1.03-1.08) <.001

Race

White 369 134 20 808 (5.6) 1 [Reference]

Asian 15 899 694 (4.4) 0.88 (0.81-0.96) .002

Black 49 565 3497 (7.1) 1.11 (1.07-1.15) <.001

Hispanic 38 558 1832 (4.8) 1.01 (0.96-1.07) .60

Others 25 143 1134 (4.5) 0.88 (0.82-0.94) <.001

ASA class

I and II 268 930 9087 (3.4) 1 [Reference]

III 196 727 15 126 (7.7) 1.73 (1.68-1.79) <.001

IV and V 31 236 3669 (11.8) 2.01 (1.91-2.12) <.001

NA 1406 83 (5.9) 1.26 (1.01-1.59) .045

Ascites

No 495 923 27 661 (5.6) 1 [Reference]

Yes 2376 304 (12.8) 1.40 (1.25-1.58) <.001

BMIb

Normal 125 147 7389 (5.9) 1 [Reference]

Underweight 9241 840 (9.1) 1.16 (1.08-1.24) <.001

Overweight 153 287 8209 (5.4) 0.96 (0.93-1.00) .03

Class 1 obese 100 127 5313 (5.3) 0.95 (0.92-0.99) .008

Classes 2 & 3 obese 103 974 5910 (5.7) 0.95 (0.91-0.98) .003

NA 6523 304 (4.7) 0.78 (0.69-0.87) <.001

Congestive heart
failure

No 494 434 27 418 (5.6) 1 [Reference]

Yes 3865 547 (14.2) 1.24 (1.13-1.35) <.001

Chronic obstructive
pulmonary disease

No 474 926 25 445 (5.4) 1 [Reference]

Yes 23 373 2520 (10.8) 1.23 (1.17-1.28) <.001

Diabetes

No 421 093 21 499 (5.11) 1 [Reference]

Yes 77 206 6466 (8.4) 1.15 (1.11-1.18) <.001

Disseminated
cancer

No 487 765 26 627 (5.5) 1 [Reference]

Yes 10 534 1338 (12.7) 1.64 (1.54-1.73) <.001

Dyspnea

No 463 049 24 777 (5.4) 1 [Reference]

Yes 35 250 3188 (9.0) 1.11 (1.07-1.16) <.001
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Table 4. Factors Associated With Unplanned Readmission for All Inpatient Surgical Cases (continued)

No. of Patients
(n = 498 299)a

Unplanned
Readmission,

No. (%)
(n = 27 965) HR (95%CI)

P
Value

Emergent case

No 449 726 24 615 (5.5) 1 [Reference]

Yes 48 573 3350 (6.9) 1.10 (1.06-1.15) <.001

Dependent function status

No 481 187 25 899 (5.4) 1 [Reference]

Yes 17 112 2066 (12.1) 1.30 (1.23-1.36) <.001

Hypertension

No 264 419 11 525 (4.4) 1 [Reference]

Yes 233 880 16 440 (7.0) 1.11 (1.08-1.14) <.001

Bleeding disorder

No 474 100 25 161 (5.3) 1 [Reference]

Yes 24 199 2804 (11.6) 1.31 (1.26-1.37) <.001

Wound infection

No 481 259 25 859 (5.4) 1 [Reference]

Yes 17 040 2106 (12.4) 1.25 (1.19-1.32) <.001

Renal failure

No 489 719 26 730 (5.5) 1 [Reference]

Yes 8580 1235 (14.4) 1.47 (1.38-1.56) <.001

Ventilator dependent

No 496 263 27 846 (5.6) 1 [Reference]

Yes 2036 119 (5.8) 0.62 (0.52-0.75) <.001

Peripheral vascular disease

No 492 336 27 202 (5.5) 1 [Reference]

Yes 5963 763 (12.8) 1.20 (1.11-1.30) <.001

SIRS or sepsis or septic shock

No 470 809 25 531 (5.4) 1 [Reference]

Yes 27 490 2434 (8.9) 1.16 (1.11-1.22) <.001

Smoker

No 406 967 21 934 (5.4) 1 [Reference]

Yes 91 332 6031 (6.6) 1.16 (1.12-1.19) <.001

Steroid use

No 480 374 25 906 (5.4) 1 [Reference]

Yes 17 925 2059 (11.5) 1.55 (1.48-1.62) <.001

Weight loss >10%

No 491 239 27 055 (5.5) 1 [Reference]

Yes 7060 910 (12.9) 1.42 (1.32-1.52) <.001

Specialty

Orthopedics 73 454 2708 (3.7) 1 [Reference]

Cardiac 3042 304 (10.0) 1.53 (1.35-1.74) <.001

ENT 8200 248 (3.0) 1.11 (0.98-1.27) .11

General 265 365 15 756 (5.9) 1.83 (1.75-1.92) <.001

Neurosurgery 30 075 1595 (5.3) 1.49 (1.39-1.59) <.001

OB/gyn 30 710 1073 (3.5) 1.43 (1.32-1.54) <.001

Plastic 12 549 517 (4.1) 1.45 (1.31-1.60) <.001

Thoracic 6906 571 (8.3) 1.81 (1.65-1.99) <.001

Urology 25 422 1337 (2.3) 1.56 (1.46-1.68) <.001

Vascular 42 576 3856 (9.1) 1.54 (1.45-1.63) <.001

(continued)
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disproportionate share was not significantly associated with
unplanned postsurgical readmission.

Next, the order of selection of variables into the models
was assessed using forward selection as a general indicator of
the strength of the association between individual variables
and readmission. Factors selected earlier were the most sig-
nificant when adjusting for any already selected covariates.
In the overall group of all operations, the factors associated
with readmissions selected earliest into the model (same
model as in Table 4) included ASA class, index hospitaliza-
tion complications, and surgical specialty (Table 5, eTable 5
in the Supplement). Across the individual procedures, either
the specific procedure performed (based on CPT codes) or

ASA class were selected earliest for the variables associated
with unplanned readmission for 5 of the 6 procedures
groups. For lower extremity vascular bypass procedures, dis-
charge destination after the index hospitalization was associ-
ated with unplanned readmissions and was the first variable
selected into the model. Complications during the index hos-
pitalization were frequently selected early in the overall (sec-
ond) and the individual procedures models examined (rang-
ing from second for bariatric to tenth for lower extremity
vascular bypass).

Last, the relative amount of variation in risk of readmis-
sion for categories of variables was examined. Patient factors
alone accounted for most of the variation in patient-level out-

Table 4. Factors Associated With Unplanned Readmission for All Inpatient Surgical Cases (continued)

No. of Patients
(n = 498 299)a

Unplanned
Readmission,

No. (%)
(n = 27 965) HR (95%CI)

P
Value

Index hospitalization complications

None 445 359 22 474 (5.1) 1 [Reference]

Bleeding 34 352 3798 (11.1) 1.61 (1.55-1.68) <.001

CNS or CVA 429 27 (6.3) 0.98 (0.67-1.42) .91

Cardiac 979 102 (10.4) 1.70 (1.38-2.10) <.001

AKI or other GU 629 70 (11.1) 1.50 (1.16-1.93) .002

Graft or prosthesis 71 12 (16.9) 1.15 (0.49-2.69) .75

Other surgical 24 1 (4.2) 0.99 (0.19-5.30) .99

Pulmonary 2925 292 (10.0) 1.40 (1.24-1.57) <.001

SSI 2834 235 (8.3) 1.34 (1.18-1.52) <.001

Sepsis 7549 625 (8.3) 1.53 (1.40-1.66) <.001

UTI 2018 204 (10.1) 1.52 (1.32-1.75) <.001

VTE 1130 125 (11.1) 1.63 (1.36-1.95) <.001

Discharge destination

Home 448 586 23 240 (5.2) 1 [Reference]

Non-home 44 916 4666 (10.4) 1.40 (1.35-1.46) <.001

NA 4797 59 (1.2) 0.61 (0.48-0.77) <.001

Hospital Characteristics

Ownership

Government 66 070 4218 (6.4) 1 [Reference]

Investor 12 164 646 (5.3) 0.88 (0.75-1.03) .11

Nongovernment not-for-profit 411 857 22 814 (5.5) 0.94 (0.87-1.01) .09

Teaching

Not ACGME 143 449 6721 (4.7) 1 [Reference]

ACGME 347 736 20 998 (6.0) 1.14 (1.07-1.21) <.001

NA 7114 246 (3.5) 0.92 (0.56-1.53) .76

Surgical (inpatient) volume,
cases per year

≤3960 (lower quartile) 122 269 5593 (4.6) 1 [Reference]

>3960 to <11 127 242 351 13 524 (5.6) 0.99 (0.93-1.05) .74

≥11 127 (top quartile) 123 721 8460 (6.8) 1.15 (1.07-1.25) <.001

NA 9958 388 (3.9) 0.95 (0.63-1.44) .81

Hospital disproportionate share, %c

<35 364 860 19 692 (5.4) 1 [Reference]

≥35 (highest quartile) 121 864 7655 (6.3) 1.01 (0.95-1.08) .65

NA 11 575 618 (5.3) 1.14 (0.98-1.33) .10

Abbreviations: ACGME, Accreditation
Council for Graduate Medical
Education; AKI, acute kidney injury;
ASA, American Society of
Anesthesiologists; BMI, body mass
index; CNS, central nervous system;
CVA, cerebrovascular accident; ENT,
ear, nose, throat; GU, genitourinary;
HR, hazard ratio; NA, not available;
OB/Gyn, obstetrics and gynecology;
SIRS, systemic inflammatory
response syndrome; SSI, surgical site
infection; UTI, urinary tract infection;
VTE, venous thromboembolism.
a Patients readmitted for the same

reason as index complication were
excluded.

b Calculated as weight in kilograms
divided by height in meters squared
(underweight = <18.5,
normal = 18.5-24.9,
overweight = 25.0-29.9, class I
obese = 30.0-34.9, class II & III
obese = �35).

c The disproportionate share patient
percentage is equal to the sum of
the percentage of Medicare
inpatient days attributable to
patients eligible for both Medicare
Part A and Supplemental Security
Income (SSI), and the percentage of
total inpatient days attributable to
patients eligible for Medicaid but
not Medicare Part A.
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comes (Royston R2 = 0.244) (Table 6). Including inpatient com-
plications, discharge destination, hospital characteristics, and
hospital disproportionate share in the model did not substan-
tially increase the amount of variation explained (full-model

Royston R2 = 0.270). Individual models relying on inpatient
complications, discharge destination, hospital characteris-
tics, or hospital disproportionate share explained less than 10%
of variation in outcomes.

Table 5. Variables Included in the Risk-Adjustment Models in Their Order of Selection Into the Modelsa

Fixed
Effect Overallb Bariatric

Colectomy or
Proctectomy

Ventral Hernia
Repair Hysterectomy

Total Hip or Knee
Arthroplasty

Lower Extremity
Vascular Bypass

1 ASA class CPT CPT ASA class CPT ASA class Discharge
destination

2 Inpatient
complications

Inpatient
complications

ASA class CPT ASA class CPT Diabetes

3 Specialty Steroid use Inpatient
complications

Ascites Smoker Discharge
destination

Renal failure

4 Discharge destination Race Discharge
destination

Inpatient
complications

Inpatient
complications

Bleeding disorder Wound infection

5 Steroid use Neurologic deficit Steroid use Bleeding disorder Discharge
destination

Sex Surgical
(inpatient)
volume

6 Disseminated cancer Surgical
(inpatient) volume

Hypertension Hospital
disproportionate
share status

Disseminated
cancer

Functional status Emergent case

7 Bleeding disorder BMI Disseminated
cancer

COPD Steroid use COPD Electronic
medical records

8 Renal failure ASA class Age group Emergent case Renal failure Age group BMI

9 Functional status Bleeding disorder Bleeding disorder Track information Inpatient
complications

Cardiac event

10 Surgical (inpatient)
volume

Emergent case COPD Hypertension Hypertension Inpatient
complication

11 COPD ACS Commission
on Cancer

Race Discharge
destination

Smoker Peripheral
vascular disease

12 Weight loss Hospital
disproportionate
share status

Functional status Smoker Surgical
(inpatient)
volume

Track information

13 Wound infection Smoker BMI ACS Commission
on Cancer

SIRS or sepsis or
septic shock

14 Age group Ascites Renal failure Steroid use

15 Smoker Hospital control Steroid use Dyspnea

16 Diabetes Surgical
(inpatient) volume

Wound infection Ascites

17 ACGME Diabetes Disseminated
cancer

18 Race Emergent case

19 SIRS or sepsis
or septic shock

20 Hypertension

21 Ascites

22 Hospital control

23 BMI

24 Ventilator
dependent

25 CHF

26 Emergent case

27 Dyspnea

28 Sex

29 Peripheral vascular
disease

Forced in
variablesc

Hospital
disproportionate
share status

Discharge
destination

Hospital
disproportionate
share status

Hospital
disproportionate
share status

Hospital
disproportionate
share status

Hospital
disproportionate
share status
CPT

Abbreviations: ACS, American College of Surgeons; ASA, American Society of
Anesthesiology; BMI, body mass index; CHF, congestive heart failure; COPD,
chronic obstructive pulmonary disease; CPT, Current Procedural Terminology;
SIRS, systemic inflammatory response syndrome.
a Same model as in Table 4, but here the order of selection is depicted.

b Variables were forced in to the risk adjustment models because they were not
selected as important in the stepwise selection process.

c Since forward selection was used, all models are nested and include all
previous covariates listed. P < .001 for likelihood ratio test for all models
compared with the null model.
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Discussion

Using clinical data prospectively collected for readmission
information from 346 hospitals, we found that readmissions
were associated with new postoperative complications that
surfaced after discharge in the majority of cases, and 2 com-
plications, SSI (19.5%) and obstruction or ileus (10.3%), were
the most frequent reasons for both early and late readmis-
sions.

There are at least 2 main policy implications. First,
because most readmissions were attributable to well-
described postoperative complications, readmissions after
surgery are mostly a proxy measure for postdischarge com-
plications and in effect penalize hospitals twice for postop-
erative complications (ie, other pay-for-performance pro-
grams include postoperative complications such as SSI).
Second, the majority of hospital readmissions were related
to SSI and ileus. Identifying clinical interventions to reduce
the occurrence of these complications to below current lev-
els has been challenging. Thus, implementation of a policy
penalizing hospitals for readmitting patients with these
complications may be ineffective and even potentially coun-
terproductive, because performance targets without
accepted courses of intervention might be more prone to
unintended or ineffective behaviors and consequences.
Nonetheless, hospitals can use our findings when identify-
ing targets for readmissions reduction efforts.

Prior studies examining surgical readmissions have not
detailed the underlying reasons for the readmissions across
a broad array of procedures using clinically abstracted data
for which the data regarding the readmission reason was
ascertained in a standardized fashion from the medical rec-
ord, from discussions with involved clinicians, and by con-
tacting the patient directly when needed (eTable 6 in the
Supplement). The most common reasons for surgical read-
missions were SSIs and obstruction or ileus complications,
and the remaining reasons for readmission varied based on
the individual procedure. Because surgical readmissions are
predominantly related to postoperative complications, this
information regarding the underlying reason for the read-

mission can be used by hospitals as they work to develop
efforts to reduce readmissions.

Surgical site infections are the leading reason for surgi-
cal readmissions. However, it has been challenging to iden-
tify solutions resulting in reduced SSI rates. Most hospitals
in the United States have high adherence rates for the
Surgical Care Improvement Project (SCIP) SSI-prevention
process measures; however, compliance with these process
measures has not been shown to be strongly associated
with reduced SSI rates.36-38 Moreover, few other SSI best
practices have been translated into valid process measures,
and SSI reduction projects have shown modest, if any,
improvements.39 Thus, hospitals with high SSI rates or
high readmission rates attributable to SSI may find improve-
ment challenging. The existing high rates of SCIP compli-
ance, coupled with our finding that SSI is the leading cause
for readmission, indicates that SSI research should be a
major priority for the surgical community if postsurgical
readmission rates are to be reduced. Implementation of
policies requiring reductions in readmissions without
understanding how to effect improvement may be counter-
productive.

However, there may be several other opportunities to
reduce readmissions based on the underlying reasons for
readmissions identified in the study. First, many readmis-
sions are attributable to expected complications (eg, dehy-
dration from a stoma after colorectal surgery); thus, better
coordination of care with the outpatient care team (eg, close
monitoring of stoma output by clinic nurses) could reduce
hospital readmissions. Second, minimizing fragmentation
in postdischarge care may reduce readmissions: when a
patient is initially evaluated at a hospital other than that at
which the surgery occurred, ensuring that the physicians
from the outside hospital are in communication with the
clinicians who treated the patient at the index admission
may be beneficial in reducing readmissions.40 Third, there
are widespread concerns regarding the quality of education
and discharge instructions provided to patients, as evi-
denced by several existing quality indicators that measure
the quality of discharge instructions and a patient experi-
ence measure focused on this topic as well.41-44 Effective
patient education to set the postoperative expectations and
warn about potential complications may help reduce read-
mission rates, but more work is needed to improve the
effectiveness of the process. This education process should
start preoperatively. Ensuring a postdischarge plan with
clear discharge instructions and clear follow-up details may
be an opportunity to reduce readmissions and improve
patient experience.45

Last, although little supporting evidence exists, con-
ceivably, some complications resulting in readmissions
could be treated in the outpatient setting rather than neces-
sitating a readmission. For example, SSIs could be treated
in an advanced outpatient clinic where wounds could
be opened and debrided and peripherally inserted central
catheters could even be placed to facilitate intravenous anti-
biotic administration. This approach would be patient-
centered, because avoiding the inconvenience and nosoco-

Table 6. Contribution of Individual Categories in Explaining the Risk
of Readmission

Model R2

Full model 0.270

Patient factors only 0.244

Inpatient complication only 0.073

Discharge destination only 0.047

Hospital characteristics only 0.021

Disproportionate share (hospital) only 0.004

Reported R2 is estimated using the Royston measure of explained variation in
survival models. Each of the 6 models were estimated using proportional
hazards Cox models for which time to event was measured as days from
discharge to first readmission. Observations with no readmission within 30 days
of discharge were right-censored. All models were estimated with robust
clustered standard errors that account for hospital-level clustering.
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mial risks of a readmission are important to patients and
caregivers. An advanced clinic may also be cost-effective
compared with a multiday inpatient readmission, but this
should be formally tested. Focusing readmission efforts on
reducing postoperative complications and optimizing
management of those complications in the outpatient set-
ting offers an opportunity to reduce hospital readmissions,
even if the means of actually preventing or reducing the
overall rate of some these complications (eg, SSIs) remains
uncertain.

Dehydration and fluid or electrolyte abnormalities were
an important readmission reason for several operations, par-
ticularly bariatric and colorectal surgery. For bariatric sur-
gery, patients may be unable to tolerate oral intake until
swelling at their anastomosis subsides, so the readmission
occurs for intravenous hydration and electrolyte monitoring.
For colorectal surgery, patients often experience dehydra-
tion attributable to high ostomy outputs or poor oral intake
attributable to prolonged ileus. There are opportunities in
which the dehydration could be monitored closely by an
outpatient care team or these complications could be treated
in the outpatient setting, similar to SSI, if an advanced out-
patient clinic were available to deliver fluids and monitor
laboratory values.

Prior evaluations of chronic medical conditions have
suggested that most readmissions are unrelated to the rea-
son for the index admission.3 However, surgical patients
undergo a discrete invasive event (ie, the operation), which
results in complications clearly related to the surgery (eg,
SSI), exacerbation of existing comorbidities (eg, fluid over-
load causing a myocardial infarction in a patient with coro-
nary artery disease), or new organ system complications
(eg, renal failure). A prior analysis of Medicare claims data
suggested that approximately 70% of readmissions after
hospitalizations for surgical procedures were attributable to
“medical conditions.”46 However, we found that readmis-
sions were more frequently attributable to complications
directly related to the surgery. Moreover, the “medical con-
ditions” in the study by Jencks et al were more likely com-
plications related to the surgery (eg, myocardial infarction
due to postoperative fluid overload). Thus, these conditions
should not be interpreted as being unrelated to the surgery,
and they do reflect potential targets for hospitals working to
reduce postsurgical readmissions. Although the study by
Jencks et al did attempt to understand why readmissions
occurred, Jencks et al relied on administrative diagnosis
related group (DRG) codes, which provide incomplete out-
patient data for readmissions, to determine why readmis-
sions occurred. In contrast, we were better able to identify
why patients were readmitted because this information was
specifically collected prospectively by a trained clinical data
abstractor at each hospital.

It is also important to note that our readmission rates
are lower than those from the study by Jencks et al, and this
is partly attributable to differences in the follow-up time
frame for readmissions between the 2 studies (ie, 30 days
from discharge for Jencks et al vs 30 days from surgery for
ACS NSQIP). The difference in rates may also be attributable

to differences in the types of hospitals included in our study
compared with those included by Jencks et al.

Nearly all readmissions were related to complications
that occurred once the patient was discharged, rather than
to a failure to treat a complication identified at the index
admission or a failure to appropriately coordinate postdis-
charge care, as evidenced by the variable timing after dis-
charge at which readmissions occurred (ie, no distinct peak
readmission day). The reason for readmission was only an
exacerbation of a previously identified complication in 2.3%
of patients. This differs from the underlying basis for read-
missions for medical conditions, such as CHF; readmissions
for CHF exacerbations are more common (35%), and the
quality of postdischarge coordination of care may be a driv-
ing issue.3 Unlike readmissions occurring after admissions
for medical conditions that are often related to coordination
of care transitions and social issues,1,47 our results demon-
strate that surgical readmissions are related to well-
described complications of surgery.

The timing of unplanned readmissions is also an impor-
tant consideration when focusing on how to reduce readmis-
sions. For example, if readmissions generally occur within a
certain number of days after discharge, then an intervention
such as an outpatient clinic visit or house call could be strate-
gically timed to avert potential readmissions, as has been
shown effective for patients with CHF.3,48 Jencks et al postu-
lated that readmissions after surgery could be reduced by pro-
viding earlier medical follow-up to mitigate comorbidities and
coordinate postdischarge care. However, our findings contra-
dict this suggestion. A peak day or certain time interval by
which most readmissions occurred was not evident in our
analysis. Rather, readmissions appeared relatively dispersed
from discharge to 30 days after surgery. Although early fol-
low-up after hospital discharge has been associated with re-
duced readmission rates among patients initially hospital-
ized with heart failure or chronic obstructive pulmonary
disease,49 it is unlikely that early follow-up after surgical dis-
charge on a particular day will reduce readmissions. For ex-
ample, wound infections can be clinically silent on postop-
erative day 8 and evident on day 9, so early follow-up on day
7 would not necessarily be helpful in averting or mitigating the
complications or the resulting readmission.

Although some may argue that keeping patients in the
hospital longer at the index admission may alleviate the
potential subsequent readmissions a few days later, our data
argue against this hypothesis, because readmissions
occurred relatively uniformly over the postoperative period,
there was no particular peak postdischarge day on which
readmissions occurred, and early and late readmissions had
similar underlying reasons. Thus, keeping patients in the
hospital a few more days would not eliminate most read-
missions after surgery.

This study has certain limitations that should be consid-
ered. First, the reason for readmission can be difficult to
ascertain; however, our study is the first national compre-
hensive evaluation, to our knowledge, that offers examina-
tion of a clinically abstracted reason for the readmission.
The clinical data abstractors at the hospital identified the
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reasons for readmission. The reason may be challenging to
determine and may be multifactorial, but the reason coded
by the abstractors has been validated against physician
panel chart reviews.13,14 Second, although we examined all
operations together, we examined only 6 operations sepa-
rately, and the reasons for readmissions for these operations
may not be representative of all operations. Third, this
study included only ACS NSQIP participating hospitals and
therefore may not be generalizable to all hospitals in the
United States. Although ACS NSQIP includes a number of
smaller, community hospitals, ACS NSQIP hospitals are not
representative of all hospitals in the United States because
of the disproportionately higher number of larger, academic
centers.

It is important to note that many readmissions may be
unavoidable and are actually the correct course of action for
surgical patients. Many complications should be treated in
the inpatient setting, and surgeons should not be deterred
from readmitting patients because of concerns about quality
measure performance and resulting penalties.

Conclusions

Readmissions after surgery were mostly associated with post-
discharge complications related to the procedure and not with
exacerbation of prior index admission complications. Early and
late readmissions occurred for similar reasons, and readmis-
sions occurred throughout the postoperative period. Under-
standing the underlying reasons for readmission, the timing,
and the associated factors should help hospitals to undertake
targeted quality improvement initiatives to reduce readmis-
sions. However, surgical readmissions mostly reflect postdis-
charge complications, and readmission rates may be difficult
to reduce until effective strategies are put forth to reduce com-
mon complications such as SSI. Efforts should focus on reduc-
ing complication rates overall than simply those that occur af-
ter discharge, and this will subsequently reduce readmission
rates as well. Readmissions after surgery may not be an ap-
propriate measure for pay-for-performance programs but rather
better suited as measure for hospitals to track internally.
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