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ABSTRACT

Background. With the rising cost of healthcare delivery

and bundled payments for episodes of care, there has been

impetus to minimize hospitalization and increase utiliza-

tion of outpatient surgery mechanisms. Given the increase

in outpatient mastectomy and immediate tissue expander

(TE)-based reconstruction and the paucity of data on its

comparative safety to inpatient procedures, we sought to

understand the risk for early postoperative complications in

an outpatient model compared with more traditional inpa-

tient status using the National Surgical Quality

Improvement Program database.

Methods. NSQIP data files from 2005 to 2012 were que-

ried to identify patients undergoing immediate TE-based

breast reconstruction after mastectomy. Patients were

stratified by whether they received outpatient or inpatient

care and then propensity score matched based on preop-

erative baseline characteristics to produce matched cohorts.

Multivariate regression analysis was used to determine

whether outpatient versus inpatient status conferred dif-

fering risk for 30-days complications.

Results. Of the 2014 patients who met criteria, 1:1 pro-

pensity matching yielded 634 patients in each of the

matched cohorts. Overall complications (5.2 vs. 5.4 %),

overall surgical complications (4.3 vs. 3.9 %), overall

medical complications (1.3 vs. 2.1 %), and return to the

operating room (6.6 vs. 7.3 %) were similar between

outpatient and inpatients cohorts (p[ .2), respectively.

There was a small, but significant increased risk of organ/

space SSI in outpatients (1.9 vs. 0.5 %, p = .02) and trend

for increased risk for pulmonary embolus (PE) and urinary

tract infection (UTI) in inpatients (0.3 vs. 0 %, p = .16; 0.3

vs. 0 %, p = .16).

Conclusions. Our studies suggest that outpatient TE con-

fers similar safety profiles to inpatient TE with regards to

30-day postoperative overall complications, medical and

surgical morbidity, and return to the operating room. A

slightly increased risk for surgical site infection must be

balanced against potential risk for known inpatient-related

complications such as UTI and PE.

With the rising cost of healthcare delivery and declining

reimbursements, there has been impetus to minimalize

hospitalization and increase utilization of outpatient sur-

gery mechanisms. Given these initiatives, outpatient

mastectomy has become increasingly common and recon-

struction in the outpatient setting has gradually followed

since the 1990s.1–3 Although the proportion of outpatients

undergoing reconstruction still represents an underutiliza-

tion relative to inpatient mastectomy with reconstruction,

steady gains in outpatient reconstruction have yielded an

increase of 9.1 % between 2006 and 2009.4 Because

increased outpatient reconstruction can lead to greater cost

savings, evolving analysis is necessary to evaluate its

safety.2,4,5 Previous efforts in this arena are rare and lim-

ited by single-institution sample sizes, inadequate

consideration of morbidities, and lack of a comparison

group.6,7

Tissue expander (TE) breast reconstruction has become

the procedure of choice for postmastectomy reconstruction

as it has been shown to produce shorter operation times and
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rapid recovery and lacks donor site morbidity.8–11 Given

this, TE-based reconstruction lends itself well to its use in

an outpatient setting. While previous studies showed dis-

parate outcomes of inpatient and outpatient procedures in

various surgical settings, it is unknown if outpatient

immediate TE-based reconstruction is associated with dif-

fering complication profiles when compared with its use in

an inpatient setting.12–14 To this end, we have performed

the first robust, multi-institutional analysis using the

American College of Surgeons National Surgical Quality

Improvement Project (NSQIP) employing a propensity-

matching strategy to reduce baseline differences in inpa-

tient and outpatient cohorts. The purpose of our study is to

assess the safety of outpatient (versus inpatient) immediate

TE-based breast reconstruction with a focus on postoper-

ative 30-day complication rates and return to the operating

room (return to the OR).

METHODS

Institutional Review Board

The Northwestern IRB has deemed this retrospective

study of de-identified data exempt from IRB review and

approval.

Population

The details of the ACS-NSQIP data collection methods

have previously been described in detail and validated.15,16

Data files from 2005 to 2012 were reviewed to collect data

on all patients undergoing immediate TE breast recon-

struction during that period. All patients of interest were

selected from the database based on primary Current Pro-

cedural Terminology (CPT) codes 19357. Patients

undergoing a reconstructive procedure without concurrent

mastectomy were considered to have undergone delayed

reconstruction and were excluded. CPT codes used to

identify mastectomy included simple mastectomy (19303),

skin-sparing mastectomy (19304), modified radical mas-

tectomy (19307), and radical mastectomy (19305 and

19306). Any patient who underwent multiple reconstruc-

tive procedures denoted by another or concurrent CPT code

of 19340 for implant reconstructions or 19361, 19364,

19367, 19368, and 19369 for autologous reconstruction

were excluded. The remaining patients were stratified by

whether they received outpatient or inpatient mastectomy

with immediate reconstruction as defined by the hospital at

which they received the procedure. Traditionally, the

inpatient label is given to patients who stayed in the hos-

pital for longer than 23 h. All patients who were male were

excluded.

Variables

NSQIP-defined preoperative variables were compared

among the respective cohorts. They included demographic

variables (e.g., race, age, BMI), lifestyle variables (e.g.,

smoking, alcohol use), and medical comorbidities (e.g.,

ASA class, previous sepsis, radiotherapy, chemotherapy,

bleeding disorders, steroid use, wound infection, dissemi-

nated cancer, previous stroke, previous cardiac surgery,

hypertension, chronic obstructive pulmonary disease

(COPD), dyspnea, diabetes). Intraoperative characteristics

captured included total operative time and total relative

value units (RVU).

Primary outcomes were categorized as surgical com-

plications, medical complications, and overall

complications. Surgical complications included superficial,

deep, or organ-space surgical site infection (SSI) and

wound dehiscence. Medical complications included deep

venous thrombosis (DVT), pulmonary embolism (PE),

unplanned reintubation, ventilator dependence [48 h,

progressive renal insufficiency, acute renal failure, coma,

stroke, cardiac arrest, myocardial infarction (MI), periph-

eral nerve injury, pneumonia, urinary tract infection (UTI),

blood transfusions, graft/prosthesis/flap failure, and sepsis/

septic shock. All variables were used as defined in the

NSQIP user guide. Overall complications included all

surgical and medical complications. Return to the OR,

which was not captured in overall complications, was

defined as a planned or unplanned return for a major sur-

gical intervention.

Statistical Analysis

Patients undergoing inpatient and outpatient TE were

propensity score matched to reduce differences in 21

baseline characteristics. Nearest-neighbor and computer-

ized greedy matching without replacement in a 1:1 ratio

was utilized, the details and advantages of which have been

mentioned previously.17–19 In short, propensity score

matching allows more accurate assessment of treatment

effect by adjusting the differences in patient comorbidities

and operative details. When a close match was not avail-

able, the case was eliminated. v2 tests, for categorical

variables, and t test, for continuous variables, were used to

identify differences in perioperative variables between

inpatient and outpatient cohorts. Significance was defined

as p\ .05. In addition to inpatient/outpatient status, total

RVU and ASA class, perioperative variables with n C 10,

and p\ .2 as identified in a bivariate screen were included

in a binary logistic regression, which determined the risk-

adjusted relationship between inpatient/outpatient status

and overall, medical, and surgical complications. Again,

p\ .05 was considered significant. Hosmer–Lemeshow
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(H–L) and C statistics were calculated to assess model

calibration and discriminatory capability, respectively.20,21

All analysis was performed using SPSS version 22 (IBM

Corp., Armonk, NY).

RESULTS

Cohort Characteristics

Of the 2014 patients extracted from the 2005 to 2012

NSQIP datasets, 666 underwent outpatient TE recon-

struction while 1,348 underwent inpatient TE

reconstruction. Very few differences were detected

between the cohorts before they were matched (Table 1).

With the exception of ASA class 3, 4, 5 (26.6 vs.

16.2 %; p\ .001), previous cardiac surgery (0.3 vs.

0.00 %; p = .04), and race (p = .01), all preoperative

clinical characteristics and demographics were statisti-

cally equivalent. The 746 patients without a match were

discarded, leaving 1,268 well-matched patients, of which

634 underwent inpatient TE and 634 underwent outpa-

tient TE. After matching, all pre-existing differences

were balanced. Demographic profiles and comorbidity

burden were similar between the 2 matched cohorts

(Table 1), and no statistically significant differences were

detected (p\ .05).

Unadjusted rates of postoperative events for both

unmatched and matched cohorts are displayed in Table 2.

Before matching, all postoperative outcomes were statis-

tically equivalent between the 2 groups with exception of

organ space SSI (1.8 vs. 0.6 %; p = .01). After matching, a

statistically significant difference in organ space SSIs

remained (1.9 vs. 0.5 %; p = .02). Within the matched

cohorts, the rate of overall complications in inpatient TE

was 5.4 % compared with 5.2 % in outpatient TE

(p = .90), the rates of surgical complications in inpatient

TE was 3.9 % compared with 4.3 % in outpatient TE

(p = .78), the rates of medical complications in inpatient

TE was 2.1 % compared with 1.3 % in outpatient TE

(p = .27). After matching, inpatient TE had a higher rate

TABLE 1 Patient demographics and comorbidities

Prematched Postmatched

Outpatient (n = 666) Inpatient (n = 1,348) p value Outpatient (n = 634) Inpatient (n = 634) p value

Race

White 81.50 % 75.10 % .01 81.20 % 80.60 % .961

Asian 2.30 % 3.90 % 2.40 % 2.80 %

Black 5.30 % 6.60 % 5.40 % 5.40 %

Other 11.00 % 14.40 % 11.00 % 11.20 %

Diabetes 5.10 % 4.20 % .33 5.00 % 4.30 % .505

Smoker 13.50 % 10.90 % .09 13.40 % 12.60 % .676

Alcohol use 0.60 % 0.10 % .08 0.20 % 0.00 % .317

Dyspnea 3.50 % 2.20 % .08 2.80 % 2.50 % .728

COPD 0.80 % 0.30 % .15 0.60 % 0.60 % 1.000

Previous cardiac surgery 0.30 % 0.00 % .04 0.00 % 0.00 % n/a

Hypertension 23.30 % 20.50 % .15 22.40 % 21.80 % .787

Previous stroke 0.60 % 0.20 % .18 0.30 % 0.30 % 1.000

Disseminated cancer 0.80 % 0.90 % .75 0.80 % 0.80 % 1.000

Wound infection 0.00 % 0.10 % .48 0.00 % 0.00 % n/a

Steroid use 1.40 % 1.00 % .53 1.10 % 0.80 % .562

Bleeding disorders 0.60 % 0.50 % .82 0.60 % 0.30 % .413

Chemotherapy 4.70 % 3.00 % .05 3.60 % 4.30 % .564

Radiotherapy 0.30 % 0.30 % .99 0.30 % 0.20 % .563

Sepsis 0.00 % 0.10 % .48 0.00 % 0.00 % n/a

ASA class 3, 4, 5 26.60 % 16.20 % \.001 23.80 % 22.40 % .549

Age 50.8 (10.9) 49.8 (10.7) .07 50.4 (10.6) 50.1 (10.5) .616

BMI 26.9 (5.9) 26.6 (6.2) .28 26.8 (5.9) 26.7 (6.4) .757

Total RVU 53.3 (16.9) 52.9 (17.4) .61 53.3 (17.1) 53.0 (17.3) .720

Continuous variables expressed as mean (SD)
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of return to the OR than outpatient TE (7.3 vs. 6.6 %), but

the difference was neither statistically nor clinically sig-

nificant (p = .66).

Multivariate Regression Analysis

Multivariate regression analysis was used to determine

whether outpatient TE was associated with increased rates

of 30-day complications or return to the OR relative to

inpatient TE, after establishing matched cohorts and proper

risk adjustment. Table 3 displays the results. Outpatient TE

does not independently predict significantly increased risk

of overall, surgical, and medical complications or return to

the OR relative to inpatient TE (p, .919, .732, .275, .627,

respectively).

DISCUSSION

The surge in immediate reconstruction rates has been

paralleled by a 203 % increase in use of device-based

reconstruction and is attributed to many factors.11 Most

notably, increasing use of bilateral breast reconstruction

has been implicated as a contributing factor.10 A basic

query of our NSQIP national data demonstrates a near

50-fold increase from 2008 to 2012 of outpatient mastec-

tomies with TE-based reconstruction (data not shown).

Because the unmatched cohorts of inpatients and out-

patients undergoing TE were different, albeit slightly, in

terms of ASA class, race, and previous cardiac surgery, we

used propensity score matching to reduce these differences,

ensuring a strict comparison in which neither inpatients nor

TABLE 2 Unadjusted postoperative outcomes

Prematched Postmatched

Outpatient (n = 666)

(%)

Inpatient (n = 1,348)

(%)

p value Outpatient (n = 634)

(%)

Inpatient (n = 634)

(%)

p value

Overall

complications

5.30 5.30 .935 5.20 5.40 .90

Surgical

complications

4.20 3.70 .588 4.30 3.90 .78

SSI 1.50 1.70 .733 1.60 1.70 .83

DSSI 0.80 1.00 .632 0.60 1.10 .36

Organ/space SSI 1.80 0.60 .01 1.90 0.50 .02

Wound disruption 0.80 0.50 .525 0.80 0.60 .74

Medical

complications

1.40 2.20 .18 1.30 2.10 .27

Pulmonary embolism 0.00 0.30 .159 0.00 0.30 .16

UTI 0.00 0.40 .116 0.00 0.30 .16

Stroke 0.00 0.10 .482 0.00 0.20 .32

Transfusion 0.50 0.70 .442 0.50 0.50 1.00

Graft failure 0.50 0.30 .581 0.30 0.30 1.00

DVT 0.20 0.10 .992 0.20 0.20 1.00

Sepsis 0.30 0.30 .989 0.30 0.30 1.00

Return to OR 6.60 7.10 .669 6.60 7.30 .66

TABLE 3 Postmatched multivariate regression analysis; effect of outpatient status on outcomes

Variable Adjusted odds ratio 95 % CI p value

Overall complications 0.975 0.592–1.603 .919

Surgical complications 1.103 0.629–1.936 .732

Medical complications 0.609 0.25–1.483 .275

Return to OR 0.897 0.578–1.392 .627

Reference group was the inpatient group
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outpatients began at a higher risk for experiencing an

adverse outcome. After matching, we could not detect a

bias toward either surgical setting with regard to mini-

mizing postoperative morbidity. With regard to all 30-day

complications and return to the OR, outpatient TE seemed

to be at least as safe as inpatient TE in a properly selected

group of patients. The surgical complication rate of out-

patient TE patients in our study (4.3 %) compares well

with the current literature.22 A single-institution study of

29 reconstructions on complications in the outpatient set-

ting demonstrated a 3 % readmission rate and a 24 %

overall complication rate.6 That our study had markedly

lower rates of 30-day complications after outpatient TE

may be explained by our significantly larger sample size.

This study also lacked a control group by which to compare

complication rates.

After matching, we found that rates of medical com-

plications were higher in inpatient TE relative to

outpatient, although the difference was not statistically

significant. Medical morbidity such as deep vein throm-

bosis, pulmonary embolism, and UTI may be biased toward

inpatient utilization.23 In our study, of the 3 aforemen-

tioned complications, both the incidences of pulmonary

embolism, and UTI demonstrated a 0.3 % increase in

inpatient relative to outpatient TE. Of note, graft failure, a

NSQIP-capture outcome that has been used as a surrogate

for implant loss and is regarded as a serious complication

of TE’s, was not dissimilar between the 2 cohorts.12

Organ space SSI was the only surgical complication that

was increased in outpatient TE. We hypothesize that the

increased rate of infection can be explained by a trend

toward limiting perioperative antibiotic prophylaxis, an

initiative that has been shown to increase infection risk.24

The authors emphasize that upon multivariate analysis,

outpatient TE did not independently confer increased risk

of surgical complications relative to inpatient. As a whole,

our findings suggest that outpatient TE is at least as safe as

inpatient TE with respect to 30-day medical morbidity and

that more aggressive and longer antibiotic prophylaxis may

reduce the disparity in surgical infection risk.

Our study is the first to compare the safety of outpatient

and inpatient TE in a multi-institutional national clinical

registry. Our findings suggest that across all 30-day com-

plications, TE performed in the outpatient setting is at least

as safe as TE performed in the inpatient setting. Moreover,

postoperative pain, a well-recognized factor that previously

made outpatient reconstruction utilization less feasible, has

been reduced with the development of local anesthesia

infusion catheters.25,26 A review of the current literature

suggests that outpatient pain control methods compare

favorably to conventional anesthesia. This provides greater

incentive to reduce the length of hospitalization of TE

patients and thus reduce hospital costs as our studies

suggest that safety and postoperative pain control may not

need to play a large role in determining outpatient status.

Our findings must be interpreted in the context of its

methodology and limitations. We matched inpatient and

outpatient cohorts based on 21 baseline variables to bal-

ance pre-existing differences. The resulting bias toward

outpatient TE as a safer procedure may be due to not only

surgical setting but also any perioperative variables that

were not matched, including intraoperative surgical find-

ings that NSQIP does not capture, or patient socioeconomic

factors that are not measured. In addition, we did not match

the cohorts on the type of mastectomy that was performed

(simple, partial with or without axillary lymphadenectomy,

radical) because the relative proportions of inpatients and

outpatients undergoing all mastectomy modalities were not

significantly different. The relatively low proportion of

patients who experienced such complications as renal

failure, renal insufficiency, and stroke among others may

suggest the lack of clinical relevance of certain tracked

endpoints. NSQIP was designed for a broad spectrum of

surgeries, reflected by the generic rather than surgery-

specific outcomes that are captured. Namely, incidence of

seroma and hematoma, or any appropriate surrogates,

could not be compared between cohorts. A final limitation

of the NSQIP database is its designation of inpatient and

outpatient status. The inpatient label is commonly given to

patients who stayed in the hospital for longer than 23 h

regardless of initial determination and does not distinguish

between same-day and overnight observation. In addition,

some hospitals offer a 47-hour observation that is not

recorded as ‘‘in-patient’’ even though patients are spending

1 or 2 nights in the hospital. While the interhospital vari-

ability in defining inpatient and outpatient status is a

limitation of our study, we have demonstrated that outpa-

tient TE-based reconstruction, which is associated with a

shorter mean hospital stay by .77 days, is at least as safe as

inpatient (1.06 vs. 1.83 days; p\ .0001). An extrapolation

of our findings suggests that hospital stays of 1 day may

not confer increased risk of 30-days complications relative

to longer stays. The ACS-NSQIP only captures the total

length of hospital stays in days, as integers, rather than

hours. Future interest will be paid to differentiate postop-

erative safety by hours of hospital stay to achieve more

granular conclusions.

In conclusion, we have found that 30-day complication

rates following outpatient TE compare well with previ-

ously benchmarked rates. Our studies suggest that

outpatient TE is at least as safe as inpatient TE with regard

to surgical and medical morbidity and return to the OR.

ETHICAL APPROVAL De-identified patient information is freely

available to all institutional members who comply with the American

College of Surgeons National Surgical Quality Improvement Program
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(NSQIP) Data Use Agreement. The Data Use Agreement implements

the protections afforded by the Health Insurance Portability and

Accountability Act of 1996 and the ACS-NSQIP Hospital Participa-

tion Agreement and conforms to the Declaration of Helsinki.

DISCLAIMER The NSQIP and the hospitals participating in the

NSQIP are the source of the data used herein; they have not been

verified and are not responsible for the statistical validity of the data

analysis, or the conclusions derived by the authors of this study.
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