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T hroughout the last several decades, healthcare costs in the 

United States have exploded.1 In 2018, healthcare accounted 

for $3.5 trillion in total spending and comprised nearly 18% 

of the overall gross domestic product.2 This increasingly unsustain-

able trend has become the subject of intense scrutiny, and many 

stakeholders have initiated programs and developed incentives in 

an attempt to rein in costs.3-5 In this context, unplanned hospital 

readmission—which accounts for more than $15 billion in spending 

annually—has become a particularly important metric.6 By proactively 

identifying and supporting high-risk patients, physicians may be 

able to increase care quality, reduce preventable readmissions, and 

eliminate unnecessary costs.7-9

Plastic surgery is an important area of focus due to increasing 

volume and complexity of procedures.10 Previous work has found 

that approximately 11% of patients undergoing plastic surgery will 

require readmission to the hospital; leading causes of readmission 

include surgical site infection, wound disruption, and bleeding.6,7,11 

Certain populations have particularly high rates of readmission, 

including patients with a history of obesity, coronary intervention, 

and chronic obstructive pulmonary disease.6,7 Other factors, such 

as old age, recent surgery, and increased length of stay, have also 

been correlated with increased rates of hospital readmission.7,12 

Interventions targeted at patients with these risk factors may 

be able to significantly improve postdischarge outcomes, but 

unfortunately there is currently no validated tool that is able to 

integrate this information to stratify patient risk of readmission.

The LACE (Length of stay, Acuity of admission, Charlson 

Comorbidity Index [CCI] score, and Emergency department [ED] 

visits in the past 6 months) index was developed to help provide 

a simple metric to predict 30-day readmission after hospital 

discharge.13 Prior work has tested the LACE index in several surgical 

and disease-specific medical populations, with varied results.14-19 

The original creators of the LACE index subsequently modified 

it to create the LACE+ index, which incorporates other variables, 

including age, gender, and previous hospital admission.20

To date, there are no published data supporting the validity of 

the LACE+ index in a plastic surgery population. Additionally, the 
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LACE+ index has never been used to predict patient outcomes more 

than 30 days after discharge. The present investigation employs 

coarsened exact matching to sort patient data.21 Using matched 

surgical experiences, this study assesses the ability of the LACE+ 

index to predict 90-day patient outcomes in a mixed-procedure 

plastic surgery population.

METHODS
Sample Selection

In this University of Pennsylvania institutional review board (IRB)–

approved study, patients undergoing plastic surgical intervention 

at a multihospital, 1659-bed university health system were enrolled 

retrospectively over 2 years (January 1, 2016, to January 1, 2018). 

A waiver of informed consent was granted by the IRB because this 

study was considered to be of minimal risk to patients. There were 

5744 plastic surgery procedures studied. Key data were acquired 

using the EpiLog tool—a nonproprietary data acquisition system 

created by the senior author of this article (N.R.M.). It was built 

and layered on top of the existing electronic health record (EHR) 

architecture to facilitate charting, workflow, quality improvement, 

and cost-reduction initiatives.22

Data Collection

Relevant patient information, including sex, admission type, length 

of stay, CCI score, recent ED visits, surgical history, and history of 

hospital admissions, was scored and incorporated into a composite 

LACE+ index value (–1 to 90) (Figure 1 [A]). After calculating LACE+ 

scores for all patients (eAppendix Figure [A] [eAppendix avail-

able at ajmc.com]), quartiles (Q1, Q2, Q3, Q4) were determined 

(eAppendix Figure [B]).

Patient characteristics not used for LACE+ score calculation were 

also documented, and they served as matching criteria (Figure 1 [B]). 

These included operative time, surgical cost, household income, 

insurance type, race, body mass index (BMI), patient class (inpatient, 

outpatient), and wound class (clean, contaminated, dirty). Data 

were binned (“coarsened”) to create discrete categories within 

each matching criterion.

Occurrence of readmission, ED visit, and reoperation within 90 

days were recorded. Patient Current Procedural Terminology (CPT) 

billing codes were also documented to describe 

the composition of case types in the cohort, 

although this information was not used for 

matching or data analysis (eAppendix Table).

Matching

Coarsened exact matching was performed 

(Figure 2 [A]). Matches were sought between 

patients in different LACE+ score quartiles 

but with otherwise identical characteristics 

(matching criteria). During this process, 

patients with the highest LACE+ scores (Q4) 

were matched to patients with lower LACE+ scores (Q3, Q2, Q1). 

Unmatched patients from each LACE+ quartile were removed from 

the data set and not included in further analysis (Figure 2 [B]). The 

result was a series of matched groups (Q4-Q1, Q4-Q2, Q4-Q3). Groups 

in these pairs differed only with respect to LACE+ score and had 

otherwise identical patient composition.

Finally, outcomes for patients in each quartile (eg, Q4, Q1) were 

analyzed and compared for all matched groups (eg, Q4-Q1).

Statistical Analysis

Comparisons were made for Q4 versus Q1, Q4 versus Q2, and Q4 

versus Q3. McNemar’s test was used to assess the ability of the 

LACE+ index to accurately predict outcome measures by comparing 

the means between quartiles. Univariate analysis was performed 

with significance set at P <.05.

RESULTS
Patient Characteristics

The prematch sample included all consecutive patients undergoing 

plastic surgery over 2 calendar years (N = 5744) (Table 1). Median 

BMI was 26.2. Median length of stay was 7.00 hours, and median 

operative time was 66 minutes for all patients. Median total cost 

of surgical supplies and implants was $278. Median household 

income for patients was $69,874 for the overall cohort.

Patient Outcomes 

We matched 366 patients between Q4 and Q1 (n = 732; a 28.2% match 

rate), 504 patients between Q4 and Q2 (n = 1008; a 36.7% match rate), 

and 615 patients between Q4 and Q3 (n = 1230; a 44.8% match rate) 

(Figure 3; Table 2).

Prediction of Readmissions

Higher LACE+ scores were found to significantly predict risk of 

readmission within 90 days of discharge for Q4 versus Q1 (6.28% vs 

1.91%; odds ratio [OR], 3.67; 95% CI, 1.49-9.04; P = .003), Q4 versus 

Q2 (12.30% vs 5.56%; OR, 2.42; 95% CI, 1.50-3.89; P <.001), and Q4 

versus Q3 (13.84% vs 7.33%; OR, 2.29; 95% CI, 1.50-3.49; P <.001).

Increased LACE+ scores were also found to significantly predict 

risk of readmission in the 30-to-90-day postdischarge window for 

TAKEAWAY POINTS

The present study assessed the ability of the LACE+ index to identify patients at risk for adverse 
outcomes after plastic surgery:

 › Patients with the highest LACE+ scores were readmitted nearly 4 times more than patients 
with the lowest LACE+ scores. Similar results were observed for rates of emergency depart-
ment visits and reoperation.

 › Coarsened exact matching was employed to attenuate the influence of confounding vari-
ables on analysis.

 › The LACE+ index may be used to identify patients at high risk who would benefit from targeted 
interventions designed to improve postdischarge outcomes.
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Q4 versus Q1 (4.37% vs 1.09%; OR, 5.00; 95% 

CI, 1.41-26.9; P = .008), Q4 versus Q2 (5.56% vs 

2.58%; OR, 2.25; 95% CI, 1.14-4.44; P = .016), and 

Q4 versus Q3 (7.00% vs 3.58%; OR, 2.11; 95% CI, 

1.22-3.64; P = .006).

Prediction of ED Visits

Higher LACE+ scores were found to significantly 

predict risk of ED visits within 90 days of 

discharge for Q4 versus Q1 (9.29% vs 3.01%; 

OR, 3.30; 95% CI, 1.63-6.69; P <.001), Q4 versus 

Q2 (11.31% vs 3.57%; OR, 3.44; 95% CI, 1.97-5.99; 

P <.001), and Q4 versus Q3 (13.70% vs 8.48%; 

OR, 1.76; 95% CI, 1.21-2.57; P = .003).

Increased LACE+ scores were also found 

to significantly predict risk of ED visits in 

the 30-to-90-day postdischarge window for 

Q4 versus Q1 (4.10% vs 1.09%; OR, 3.75; 95% 

CI, 1.19-15.5; P = .019), Q4 versus Q2 (5.16% vs 

1.39%; OR, 4.17; 95% CI, 1.71-10.2; P <.001), and 

Q4 versus Q3 (7.67% vs 2.77%; OR, 3.31; 95% CI, 

1.78-6.15; P <.001).

Prediction of Reoperation

Higher LACE+ scores were found to significantly 

predict risk of reoperation within 90 days of 

discharge for Q4 versus Q1 (3.83% vs 1.37%; OR, 

4.00; 95% CI, 1.08-22.1; P = .035), Q4 versus Q2 

(5.95% vs 3.37%; OR, 1.93; 95% CI, 1.01-3.68; 

P = .042), and Q4 vs Q3 (7.50% vs 3.26%; OR, 

2.63; 95% CI, 1.48-4.67; P <.001).

Increased LACE+ scores were not found 

to significantly predict risk of reoperation in 

the 30-to-90-day postdischarge window for 

Q4 versus Q1 (2.19% vs 0.55%; OR, 4.00; 95% 

CI, 0.79-38.7; P = .109), Q4 versus Q2 (3.57% vs 

1.98%; OR, 1.89; 95% CI, 0.84-4.23; P = .117), or 

Q4 versus Q3 (4.08% vs 2.28%; OR, 1.85; 95% 

CI, 0.94-3.63; P = .071).

DISCUSSION
The present study sought to determine if the 

LACE+ index—a previously developed tool 

validated in other specialties—could be used to 

predict patient outcomes in a mixed-procedure 

plastic surgery population.

After comparing data for all quartiles, results 

suggest that LACE+ score is able to reliably 

predict outcomes within 90 days of discharge. 

Patients with a Q4 LACE+ score were 2.3 to 

3.7 times more likely to be readmitted than 

B. Coarsened Exact Matching Criteriab

1. Median operating time
a. Below median (time <66 minutes)
b. Above median (time >66 minutes)

2. Median total cost of surgical supplies 
and implants
a. Below median (cost <$277.80)
b. Above median (cost >$277.80)

3. Median household income
a. Below median (income <$69,874)
b. Above median (income >$69,874)

4. Insurance provider
a. Private: commercial, managed care, 

Blue Cross
b. Government: Medicare, Medicaid, self-

pay, other
c. Worker’s comp

5. Race
a. White
b. Nonwhite: African American, Asian, 

Hispanic/Latino, American Indian, East 
Indian, Pacific Islander, other, unknown

6. BMI
a. Cachexia: BMI <18.5
b. Normal: BMI between 18.5 and 30
c. Obese: BMI >30

7. Patient class
a. Inpatient
b. Outpatient

8. Wound class
a. Clean
b. Clean contaminated
c. Dirty

Age in 
years

Previous urgent admissions = 0 Previous urgent admissions >0

CCI score 0 CCI score 1 CCI score >1 CCI score 0 CCI score 1 CCI score >1

<32 0 10 30 25 33 48

32-40 2 12 31 26 34 48

41-46 5 15 34 27 35 49

47-52 7 16 34 28 35 48

53-58 9 17 35 29 35 48

59-64 12 29 38 39 36 49

65-69 15 23 40 32 38 50

70-75 18 26 42 33 39 50

76-80 20 27 42 35 40 50

>80 27 33 47 38 42 51

A. LACE+ Score Componentsa

Predictor Points

Male sex 3

Urgent admission 15

Discharge institution

Teaching hospital/small 
nonteaching hospital

0

Large nonteaching hospital –1

Length of stay in days

<1 0

1 2

2 3

3 4

4 5

5-6 6

7-10 7

>10 9

No. of ED visits in past 6 months

0 0

1 3

>1 6

No. of elective admissions 
in past year

0 0

>0 6

Interaction terms

Age

CCI score 0-51

Previous urgent admissions

FIGURE 1. LACE+ Score Components and Matching Criteria

BMI indicates body mass index; CCI, Charlson Comorbidity Index; ED, emergency department.
aScore sheet that demonstrates the components of the LACE+ index and their numerical weights. 
bSpecific variables used to match patients during coarsened exact matching.
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patients with lower LACE+ scores. Patients with Q4 scores also had 

1.8 to 3.4 times the risk of ED visits and 1.9 to 4.0 times the risk of 

reoperation compared with patients in lower LACE+ score quartiles. 

LACE+ also predicted outcomes in the 30-to-90-day postdischarge 

window. Patients with Q4 LACE+ scores were found to have 2.1 to 

5.0 times the risk of readmission and 3.3 to 4.2 times the risk of 

ED visits compared with patients in lower LACE+ score quartiles.

The LACE+ index was originally developed to predict patient 

outcomes within 30 days of hospital discharge. The results of the 

present work suggest that the LACE+ index is, in fact, able to reli-

ably predict patient outcomes within 90 days of discharge. Notably, 

data analysis revealed that increased LACE+ score is significantly 

predictive of patient outcomes in the 30-to-90-day postdischarge 

window. This demonstrates that the predictive power of the LACE+ 

index in this 90-day time frame is not achieved by simply predicting 

outcomes within the first 30 days after discharge.

This expanded predictive window may facilitate clinician 

and hospital-led efforts to more effectively manage the health of 

patients undergoing plastic surgery in the months after discharge. 

As value-based contracts and risk-sharing agreements become more 

commonplace, this sort of long-term population health management 

will become increasingly important.

Management of Adverse Outcomes

Although the present study did not seek to investigate the precise 

causes of patient readmission, previous work has identified surgical 

site infection, among other wound-related complications, as a 

leading cause of readmission after plastic surgery.6,7,11 Although 

data are limited on isolated plastic surgery populations, a study 

TABLE 1. Patient Demographics and Baseline Characteristicsa

Demographic/Baseline 
Characteristic, n (%)

Q4-Q1 
Matched 
Patients
(n = 732)

Q4-Q2 
Matched 
Patients

(n = 1008)

Q4-Q3 
Matched 
Patients

(n = 1230)

Race

White 458 (62.57) 658 (65.28) 806 (65.53)

African American 170 (23.22) 213 (21.13) 301 (24.47)

Asian 16 (2.19) 21 (2.08) 16 (1.30)

Hispanic/Latino 23 (3.14) 40 (3.97) 28 (2.28)

American Indian 1 (0.14) 1 (0.10) 1 (0.08)

East Indian 3 (0.41) 7 (0.69) 2 (0.16)

Pacific Islander 0 (0.00) 0 (0.00) 1 (0.08)

Other 19 (2.60) 18 (1.79) 31 (2.52)

Unknown 42 (5.74) 50 (4.96) 42 (3.41)

Mortality during follow-up 0 (0.00) 0 (0.00) 8 (0.65)

BMI

<18.5 10 (1.37) 6 (0.60) 14 (1.14)

18.5-29.9 512 (69.95) 682 (67.66) 772 (62.76)

≥30 210 (28.69) 320 (31.75) 444 (36.10)

Insurance type

Commercial 15 (2.05) 36 (3.57) 34 (2.76)

Medicare 113 (15.44) 167 (16.57) 395 (32.11)

Medicaid 96 (13.11) 124 (12.30) 177 (14.39)

Managed care 310 (42.35) 445 (44.15) 439 (35.69)

Self-pay 131 (17.90) 117 (11.61) 62 (5.04)

Blue Cross 67 (9.15) 119 (11.81) 123 (10.00)

(continued)

Removal of missing values 
before matching

(n = 83)

Unmatched plastic surgery procedures
(n = 2954)

Plastic surgery procedures
1/1/2016-1/1/2018

(N = 5827)

Plastic surgery procedures 
before matching

(n = 5744)

Plastic surgery procedures 
after matching

(n = 2970)

A. Coarsened Exact Matching Processa B. Flowchart of Patient Selectionb

FIGURE 2. Matching and Patient Selection

aSchematic overview of the process used for coarsened exact matching. 
bNumber of patients included and excluded based on specific criteria.
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- +
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- +

- +

LACE+
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LACE+
Q1, Q2,
or Q3
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LACE+
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LACE+
Q1, Q2,
or Q3

High
LACE+
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Matching Outcomes
Analysis

vs

- +
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of patients undergoing vascular surgery by Wiseman et al found 

that nonmodifiable factors, such as chronic disease and emergency 

case status, were significant predictors of potentially preventable, 

readmission-causing complications (eg, surgical site infection).8 

Importantly, these same factors inform elements of the LACE+ index.21

Many interventions have been proposed and tested to reduce 

readmission after hospital discharge. Dawes et al identified infection 

and dehydration as significant drivers of preventable hospital read-

mission in a general surgery population.23 These authors suggested 

that improved outpatient management and closer postdischarge 

follow-up might be able to prevent these problems and decrease 

hospital readmissions.23

The existing literature strongly supports this approach. A number 

of studies have demonstrated that improved discharge planning and 

increased postdischarge follow-up is associated with lower risk of 

surgical site infection and lower rates of readmission, particularly 

for high-risk patients.9,24-26 A randomized study by Naylor and 

McCauley focused on patients hospitalized with surgical cardiac 

TABLE 1. (Continued) Patient Demographics and 
Baseline Characteristicsa

Demographic/Baseline 
Characteristic, n (%)

Q4-Q1 
Matched 
Patients
(n = 732)

Q4-Q2 
Matched 
Patients

(n = 1008)

Q4-Q3 
Matched 
Patients

(n = 1230)

Admission type

Routine scheduled 700 (95.63) 937 (92.96) 1108 (90.08)

Emergency 16 (2.19) 31 (3.08) 60 (4.88)

Transfer 5 (0.68) 20 (1.98) 29 (2.36)

Routine unscheduled 11 (1.50) 18 (1.79) 32 (2.60)

Other 0 (0.00) 2 (0.20) 1 (0.08)

CCI score

0 289 (39.48) 195 (19.35) 114 (9.27)

1 56 (7.65) 148 (14.68) 112 (9.11)

2 105 (14.34) 167 (16.57) 193 (15.69)

3 69 (9.43) 160 (15.87) 215 (17.48)

4 57 (7.79) 97 (9.62) 177 (14.39)

5 40 (5.46) 66 (6.55) 116 (9.43)

6 30 (4.10) 43 (4.27) 85 (6.91)

7 37 (5.05) 60 (5.95) 72 (5.85)

≥8 49 (6.71) 72 (7.15) 146 (11.87)

Number of other surgical interventions within 30 days prior to surgery

0 673 (91.94) 858 (85.12) 1015 (82.52)

≥1 59 (8.06) 150 (14.88) 215 (17.48)

Number of other lifetime surgical interventions prior to surgery

0 349 (47.68) 434 (43.06) 449 (36.50)

≥1 383 (52.32) 573 (56.94) 781 (63.50)

Incision site contaminant status

Clean 664 (90.71) 884 (87.70) 984 (80.00)

Clean contaminated 64 (8.74) 76 (7.54) 158 (12.85)

Dirty 4 (0.55) 48 (4.76) 88 (7.15)

Surgery type

Elective 719 (98.22) 982 (97.42) 1200 (97.56)

Emergent 13 (1.78) 26 (2.58) 30 (2.44)

Urgent 0 (0.00) 0 (0.00) 0 (0.00)

Patient class

Inpatient 70 (9.56) 330 (32.74) 464 (37.72)

Outpatient 662 (90.44) 678 (67.26) 766 (62.28)

BMI indicates body mass index; CCI, Charlson Comorbidity Index; Q, quartile.
aOverview of patient characteristics in each matched Q group.

FIGURE 3. LACE+ Score Interquartile Comparison

0-90D indicates 0-to-90-day; 30-90D, 30-to-90-day; ED, emergency department; 
OR indicates odds ratio; reop, reoperation.

A. ORs and 95% CIs for Patient Outcomes at 90 Days Post Discharge 
(significance set at P = .05)

B. ORs and 95% CIs for Patient Outcomes in the 30-90D Postdischarge 
Window (significance set at P = .05)

30-90D readmit (Q1 vs Q4)

Patient Outcomes 30-90D 

OR and 95% CI

30-90D readmit (Q2 vs Q4)

30-90D readmit (Q3 vs Q4)

30-90D reop (Q1 vs Q4)

30-90D reop (Q2 vs Q4)

30-90D reop (Q3 vs Q4)

30-90D ED visit (Q1 vs Q4)

30-90D ED visit (Q2 vs Q4)

30-90D ED visit (Q3 vs Q4)

0 10 20 30 40

Significant result Not significant result

Patient Outcomes 0-90D 

OR and 95% CI

0 5 10 15 20

Significant result Not significant result

0-90D readmit (Q1 vs Q4)

0-90D readmit (Q2 vs Q4)

0-90D readmit (Q3 vs Q4)

0-90D reop (Q1 vs Q4)

0-90D reop (Q2 vs Q4)

0-90D reop (Q3 vs Q4)

0-90D ED visit (Q1 vs Q4)

0-90D ED visit (Q2 vs Q4)

0-90D ED visit (Q3 vs Q4)
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conditions. They found that a combination of robust discharge 

planning, proactive telephone outreach, question hotlines, and 

home nurse visits was able to significantly reduce readmissions.27 

Bisognano and Boutwell’s review of interventions for patients with 

heart failure supported these interventions and suggested that a 

similar suite of programs was able to significantly reduce readmis-

sions in that population.28 The value of this multipronged approach 

has been reaffirmed by subsequent research, including a systematic 

review of 43 readmission-reduction programs by Hansen et al that 

suggested that some interventions, such as telephone outreach, 

are particularly effective when targeted at high-risk populations.29

LACE+ in Clinical Practice

The results of the present work suggest that the LACE+ index is able 

to risk-stratify an entire plastic surgery population, independent of 

any specific case/procedure type. This observation has the potential 

to significantly reduce the administrative burden associated with 

integrating the LACE+ index into clinical practice. LACE+ scores 

can be automatically calculated for each patient in the EHR, and 

supportive resources can be instinctively offered to any patient 

with a high LACE+ score, regardless of the type of operation they 

received. This streamlines the clinical workflow and prevents the 

need for staff to manually classify procedure types and choose 

which patients receive an intervention.

The LACE+ algorithm may be incredibly valuable in clinical 

environments with limited resources to support patients and 

prevent adverse outcomes after hospital discharge. Our results 

suggest that the LACE+ index may allow clinicians to identify high-

risk patients who would benefit from supportive resources, such 

as home nursing, outreach calls, and follow-up office visits. Put 

differently, the LACE+ index may help physicians avoid unnecessary 

and cost-ineffective interventions for low-risk patients who are not 

expected to experience adverse outcomes. Without the LACE+ index, 

this data-driven resource allocation strategy may not be possible.

In the near future, risk-prediction algorithms will likely become 

an increasingly important component of effective population 

health management. To this end, the LACE and LACE+ indices 

helpfully integrate multiple discrete variables into a single number, 

although their actual predictive value has fallen short in several 

prior studies.15,16,30

The results of the present study suggest that the LACE+ index 

may be a valuable and accurate indicator of risk for readmission 

and ED visits following plastic surgery. The use of coarsened exact 

matching in the current work provides additional assurance that 

this predictive power is not a result of confounding variables. The 

present study also indicates that the LACE+ index may also predict 

risk of reoperation, although this should be subjected to further study.

Limitations

This study relied on accurate recording of patient readmission 

information into the EHR. As a result, it is possible that the rate 

of readmission in this work was underreported. Although this is 

a potential confounding variable, all enrolled patients did visit 

the operative surgeon during the surgical follow-up window. 

During this encounter, the EpiLog tool captured data on all clinical 

interactions in the postoperative window, regardless of location 

or hospital system. Other errors in data recording may have been 

present and influenced analysis. However, the coarsened exact 

matching process should randomly distribute these hypothetical 

inaccuracies among study groups. Finally, the generalizability of 

this study may be limited because the sample population was drawn 

from a single institution.

This study used the statistical method of coarsened exact matching. 

Patients were matched on many key criteria, but it is possible 

TABLE 2. Patient Outcomes and Complicationsa

Outcome/Complication

Q4-Q1 Matched Patients Q4-Q2 Matched Patients Q4-Q3 Matched Patients

Q4
n (%)

Q1
n (%)

Q2
n (%)

Q2
n (%)

Q4
n (%)

Q3
n (%)

90-day readmission
23 (6.28) 7 (1.91) 62 (12.30) 28 (5.56) 85 (13.84) 45 (7.33)

P = .003 P <.001 P <.001

90-day ED visit
34 (9.29) 11 (3.01) 57 (11.31) 18 (3.57) 84 (13.70) 52 (8.48)

P <.001 P <.001 P = .003

90-day reoperation
14 (3.83) 5 (1.37) 30 (5.95) 17 (3.37) 46 (7.50) 20 (3.26)

P = .035 P = .042 P <.001

30-to-90-day readmission
16 (4.37) 4 (1.09) 28 (5.56) 13 (2.58) 43 (7.00) 22 (3.58)

P = .008 P = .016 P = .006

30-to-90-day ED visit
15 (4.10) 4 (1.09) 26 (5.16) 7 (1.39) 47 (7.67) 17 (2.77)

P = .019 P <.001 P <.001

30-to-90-day reoperation
8 (2.19) 2 (0.55) 18 (3.57) 10 (1.98) 25 (4.08) 13 (2.28)

P = .109 P = .117 P = .071

ED indicates emergency department; Q, quartile.
aP values represent appropriate statistical test comparing respective quartiles of LACE+ score (significance set at P = .05). Bold text denotes statistically 
significant result.
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that additional unknown/unstudied characteristics would have 

facilitated more perfect matching between quartiles. The matching 

criteria employed in the present study were used because of prior 

work correlating these factors with patient outcomes. Studies by 

Connolly et al and LaPar et al demonstrated that patients who are 

low-income, uninsured, and insured by Medicaid have higher rates 

of postsurgical inpatient mortality.31,32 A number of other studies 

have reported that BMI (particularly obesity), history of previous 

operation, minority race, and case type are all independently associ-

ated with increased postoperative complications.33-40 Work by Chu 

et al and Kim et al also showed that increased length of surgery is 

associated with higher risk of morbidity and longer stays in the 

intensive care unit.41,42

Although CPT codes were documented, this information was not 

used to match patients based on specific plastic surgery procedures. 

In this article, 512 unique CPT codes (in 108 CPT code ranges) were 

used to bill for services. Unfortunately, the sample population of 

5744 patients was simply not large enough to support matching with 

so many discrete subgroups. If CPT codes were used as matching 

criteria, it is likely that only a handful of matched patients would 

have been identified. Because of this limitation, related factors, 

including operating time, surgical cost, patient class (inpatient, 

outpatient), and wound class (clean, clean contaminated, dirty), were 

used as matching criteria. These variables were chosen to control 

for procedure type without severely bottlenecking matching; it is 

possible that these matching criteria did not effectively distribute 

procedure types among groups. 

CPT codes were also not used to perform subgroup analysis of 

specific plastic surgery procedure types. The intent of this work 

was to assess the ability of LACE+ to risk-stratify an entire plastic 

surgery population, as may be done at a departmental or institutional 

level. This study did not seek to investigate LACE+ risk prediction 

for specific types of plastic surgeries; this is a potential area for 

follow-up research.

Future studies should test the LACE+ index in a larger, perhaps 

multicenter, plastic surgery population. This may increase statis-

tical power and allow for validation of the LACE+ index in specific 

procedure types. Work should also be undertaken to strengthen 

the correlation between LACE+ score and specific causes of patient 

readmission. Finally, prospective work should be initiated to assess 

the ability of the LACE+ index to inform resource engagement and 

improve quality measures.

CONCLUSIONS
This study represents one of the first investigations assessing the 

validity of the LACE+ index in a plastic surgery population. It is also 

the first to use the LACE+ index to predict patient outcomes within 90 

days of discharge. The results of this study suggest that this tool may 

be able to accurately assess risk of hospital readmission, ED utilization, 

and reoperation after plastic surgical intervention. Coarsened exact 

matching strengthens this assessment by controlling for potential 

confounding variables. Future research should prospectively test the 

ability of the LACE+ index to effectively target resources to support 

high-risk patients undergoing plastic surgery. n
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eAppendix Table. Most Common Procedure Categories Before Matching 
 
Procedure Type Count 
Repair and/or Reconstruction Procedures on the Breast 1962 
Other Repair (Closure) Procedures on the Integumentary System 593 
Debridement Procedures on the Skin 270 
Flaps (Skin and/or Deep Tissues) Procedures 251 
Introduction or Removal Procedures on the Integumentary System 230 
Adjacent Tissue Transfer or Rearrangement Procedures on the Integumentary System 221 
Mastectomy Procedures 205 
Autografts/Tissue Cultured Autograft 143 
General Grafts (or Implants) Procedures on the Musculoskeletal System 121 
Repair Procedures on the Nose 120 
Excision-Benign Lesions Procedures on the Skin 108 

 
  



eAppendix Figure. Breakdown of LACE+ Index Scores 

(a) LACE+ score distribution for all patients 

(b) LACE+ scores calculated for each respective quartile. 
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