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ABSTRACT
Background:  There remains a paucity of literature on the impact of overlap on neurosurgical patient outcomes. The 

purpose of the present study was to correlate increasing duration of surgical overlap with short-term patient outcomes following 
lumbar fusion.

Methods:  The present study retrospectively analyzed 1302 adult patients undergoing overlapping, single-level, posterior-
only lumbar fusion within a single, multicenter, academic health system. Recorded outcomes included 30-day emergency 
department visits, readmission, reoperation, mortality, overall morbidity, and overall morbidity/surgical complications. The 
amount of overlap was calculated as a percentage of total overlap time. Comparison was made between patients with the most 
(top 10%) and least (bottom 40%) amount of overlap. Patients were then exact matched on key demographic factors but not 
by the attending surgeons. Subsequently, patients were exact matched by both demographic data and the attending surgeons. 
Univariate analysis was first carried out prior to matching and then on both the demographic-matched and surgeon-matched 
cohorts. Significance for all analyses was set at a P value of <0.05.

Results:  Within the whole population, increasing duration of overlap was not correlated with any short-term outcome (P 
= 0.41–0.91). After exact matching, patients with the most and least durations of overlap did not have significant differences 
with respect to any short-term outcomes (P = 0.34–1.00).

Conclusion:  Increased amount of overlap is not associated with adverse short-term outcomes for single-level, posterior-
only lumbar fusions.

Clinical Relevance:  The present results suggest that increasing the duration of overlap during lumbar fusion surgery 
does not lead to inferior outcomes.

Level of Evidence:  3.

Lumbar Spine

Keywords: concurrent surgery, lumbar spine, overlapping surgery, patient safety, spinal fusion

INTRODUCTION

Surgeons often perform cases that can overlap 
in operating time, a practice known as overlapping 
surgery. Overlapping surgery came into public attention 
following a 2015 Boston Globe investigation, leading 
to increased scrutiny and demands for research evaluat-
ing the safety of overlapping surgery.1 In response, the 
American College of Surgeons updated their guidelines 
regarding overlapping surgery.2 They stated that concur-
rent surgery—in which a surgeon simultaneously per-
forms the critical elements of multiple cases—is always 
inappropriate. In contrast, overlapping surgery—in 
which a surgeon alternates operating rooms after com-
pleting the critical elements of a case, allowing another 
practitioner to complete the noncritical elements of the 
case—is acceptable.

Given the recent public concern about patient 
safety, additional research is warranted to examine 
the impact of overlap on surgical outcomes.3 Previ-
ous literature across multiple surgical services has 
not demonstrated an increase in morbidity, mor-
tality, or complication rate, despite occasionally 
finding an increased duration of surgery.4–7 There 
are similar results for overlap within neurosurgery, 
with previous studies reporting noninferior out-
comes following all neurosurgical procedures,8,9 
elective neurosurgical procedures,10 pituitary 
adenoma resection,11 microvascular decompres-
sion,12 and spine surgery.13 Although these reports 
suggest that surgical overlap is safe, few studies 
have evaluated whether an increasing amount of 
overlap during surgery confers additional risk to 
patients. Previous studies in orthopedic surgery 
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found no association with complication rate and 
increasing duration of overlap,5,14 but there are a 
paucity of studies that have evaluated the impact of 
varying degrees of neurosurgical overlap on short-
term outcomes.

Here, we assess increasing duration of surgi-
cal overlap on 30-day outcomes in the setting of 
posterior-only, single-level lumbar fusion. Lumbar 
fusion is a common neurosurgical procedure that 
can have complication rates near 13% to 16% in 
the short-term postoperative period, making it par-
ticularly relevant to determine the risk factors for 
adverse outcomes.15,16 This study utilized coars-
ened exact matching (CEM) to compare outcomes 
among patients matched on an increasing number 

of variables, including demographics and attending 
surgeon.

METHODS

Sample Selection

This Institutional Review Board–approved study was 
considered to pose a minimal risk to patients and was 
granted a waiver of informed consent. A total of 3799 
consecutive patients undergoing single-level, posterior-
only lumbar fusion at a single, multihospital, academic 
health system over a 6-year period (from 07 June 
2013 to 29 April 2019) were enrolled retrospectively 
(Figure  1). Exclusion criteria included patients with 
missing health information, significantly elevated body 

Figure 1.  Flowchart of lumbar fusion cases included within the present study.
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mass index (BMI), nonelective/nonroutine operations, 
nongeneral anesthesia, and unclean wound closure. Key 
patient characteristic data were acquired via EpiLog—a 
nonproprietary data acquisition system created by the 
senior author (N.R.M.) and built within the existing 
electronic health record for quality improvement initia-
tives.17

The whole population for analysis included only 
patients with overlap during operative time (n = 1302). 
The amount of surgical overlap for each patient was 
defined as a percentage of total operative duration. 
Univariate logistic regression was employed to cor-
relate increasing amount of overlap with short-term 
patient outcomes, including readmission, reoperation, 
emergency department visits, mortality, morbidity, and 
surgical complications. Furthermore, exact-matched 
patients with the least amount (bottom 40%) and most 
amount (top 10%) of overlap time were compared.

Data Collection and Matching Process

CEM was performed to account for potentially 
confounding variables when comparing patients with 
the least and most amounts of overlap. CEM employs 
1:1 matching via the original covariates.18 This con-
trasts propensity score matching, which converts the 
covariates into a composite value for matching, oth-
erwise ignoring the original values. Under the present 
CEM protocol, an exact match was defined as a match 
on every prespecified covariate.

Patients with the least and most amounts of overlap 
were exact matched on 27 unique patient characteris-
tics including gender, race, insurance status, median 
household income, level of education, tobacco use 
history, BMI, Charlson Comorbidity Index (CCI) 
score and its underlying components, American 
Society of Anesthesiologists (ASA) grade, and surgi-
cal history. Binary matching was employed for race 
(white or nonwhite) and median household income 
(above or below the median value for the dataset). 
Ternary matching was performed for BMI, CCI, and 
ASA grade, with patients binned into either a low-, 
medium-, or high-value cohort. Exact matching was 
performed for the remaining matching covariates. 
Unmatched patients were removed from the matched 
analysis. After matching on demographic data, 
matches were limited to those with the same operat-
ing surgeon.

Statistical Methods

Demographic, clinical, and outcome data were 
extracted from the electronic health record via 

EpiLog and placed into defined spreadsheets. Uni-
variate logistic regression was performed using SAS 
version 9.4 (SAS Institute Inc., Cary, North Caro-
lina) to analyze the duration of overlap as a continu-
ous variable (ie, 1% increase in amount of overlap). 
For CEM, binning of the matching variables and 
removal of missing values were performed using 
SAS version 9.4, whereas matching was completed 
with the MatchIt programming package in R Statis-
tics (R Core Team, Vienna, Austria, 2017). McNemar 
test was used to compare means of outcomes between 
all exact-matched groups. Statistical significance was 
defined as a P value <0.05 for all analyses.

RESULTS

Patient Characteristics: Before Exact Matching

Prior to exact matching, patients with the most 
surgical overlap demonstrated greater CCI baseline 
score (P = 0.031), but a comparable distribution of 
comorbidities, and a similar ASA grade (Figure 2A). 
No significant difference in surgical history was 
observed. Patients with the most amount of overlap 
also had significantly shorter total length of surgery 
(P = 0.017), but a comparable length of multilayered 
wound closure. Patients with the most amount of 
overlap also had significantly shorter length of stay 
(P = 0.006) and duration of follow-up (P = 0.018), 
but no difference in the number of non-neurosurgical 
interventions within 30 days of the index operation 
(Table  1). Patients with increasing overlap had sig-
nificantly lower operating room costs (P < 0.001) and 
differed by the insurance provider (P = 0.017).

Patient Characteristics: Demographic-Matched 
Cohort

Patients were exact matched on demographic vari-
ables but not limited to the same operating surgeon 
(n = 158). Matched cohorts demonstrated similar 
CCI score and ASA grade and a similar distribution 
of comorbidities, but patients with the most surgical 
overlap had significantly lower rates of nonmetastatic 
cancer (P = 0.028) (Figure 2B). No significant differ-
ence in surgical history was observed. Patients with 
the most amount of overlap had a shorter total length 
of surgery (P = 0.018), but not the length of multi-
layered wound closure. No difference was observed 
in duration of follow-up, but patients with the most 
overlap were observed to have significantly shorter 
lengths of stay (P = 0.001) (Table 2). There was no 
difference in the insurance provider, but patients with 
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more overlap had a lower operating room cost (P < 
0.001).

Patient Characteristics: Demographic-Matched 
Cohort Limited by Surgeon

After exact matching on demographics, matches 
were limited to those with the same operating 
surgeon (n = 68). No significant differences were 
observed in CCI score, distribution of comorbidities, 
ASA grade, and surgical history. Furthermore, there 
was no difference in length of surgery or length of 
multilayered wound closure (Figure 2C). Finally, no 
significant differences were observed in the duration 
of follow-up, length of stay, insurance type, or cost of 
surgery (Table 3).

Patient Outcomes: Whole Population

Within the whole population, increasing duration of 
overlap was not correlated with any morbidity or mor-
tality outcome, including 30-day readmission, reop-
eration, emergency department visits, or mortality (P 
= 0.41–0.91). When evaluating overall morbidity or 
overall morbidity including surgical complications, 
there was also no significant correlation (P = 0.70–0.78) 
(Table 4).

Outcomes in Demographic-Matched Cohort

After exact matching patients with the most overlap 
to those with the least overlap after on demographics, 
but not by the surgeon, there was no difference in any 

Figure 2.  Comparison of baseline health characteristics, distribution of comorbidities, and operative time among patients with the most and least amount of 
surgical overlap. *Significance at P value <0.05. ASA, American Society of Anesthesiologists grade; CCI, Charlson Comorbidity Index score; CHF, congestive 
heart failure; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular accident; DM, diabetes mellitus; HIV, human 
immunodeficiency virus; LD, liver disease; MI, myocardial infarction; PUD, peptic ulcer disease; PVD, peripheral vascular disease; RA, rheumatoid arthritis.
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Table 1.  Characteristics of patients whose surgeries had the least amount of overlap (bottom 40% of patients with overlapping surgeries) and the most amount 
of overlap (top 10% of patients with overlapping surgeries).

Variable Least Overlap (N = 520) Most Overlap (N = 131) P Value

Age (y), mean (range) 60.30 (24–88) 63.90 (26–87) 0.001
Gender, n (%) 0.96
 � Male 225 (43.3%) 57 (43.5%)
 � Female 295 (56.7%) 74 (56.5%)
Race, n (%) Asian 6 (1.2%) 1 (0.8%) 0.55
 � Black 55 (10.6%) 12 (9.2%)
 � White 441 (84.8%) 117 (89.3%)
 � Hispanic 4 (0.8%) 0 (0%)
 � Unknown 10 (1.9%) 0 (0%)
 � Other 2 (0.4%) 1 (0.8%)
 � East Indian 2 (0.4%) 0 (0%)
Insurance, n (%)  �  0.017

 �
 �
 �
 �
 �

 � Commercial 20 (3.8%) 2 (1.5%)
 � Medicare 213 (41.0%) 73 (55.7%)
 � Medicaid 26 (5.0%) 4 (3.1%)
 � Managed care 192 (36.9%) 33 (25.2%)
 � Blue cross 69 (13.3%) 19 (14.5%)
Tobacco use within past 12 mo, n (%) 0.08
 � Yes 81 (15.6%) 11 (8.4%)
 � No 437 (84.0%) 120 (91.6%)
 � Unknown 2 (0.4%) 0 (0%)
Fasting blood glucose (mg/dL), mean (range) 133.95 (60–303) 127.84 (79–209) 0.32
Surgeries before index operation (count), mean (range)
 � Ever 0.58 (0–12) 0.61 (0–14) 0.39
 � 90 d Prior 0.07 (0–5) 0.02 (0–1) 0.13
Direct cost of operative supplies and implants ($), mean (range) 10,254 (116–50,894) 6696 (342–27,592) <0.001
Length of hospital stay (h), mean (range) 104.64 (24–1070) 96.59 (26–563) 0.006
Length of follow-up (mo), mean (range) 43.62 (0.5–83.11) 38.24 (0.7–80.74) 0.018
Non-neurosurgical operations 30 d after index operation (count), 

mean (range)
0.07 (0–3) 0.09 (0–2) 0.31

Note: Statistically significant (P < 0.05) values are bolded.

Table 2.  Characteristics of the subset of patients with the least amount of overlap (bottom 40% of patients with overlap) and the most amount of overlap (top 10% 
of patients with overlap), subsequently matched on demographic variables but not the operating surgeon.

Variable Least Overlap (N = 79) Most Overlap (N = 79) P Value

Age (y), mean (range) 61.96 (24–79) 63.20 (26–79) 0.50
Gender, n (%) >0.99
 � Male 32 (40.5%) 32 (40.5%)
 � Female 47 (59.5%) 47 (59.5%)
Race, n (%) >0.99
 � Black 2 (2.5%) 2 (2.5%)
 � White 77 (97.5%) 77 (97.5%)
Insurance, n (%) 0.53
 � Commercial 3 (3.8%) 1 (1.3%)
 � Medicare 39 (49.4%) 42 (53.2%)
 � Medicaid 4 (5.1%) 1 (1.3%)
 � Managed care 22 (27.8%) 21 (26.6%)
 � Blue cross 11 (13.9%) 14 (17.7%)
Tobacco use within past 12 mo, n (%) >0.99
 � Yes 1 (1.3%) 1 (1.3%)
 � No 78 (98.7%) 78 (98.7%)
Fasting blood glucose (mg/dL), mean (range) 136.26 (92–222) 128.48 (79–207) 0.35
Surgeries before index operation (count), mean (range)
 � Ever 0.19 (0–4) 0.14 (0–4) 0.98
 � 90 d Prior 0.03 (0–2) 0.01 (0–1) >0.99
Direct cost of operative supplies and implants ($), mean 

(range)
10,606 (960–42,850) 6029 (342–20,689) <0.001

Length of hospital stay (h), mean (range) 106.43 (48–400) 84.92 (26–367) 0.001
Length of follow-up (mo), mean (range) 43.36 (3.75–81.27) 40.16 (0.66–80.75) 0.41
Non-neurosurgical operations 30 d after index operation 

(count), mean (range)
0.04 (0–1) 0.08 (0–1) 0.31

Note: Statistically significant (P < 0.05) values are bolded.
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30-day adverse outcome, overall morbidity, or overall 
morbidity/surgical complications (P = 0.38–1.00). 
There was no 30-day mortality recorded in this exact-
matched cohort (Figure 3, Table 4).

Outcomes in Demographic-Matched Cohort  
Limited by Surgeon

After exact matching cohorts on both demographics and 
limiting to the same operating surgeon, there was no sig-
nificant difference in any 30-day adverse outcome, overall 
morbidity, or overall morbidity/surgical complications (P = 
0.34–0.69). No 30-day mortality events were recorded in 
this exact-matched cohort (Figure 3, Table 4).

DISCUSSION

Increasing duration of overlap, in the setting 
studied, does not lead to adverse short-term out-
comes following single-level, posterior-only lumbar 
fusion. Duration of overlap was not correlated 
with any short-term patient outcome in the whole 
population. When comparing demographic exact-
matched cohorts with the least and most amounts 
of overlap, there were no significant differences 
in any short-term morbidity outcome. Comparison 
of exact-matched cohorts yielded the same results, 
when matching was further limited by the surgeon 
performing the operation.

Table 3.  Characteristics of the subset of patients with the least amount of overlap (bottom 40% of patients with overlap) and the most amount of overlap (top 10% 
of patients with overlap), subsequently matched on both demographic variables and limited to the same operating surgeon.

Variable Least Overlap (N = 34) Most Overlap (N = 34) P Value

Age (y), mean (range) 56.74 (24–76) 58.26 (26–76) 0.64
Gender, n (%) >0.99
 � Male 19 (55.9%) 19 (55.9%)
 � Female 15 (44.1%) 15 (44.1%)
Race, n (%) >0.99
 � Black 1 (2.9%) 1 (2.9%)
 � White 33 (97.1%) 33 (97.1%)
Insurance, n (%) 0.20
 � Commercial 4 (11.8%) 0 (0%)
 � Medicare 12 (35.3%) 13 (38.2%)
 � Medicaid 2 (5.9%) 1 (2.9%)
 � Managed care 11 (32.4%) 10 (29.4%)
 � Blue cross 5 (14.7%) 10 (29.4%)
Tobacco use within past 12 mo, n (%) >0.99
 � Yes 1 (2.9%) 1 (2.9%)
 � No 33 (97.1%) 33 (97.1%)
Fasting blood glucose (mg/dL), mean (range) 122.48 (92–174) 128.73 (79–207) 0.46
Surgeries before index operation (count), mean (range)
 � Ever 0.44 (0–10) 0.24 (0–4) 0.98
 � 90 d Prior 0.06 (0–2) 0.03 (0–1) >0.99
Direct cost of operative supplies and implants ($), mean (range) 7120 (116–26,035) 6400 (342–17,459) 0.75
Length of hospital stay (h), mean (range) 86.73 (25–242) 69.65 (31–151) 0.10
Length of follow-up (mo), mean (range) 34.84 (3.0–78.44) 41.42 (1.3–77.69) 0.21
Non-neurosurgical operations 30 d after index operation (count), 

mean (range)
0.12 (0–1) 0.09 (0–1) 0.70

Table 4.  Short-term outcome data analyzing the impact of increasing duration of overlap as a continuous variable. Exact-matched patients with the most amount 
of overlap (top 10%) and least amount of overlap (bottom 40%) were also compared.

30-d Outcomes
Increasing Duration of 

Overlap
After Exact Match Not Limited by 

Surgeon
After Exact Match Limited by 

Surgeon

Readmission P = 0.91
1.00 (0.99–1.01)

P > 0.99
1.00 (0.17–5.82)

P = 0.69
0.67 (0.08–4.48)

Reoperation P = 0.91
1.00 (0.99–1.01)

P = 0.38
3.00 (0.32–78.99)

P = 0.69
1.50 (0.22–12.61)

Emergency department visits P = 0.41
1.00 (0.99–1.01

P = 0.63
0.50 (0.02–6.57)

P = 0.69
0.67 (0.08–4.48)

Mortality P = 0.90
1.00 (0.94–1.05)

N/A
N/A

Morbidity P = 0.70
1.00 (0.99–1.01)

P = 0.51
0.60 (0.12–2.60)

P = 0.51
0.60 (0.12–2.60)

Morbidity/surgical complication P = 0.78
1.00 (0.99–1.01)

P = 0.39
0.57 (0.15–1.97)

P = 0.34
0.50 (0.10–2.01)

Note: Data are presented as OR (95% CI).
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There is a paucity of research on the impact of 
increasing overlap duration on neurosurgical outcomes. 
Previous studies in orthopedic surgery have not demon-
strated any association between duration of overlap 
and adverse 30- or 90-day patient outcomes.5,14 Our 
results supplement these findings by demonstrating that 
an increasing amount of overlap time during lumbar 
fusion does not lead to an increased risk of 30-day com-
plications when controlling for patient demographic 
variables and surgeon variability. Future studies should 
examine increasing overlap time, longer-term out-
comes, and outcomes following other procedures to 
thoroughly assess the safety of increasing overlap time 
in neurosurgery.

Previous studies have found that individuals selected 
for overlapping surgery are typically healthier at base-
line and have lower CCI score, fewer comorbidities, and 
lower ASA grade.10,19 However, this study found that 
patients with the most overlap had similar CCI score, 
similar distribution of comorbidities, a higher ASA 
grade as compared with patients with the least overlap. 
This difference suggests that, although surgeons 

typically select healthier patients as candidates for over-
lapping surgery, it is not always the case.

Previous studies within neurosurgery found that 
patients with overlap typically had a longer length of 
surgery as compared with patients without overlap, 
but no additional risk of adverse outcomes.8–13 Here, 
among the whole population and the cohort exact 
matched on key patient characteristics, patients with 
the most amount of overlap were observed to have 
shorter total length of surgery; these results disappeared 
after controlling for the attending surgeon, potentially 
suggesting that the supervising surgeon drives opera-
tive time, rather than the amount of overlap time for 
any given patient. This contrasts prior work by George 
et al,14 which found that patients with a greater surgi-
cal overlap had a longer length of surgery during total 
joint arthroplasty. This difference in results may be 
due to variability in risk and complexity between the 
procedures studied, which further highlight the impor-
tance of evaluating the impact of overlap duration in a 
procedure-specific manner.

Limitations

This study was retrospective and is therefore suscep-
tible to sampling biases. Furthermore, all patient health 
care encounters were recorded within the university-
wide electronic health record; therefore, patient encoun-
ters that occurred at outside health system may not have 
been captured, leading to potential under-reporting of 
morbidity outcomes. This limitation was mitigated by 
an extensive mean duration of follow-up (38.2 and 43.6 
months, for patients with the most and least overlap, 
respectively). During each follow-up visit, all exter-
nal health care encounters were asked and recorded. 
Furthermore, any potential under-reporting of adverse 
events would be expected to equally affect patients with 
the most and least amounts of overlap, preserving the 
internal validity of this study.

While certain demographic and clinical variables 
were excluded from our CEM protocol, the matching 
variables used herein were carefully selected from the 
surgical literature. Race,20–24 smoking status,25 BMI,26,27 
CCI,28–30 duration of surgery,31,32 and ASA score33 have 
all been demonstrated to independently impact post-
operative morbidity. By controlling these variables via 
CEM, we expect to ensure the overall validity of the 
study findings.

The present analysis used a decile-based matching 
protocol, which has previously been employed by the 
present authors.34–37 This approach allowed analysis 
of the extremes of overlap duration, while ensuring 

Figure 3.  Distribution of short-term outcomes following single-level, posterior 
lumbar fusion. No differences were observed in any morbidity or mortality 
outcomes between exact matched cohorts. ED, emergency department.
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an adequate population sample assessment via exact 
matching. CEM resulted in 158 patients included in the 
matched analysis, with a match rate 60.3% among the 
most overlap cohort. Relative to other matching pro-
tocols, CEM includes fewer patients for analysis, but 
offers more precise control of confounding variables, 
resulting in enhanced focus on the impact of surgical 
overlap in 1-level spinal fusion surgery.38

This study examined only single-level, posterior 
lumbar fusions, enhancing the internal validity of the 
results at the expense of generalizability. That said, 
among lumbar fusions, single-level instrumented 
fusions are the most frequently performed procedure. 
Furthermore, the differing number of levels of disease 
presents in different manners, which has implications 
for results and complications and thus was thought to 
be too heterogeneous for the intense focus on overlap 
undertaken herein.39 Additional studies are needed to 
corroborate these findings across other spinal proce-
dures.

CONCLUSION

In the presence of overlapping surgery, increasing 
duration of overlap during lumbar fusion does not lead to 
adverse short-term patient outcomes. When comparing 
exact-matched patients with the least and most amounts 
of overlap time, no significant differences were found 
in any specific morbidity outcome or overall morbid-
ity. Further studies should evaluate longer-term patient 
outcomes among patients with increased amounts of 
overlap during lumbar fusion and other neurosurgical 
procedures.
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