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Abstract
The aim of this study was to compare outcomes for single-event multilevel surgery (SEMLS) in cerebral palsy (CP) performed by 1 or 2
attending surgeons.
A retrospective review of patients with CP undergoing SEMLS was performed. Patients undergoing SEMLS performed by a single

senior surgeon were compared with patients undergoing SEMLS by the same senior surgeon and a consistent second attending
surgeon. Due to heterogeneity of the type and quantity of SEMLS procedures included in this study, a scoring system was utilized to
stratify patients to low and high surgical burden. The SEMLS events scoring less than 18 points were categorized as low burden
surgery and SEMLS scoring 18 or more points were categorized as high burden surgery. Operative time, estimated blood loss,
hospital length of stay, and operating room (OR) utilization costs were compared.
In low burden SEMLS, 10 patients had SEMLS performed by a single surgeon and 8 patients had SEMLS performed by 2

surgeons. In high burden SEMLS, 10 patients had SEMLS performed by a single surgeon and 12 patients had SEMLS performed by
2 surgeons. For high burden SEMLS, operative time was decreased by a mean of 69 minutes in cases performed by 2 co-surgeons
(P=0.03). Decreased operative time was associated with an estimated savings of $2484 per SEMLS case. In low burden SEMLS, a
trend toward decreased operative time was associated for cases performed by 2 co-surgeons (182 vs 221 minutes, P=0.11).
Decreased operative time was associated with an estimated savings of $1404 per low burden SEMLS case. No difference was found
for estimated blood loss or hospital length of stay between groups in high and low burden SEMLS.
Employing 2 attending surgeons in SEMLS decreased operative time and OR utilization cost, particularly in patients with a high

surgical burden. These findings support the practice of utilizing 2 attending surgeons for SEMLS in patients with CP.
Level of Evidence: Level III

Abbreviations: CP = cerebral palsy, GMFCS = Gross Motor Function Classification System, OR = operating room, SEMLS =
single-event multilevel surgery.
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1. Introduction

Cerebral palsy (CP) is caused by an injury to the developing brain
and frequently results in upper extremity contractures and lower
extremity deformities including hip dysplasia, long bone torsion,
knee flexion contractures, ankle equinus contractures, and foot
deformities.[1,2] Corrective orthopedic surgery is required for
many affected children with the overall goals of maintaining
comfort and preserving function.[3] Introduced in 1985 byNorlin
and Tkaczuk,[4] single-event multilevel surgery (SEMLS) is the
preferred strategy for extremity surgery in children with CP.[5–8]

In a randomized control trial, the Melbourne group demonstrat-
ed improved gait parameters in children undergoing SEMLS
compared with a control group treated with resistance training.[5]

Improved gait parameters in the SEMLS group were maintained
at follow-up of 5 years.[6] The goal of SEMLS is to avoid
multiple hospitalizations, convalescence periods, and cycles of
rehabilitation.[9,10]

By definition, SEMLS includes multiple procedures and is often
performed by 2 attending co-surgeons.[11] The concept of dual
attending surgeons is previously studied in pediatric spine
surgery.[12–17] These studies demonstrate shorter operative time,
decreased blood loss, and shorter hospital length of stay.
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Table 1

Score allocation to assign surgical burden for procedures
performed during single-event multilevel surgery.

Procedure Score

Proximal femoral osteotomy 4
Distal femoral extension osteotomy 4
Pelvic osteotomy 3
Rectus transfer 2
Posterior knee capsulotomy 2
Tibial derotation osteotomy 2
Rectus resection 1
Foot osteotomy or fusion 2
Soft tissue lengthening, advancement, recession, or plication 1
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However, there is limited data supporting the use of 2 attending
surgeons in SEMLS for CP surgery.
The challenge in studying SEMLS performed for lower

extremity deformity in patients with CP is both the heterogeneity
of procedures and the variance in the number of procedures
included among patients.[7] Previous studies controlled for this
either by examining 1 specific procedure performed in the context
of SEMLS[18–20] or by quantifying the amount of surgery based
on postoperative rehabilitation demands of each type of
procedure.[21] However, these approaches do not reflect the
operative time or resources required to complete SEMLS. As
such, we aimed to develop a new system for quantifying the
amount of surgery based on operative time and operating room
(OR) resources required by our cohort to allow for a more
equitable comparison between surgical cases.
To determine the impact of 2 attending surgeons compared

with 1 attending surgeon performing SEMLS, we aimed to
compare outcomes between patients undergoing SEMLS, divid-
ing patients into low and high surgical burden groups, utilizing
this new system. We hypothesized that surgery performed by 2
attending surgeons required less operative time, resulting in
decreased blood loss, shorter hospital length of stay, and
decreased costs in both cohorts.
2. Materials and methods

Retrospective review was approved by the Institutional Review
Board of Nemours Children’s Health System, and charts were
reviewed for SEMLS performed between 2010 and 2017. Patients
were classified into either the single surgeon or 2 surgeon group.
The single surgeon group consisted of patients who underwent
SEMLSperformed by 1 of the senior authors. The 2 surgeon group
consisted of patients who underwent SEMLS with a surgical team
consisting of the same senior author and another senior author
operating as co-surgeons. Inclusion criteria for each group were a
diagnosis of CP, age 21years old or younger at the time of surgery,
andat least 1 foot procedure included in the SEMLSevent. Subjects
in each group were matched on type of concurrent procedures
performed, functional level (within 1 level of the Gross Motor
Function Classification System, [GMFCS]),[22] and age (within 1
year at the time of surgery). Exclusion criteria were SEMLS events
not including a foot procedure and subjects unable to be matched
as defined. Primary outcomes of interest were operative time,
estimated blood loss, and hospital length of stay. Operative time
was from skin incision to wound closure and excluded time
required for anesthesia induction and wake-up. Other patient
follow-up data were not collected.
Due to the heterogeneity of procedures and variation in the

amount of surgery inherent to SEMLS, patients in the single
surgeon and 2 surgeon groups were further stratified by the
amount of surgery performed to either a low surgical burden
group or a high surgical burden group. To stratify patients by the
amount of surgery performed, commonly performed SEMLS
procedures were assigned a point value (Table 1). Point values
had a range from 1 to 4 and were assigned based on the amount
of effort (time, technical difficulty, and amount of assistance
required) to complete the procedure, as perceived by 3 pediatric
orthopedic surgeons. Point assignment for each procedure was
determined based on consensus among 3 practicing pediatric
orthopedic surgeons.
Points were assigned to all procedures performed for each

patient, and the points were tallied to determine a surgical burden
2

score. Patients with less than 18 points were assigned to the low
burden group, and patients with 18 or more points were assigned
to the high burden group. This threshold was selected to most
evenly divide the cohort into low and high burden groups. Two
pediatric orthopedic surgeons assigned points for each patient,
and inter-rater reliability was calculated. Discrepancies were
resolved by 1 of the 2 senior surgeons for the purposes of
assigning patients to cohorts for this study. One rater repeated
classification 2months after initial scoring to calculate intra-rater
reliability.
After subdividing patients into high and low burden groups,

single and dual surgeon SEMLS were compared by operative
time, estimated blood loss, and hospital length of stay. Cost of
OR timewas estimated at $37.45 perminute based on an analysis
of 302 hospitals in California in 2014.[23] Categorical variables
were compared with Fisher exact test or Chi-square testing as
appropriate, and continuous variables were compared with
Student t test for parametric data and Mann–Whitney test for
non-parametric data. Intraclass coefficients were calculated to
determine intra-rater and inter-rater reliability. Intraclass
coefficients between 0.75 and 1.00 were interpreted as excellent,
0.60 and 0.74 as good, 0.40 and 0.59 as fair, and less than 0.40 as
poor.[24]P values <0.05 were considered statistically significant.
3. Results

A total of 40 patients were included for analysis: 20 patients in
the single surgeon cohort and 20 in the 2 surgeon cohort. Mean
age at the time of surgery was 11.9years (range: 6–16years) for
the single surgeon cohort and 13.7years (range: 6–19years) for
the 2 surgeon cohort (P>0.05). The GMFCS level distribution in
the single surgeon cohort was 1 (GMFCS I), 3 (GMFCS II), 9
(GMFCS III), 4 (GMFCS IV), and 3 (GMFCS V). For the 2
surgeon cohort, GMFCS distribution was 1, 3, 8, 4, and 4
patients, respectively. The most frequently performed surgery
was osseous foot surgery (including osteotomies and fusions; n=
149 in the entire cohort) followed by soft-tissue lengthening (n=
146 in the entire cohort) (Table 2). On average, each patient had
approximately 10 procedures included in his or her SEMLS.
The scoring system for classifying the burden of surgery had

excellent inter- and intra-rater agreement with intraclass
correlation coefficients of 0.925 and 0.975, respectively. In
assigning patients to low or high surgical burden groups, the
scoring system also had excellent inter-rater and intra-rater
reliability with kappa scores of 0.975 for both. In the single
surgeon group, 10 patients underwent low burden surgery with,



Table 2

Procedures performed in the low burden and high burden groups.

Low burden High burden

Entire cohort
(n=40)

Single surgeon
(n=10)

Two surgeons
(n=8)

Single surgeon
(n=10)

∗
Two surgeons

(n=12)†

Proximal femoral osteotomy 29 5 6 10 8
Distal femoral extension osteotomy 10 2 2 2 4
Pelvic osteotomy 16 2 2 6 6
Rectus transfer 13 3 0 10 0
Posterior knee capsulotomy 4 1 0 0 3
Tibial derotation osteotomy 12 4 1 4 3
Rectus resection 11 3 2 2 4
Foot osteotomy or fusion 149 22 21 45 61
Soft tissue lengthening, advancement, recession, or plication 146 31 18 48 49
Total 395 73 52 129 141
∗
One patient had bilateral thumb metacarpal-phalangeal fusion.

† One patient had total hip arthroplasty, 1 patient had distal femoral tension band plating, and 1 patient had intrathecal baclofen pump and catheter revision.
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on average, 7 procedures per SEMLS event and a median surgical
burden score of 14 (range: 9–16). Ten patients in the single
surgeon group underwent high burden surgery with, on average,
13 procedures per SEMLS event and a median surgical burden
score of 20.5 (range: 18–32). In the 2 surgeon group, 8 patients
underwent low burden surgery with, on average, 7 procedures
per SEMLS event and a median surgical burden score of 15
(range: 10–17). Twelve patients in the 2 surgeon group
underwent high burden surgery with, on average, 12 procedures
per SEMLS event and a median surgical burden score of 21
(range: 18–31). Overall, the low and high surgical burden groups
were well matched in the single surgeon and 2 surgeon cohorts.
Among patients who had low burden surgery, there was a

trend toward decreased operative time favoring the 2 surgeon
cohort by 39minutes (182 vs 221minutes, P=0.11, Table 3), but
this did not reach statistical significance. This decrease in
operative time was associated with an estimated savings of
$1460.55 per SEMLS case in OR utilization. No difference was
detected in estimated blood loss or hospital length of stay. In the
high burden surgery group, operative time was decreased by 69
minutes, on average, in the 2 surgeon group (247minutes)
compared with the single surgeon group (316minutes, P=0.03).
This was associated with an estimated savings of $2584.05 per
SEMLS case in OR utilization costs in the 2 surgeon group. No
difference was detected in the high burden group with respect to
estimated blood loss or hospital length of stay.
4. Discussion

Among patients undergoing high burden SEMLS, employing 2
attending surgeons significantly decreased operative time and
associated OR utilization cost, supporting the notion of co-
Table 3

Primary outcome variables in low burden and high burden surgical g

Low burden

One surgeon Two surgeons

Operative Time (min) 221 182
Estimated blood loss (mL) 357 252
Hospital length of stay (days) 4.5 3.8
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surgery for this population. In the low burden group, a trend
toward decreased operative time was detected in the 2 surgeon
group, but this was likely underpowered to reach statistical
significance.
To the best of our knowledge, this is the first report on the

impact of co-surgery in this patient population for SEMLS.
Previous studies examining the use of 2 attending surgeons in
pediatric orthopedics focused on spine surgery. These authors
similarly report the value of a 2 surgeon model for complex
surgeries and patient populations.[12–17] In a prospective analysis,
Shrader et al. found decreased operative time, blood loss, and
complications in patients with CP undergoing posterior spinal
fusion performed by 2 attending level co-surgeons comparedwith
single surgeon teams.[12] In another prospective study of patients
with adolescent idiopathic scoliosis undergoing posterior spinal
fusion, Chan and Kwan found that surgery performed by 2
surgeons results in decreased operative time, blood loss,
postoperative morphine usage, and hospital length of stay
compared with single surgeon teams.[14] These results were
mirrored in subgroups of patients with Lenke 1 and 2
curves.[15,16] Similarly, Abousamra et al. found decreased
operative time and blood loss in spine surgery performed by 2
attending surgeons as compared with a single surgeon in patients
with CP.[13] Our study also demonstrated decreased operative
time with 2 attending surgeons in SEMLS. However, no
difference was detected for estimated blood loss likely due to
widespread tourniquet use for the majority of extremity
procedures included in this study.
A previous study from our institution examining StepWatch

data in children with CP created a practical method for
quantifying the amount of surgery performed during SEMLS.[21]

This system categorized patients from 1 (lowest surgical burden)
roups.

High burden

P One surgeon Two Surgeons P

0.11 316 247 0.03
0.69 264 499 0.22
0.22 5.5 5.1 0.42
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to 5 (highest surgical burden) based on a number of factors
including whether unilateral or bilateral surgery was performed,
whether bony or soft-tissue procedures were performed, and the
number of procedures performed. When applying this system to
the patients in our cohort, all patients were rated at the highest
surgical burden, which did not allow for patient stratification.
Due to this ceiling effect, we created an alternative method for
quantifying the amount of surgery that allowed for stratification
into low and high surgical burden groups. This classification
system had excellent inter- and intra-rater reliability, with the
potential for broad applicability in SEMLS research. However,
this scoring system requires extensive continued study, including
application to a larger cohort of patients with CP undergoing
SEMLS to determine external validity. Further, selecting 18 as a
threshold for surgical burden quantification was useful in this
cohort, but this threshold may not be applicable in other cohorts
undergoing more or less surgery. Rather, this classification
system may be most appropriately utilized as a continuous
variable for stratification in larger, comparative studies.
Nevertheless, the advantage of this system is that a score is
assigned with no possibility of a ceiling effect.
Our study relied on the results of a robust analysis of over 300

hospitals in California to determine the cost of OR utilization.[23]

The authors of this study found an OR utilization cost of $36.14
per minute for the ambulatory setting and $37.45 per minute for
the inpatient setting. Our institution is an inpatient pediatric
facility, and we elected to utilize $37.45 per minute for our study.
Determining the cost of medical care is notoriously difficult,[25]

and we acknowledge that further study is required. Local
financial data is needed to obtain more accurate estimates of
savings associated with shorter operative times. However,
estimates in the literature for OR cost range from $7 to $100/
minute.[26–29] Therefore, utilizing a standard estimate from
multiple institutions in the California study may give a more
accurate representation of OR cost across centers nationally.
Additionally, the use of a 2 surgeon team has been described by
Ludwig et al,[30] where the authors note that although a 2 surgeon
team may lead to increased mean surgeon charges, the use of 2
surgeons demonstrated an overall decrease in OR and anesthesia
charges. Although the potential opportunity loss is there for the
second surgeon, there could also be opportunity gain for more
cases to be performed in a single OR in a single day.
This study was limited by its retrospective nature and small

sample size. A trend toward shorter operative time was found in
the low surgical burden group, but the study was likely
underpowered to detect a statistically significant difference.
Furthermore, the results of this study may not be applicable to
centers that are not familiar with a 2 attending surgeon model. A
second attending surgeon is most valuable when a separate set of
instruments and additional assistants are available. The differ-
ence in operative time may be less substantial when these
resources are not available. In addition, the coding and billing
department should be familiar with billing for surgery performed
by co-surgeons to maximize the financial sustainability of this
model.
Future study is required to examine the impact of a 2 surgeon

model on surgeon fatigue. Each SEMLS case in this study had an
average of approximately 10 procedures per patient with the
longest case requiring nearly 7 hours. We hypothesize that
performing this much surgery by a single surgeon may be
associated with surgeon fatigue, which may affect the surgical
outcome and lead to surgeon burnout. This type of study should
4

be performed in a prospective manner with longer follow-up and
should also include functional and health-related quality of life
outcomes. Finally, robust cost analysis in a prospective studymay
offer more information about resource utilization.
Operative times appear to improve with the addition of a

second attending surgeon, and this may potentially translate into
improved patient-reported outcomes, but lost opportunity costs
associated with the utilization of a second surgeon participating
in the care of 1 patient need to be carefully evaluated in future
studies. Within the limits of the available data, this current study
supports the practice of utilizing 2 attending surgeons in high
burden SEMLS for patients with CP. The benefit of a second
attending surgeon in low burden surgery is less apparent but may
be justified given the trend toward decreased operative time with
2 attending surgeons.
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