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Single-Stage Surgical Treatment of Multi-ligament ~ ®
Knee Injuries Results in Lower Cost and Fewer
Complications and Unplanned Reoperations
Compared With Staged Treatment

Brian C. Lau, M.D., Kunal Varsheya, B.S., Nicholas Morriss, B.A.,
John Wickman, M.D., M.B.A., Donald Kirkendall, Ph.D., and Geoffrey Abrams, M.D.

Purpose: To compare complications, unplanned reoperations, and costs between single-stage and 2-stage treatment of
multi-ligament knee injuries. Methods: The MarketScan database was queried (2007-2016), identifying patients un-
dergoing surgery for a multi-ligament knee injury. The single-stage cohort was defined as having at least 2 Current
Procedural Terminology codes for ligament reconstruction at the index procedure without a Current Procedural Termi-
nology code for ligament reconstruction appearing in the database for the following 12 months. The 2-stage cohort was
defined as undergoing multiple ligament reconstruction procedures within a 12-month period with subsequent ligament
procedure codes that differed from the index ligament reconstruction codes. Propensity score matching was performed
using a greedy nearest-neighbor algorithm to match specific injury patterns between the 2 cohorts. Baseline demographic
characteristics, medical comorbidities, and the Charlson Comorbidity Index were recorded. Complications, unplanned
reoperations, and total health care expenditures were recorded for up to 5-year follow-up. Two-sample  tests, > tests,
and Fisher exact tests were used with an o level of .05 set as significant. Results: We identified 1,150 patients who
underwent surgery for multi-ligament knee injuries (1,080 with single-stage approach and 270 with 2-stage
approach). No significant differences in baseline characteristics or medical comorbidities were found between the
cohorts. After propensity score matching, the single-stage group had fewer complications at 30, 90, 180, and 365 days
(P < .05). Two-stage treatment increased the risk of reoperation at 1 year (5.5 times) and 2 years (4.9 times) after the
index procedure. Health care expenditures were lower in the first 9 months for the staged cohort, but from 9 months
($31,210 vs $22,252, P < .0001) through 5 years, total costs were higher in this group. Conclusions: Single-stage
surgical treatment of multi-ligament knee injuries results in fewer complications and reoperations and lower total
costs compared with 2-stage treatment, even after controlling for the number and combination of ligaments injured.
Level of Evidence: Level III, retrospective cohort study.

ulti-ligament knee injuries can be among the
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most challenging orthopaedic injuries to treat.'”
Most surgeons advocate operative management
because of poor outcomes with nonoperative manage-
ment””’ and improved patient-reported outcomes and
range of motion with operative treatment.” Although
operative management is widely accepted as the most
successful treatment, there remains controversy in
determining the timing of operative intervention and
which ligaments to prioritize.”®
There are 2 general approaches that surgeons may use
during operative management of multi-ligament knee
injuries: single-stage approach versus 2-stage approach.
A single-stage approach involves treating all ligamen-
tous injuries and associated pathology at one surgical
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encounter. The workflow for each case is dependent on
injury pattern as well as surgeon preference, with the
ultimate goal of anatomic reconstruction. A single-stage
approach expedites rehabilitation, avoids alteration of
joint mechanics, and decreases the risk of graft failure or
additional injuries between staged procedures.® Single-
stage surgery is, however, technically challenging,
requiring longer operative times, and may be associated
with an increased risk of arthrofibrosis.®

A 2-stage approach calls for addressing some of the
ligamentous injuries during an initial surgical proced-
ure, with the remaining injuries treated at a planned
later time point. Ohkoshi et al.” described a 2-stage
procedure beginning with posterior cruciate ligament
(PCL) reconstruction within 2 weeks of the injury. This
was followed 3 months later by reconstructions of the
anterior cruciate ligament (ACL), medial collateral lig-
ament (MCL), and lateral collateral ligament (LCL).”
Lai et al."’ described a similar protocol, repairing the
MCL, meniscus, and posterolateral corner in the initial
procedure, followed by ACL and PCL reconstruction in
subsequent arthroscopic procedures. The proposed
benefits of a multi-stage approach are to avoid risks
associated with a prolonged surgical time in the acute
setting while allowing range-of-motion therapy be-
tween surgical procedures.'”'' In addition, patients
may report better subjective outcomes after a 2-stage
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procedure.® The staged approach, however, prolongs
the overall rehabilitation time and may not be suited for
younger and more active patients."'

The relative infrequency of multi-ligament knee in-
juries, as well as their variability, leads to difficulty in
performing high-quality studies examining outcome
differences between single-stage and 2-stage ligamen-
tous reconstruction procedures. The purpose of this
study was to compare complications, unplanned reop-
erations, and costs between single-stage and 2-stage
treatment of multi-ligament knee injuries. Our hy-
pothesis was that a 2-stage approach, after controlling
for the number and location of ligamentous injuries,
would lead to increased complications, reoperations,
and costs as compared with a single-stage approach.

Methods

We obtained our data from the MarketScan Com-
mercial Claims and Encounters database (Truven
Health Analytics, Ann Arbor, MI). This database is a
collection of commercial inpatient, outpatient, and
pharmaceutical claims of more than 75 million persons
with an average age of 40.1 years and 61.4% female
population. The MarketScan database represents a
substantial portion of the US population covered by
employer-sponsored insurance. This database contains
International Classification of Diseases, Ninth Revision, Clinical
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TREATMENT OF MULTI-LIGAMENT KNEE INJURY

Table 1. Demographic Characteristics and Baseline
Comorbidities

Single-Stage

Surgery 2-Stage Surgery

(n = 1,080) (n = 270) P Value
Age, mean (SD), yr 27.2 (12.5) 27.8 (12.9) 4851
Male sex, n (%) 711 (65.8) 176 (65.2) .8410
Pulmonary disease, n (%) 36 (3.3) 15 (5.6) .0867
Diabetes, n (%) 19 (1.8) 6 (2.2) 6138
Hyperlipidemia, n (%) 107 (9.9) 32 (11.9) 3471
Tobacco use, n (%) 56 (5.2) 17 (6.3) 4703
Hypertension, n (%) 130 (12.0) 40 (14.8) 2185
Obesity, n (%) 81 (7.5) 24 (8.9) 4460
Mean CCI 0.12 0.15 4131

CCJ, Charlson Comorbidity Index; SD, standard deviation.

Modification (ICD-9-CM) codes; International Classification
of Diseases, Tenth Revision, Clinical Modification (ICD-10-
CM) codes; Current Procedural Terminology (CPT)
codes; Diagnosis-Related Group codes; and National
Drug Codes. The MarketScan database relies on billing
codes submitted by providers during routine patient care
and has been used for procedure-specific research eval-
uating surgical complication rates, unplanned reoperation
rates, and overall patient cost. 214

Database Query

The data set was queried to identify patients with a
multi-ligament knee injury between January 1, 2007,
and December 31, 2016, with a minimum of 1 year of
follow-up captured in the database (Fig 1). Multi-
ligament knee injury was defined as injury to 2 or
more of the following ligaments: ACL (CPT code
29888), PCL (CPT code 29889), and MCL or LCL (CPT
code 27405 or 27427). A single-stage approach was
defined as multiple procedure codes at the index pro-
cedure without either related procedural codes or ipsi-
lateral different-ligament procedural codes appearing
again within 12 months. The 2-stage approach was
defined as a single code at the index procedure and an
ipsilateral code for a different ligament within 12
months (excluding the same procedure code). The 2-
stage group also included patients who had multiple
codes at the index procedure followed by an ipsilateral
ligamentous procedure code within 12 months. For
example, a patient may have had 2 ligaments addressed
during the index surgical procedure, followed by a
second operation to address a third ligament. We
recorded demographic data including age and sex and
comorbidities including pulmonary disease, diabetes,
hyperlipidemia, tobacco use, hypertension, and obesity,
as well as the Charlson Comorbidity Index (Table 1).

Patient Grouping and Propensity Score Matching
Patients were divided into 2 cohorts based on expo-

sure to a single-stage approach versus a multi-stage

approach (Table 1). Within the cohorts, patients were
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placed in the following groups based on injury pattern:
group 1, ACL and PCL; group 2, ACL and LCL or MCL;
group 3, PCL and LCL or MCL; and group 4, ACL, PCL,
and MCL or LCL. To minimize the effect of potential
confounders, propensity score matching was per-
formed. A greedy nearest-neighbor algorithm was used
to match patients with a 4:1 ratio of single-stage pa-
tients to multi-stage patients. All baseline and operative
characteristics were included in the algorithm.

A propensity score is the probability that a patient
may be placed in a group (single-stage group vs 2-stage
group) based on the patient’s characteristics, injury
characteristics, and comorbidity status. When patients
are matched on their propensity scores, patients will
have statistically insignificant differences in their like-
lihood to be placed in either group. A greedy nearest-
neighbor approach is preferred because it matches pa-
tients based on the closest (“nearest”) propensity scores
within the caliper (maximal difference allowed be-
tween a patient’s propensity scores to match).

Outcomes and Variables

Our primary outcome was postoperative complications
based on those commonly reported after surgical treat-
ment of multi-ligament knee injuries.”'”"'” These
included knee instability and/or dislocation, infection,
nerve injury, arthrofibrosis, wound complications, deep
vein thrombosis, and hematoma. Data were obtained by
collecting International Classification of Diseases, Tenth
Revision (ICD-10) codes for the relevant diagnoses from
the MarketScan database during the postoperative
period. For patients who underwent a single-stage
operation, complications were considered for the 30-,
90-, 180-, and 365-day periods after the initial surgical
procedure. For patients who underwent a 2-stage oper-
ative plan, complications were considered for the 30-,
90-, 180-, and 365-day periods after the second proced-
ure. A secondary outcome consisted of unplanned
reoperations, which included irrigation and/or debride-
ment (CPT code 27301 or 27310); manipulation under
anesthesia (CPT code 27570); and isolated (not part of
ligament procedures) meniscal debridement (CPT code
29881 or 29880), meniscal repair (CPT code 29882,
29883, or 27403), chondroplasty (CPT code 29877 or
29879), and conversion to total knee replacement (CPT
code 27447). Complications were tracked for 1 year after
the index procedure in the single-stage group and after
the second surgical procedure in the multi-stage group.
Reoperations were tracked for 2 years after the index
procedure in the single-stage group and after the second
surgical procedure in the multi-stage group. Costs were
calculated from the index procedure for both groups and
were evaluated at 9 months, 2 years, and 5 years. Costs
included the aggregate value of total spending (combined
surgical spending and nonsurgical costs including phys-
ical therapy, imaging, and postoperative care).
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Table 2. Postoperative Complications Within 30 Days

B. C. LAU ET AL.

Variable Single-Stage Surgery (n = 1,080) 2-Stage Surgery (n = 270) P Value R (95% CI)
Any complication 97 (8.9) 36 (13.3) .0467* 1.5 (1.0-2.3)
Knee instability 46 (4.3) 19 (7.0) .0565 7 (0.9-2.9)
Infection 8 (0.7) 5 (1.8) .0945 1.3 (0.1-12.9)
Nerve injury 0 (0.0) 1(0.4) .0454* NA
Wound complication 3 (0.3) 1 (0.4) .8023 1.3 (0.1-12.9)
Deep vein thrombosis 9 (0.8) 0 (0.0) 1323 NA
Hematoma 0 (0.0) 1 (0.4) .0454* NA

CI, confidence interval; NA, not applicable; OR, odds ratio.
*Statistically significant at o level of .05.

Statistical Analysis

Two-sample ¢ tests, ” tests, and Fisher exact tests
were used as appropriate. An o level of .05 was used to
discern statistical significance. Statistical analysis was
conducted in the RStudio program (version 1.0.153;
RStudio, Boston, MA).

Results

Cohort Demographic Characteristics

We identified a matched cohort of patients undergo-
ing multi-ligament knee reconstructions with a single-
stage approach (n = 1,080) or a 2-stage approach
(n = 270). The number of simultaneous ligamentous
injuries was also matched between groups. These in-
juries were classified as group 1 in 6.6%, group 2 in
47.7%, group 3 in 16.4%, and group 4 in 29.4% in the
single-stage cohort and as group 1 in 6.3%, group 2 in
46.2%, group 3 in 20.1%, and group 4 in 27.4% in the
2-stage cohort. Matched covariates and demographic
characteristics between the single and 2-stage groups
showed no statistically significant differences (P > .05
for all) (Table 1).

Complications

In the first 30 days after the last planned surgical
procedure, there was a higher overall complication rate
for staged procedures (13.3% vs 8.9%, P = .047)
(Table 2). Specific complication differences were seen in
nerve injury (P = .045) and hematoma (P = .045).

Table 3. Postoperative Complications Within 90 Days

At 90 and 180 days, 2-stage procedures were found to
have a higher overall complication rate, driven by
increased rates of infection, knee instability, and he-
matoma (Tables 3 and 4). These findings remained
significant at 1 year, with the exception that hema-
toma formation was not significantly different be-
tween the 2 groups (Table 5). Rates of nerve injury,
arthrofibrosis, wound complications, and deep vein
thrombosis were low, with no between-group
differences.

Reoperations

The single-stage group had a significantly lower rate
of unplanned reoperations at all time points (Table 6).
The odds of a reoperation at 1 year and 2 years in pa-
tients undergoing a 2-stage approach versus a single-
stage approach was 5.5 times (26.7% vs 6.2%) and
4.9 times (28.2% vs 7.4%), respectively (Table 6). The
most common reoperations for patients in the single-
stage group were manipulation under anesthesia (n =
40, 3.7%) and chondroplasty (n = 35, 3.2%). In the 2-
stage cohort, the most common reoperations were
chondroplasty (n = 35, 13%) and isolated meniscal
repair (n = 30, 11.1%) (Table 7).

Costs

The single-stage approach showed significantly higher
index procedure costs. At all other follow-up time
points, costs were greatest in the 2-stage group
(Table 8).

Variable Single-Stage Surgery (n = 1,080), n (%) 2-Stage Surgery (n = 270), n (%) P Value OR (95% CI)
Any complication 138 (12.8) 8 (21.5) .0003* 9 (1.3-2.6)

Knee instability 48 (4.4) 3 (8.5) .0073* 0 (1.2-3.4)

Infection 11 (1.0) 1 (4.10) .0004* (1.8-9.6)

Nerve injury 1(0.1) 1 (0.4) .2885 4.0 (0.3-64.3)
Arthrofibrosis 71 (6.6) 22 (8.2) 361 3 (0.8-2.1)

Wound complication 6 (0.6) 1(0.4) 7041 6 (0.1-5.6)

Deep vein thrombosis 11 (1.0) 1 (0.4) .3102 4 (0.1-2.8)

Hematoma 0 (0.0) 2 (0.7) .0046* NA

CI, confidence interval; NA, not applicable; OR, odds ratio.
*Statistically significant at o level of .05.
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Table 4. Postoperative Complications Within 180 Days
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Variable Single-Stage Surgery (n = 1,080), n (%) 2-Stage Surgery (n = 270), n (%) P Value OR (95% CI)
Any complication 156 (14.4) 65 (24.1) .0001* 1.9 (1.4-2.6)

Knee instability 54 (5.0) 26 (9.6) .004* 2.0 (1.2-3.3)

Infection 15 (1.4) 15 (5.6) <.0001% 4.2 (2.0-8.6)

Nerve injury 2 (0.2) 1 (0.4) .5633 2.0 (0.2-22.2)
Arthrofibrosis 81 (7.5) 25 (9.3) 3364 1.3 (0.8-2.0)

Wound complication 6 (0.6) 1 (0.4) 7047 0.6 (0.1-5.6)

Deep vein thrombosis 11 (1.0) 1(0.4) 312 0.4 (0.1-2.8)

Hematoma 0 (0.0) 2 (0.7) .0046* NA

CI, confidence interval; NA, not applicable; OR, odds ratio.
*Statistically significant at o level of .05.

Discussion

Single-stage multi-ligament reconstruction was asso-
ciated with lower overall cost, fewer surgical compli-
cations, and lower reoperation rates when compared
with 2-stage reconstruction. Prior studies comparing
outcomes of single-stage versus 2-stage approaches re-
ported varying results regarding both objective mea-
sures and patient-reported outcomes.®”'**! Because
of the rarity of these injuries, sample size has been a
consistent limiting factor in comparing these pro-
tocols.””'¥?! Mook et al.® performed a systematic re-
view including 24 studies with 396 patients undergoing
single and 2-stage reconstructions. They reported
similar clinical outcomes in the 2 groups, although the
2-stage patients had a higher frequency of good to
excellent scores. Barfield et al.”” followed up with a
systematic review of studies from 2009-2014 showing
no differences in outcomes for single-stage versus
multi-stage patients.

In this study, we used a national database to compare
the complication rates and costs associated with a
single-stage versus 2-stage approach. The MarketScan
database is a large national database of more than 75
million unique patients that allows evaluation of com-
plications and costs from a much larger patient popu-
lation than can be provided by case studies or a
collection of case series. We identified 1,350 patients
surgically treated for a multi-ligamentous knee injury.
After rigorous matching, we found that patients who

Table 5. Postoperative Complications Within 365 Days

underwent single-stage surgery had lower complication
rates and lower reoperation rates than those who un-
derwent a 2-stage approach. Patients who underwent
multi-stage treatment had an increased risk of reoper-
ation at 1 year (5.5 times) and 2 years (4.9 times).
Although the index procedure was less expensive, the
total financial cost associated with a 2-stage approach
was increased compared with a single-stage approach at
9 months through 2 years.

Wound complications remain a general concern after
surgical treatment of complex multi-ligament knee in-
juries, particularly in patients with high-energy events
and injuries with significant swelling, ecchymosis, and
friability.>'*'”** In our study, a wound complication
or hematoma was rare (<1%) regardless of the treat-
ment strategy. However, it is interesting to note that 2-
stage treatment had an increased risk of infection
beyond 90 days after the last planned procedure.
Although obesity (body mass index > 30) has been
reported as a risk factor for postoperative infections
after surgical treatment of multi-ligament knee injuries,
there was no significant difference in the rate of obesity
between the single-stage and 2-stage cohorts. The
discrepancy between wound complications and in-
fections may represent a propensity for deep infections
rather than superficial infections with the re-
traumatization of a healing wound bed.

Another commonly discussed complication after a
multi-ligamentous injury is arthrofibrosis.”*'”'” It has

Variable Single-Stage Surgery (n = 1,080), n (%) 2-Stage Surgery (n = 270), n (%) P Value OR (95% CI)
Any complication 172 (15.9) 69 (25.6) .0002* 1.8 (1.3-2.5)
Knee instability 55 (5.1) 30 (11.1) .0003* 2.3 (1.5-3.7)
Infection 19 (1.8) 16 (5.9) .0001* 3.5 (1.8-6.9)
Nerve injury 2 (0.2) 1 (0.4) 5634 2.0 (0.2-22.2)
Arthrofibrosis 89 (8.2) 26 (9.6) 4646 1.2 (0.7-1.8)
Wound complication 6 (0.6) 1 (0.4) 7047 0.6 (0.1-5.6)
Deep vein thrombosis 11 (1.0) 1 (0.4) 3102 0.4 (0.1-2.8)
Hematoma 2(0.2) 2 (0.7) 1331 4.0 (0.6-28.7)

CI, confidence interval; OR, odds ratio.
*Statistically significant at o level of .05.
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Table 6. Overall Unplanned Reoperation Rates After Final Planned Surgical Procedure

Timing of Unplanned Single-Stage Surgery

Reoperation (n = 1,080), n (%) 2-Stage Surgery (n = 270), n (%) P Value OR (95% CI)
0-30d 5 (0.5) 5 (1.9) .0173* 4.0 (1.2-14.1)
0-90 d 41 (3.8) 25 (9.3) .0002* 2.5 (1.5-4.3)
0-180 d 54 (5.0) 41 (15.2) <.0001* 3.4 (2.2-5.2)
0-1yr 67 (6.2) 72 (26.7) <.0001~* 5.5 (3.8-7.9)
0-2 yr 80 (7.4) 76. (28.2) <.0001* 4.9 (3.5-6.9)

CI, confidence interval; OR, odds ratio.
*Statistically significant at a level of .05.

been postulated that early treatment leads to a greater
risk of arthrofibrosis owing to the increased inflam-
matory milieu present in the knee, which may be
exacerbated during early treatment.'® Previous studies
reported a loss of range of motion of 31% versus 0% for
single versus staged procedures.® The findings in this
study suggest that the rates of arthrofibrosis were
similar between the treatment groups. In the first
postoperative year, arthrofibrosis was reported in 8.2%
and 9.6% of patients who underwent the single-stage
and 2-stage operative plans, respectively. The rates of
reoperation for manipulation under anesthesia be-
tween treatment groups were also similar at 2 years
postoperatively (3.7% for single-stage group vs 4.4%
for 2-stage group).

An argument against a single-stage surgical plan is
that the increased length of surgery may result in an
increased likelihood of nerve injury or deep vein
thrombosis,?* as well as the known association between
increased length of surgery and increased infection
risk.”” The findings in our study show that these com-
plications are rare. Throughout the various time points,
the rate of nerve injury ranged from 0.0% to 0.4%,
with no difference between treatment groups. Likewise,
deep vein thrombosis rates were low (0%-1%) and did
not differ between groups over the 1-year follow-up
period. These results, in conjunction with the
decreased postoperative infection rate in the single-
stage cohort, suggest there may be less morbidity
associated with increased operative times than previ-
ously postulated.

Mook et al.” summarized postoperative instability in
the anterior, posterior, varus, and valgus directions.

Omne of the obvious limitations of reporting on general
instability and specific directional instability after multi-
ligament knee injuries is that instability largely depends
on what structures were initially injured, how they
were injured (midsubstance vs avulsion), and how they
were treated (repair vs reconstruction), in addition to
the timing of surgery. Despite these limitations, Mook
et al. found no significant differences in instability be-
tween single-stage treatment and 2-stage treatment. In
our study, the database was not able to distinguish the
direction of instability; thus, we are only able to report
on general knee instability. We found no differences in
continued knee instability in the early phase (30 days),
which was expected because many rehabilitation pro-
tocols after multi-ligament knee injuries have a period
of immobilization or limited weight bearing. At 90, 180,
and 365 days postoperatively, however, the patients
treated in a 2-stage fashion had a 2.0 to 2.3 times
greater risk of continued instability (Tables 2, 4, and 5).
The etiology of this difference is difficult to determine
with a database study. It should be noted that patients
were matched based on comorbidities and the number
and combination of ligaments injured, suggesting these
factors alone cannot explain the difference.

Although a small percentage of patients in the single-
stage group received an unplanned operation at the 1-
and 2-year marks, patients treated with a 2-stage
treatment plan had a 5.5 times greater risk of a subse-
quent unplanned operation at 1 year and a 4.9 times
greater risk at 2 years than patients with single-stage
treatment. This difference was primarily driven by
significantly increased rates of subsequent meniscal
repairs and chondroplasty in the 2-stage group.

Table 7. Subsequent Procedures Within 2 Years of Final Planned Surgical Procedure

Variable Single-Stage Surgery (n = 1,080), n (%) 2-Stage Surgery (n = 270), n (%) P Value
Infection and/or irrigation and debridement 8 (0.7) 5 (1.9) .0945
Manipulation under anesthesia 40 (3.7) 12 (4.4) .5716
Meniscal repair 7 (0.7) 30 (11.1) <.0001*
Meniscal debridement 1 (0.1) 1 (0.4) .2885
Chondroplasty 35 (3.2) 35 (13.0) <.0001*
Total knee replacement 6 (0.6) 1 (0.4) .8668

*Statistically significant at o level of .05.
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Table 8. Costs Associated With Treatment

Single-Stage 2-Stage Surgery

Variable Surgery (n = 1,080) (n = 270) P Value
Average index 16,661 12,918 <.0001*
surgery cost, $
Average total
cost, $
9 mo 22,252 31,210 <.0001~*
2 yr 24,620 37,752 <.0001*
5 yr 26,298 39,237 <.0001~*

*Statistically significant at o level of .05.

Although it is not possible to determine causality with
the design of this study, a possible explanation is that a
period of partial instability between staged procedures
may increase the likelihood of additional meniscal and
chondral injuries. Although these injuries may be
subclinical at the time of the second planned procedure,
they may serve as a nidus for continued symptoms. The
presence of reoperations in the single-stage group in-
dicates that there is still a risk of reoperation within this
group and underlines the significance of this particular
injury pattern.

Last, we looked at the financial costs of a single-
versus 2-stage treatment strategy. At the time of index
surgery, the staged surgery strategy was 22% less
expensive. This finding is expected because the surgical
times are shorter and less equipment is required.
However, at 9 months, 2 years, and 5 years, the cost of
care associated with staged treatment was increased
compared with single-stage treatment. At 5 years after
the last planned surgical procedure, the total cost
associated with a 2-stage approach increased from
$12,918 to $39,237—a 204% increase. In comparison,
total costs after the index surgical procedure for the
single-stage group increased by 54%. The costs associ-
ated with a secondary planned surgical procedure,
prolonged physical therapy, and an increased reopera-
tion rate are likely driving the cost difference. The
breakdown of costs for the 2 treatment strategies will be
the subject of future studies.

Overall, we found that a single-stage procedure
resulted in fewer complications and fewer reoperations
at reduced costs. The most common complications were
knee instability and infections. Other complications
including arthrofibrosis, deep vein thrombosis, and
nerve injury were rare and showed similar rates be-
tween groups. Two-stage treatment had a 5.5 times
increased risk of an unplanned second surgical pro-
cedure within a year of the last planned surgical pro-
cedure compared with single-stage treatment. We
controlled for potential limitations with a rigorous
matching method that included injury pattern based on
our groupings in the algorithm. This matching resulted
in a slight trend toward less severe injury scores in the
staged cohort. Objective measures such as postoperative
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range of motion or patient-reported outcomes were not
available in the database. Despite the inherent limita-
tions of a data set review, given the paucity of available
data comparing 1-stage and 2-stage approaches to
multi-ligament knee injuries, the benefits of looking at
a large data set outweigh the limitations inherent in
using existing databases.

Limitations

There are several limitations to our study design. A
database study allows broad evaluation across a larger
cohort of patients but is unable to provide granular
data. Multi-ligament knee injuries encompass complex
injury patterns with variability in the number of injured
ligaments and the type of injury (midsubstance vs
avulsion). Individual patient records are not able to be
reviewed, and the decision model for choosing between
single-stage and 2-stage approaches is not able to be
determined. Patients with more complex injuries may
be more likely to be offered 2-stage approaches. We are
unable to comment on or account for the role surgeon
experience plays in the decision to offer a single-stage
or 2-stage approach. Outside of surgeon preference,
there may have been patient- or injury-specific in-
dications for staging that were not captured by this
study. Moreover, surgical techniques vary greatly and
are individualized to each patient and injury pattern, as
is the choice between autograft and allograft. In addi-
tion, surgeons who perform a single-stage technique
may be biased and, as a result, be less likely to return to
the operating room for a required second stage. Our
study design is unable to differentiate between these
injury patterns and techniques. Peroneal nerve injuries
may have been present preoperatively and likely
under-coded and, as such, may have been falsely coded
as operative complications. We do not have access to
information regarding time of injury relative to surgery,
which may alter the incidence of arthrofibrosis or other
complications. Finally, the MarketScan database relies
on accurate coding of diagnoses and procedures. Inac-
curate coding via clerical errors including miscoding or
noncoding is a possibility.

Conclusions
Single-stage surgical treatment of multi-ligament
knee injuries results in fewer complications and reop-
erations and lower total costs compared with 2-stage
treatment, even after controlling for the number and
combination of ligaments injured.
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