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Purpose: Although often performed using a variety of reconstructive techniques and strategies,
no clinically significant differences presently exist between the approaches available for isolated
PCL reconstructions. Given the operatively challenging nature of these procedures, there lies a
potentially increased risk of postoperative complications and healthcare expenditures. Our
investigation sought to identify patient and surgical risk factors associated with prolonged
hospital stays following isolated PCL reconstruction and determine the incidence of 30-day
complications after PCL reconstruction using the American College of Surgeons National
Surgical Quality Improvement Program (ACS-NSQIP) database.

Method: Patients undergoing isolated PCL reconstructions between 2005 and 2016 were
identified in the American College of Surgeons National Surgical Quality Improvement
Program (NSQIP) database using Current Procedural Terminology codes. Baseline patient
and operative characteristics were evaluated as possible risk factors for overnight hospital
admissions following PCL reconstruction and analyzed using multivariate analyses.
Results: A total of 249 patients were identified. Multivariate analyses demonstrated that
increased operative duration >120 mins (OR 5.04, CI 2.44-10.40; p <0.001) was associated
with an increased risk of overnight hospital stay. Major complications occurred in 0.4%
(N=1), and minor complications occurred in 0.8% (N=2) with overall complications occur-
ring in 1.2% (N=3) of all patients. Wound dehiscence was the only major complication while
superficial surgical site infection and deep vein thrombosis were the only minor complica-
tions. 34.1% (N=85) of patients required an overnight hospital stay postoperatively.
Conclusion: Surgical duration >120 mins carried an increased risk of overnight hospital
stay after isolated PCL reconstructions. As there are presently minimal significant clinical
differences between current PCL reconstruction techniques, improved surgeon familiarity
and comfort with a single technique is recommended to decrease operative time and avoid
prolonged hospital stays and healthcare expenditures.

Level of evidence: III, retrospective comparative study.

Keywords: operative time, overnight hospital stays, healthcare expenditures, American
College of Surgeons National Surgical Quality Improvement Program, NSQIP

Introduction

Knee arthroscopy is one of the most common surgical procedures in the United
States with meniscectomy, meniscal repair and cruciate ligament reconstruction
composing the majority." With otherwise low rates of associated complications
and a rising incidence of arthroscopic surgeries performed among patients of all
ages, there has also been a concomitant increase in the proportion of procedures
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performed as outpatients with <1% of arthroscopies per-
formed in an inpatient setting.l’2 An isolated PCL rupture
is a relatively uncommon injury, as tears of the PCL are
often associated with concurrent knee pathology such as
anterior cruciate ligament (ACL), medial collateral liga-
ment or posterolateral corner injuries.>* In a review of 222
acute knee injuries, Fanelli et al found that 38.3% involved
PCL-related injuries, but only 3.5% were isolated PCL
injuries. However, other investigations have studied
cohorts with isolated PCL ruptures in up to 18% of
patients, and comprising nearly 2% of all American high
school knee injuries.””’

The PCL was classically believed to be composed of
independently functioning posteromedial and anterolateral
bundles with the latter preventing posterior tibial translation
in flexion and the posteromedial bundle more active in
extension.*” However, more recent biomechanical analyses
now suggest more synergistic actions of the two bundles as
a result of their anatomical and spatial attachments about
the femur and tibia.'>"? Operative management of PCL
ruptures is indicated in the setting of concomitant injury
to the surrounding collateral ligaments, ACL or meniscus
with nonoperative management recommended for isolated
and lower severity injuries. The argument for nonoperative
management of isolated ruptures is based on the purported
intrinsic healing potential of the PCL, although concerns
remain on the ligament healing in a lax or attenuated
position."*'® Despite good subjective functional scores
and evidence of healing on MRI in the acute postinjury
period for conservatively managed isolated PCL tears, less
than satisfactory objective scores have been reported.'* '’
Additionally, there has been evidence of increased radio-
graphic progression of osteoarthritis and decreased func-
tional outcomes in isolated PCL tears with increasing time
from injury, specifically found in 23% of patients at 7 years
of follow up, and 41% at 14 years of follow-up.'” "
Several strategies currently exist for PCL reconstruction
from single-bundle or double — bundle reconstructions to
transtibial and tibial inlay tibial graft fixation strategies
however as it stands, no clinically significant differences
in outcomes have been uncovered.”*>*

Thus, consideration of operative management in select
patients has become a topic of discussion; however, given
the relatively technically challenging aspects of PCL recon-
struction compared to its corollary in anterior cruciate liga-
ment reconstructions, therein lies the potential for increased
healthcare expenditures and complications from PCL recon-
struction if the appropriate risk stratification or degree of

surgical preparation is not performed. To date, most com-
plications with PCL injuries, either isolated or in the setting
of associated injuries, are related to residual posterior
Jaxity,1:25:26 27,28

osteonecrosis of the medial femoral condyle?® proximal

popliteal artery laceration or occlusion,

tibial fracture®® heterotopic ossification in the posterior cap-
sule and decreased knee flexion.' However, given the
relatively low rate of reconstruction, most of these compli-
cations have been restricted to case reports or small series
without any definitive reports on an overall incidence of
complications.>> The American College of Surgeons
National Surgical Quality Improvement Program (ACS-
NSQIP) database has previously been applied to examine
complications in a multitude of orthopedic procedures>** >’
however, to date, we are unaware of any study that has
analyzed the prolonged length of stay after isolated PCL
reconstructions.

The aim of this study was to identify patient and surgeon-
related risk factors associated with prolonged hospital stays
following isolated PCL reconstruction. A secondary aim was
to determine the incidence of 30-day complications after PCL
reconstruction using the ACS-NSQIP database. We hypothe-
sized that increased body mass index and operative time
would increase the risk of prolonged postoperative hospital
stays. We suspected obesity and prolonged surgical duration
would predispose patients to an increased risk of perioperative
complications thus requiring extended postoperative monitor-
ing and a prolonged hospital stay.

Materials And Methods

This was a retrospective study using the ACS — NSQIP
database. This large, multicenter registry contains prospec-
tively collected data on patients undergoing surgery at
over 400 hospitals around the United States. Data is col-
lected by trained surgical clinical reviewers who follow
patients’ medical charts, collecting demographics, comor-
bidities, intraoperative variables, and 30-day postoperative
major and minor complications based on specified criteria.
As such, the NSQIP is a high-quality, accurate database

3841 and has been

for studying preoperative complications
widely used to investigate complications of orthopedic
procedures.>*>*33 This database is helpful to our
research question because the large sample size provides
us with the ability to document rates and risk factors, for
relatively rare perioperative complications in less common
procedures such as isolated PCL reconstructions. Access
to this database was obtained by placing an electronic

request through the ACS NSQIP website, and thus
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institutional review board approval was not required to
query this publicly accessible de-identified database.

Patient Selection

The database was surveyed of all cases with the Current
Procedural Terminology (CPT) code 29889 (arthroscopi-
cally aided posterior cruciate ligament repair/augmentation
or reconstruction) and excluded cases with the following
primary/concurrent CPT codes: 29888 (arthroscopically
aided anterior cruciate ligament repair/augmentation or
reconstruction), 27405 (repair of torn collateral ligament
or capsule), 27427 (extra-articular ligamentous reconstruc-
tion or augmentation), 27428 (open, extra-articular liga-
mentous reconstruction or augmentation) and 27407
(repair of torn cruciate ligament or capsule) to identify
all isolated, elective PCL reconstructions within the data-
base from 2005 to 2016. Those with missing demographic
information such as age, height, weight, or sex were
excluded from this study. In total, 207 of the 456 patients
with a CPT of 29889 met one or more of the exclusion
criteria and were removed from the investigation, most
commonly for concurrent ligamentous injury (Figure 1).

Data Collection

Complications were divided into major and minor categories
similar to the manner performed in prior literature.**** An
overall complication rate, including both major and minor
complications, was also included. Patient and surgical char-
acteristics were defined by the ACS and were included in the
NSQIP database. Demographic information including age
and gender was assessed. Variables that were also analyzed
include body mass index (BMI; calculated from patient
height and weight, categorized according to the World
Health Organization classifications)*> American Society of
Anesthesiologists (ASA) classifications, and comorbidities
including history of hypertension, diabetes mellitus, tobacco
use, and chronic obstructive pulmonary disease (COPD).
American Society of Anesthesiology classification was ana-
lyzed as a dichotomous value to differentiate the effects of
mild versus severe systemic disease on prolonged hospital
stay.*? The complications that were assessed are presented in
Table 1. The number of patients who required post-procedure
overnight hospital stay >1 day was also determined.

Statistical Analysis

Statistical analysis was performed using SPSS version 23
(IBM, Armonk, NY). The rates of perioperative complications,
readmissions and overnight hospital stays were compared with

i tests. A multivariate logistic regression analysis with an
overnight length of hospital stay >1 day as an outcome variable
and baseline patient and operative characteristics as covariates
was performed. Regression analysis was performed to identify
independent risk factors for overnight hospital stays. A statis-
tically significant p — value was defined as <0.05. Given the use
of multiple statistical comparisons within the analysis, a
Bonferroni correction was also performed.

Results

In total, 249 isolated PCL reconstruction cases were identi-
fied. Of the patients studied, 137 (55%) were <30 years of
age, 168 (67.5%) had BMI < 30, 43 (19.7%) were smokers
and 77.9% were male (Table 2). The majority of cases (159,
63.9%) lasted more than 120 mins. Based on multivariate
analyses, surgical duration lasting more than 120 mins
(odds ratio [OR] = 5.04, CI 2.44-10.40; p <0.001) was a
statistically significant independent predictor of overnight
hospital stay. Use of general anesthesia, BMI >30, increased
age >40 years, ASA classification of III or IV, and cigarette
use were associated with overnight hospital stays postopera-
tively; however, these risk factors did not reach statistical
significance (Table 3). In terms of complications, major
perioperative events occurred in 1 (0.4%) patient and
minor complications occurred in 2 (0.8%) patients. Minor
complications included wound dehiscence (n = 1, 0.4%),
superficial surgical site infection (n = 1 0.4%) and sympto-
matic deep vein thrombosis requiring treatment (n = 1,
0.4%). Overall, 85 (34.1%) patients remained in the hospital
overnight postoperatively.

Discussion

This study used a large, prospectively collected and multi-
institutional registry, to identify patient and surgical risk
factors associated with prolonged hospital stays following
isolated PCL reconstruction. Overall, 34.1% of patients
remained in the hospital for at least one night postopera-
tively. Multivariate analyses subsequently found prolonged
operative time >120 mins to be an independent risk factor
for postoperative overnight hospital admissions following
PCL reconstruction. In addition, we found the overall rate
of complications after PCL reconstruction was found to
be 1.2%.

Posterior cruciate ligament reconstruction can be a
technically challenging endeavor as the risk of serious
and limb or life-threatening injury is a legitimate con-
cern. These considerations could play a role in increasing
operative time if the surgeon is unfamiliar with such a
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456 patients with primary, concurrent
or other CPT code of 29889

172 patients with primary,
concurrent or other CPT code of
29888

11 patients with primary, concurrent
or other CPT code of 27405

8 patients with primary, concurrent
or other CPT code of 27427

6 patients with primary, concurrent
or other CPT code of 27428

1 patient with primary, concurrent or
other CPT code of 27407

v

249 remaining patients with
single CPT code of 29889

9 patients with missing baseline
patient characteristics

Figure | STROBE diagram of included and excluded cases of posterior cruciate ligament reconstruction [29889 = arthroscopically aided posterior cruciate ligament
augmentation or reconstruction, 29888 = arthroscopically aided anterior cruciate ligament repair/augmentation or reconstruction, 27405 = repair of torn collateral ligament
or capsule, 27427 = extra-articular ligamentous reconstruction (augmentation), 27428 = open, extra-articular ligamentous reconstruction (augmentation), 27407 = repair of

torn cruciate ligament or capsule].

procedure. Cadaveric studies note, on average, 29.1 mm
separating the mid-PCL from the popliteal artery and
9.7 mm between the proximal PCL fovea and the popli-
teal artery.** The degree of knee flexion intraoperatively
can further influence this anatomic relationship as greater
flexion increases the distance between the tibial insertion

of the PCL and the popliteal artery.*> Laceration to the
popliteal artery can occur with tibial tunnel drilling, yet
similar injury is also possible during posteromedial portal
creation or following manipulation of the posterior
capsule.’® Although several techniques have been sug-
gested to manage such concerns, such as creating safety
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Table 1 Major And Minor Perioperative Complications Analyzed Within NSQIP Database

Major Complications

Minor Complications

Death

Sepsis

Deep surgical infection
Wound dehiscence
Pulmonary embolism
Ventilator use >48 hrs

Return to operating room

Unplanned re-intubation
Acute renal failure
Cardiac arrest
Myocardial infarction
Cerebrovascular accident
Graft failure

Superficial surgical infection
Pneumonia

Peripheral nerve injury

Urinary tract infection
Deep vein thrombosis

Progressive renal insufficiency

incisions, limited capsular releases, or use of the tibial
inlay technique, it is impossible to gauge surgeon comfort

with such interventions when these difficulties arise

intraoperatively.>*®*’

Given the relatively infrequent nature of these procedures

and close proximity to critical anatomic structures, there is

Table 3 Independent Risk Factors For Adverse Outcomes By

Multivariate Logistic Regression

Variabl o] ight Hospital St
Table 2 Baseline Patient And Operative Characteristics Of artable vernis ospita’ >tay
Patients Undergoing PCL Reconstruction OR (95% CI) P-value
N = 249 Patients Age
<30 Reference -
Age
3140 0.77 (0.35-1.68) 0.512
<30 137 (55.0%)
41-50 1.51 (0.68-3.36) 0.316
31-40 53 (21.3%)
>50 1.32 (0.30-5.91) 0.714
41-50 46 (18.5%)
>50 13 (5.2%) Female % 0.58 (0.25-1.32) 0.194
Female % 55 (22.1%) Body mass index (kg/m?)

Body mass index (kg/m?)
Non-obese (< 30)

168 (67.5%)

Non-obese (< 30)
Obese | (30-34.9)
Obese Il (35-39.9)
Obese lIl (> 40)

Reference -

2.04 (0.98—4.25) 0.058
1.65 (0.54-5.08) 0.382
1.78 (0.37-8.56) 0.470

Obese | (30-34.9) 49 (19.7%)
Obese Il (35-39.9) 23 (9.2%)
Obese Il (> 40) 9 (3.6%)
Comorbidities
Diabetes mellitus 4 (1.6%)
Smoking history 43 (17.3%)
COPD 0 (0%)
Hypertension 14 (5.6%)
Preoperative corticosteroid use 1 (0.4%)

Anesthesia type

2 120

General 233 (93.6%)

Regional 16 (6.4%)
Operative duration (mins)

<120 90 (36.1%)

159 (63.9%)

Dependent functional status
ASA Class

|

I

lIlor IV

I (0.4%)

124 (49.8%)
117 (47.0%)
8 (3.2%)

Comorbidities
Diabetes mellitus
Smoking history
COPD
Hypertension

Preoperative corticosteroid use

0.12 (0.01-3.17) 0.201
1.32 (0.58-2.98) 0.508

0.63 (0.14-2.78) 0.540

Anesthesia type
General
Regional

2.70 (0.80-9.11) 0.109

Operative duration (minutes)
<120
=120

Reference -
5.04 (2.44-10.40) | < 0.001

Dependent functional status
ASA Class

|

Il

Il or IV

Abbreviations: COPD, chronic obstructive pulmonary disease; ASA, American

Society of Anesthesiologists; PCL, posterior cruciate ligament.

Reference -
1.31 (0.66-2.59) 0.437
8.80 (1.03-78.85) 0.042

Notes: *Signiﬁcance defined as p < 0.0042 after Bonferroni correction, significant

values are in bold.

Abbreviations: OR, odds ratio; Cl, confidence interval; COPD, chronic obstruc-
tive pulmonary disease; ASA, American Society of Anesthesiologists.
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much to be said about the level of surgeon comfort when
indicating and performing these procedures. For example,
the transtibial technique is known to be subject to the poten-
tial “killer turn” on the posterior aspect of the proximal tibia
that can lead to graft abrasion from the sharp graft angulation

1.*8 As a result,

at the intra-articular portion of the tibial tunne
the inlay technique was proposed to avoid this sharp bending
angle and potential graft injury.** Despite the proposed
improvements in surgical ease, there have been no clinically
important differences in Tegner or Lysholm scores, nor dif-

. . . 0
ferences in residual laxity.’

Furthermore, when comparing
single bundle and double-bundle reconstructions, Qi et al’s
systematic review by Qi et al found no clear differences in
clinical outcomes.”’ More recently, Chahla sought to inves-
tigate differences in outcomes between double and single-
bundle reconstructions 2 years postoperatively. Although
both procedures led to an increased patient-reported out-
comes and knee stability, double-bundle reconstruction
showed improved posterior stability and International Knee
Documentation Committee (IKDC) Scores. Yet, there were
no other significant differences across other patient-reported
outcomes.>* As with most procedures, a learning curve exists
before which a surgeon can become facile with a given
procedure. Within PCL reconstructions, a variety of proce-
dures and techniques exist with similar functional and objec-
tive outcomes however varying levels of difficulty depending
on surgeon familiarity. This inference cannot be definitively
proven from our study; however, deeper investigation is
merited to elucidate if there is a connection between over-
night hospital stay in PCL reconstructions, operative duration
and surgeon experience.

Under the growing quality-based reimbursement model
within orthopedic surgery, physicians must become more
cognizant of modifiable risk factors that can reduce
adverse outcomes such as increased hospital length of
stay for traditionally outpatient procedures.’*>* Across
more recent arthroscopy literature, increasing operative
time has been associated with increased healthcare utiliza-
tion in the form of increased risk of readmissions after
elective shoulder arthroscopy, and an increased risk of
adverse events, extended the length of stay and readmis-
sions in isolated ACL reconstruction.’> >’ The findings of
our investigation are similar to those of prior studies as the
previously unreported variable of procedure length is iden-
tified as a factor that may be used for risk stratification in
outpatient PCL reconstruction. As there is no clear con-
sensus, at this time, on the overarching clinical and objec-
tive benefits between many of the current reconstruction

strategies presently available, as surgeons prepare for these
cases, the focus should be on decreasing operative time by
using more familiar techniques in order to reduce the risk
of unexpected health expenditures. Although there is pau-
city of literature on the subject, surgeon comfort level and
the concept of a learning curve associated with PCL
reconstruction is a valuable area of interest that could
further explain our findings and guide surgeons as they
look to surgically manage PCL injuries.

Limitations

There are several limitations to our investigation. The
ACS-NSQIP database lacks qualitative postoperative com-
plication data and thus we are unable to identify specific
causes behind the reported complications and exact rea-
sons for why patients remained admitted postoperatively.
Despite a large number of institutions contributing to the
ACS-NSQIP database, it does not capture data from inde-
pendent outpatient surgical centers. As such, we are unable
to generalize our findings to PCL reconstructions per-
formed in surgery centers. In addition, the database lacks
orthopedic specific data of such as graft choice, operative
indications, the selection of single or double-bundle recon-
struction, DVT prophylaxis, postoperative weight-bearing
status, pain scores, postoperative range of motion restric-
tions, patient-reported outcome scores, comparisons
between preoperative and postoperative physical examina-
tion or symptom scores, and outcomes of interest follow-
ing PCL reconstruction such as residual laxity or strength.
Due to the relative rarity of isolated PCL reconstructions,
our sample size may have limited our ability to identify
statistically significant associations between patient and
surgeon-related risk factors and adverse outcomes.
Furthermore, although no prior study has reported on the
incidence of complications after isolated PCL reconstruc-
tion, the relatively low incidence of complications and
operative cases found amongst the cohort studied within
the NSQIP database may have precluded further analyses.
A prior investigation on anterior cruciate ligament recon-
struction used the same database and reported a complica-
tion rate of 1.34% in the early postoperative period across
4933 patients.®® In comparison, our study yielded a much
smaller study sample of 249 patients but noted a 1.2%
incidence of complications. Given the large differences in
sample size, we would caution making any definitive
claims on the incidence of complications following iso-
lated PCL reconstruction and how it compares to other

arthroscopic procedures. Similar to prior research utilizing
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ACS-NSQIP while data are obtained through trained sur-
gical clinical reviewers and subject to audits by the ACS® 8
it may suffer from limitations common to large outcome
databases including a lack of granularity to the data, as
well as improper documentation or coding by individual
physicians and medical groups contributing to the data-
base. Although we mention discussions in the literature
regarding the argument against nonoperative management,
we are unable to make the claim that this procedure is
being performed more frequently as no information is
available on recent trends in isolated PCL reconstructions.
Ultimately, larger prospective cohort or randomized con-
trolled studies with long-term follow-up and homogenous
patient populations are needed to better illustrate the com-
plete complication profile, demographics and operative
indications following isolated PCL reconstructions. The
use of the ACS-NSQIP database allowed us to determine
patient and surgical risk factors associated with prolonged
hospital stays across a relatively uncommon arthroscopic
procedure by using prospectively, and rigorously collected
data obtained from a multitude of institutions. It is our
hope that our findings will highlight patient and surgeon-
specific factors that can increase the risk of further health-
care expenditures for traditionally outpatient procedures.

Conclusion

Surgical duration >120 mins carried an increased risk of
overnight hospital stay after isolated PCL reconstructions.
As there are presently minimal significant clinical differences
between current PCL reconstruction techniques, improved
surgeon familiarity and comfort with a single technique is
recommended to decrease operative time and avoid pro-
longed hospital stays and healthcare expenditures.
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