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Hemoglobin Alc Levels >6.6% Are Associated With ~ ®
Higher Postoperative Complications After Anterior
Cruciate Ligament Reconstruction

Ophelie Lavoie-Gagne, M.D., Varun Nukala, B.S., Eric M. Berkson, M.D., Peter Asnis, M.D.,
Mark D. Price, M.D., Ph.D., Luke S. Oh, M.D., and Miho J. Tanaka, M.D., Ph.D.

Purpose: To investigate the relation between hemoglobin Alc (HbAlc) levels and postoperative complications after
primary anterior cruciate ligament reconstruction (ACLR). Methods: A retrospective review was performed of consec-
utive patients with an isolated anterior cruciate ligament tear, preoperative diagnosis of diabetes, and documented HbAlc
within 90 days of primary ACLR between 2000 and 2019. Data collected included demographic and surgical character-
istics, 90-day medical complications, and subsequent surgeries on the ipsilateral knee. A receiver operating curve was
constructed for each HbAlc level in relation to postoperative complications and the optimal cutoft identified via Youden’s
J statistic. Multivariable logistic regression was performed to assess the relation between postoperative complications and
age, sex, graft type, diabetes subtype, and HbAlc. Results: Nineteen patients (7 females, 12 males) fulfilled inclusion
criteria with preoperative HbA1c ranging from 5.5 to 10. Complications included septic knee (n = 1) and cyclops lesions
requiring arthroscopic lysis (n = 3). Patients with HbAlc of 6.7% or higher were 25 times more likely to experience any
postoperative complication (P = .04) and 16 times more likely to require lysis of adhesions (P = .08). On multivariable
regression, HbA1lc remained significantly associated with any complication (P = .005) and developing arthrofibrosis (P =
.02) independent of age, sex, graft type, and diabetes subtype. Conclusions: Diabetic patients undergoing primary ACLR
with a preoperative HbAlc of 6.7% or higher were 25 times more likely to require repeat surgical intervention for a
postoperative complication. These complications included arthrofibrosis and infection. Strict glycemic control may help
minimize the risk of postoperative complications after ACLR. Level of Evidence: Level III, retrospective cohort study.

Diabetes has been associated with a higher risk of
perioperative complications, readmission, and
reoperation in both trauma and elective settings.'™”
Studies specifically focused on investigating the associ-
ation between diabetes and postoperative outcomes
following primary anterior cruciate ligament recon-
struction (ACLR) have reported a broad range of asso-
ciated risks in patients with diabetes, including an
almost tripled risk of 30-day hospital readmission,® a 19
times higher risk of postoperative infection requiring
surgical intervention,” increased risk of severe
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postoperative complications,”® lower patient-reported
outcome measures (PROMs) at 2-year follow-up,” and
higher total postoperative charges as compared to pa-
tients undergoing ACLR without diabetes.®

The Multicenter Orthopaedic Outcomes Network
(MOON) Group has largely led efforts in investigating
the potential associations between preoperative dia-
betes and perioperative outcomes in the setting of
elective primary ACLR.” While the MOON cohort in-
cludes 2-year postoperative outcomes, conclusions are
limited by the small sample size of 22 patients and self-
reporting of preoperative diabetes.””'’ Retrospective
studies with much larger sample sizes, from several
hundred to ~100,000, investigating patients with
confirmed diagnoses of preoperative diabetes have re-
ported lower risks of postoperative infection (odds ratio
[OR], 2.3-2.7) than observed within the MOON
cohort.*'"'* While these retrospective studies include
larger sample sizes, the follow-up period is limited to
the 30- to 90-day period captured by these databases.
Furthermore, both the MOON and retrospective cohort
investigations categorize diabetes into variations of
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absence vs controlled/uncontrolled diabetes in analyses,
effectively obviating the pertinent consideration of the
spectrum of disease that can exist within each of these
categories. The preoperative hemoglobin Alc (HbAlc)
goal for patients planning to undergo elective arthro-
scopic knee surgery is not well understood.

HbAlcis a well-established serous marker of subacute
diabetes control. The American College of Physicians
recently updated clinical practice guidelines for long-
term HbAlc goals advocating for deintensification of
regimens achieving HbA1lc levels <6.5%."° Currently,
HbAlc levels between 7% and 8% are generally
accepted as the goal range for chronic management to
balance death and macrovascular complications while
minimizing harm and financial burdens of strict dia-
betes control."” The American Diabetes Association
does recommend preoperative optimization diabetes
control, but specific glycemic goals remain surgeon
dependent.'*'” In arthroplasty, there is a stepwise in-
crease in postoperative complications and total charges
as preoperative HbAlc levels increase within the
accepted 6.5% to 8% range.'® In patients undergoing
elective spine surgery, preoperative HbAlc levels
<6.8% were associated with a lower risk of reoperation
while HbA1c levels <6.1%, well below current internal
medicine guidelines for chronic management, were
associated with a higher likelihood of achieving mini-
mal clinically important differences in PROMs post-
operatively.'” As the prevalence of diabetes continues
to rise,'® it has become imperative for orthopaedic
surgeons to understand the association of preoperative
diabetes management with perioperative outcomes to
provide realistic informed consent discussions and
advocate for preoperative disease optimization. The
purpose of this study was to investigate the relation
between HbAlc levels and postoperative complications
after primary ACLR. We hypothesized there would be a
HbAlc threshold within the long-term management
goal of 6.5% to 8% over which the risk of postoperative
complications would be higher.

Methods

Patient Cohort

Following institutional review board approval (ORA
2019P003181), consecutive patients between 2000 and
2019 were identified who fulfilled the following inclu-
sion criteria: ACLR performed at our institution, a
preoperative diagnosis of diabetes, and documented
HbAlc within 90 days of primary ACLR. Patients
without a clinical diagnosis of diabetes (prediabetes,
gestational diabetes) were excluded from the study.
Patients who underwent additional or complex pro-
cedures at the time of ACLR were excluded: revision
ACLR, multiligamentous reconstruction, osteotomy,
and/or arthroplasty (Fig 1).

Indications for ACLR at the institution were func-
tional knee instability (supported by physical exami-
nation findings including laxity on Lachman test and a
grade 2 pivot shift) as well as preoperative magnetic
resonance imaging confirmation of an anterior cruciate
ligament (ACL) tear. Clinical stability of the remaining
knee ligaments was confirmed preoperatively and again
with examination under anesthesia. Patients under-
went elective arthroscopic ACLR at a median 26 weeks
after injury (range, 10 weeks to 5 years; interquartile
range, 16 to 104 weeks). Graft type determination was
a shared decision between surgeon and patient. All
patients underwent physical therapy prehabilitation to
regain full range of motion preoperatively. All patients
received interference screw fixation for the tibial
portion of the graft. For femoral fixation, 4 patients had
suture suspension fixation, and the remaining 15 pa-
tients had interference screw fixation. Thirteen patients
had 10-mm tunnels, 3 patients had 11-mm tunnels, 2
patients had 9-mm tunnels, and 1 patient had an 8-mm
tunnel due to hamstring autograft limitations.

Electronic medical records were reviewed to collect
the following data: demographic characteristics,
including age and sex; medical characteristics include
diabetes subtype and preoperative HbAlc values. Sur-
gical characteristics, including graft type and concurrent
surgeries, were evaluated. Records were assessed for
90-day medical complications, including venous
thromboembolism, pulmonary embolism, pneumonia,
cardiac event, infection, or sepsis. Surgical complica-
tions were defined as subsequent surgery performed on
the ipsilateral knee related to ACLR, including
debridement, irrigation, revision, and lysis of adhesions.
Diagnoses associated with repeat ipsilateral surgery
were documented.

Statistical Analysis

Cohort characteristics were summarized as means
and standard deviations (SDs) for continuous variables
and count/percentages for categorical variables. A
receiver operating characteristic (ROC) curve analysis
was performed for each 0.1% increment in HbAlc level
from 5.6 to 9.9 and the optimal HbAlc cutoff to mini-
mize postoperative complications identified via You-
den’s J statistic. Fisher exact, Kruskal-Wallis, and
Wilcoxon rank-sum tests were used when appropriate
to identify associations between patient demographic
and surgical characteristics with preoperative HbAlc
and postoperative complications. Multivariable analysis
was performed via logistic regressions for postoperative
complications, and a separate regression was con-
structed for the development of localized anterior
arthrofibrosis requiring surgical lysis. All pertinent pa-
tient characteristics were included in each regression,
and the Pearson goodness-of-fit (GOF) statistic was
computed to assess model fit with high P values
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indicating good fit. Alpha was set to 0.05 and all ana-
lyses were conducted in RStudio software version 4.1.3
(R Foundation for Statistical Computing).

Results

After application of inclusion criteria, a total of 19
patients (7 female, 12 male) were included in the final
analysis with a median age of 45 years (range, 15 to
60), median preoperative HbAlc of 6.6 (range, 5.5 to
10), and minimum follow-up ranging from 13 months
to 20 years. Four patients were former smokers, and
there were no active smokers at the time of surgery.
The characteristics of patients included in this study are
listed in Table 1. After ACLR, there were no patients
who experienced medical complications. Four patients

experienced a surgical complication. One patient
developed a septic knee 3 days postoperatively,
confirmed with a white blood cell count of 59,000 on
aspiration and no crystals, and required arthroscopic
irrigation and debridement. Three patients developed
localized anterior arthrofibrosis with progressive loss of
full extension requiring arthroscopic lysis 3, 7, and 19
months after ACLR. Two of 3 patients with arthrofib-
rosis had preoperative magnetic resonance imaging
confirmation of a cyclops lesion. All patients had
intraoperative confirmation of postsurgical adhesions in
the anterior compartment. There were no patients with
superficial wound infections.

The HbAIc level with the maximized Youden’s index
was at 6.7%. There were no significant differences in
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Table 1. Demographic and Clinical Characteristics of Patients
by Hemoglobin Alc Groups

Table 2. Demographic and Clinical Characteristics of Patients
by Any Complication Requiring Reoperation

HbAlc <6.7% HbAlc >6.7%

Characteristic (n=11) (n =38) P Value
Age, y 44 32, 48] 48 [38, 57] 48
Sex 1.00
Male 7 (64) 5 (63)
Female 4 (36) 3 (37)
Graft type .57
BTB 4 (36) 1 (13)
Hamstring 1(9) 2 (25)
Allograft 6 (55) 5 (63)
Diabetes 1.00
Type 1 2 (18) 2 (35)
Type 2 9 (82) 6 (65)
Alc 6.0 [5.8, 6.4] 7.5 [7.2, 8.3] <.001
Medical 0 0 —
complications
Surgical 0 4 (50) 018
complications
Follow-up, mo 59 [35, 195] 89 [69, 159] 39
NOTE. Values are presented as number (%) or median [interquartile

range].
BTB, bone patellar tendon bone; HbAlc, hemoglobin Alc.

age, sex, graft type, or diabetes subtype between groups
(Table 1). Univariate analysis revealed HbAlc level was
associated with a 25 greater odds of developing any
postoperative complication (P = .04) and a 15.9 greater
odds of arthrofibrosis (P = .08), whereas age, sex, graft
type, or diabetes subtype showed no association
(Table 2). Multivariable analysis of the association be-
tween patient characteristics and HbAlc revealed
HbA1c of 6.7% or higher was independently associated
with a 66% increased likelihood of experiencing any
postoperative complication (OR, 1.66; 95% confidence
interval [CI], 1.23-2.25; P = .007; Pearson GOF = 1.00)
(Table 3). Similarly, patients with HbAlc of 6.7% or
greater had a 45% increased likelihood of experiencing
localized anterior arthrofibrosis requiring surgical lysis
(OR, 1.45; 95% CI, 1.09-1.92; P = .020; Pearson GOF =
1.00) (Table 4).

Discussion

The most important findings of this cross-sectional
investigation are as follows: (1) in patients with docu-
mented diabetes, a preoperative HbAlclevel of 6.7% or
higher is associated with a 25-fold increased risk of
developing a postoperative complication requiring
repeat surgical intervention; (2) when accounting for
age, sex, graft type, and diabetes subtype, preoperative
HbAlc levels 6.7% or higher remain significantly
associated with a greater risk of postoperative compli-
cations; and (3) preoperative HbAlc levels 6.7% or
higher are associated with an approximately 16-fold
increased risk of developing localized anterior arthro-
fibrosis requiring surgical lysis.

Surgical
No Complication Complication

Characteristic (n =15) (n=4) P Value
Age, v 47 [38, 55] 38 [32, 41] 25
Sex 1.00

Male 9 (60) 3 (75)

Female 6 (40) 1 (25
Graft type .14

BTB 5 (33) 0 (0)

Hamstring 1(7) 2 (50

Allograft 9 (60) 2 (50
Diabetes 1.00

Type 1 3 (20) 1(25)

Type 2 12 (80) 3 (75)
Alc 6.3 [5.9, 6.6] 8.1 [7.2, 9.1] .0l6
Follow-up, mo 68 [40, 154] 146 [71, 219] 34

NOTE. Values are presented as number (%) or median [interquartile
range].
BTB, bone patellar tendon bone.

The MOON group has reported on the association of
diabetes and postoperative outcomes. Patient cohorts
with diabetes in the MOON database range from 16
patients undergoing revision ACLR” to 23 pooled pa-
tients undergoing primary and revision ACLR.” Medical
record confirmation of self-reported diabetes diagnosis
ranged from 50% to 95.6%, and no MOON in-
vestigations considered preoperative glycemic con-
trol.””'? Similarities in methodology between prior
MOON investigations and the present investigation
include similar sample sizes of diabetic patients under-
going ACLR, consideration of graft type in multivariable
analyses, and long-term follow-up of included patients.
On the other hand, pertinent methodologic strength of
the present investigation includes numeric consider-
ation of preoperative glycemic control, identification of
diabetic patients via established laboratory markers for
diabetes diagnosis rather than self-reported disease, and
stratification of diabetes by pathophysiology (i.e., type 1
diabetes vs type 2 diabetes). While the sample size in
this study is limited, findings from this investigation add
to prior investigations through the MOON group due to
both inclusion of patients with serum
marker—confirmed preoperative diagnosis of diabetes
and treatment of diabetes in analyses as a continuous
disease state rather than a categorical presence vs
absence of disease. The use of HbAlc as a proxy for the
broad range of disease states within a diagnosis of dia-
betes is much closer to the clinical considerations during
preoperative medical clearance discussions. Further-
more, the consistency of results throughout analyses
(higher HbA1c in cohort experiencing a postoperative
complication on bivariate analysis followed by persis-
tent statistical significance on multivariable analysis of
complications with a low probability of type I error) as
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Table 3. Multivariable Analysis of Any Surgical Complication

Table 4. Multivariable analysis of arthrofibrosis

95% Confidence

95% Confidence

Characteristic 0Odds Ratio Interval P Value Characteristic Odds Ratio Interval P Value
Age, y 0.98 0.97-1.00 .046 Age, y 0.99 0.97-1.00 .07
Sex .25 Sex .76
Male Reference Reference Male Reference Reference
Female 0.82 0.60-1.13 Female 0.95 0.71-1.28
Graft type Graft Type
BTB Reference Reference 11 BTB Reference Reference .07
Hamstring 1.52 0.94-2.44 .15 Hamstring 1.56 1.00-2.44 .38
Allograft 1.39 0.92-2.11 Allograft 1.20 0.81-1.77
Diabetes .32 Diabetes .50
Type 1 Reference Reference Type 1 Reference Reference
Type 2 1.24 0.83-1.85 Type 2 1.14 0.79-1.67
Alc .005 Alc .02
<6.7% Reference Reference <6.7% Reference Reference
>6.7% 1.66 1.23-2.25 >6.7% 1.45 1.09-1.92

NOTE. Bold values indicate statistical significance.
BTB, bone patellar tendon bone.

well as with prior literature increased the confidence of
the validity of the present results despite the limited
sample size.

Diabetic patients have a greater risk of postoperative
infections and have been observed to have a higher
incidence of postoperative arthrofibrosis.'” ' Rates of
infection in diabetic patients undergoing ACLR in the
MOON database have been reported to be 8.6% (n = 2)
in primary ACLR” as compared to 12.5% (n = 2) in
revision ACLR.'” When examining 2-year outcomes of
patients with diabetes undergoing either primary or
revision ACLR, Brophy et al.” reported an 18.8 (P <
.001) greater risk of infection for diabetic patients un-
dergoing either primary or revision ACLR. Brophy
et al.” subsequently reported a 28.6 (P = .004)
increased risk of infection for diabetic patients under-
going revision ACLR.'’ These previously reported rates
of infection are higher than the rate of 5% (n = 1)
observed in the present study. While a prior investiga-
tion using the National Surgical Quality Improvement
Program database conducted further multivariable an-
alyses with a diabetic patient cohort that similarly
included only a single case of infection,?* further
multivariable analyses specific to postoperative infec-
tion were deferred in the present study to minimize risk
of B errors in the setting of unbalanced data.

As compared to prior investigations that have not
found a greater risk of reoperation in diabetic pa-
tients,””'” the present investigation found a subgroup
within diabetic patients that has a significantly higher
risk of reoperation after ACLR. Excluding reoperation
for infection, Brophy et al.” reported 13% (n = 3) of
diabetic patients who underwent ipsilateral reoperation
as compared to 15% (n = 304) in patients without
diabetes. Reoperation procedures included revision
ACLR and debridement/manipulation for loss of mo-
tion. Based on these results, Brophy et al.” concluded

NOTE. Bold values indicate statistical significance.
BTB, bone patellar tendon bone.

that patients with diabetes should be counseled on an
increased risk of infection but could be reassured they
do not face an elevated risk of subsequent surgery. The
results of the present study contradict these previously
reported findings. When stratified by preoperative gly-
cemic control, patients with diabetes and with HbAlc
>6.7% or higher were 25 (P = .04) times more likely to
experience any postoperative complication requiring
surgical intervention and 16 (P = .08) times more likely
to experience postoperative stiffness requiring surgical
intervention. The risk of any reoperation remained
statistically significant even when accounting for age,
sex, graft type, and diabetes subtype. In contrast to
current studies in the literature that have been limited
by the absence of glycemic control in analyses,””""*?
the present investigation reports on a previously un-
known association between preoperative glycemic
control and postoperative outcomes. These results
support further investigation on the role of preopera-
tive screening for diabetes and glycemic control to
optimize perioperative outcomes in patients planning to
undergo primary ACLR.

Musculoskeletal conditions such as adhesive capsu-
litis, idiopathic postoperative knee stiffness, and post-
arthroscopic  shoulder stiffness'® have all been
associated with diabetes. Both the systemic and local-
ized inflammation observed in diabetic patients may
contribute to the greater risk of postoperative stiffness
after ACLR.?>?""?*> patients with diabetes may addi-
tionally have independent risk for delayed recovery
speed and lower responsiveness to closed manipulation
of arthrofibrosis.”® In the present study, patients with a
HbAlc of 6.7% or higher had a 44% increased risk of
experiencing arthrofibrosis requiring surgical interven-
tion. For long-term HbA1c management, the American
Diabetes Association and the American College of
Physicians recommend HbA1lc goals between 7% and
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8%. However, the balance of glycemic control against
risks of perioperative complications may weigh more
toward strict perioperative HbAlc goals to optimize
outcomes and minimize the burden of repeat surgical
intervention within an episode of care for diabetic pa-
tients. As such, orthopaedic surgeons may thus consider
stricter preoperative optimization of glycemic control
(HbAlc <6.7%) for patients undergoing elective pri-
mary ACLR. Further studies are needed to better un-
derstand the pathophysiology behind arthrofibrosis in
the setting of diabetes.

Limitations

This study is not without limitations. As a retrospec-
tive study, patient-reported outcome measures were
not prospectively collected and thus long-term func-
tional outcomes were not investigated. Second, the
relatively small cohort of diabetic patients included in
this investigation limits the statistical power of analyses.
A post hoc power analysis of detecting a difference in
any postoperative complication as a function of diabetes
control was conducted. A total of 87 cases would be
required to detect a difference with 80% power and a
of 0.05. This was minimized by using nonparametric
statistical tests valid for application in small sample sizes
as appropriate.

Conclusions

Diabetic patients undergoing primary ACLR with a
preoperative HbAlc of 6.7% or higher were 25 times
more likely to require repeat surgical intervention for a
postoperative  complication. These complications
included arthrofibrosis and infection. Strict glycemic
control may help minimize the risk of postoperative
complications after ACLR.
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