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Abstract

Background: Despite limited evidence, peripheral vascular disease is often cited as a contraindication for total ankle
arthroplasty. The purpose of our study was to identify whether peripheral vascular disease in patients undergoing total ankle
arthroplasty increased the rate of infection, postoperative irrigation and debridement, or failure of the implant.
Methods: The PearlDiver Database was used to identify Medicare patients who underwent a total ankle arthroplasty from
2005 to 2014. These data were then analyzed for postoperative infections within 90 days, subsequent irrigation and deb-
ridements, and failure of total ankle arthroplasties. A diagnosis of preoperative peripheral vascular disease only included
those patients who had peripheral vascular disease as an ICD-9 diagnosis code and underwent a preoperative lower
extremity angiogram prior to total ankle arthroplasty. Medical comorbidities were identified using ICD-9 diagnosis codes.
Three multivariable logistic regression models were then developed in order to identify risk factors associated with
postoperative infections and failure after total ankle arthroplasty.

Results: A total of 10 698 Medicare patients who underwent a primary total ankle arthroplasty were identified. There were
334 patients who had a postoperative infection within 90 days of their total ankle arthroplasty, and 95 of those patients
required an irrigation and debridement. Regression analysis demonstrated that patients with peripheral vascular disease had
the greatest risk of developing a postoperative infection within 90 days (OR 2.85, P < .0l), requiring an irrigation and
debridement postoperatively (OR 4.87, P < .001), and having a total ankle arthroplasty failure at any time point post-
operatively (OR 2.51, P <.001).

Conclusions: Our study suggests that preoperative peripheral vascular disease is a significant risk factor for an acute
postoperative infection, postoperative irrigation and debridement, and failure of the implant in Medicare patients undergoing
a total ankle arthroplasty.

Level of Evidence: Level lll, therapeutic.

Keywords: total ankle arthroplasty, peripheral vascular disease, preoperative risk factors, failure of total ankle arthroplasty,
infection

Introduction envelope in the ankle is thinner and less vascular than in the
hip or knee joints.?> Previous work demonstrated that there
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ankle arthrodesis or total ankle arthroplasty (TAA). As newer
generations of TAAs become available, TAA has become an
increasingly common option for patients with severe symp-
toms failing nonoperative management.20 However, compli- " Hospital for Special Surgery, New York, NY, USA

cations after TAA include implant failure, malalignment, *Weill Cornell Medical College, New York, NY, USA

stiffness, medical complications such as deep venous throm- .
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is supplied by a source artery, in the foot and ankle region.*!
The anterior ankle is supplied by a single angiosome, the
anterior tibial artery, and the site for the anterior approach
for a TAA is directly through this angiosome.” However,
the safest incisions in the lower extremity occur between
adjacent angiosomes as this maximizes blood flow for
healing.? A previous study demonstrated that wound break-
down after TAA typically occurs just lateral to the tibialis
anterior tendon where there is little anastomosis between
angiosomes.”?

Peripheral vascular disease (PVD) has been cited as a
contraindication to total ankle arthroplasty, but there are
no studies looking at its impact on postoperative complica-
tions, including infection or TAA failure.® Only one study
has identified PVD as a risk factor for postoperative infec-
tion but did not specify how PVD was diagnosed or whether
it was diagnosed preoperatively.' Despite little evidence of
the effect of PVD on outcomes following TAA, multiple
health insurance companies include PVD as a contraindica-
tion to TAA.>*%2?

Infection after TAA can be a devastating and costly com-
plication. A previous systematic review demonstrated that
infection can lead to failure of the implant in 80% of cases.'’
Prolonged use of a tourniquet in TAA may also place suscep-
tible patients such as those with PVD at higher risk of failure. A
longer median tourniquet time may increase the risk of a major
wound issue postoperatively, and one study reported a trend
towards a longer median tourniquet time in patients who had a
second operative procedure to treat a wound complication after
TAA compared with those who did not have a postoperative
wound complication.'? Failure of TAAs including revision of
the implant, conversion to tibiotalar fusion, implant removal,
and amputation may also be affected by PVD though no study
has ever investigated this association. Preoperative risk factors
for failure of TAA are not well understood. For example, there
is conflicting evidence for diabetes as a risk factor for a poor
outcome after total ankle arthroplasty.*'?

The primary purpose of our study was to identify whether
preoperative PVD as diagnosed by a lower extremity angio-
gram was associated with an increase in the rate of infection
within 90 days of surgery, postoperative irrigation and deb-
ridement, or failure of the implant at any time postopera-
tively in Medicare patients undergoing total ankle
arthroplasty using a large data set. We also sought to deter-
mine if other preoperative medical comorbidities were asso-
ciated with infection or failure rates. We hypothesized that
patients diagnosed with PVD who had a lower extremity
angiogram prior to TAA would have increased risks of infec-
tion and TAA failure.

Materials and Methods

Database

The data for this study was obtained from the PearlDiver
Patient Records Database (www.pearldiverinc.com;

PearlDiver Inc, Fort Wayne, IN), which is a publicly avail-
able, for-fee database of patients. PearlDiver Technologies
granted the authors access to the database for the purpose of
academic research. The data was stored on a password-
protected server maintained by PearlDiver.

Patient records included in this study were from the Med-
icare Standard Analytic Files database within the PearlDiver
system. This Medicare database contains 100% of inpatient
and outpatient facility records billed to Medicare and
includes more than 55 million patients from 2005 to 2014.
The Medicare database includes information regarding
demographics, diagnoses, procedures, and charge informa-
tion for patients with International Classification of Dis-
eases, 9th Revision (ICD-9) diagnosis and procedure or
Current Procedural Terminology (CPT) codes. ICD-9 and
CPT codes can be searched either individually or in combi-
nation with one another. ICD-10 diagnosis and procedure
codes were not included in the analysis as the change to
using ICD-10 codes in the United States occurred in October
2015. Therefore, in order to remain consistent with diagnosis
and procedure codes, ICD-10 codes were not used to identify
patients. Individual patients in the database can be longitud-
inally tracked based on a distinct patient identifier. Individ-
ual patient records can be used in statistical and regression
analyses; however, descriptive statistics can only be reported
in groups of 10 patients or more. Descriptive statistics can-
not be reported for less than 10 patients because of patient
privacy and regulations regarding protected health
information.

Study Population

Patients undergoing a primary TAA were defined by ICD-9
(ICD-9, Clinical Modification [ICD-9-CM] procedure code
81.56) and CPT code 27702. The primary outcomes of inter-
est were (1) patients who were diagnosed with a postopera-
tive infection within 90 days after the index TAA, (2)
patients who underwent a formal irrigation and debridement
in the operating room after being diagnosed with an acute
postoperative infection, and (3) failure of the TAA, which
was defined as patients who underwent a revision TAA,
conversion to a tibiotalar arthrodesis, amputation, or implant
removal at any time postoperatively.

The TAA patient cohort was queried for postoperative
infections within 90 days following a primary TAA using
ICD-9 diagnosis codes similar to what has previously been
reported.’** Ninety days following TAA was chosen for
acute infections as this is the postoperative time period cov-
ered by the Comprehensive Care for Joint Replacement
(CJR) Model.® Superficial wound infection codes were
excluded from the analysis. Another cohort was then defined
for patients who underwent a postoperative irrigation and
debridement for an acute postoperative infection. This group
of patients was defined as those who underwent a primary
TAA, were diagnosed with a postoperative infection within
90 days of the index procedure, and subsequently had an
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irrigation and debridement reported by CPT codes.?*
Finally, failure of TAA was defined as revision, conversion
to tibiotalar arthrodesis, lower extremity amputation, or
implant removal based on ICD-9 procedure and CPT codes.
Preoperative risk factors were then defined in order to
determine if these variables had an effect on postoperative
infection, the need for irrigation and debridement, or failure
of TAA. Previous studies in the arthroplasty literature have
noted that corticosteroid injections are a risk factor for post-
operative infection.'” Therefore, preoperative ankle injec-
tions were included in this study as a possible risk factor for
postoperative infection after a TAA. Corticosteroid injections
were defined using CPT and ICD-9 procedure codes. To
ensure that the injection was for ankle arthritis, patients were
required to have an injection procedure code and an ICD-9
ankle arthritis diagnosis code on the same date. Patients with
a preoperative ankle injection at any point before surgery
were considered to have an injection as a risk factor for a
postoperative infection. Other comorbidities including dia-
betes mellitus (DM), smoking, rheumatoid arthritis, conges-
tive heart failure (CHF), hypertension (HTN), obesity, and
end-stage renal disease requiring dialysis (CKD) were then
defined based on ICD-9 diagnosis codes. These comorbid-
ities had to have been diagnosed in a patient’s record prior to
the date of surgery to be included as a preoperative comor-
bidity. The comorbidity peripheral vascular disease (PVD)
was defined based on both ICD-9 diagnosis codes and CPT
or ICD-9 procedure codes. Patients with a preoperative
comorbidity of PVD had to have undergone a lower extre-
mity angiogram, which is the gold standard for diagnosing
PVD, prior to their primary TAA.'® This was done in order to
help control for the difference in severity that occurs among
patients with PVD as well as ensure that patients with this
diagnosis had a proper preoperative workup. A post hoc anal-
ysis was performed to investigate the relationship of PVD as
diagnosed by ICD-9 diagnosis code alone and the effects on
postoperative infection, irrigation and debridement, and TAA
failure in order to compare our primary results with a sec-
ondary investigation that captured all patients with PVD,
including those with more mild and moderate disease sever-
ity. Unless otherwise specified, PVD in this study includes
patients with a diagnosis of PVD who have undergone a
lower extremity angiogram prior to their primary TAA.

Statistical Analysis

Three multivariable binomial logistic regression models
were then developed in order to identify preoperative risk
factors associated with acute postoperative infections and
irrigation and debridement after TAA within 90 days of
surgery as well as failure of TAAs. Logistic regression mod-
els allow dependent variables to be dichotomous. The result-
ing coefficients for independent variables are odds ratios
(ORs). In this study, the presence of being diagnosed with
a postoperative infection, undergoing a postoperative irriga-
tion and debridement for an infection, and failure of TAA

Table 1. Summary of Medicare Patients Undergoing TAA From
2005-2014.

Characteristic Patients, n (%)

Total number of TAA patients 10 698

Patients with > 2 year follow-up 5691 (53.2)

Acute postoperative infections 334 (3.1)

Acute postoperative infections 95 (0.9)
requiring irrigation and debridement

Patients with TAA failure 812 (7.6)

were the binary dependent variables. Independent variables
for the models included age, gender, having undergone a
preoperative ankle injection, and preoperative comorbidities
including smoking, rheumatoid arthritis, DM, PVD, CHF,
HTN, obesity, and CKD as described above. All comorbid-
ities were included in the final regression models as these
were deemed fundamental to the analysis. P values less than
.05 were considered statistically significant. Statistical anal-
ysis was performed using R, an open source statistical pack-
age, within the PearlDiver system (R foundation, Vienna,
Austria; available at: https://ww.r-project.org/).

Results

The study population consisted of 10 698 Medicare patients
who underwent a primary TAA between 2005 and 2014
including 5274 males, 5352 females, and 72 patients whose
gender was not recorded in the database (Table 1). More than
half of the cohort was between the ages of 65 and 74 years.
Approximately 75% of the TAAs were performed between
2010 and 2014. Although average follow-up time could not
be determined from the data, 53.2% of patients were fol-
lowed for more than 2 years. There were 2285 patients
(21.4%) who were active in the data set for at least 5 years
after their TAA, but there were only 36 patients (0.3%) who
were active in the data set at 10 years after their TAA.

There were 334 patients who had a postoperative infection
within 90 days of their TAA, resulting in an infection rate of
3.1%. Ninety-five patients who were diagnosed with an acute
postoperative infection required a formal irrigation and debri-
dement representing 0.9% of patients who had a primary TAA.
A total of 812 patients (7.6%) had failure of their TAA over the
study period at any time postoperatively as defined by a revi-
sion TAA, conversion to an arthrodesis, removal of implant, or
lower extremity amputation proximal to the ankle. Of these
812 TAA failures, 533 (65.6%) occurred within 2 years.

The most common comorbidity was HTN (61.2% of the
study population) followed by obesity (14.5%) and rheuma-
toid arthritis (9.4%). Rates of acute postoperative infections
and failure of TAA by comorbidity are shown in Table 2.
The number of patients with PVD diagnosed by ICD-9 code
alone (510 patients, 4.8%) was not included in Table 2. Rates
of postoperative irrigation and debridement cannot be shown
as most comorbidities had fewer than 10 patients. Infection
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Table 2. Rates of Infection and Failure of Total Ankle Arthroplasty by Preoperative Comorbidity.

Preoperative Comorbidity Population, n (%)

90-Day Infection, n (%) Failure of TAA, n (%)

Peripheral vascular disease 114 (1.1)
Smoking 875 (8.2)
Rheumatoid arthritis 1001 (9.4)
Diabetes 430 (4.0)
Obesity I551 (14.5)
Hypertension 6543 (61.2)
Congestive heart failure 652 (6.1)
Chronic kidney disease on dialysis 36 (0.3)
Preoperative ankle injection 656 (6.1)

12 (10.5) 19 (16.7)
5 %)
20 (4:7) 45 (|6.5)
72 (4.6) 117 (7.5)
235 (3.6) 486 (7.4)
34 (5.2 49 (7.5
<I0 En/a; <I0 Enlag
24 (3.7) 32 (49)

Table 3. Odds Ratios of Acute Postoperative Infection by Preo-
perative Comorbidity.

Characteristics OR  95% Cl P Value
Demographics
Male gender .07 0.86-1.35 537
Age, y
65-69 0.61 0.44-084 .003
70-74 0.61 0.44-086 .004
75-79 0.54 0.37-0.79 .00l
80-84 0.85 0.53-1.32 469
>85 049 0.17-1.13  .135
Preoperative comorbidity
Peripheral vascular disease 285 1.45-5.13 .00l
Smoking .58 1.13-2.17  .006
Rheumatoid arthritis 141 1.01-1.93 .039
Diabetes .07 0.64-1.70 .783
Obesity 1.29 0.96-1.71  .085
Hypertension .35 1.05-1.76  .021
Congestive heart failure .34 0.89-1.94 .14I
Chronic kidney diseases on dialysis 1.05 0.16-3.63  .950
Preoperative ankle injection 1.07 0.67-1.61 762

Abbreviations: Cl, confidence interval; OR, odds ratio.

rates were highest in patients with peripheral vascular dis-
ease who underwent angiogram (10.5%). A preoperative
comorbidity of smoking had the second highest infection
rate at 5.9%. A history of HTN and a previous ankle injec-
tion for ankle arthritis had only modest increases in the rate
of acute postoperative infections at 3.6% and 3.7%, respec-
tively. Failure of TAA was highest in patients with PVD,
who had a 16.7% incidence of failure. Patients with DM
(10.5%) also had high rates of failure. Patients with a history
of a preoperative ankle injection (4.9%) were less likely to
have failure of their TAA.

Multivariable logistic regression modeling regarding rates
of postoperative infection within 90 days of surgery demon-
strated that PVD, smoking, rheumatoid arthritis, and HTN
were statistically significant factors associated with an
increased risk of an acute postoperative infection (Table 3).
Patients with a preoperative diagnosis of PVD and underwent
a preoperative lower extremity angiogram had the greatest
risk of developing a postoperative infection within 90 days
with an OR of 2.85 (95% CI 1.45-5.13, P < .01). Smoking

(OR 1.58, 95% CI 1.13-2.17, P < .01), rheumatoid arthritis
(OR 141, 95% CI 1.10-1.93, P < .05), and HTN (OR 1.35,
95% CI 1.05-1.76, P < .05) had less profound but statistically
significant increases in the risk of infection. Patients between
the ages of 65 and 69, 70 and 74, and 75 and 79 years had
decreased risks of infection in the regression analysis (OR
0.61, OR 0.61, and OR 0.54, respectively, all P < .05) com-
pared with patients younger than 65 years.

Regression analysis investigating acute postoperative
infections requiring a formal irrigation and debridement
found PVD (OR 4.87, 95% CI 1.94-10.6, P < .001), smoking
(OR 2.06, 95% CI 1.17-3.46, P < .01), and rheumatoid
arthritis (OR 3.27, 95% CI 1.96-5.31, P < .001) to be asso-
ciated risk factors (Table 4). A history of previous ankle
injections, DM, CHF, CKD, and obesity were not associated
with an increased risk of postoperative infection or need for
irrigation and debridement (all P values > .10).

A regression model examining failure of TAA resulted
in patients with preoperative PVD being at the highest risk
with an OR of 2.51 (95% CI 1.46-4.10, P <.001) (Table 5).
Male gender also placed patients at higher risk of failure
(OR 1.36, 95% CI 1.17-1.58, P < .001). A history of pre-
operative ankle injection (OR 0.64, 95% CI 0.43-0.91,
P = .016) and age greater than 65 years (all ORs < 0.60,
all P <.001) were less likely to result in TAA failure. Other
comorbidities such as DM, smoking, HTN, CHF, obesity,
CKD, and rheumatoid arthritis were not found to have a
significant effect on failure of TAA.

Post hoc analyses demonstrated that PVD diagnosed by
ICD-9 diagnosis code alone was the most significant risk
factor for 90-day postoperative infections (OR 1.81, 95%
CI 1.21-2.62, P < .01) and infections requiring a formal
irrigation and debridement (OR 3.26, 95% CI 1.80-5.61,
P < .001); however, these ORs are smaller than the cohort
that included patients with PVD who underwent lower extre-
mity angiogram. Post hoc analysis revealed that PVD defined
by ICD-9 code alone was not significantly associated with
TAA failure (OR 1.24, 95% CI 0.88-1.69, P = .202).

Discussion

This study suggests that PVD is the most significant inde-
pendent risk factor for acute postoperative infection,
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Table 4. Odds Ratios of Patients With an Acute Postoperative
Infection Requiring an Irrigation and Debridement by Preoperative
Comorbidity.

Characteristic OR 95% ClI P Value
Demographics
Male gender 143  0.93-2.22 .10l
Age
65-69 086 0.47-1.6l .638
70-74 0.83  0.45-1.55 .559
75-79 0.65 0.31-1.31 233
80-84 0.57 0.18-1.45 273
>85 045 0.02-2.26 445
Preoperative comorbidity
Peripheral vascular disease 4.87 1.93-10.6 <.001
Smoking 206  1.17-3.46 .009
Rheumatoid arthritis 3.27 1.96-5.31  <.001
Diabetes 127  0.53-2.63 .559
Obesity 126 0.73-2.08 .389
Hypertension 1.65 1.00-2.81 .055
Congestive heart failure 1.30  0.64-2.44 435
Chronic kidney diseases on dialysis 3.69  0.55-13.83  .098
Preoperative ankle injection 1.76  0.87-3.22 .086

Abbreviations: Cl, confidence interval; OR, odds ratio.

Table 5. Odds Ratios of Failed TAA by Preoperative Comorbidity.

Characteristic OR  95% Cl P Value
Demographics
Male gender 1.36 1.17-1.58 <.001
Age, y
65-69 0.59 0.48-0.72 <.001
70-74 0.51 041-0.64 <.00l
75-79 0.38 0.29-0.50 <.001
80-84 0.39 0.27-0.55 <.001
>85 0.27 0.12-0.52 <.001
Preoperative comorbidity
Peripheral vascular disease 251 1.46-4.10 <.001
Smoking 1.08 0.84-1.37 .554
Rheumatoid arthritis .21 0.95-1.53 .106
Diabetes 1.36 0.97-1.88 .067
Obesity 0.89 0.71-1.10 281
Hypertension 1.03 0.88-1.20 .745
Congestive heart failure 0.96 0.69-1.31 813
Chronic kidney diseases on dialysis 1.13  0.33-2.96 .822
Preoperative ankle injection 0.64 0.43-0.91 016

Abbreviations: Cl, confidence interval; OR, odds ratio; TAA, total ankle
arthroplasty.

subsequent irrigation and debridement, and failure of
TAAs. PVD was the only risk factor to increase the risk
of an adverse event in terms of both postoperative infec-
tion as well as failure of the implant in the Medicare
population. Our work uniquely examined preoperative
PVD as a comorbidity in Medicare patients undergoing
TAA by defining PVD as being present only in those
patients who were diagnosed using a lower extremity
angiogram.

Data from the United Kingdom National Joint Registry
demonstrated that wound complications were the most com-
mon cause of readmission following TAA.?® Thirty-six per-
cent of patients readmitted to the hospital had wound
infections whereas the next most frequently cited reason for
admission was medical issues (24%).2° However, the study
included less than 1700 records and identified fewer than
25 readmissions and 10 wound infections.*® A readmission
rate of 5.2%, or 53 patients, was found in another study that
reviewed the medical records of 1024 patients.” No comor-
bidities were significantly associated with 90-day readmis-
sion or wound complications.” Unfortunately, these studies
likely suffer from lack of statistical power, and there is a
need for large data sets in order to correlate postoperative
complications with preoperative comorbidities.

Infection rates after total ankle arthroplasty have been
reported to be between 2% to 8.5%, which was consistent
with our findings.'"'*!* PVD, smoking, rheumatoid arthri-
tis, and HTN were all risk factors for developing a post-
operative infection within 90 days from TAA in the
current study. PVD increased the risk of infection most sig-
nificantly with an OR of 2.85. Patients between the ages of
65 and 79 years were less likely to develop a postoperative
infection than younger and older patients. When analyzed by
patients requiring an irrigation and debridement for their
postoperative infection, PVD, smoking, and rheumatoid
arthritis were the only preoperative factors that were statis-
tically significant. PVD had an even more profound effect on
the rate of irrigation and debridement with an OR of 4.87.

PVD, age less than 65 years, low body mass index (BMI),
tobacco use, inflammatory arthritis, hypothyroid disorder,
and preoperative anemia were identified as factors that
increase the risk of periprosthetic ankle joint infection in a
large, publicly available database.! However, this study did
not specify if these risk factors were identified before sur-
gery, how these risk factors might contribute to postopera-
tive infection, and whether patients who were diagnosed
with a postoperative infection underwent an irrigation and
debridement. Our study similarly found strong associations
between PVD, smoking, and rheumatoid arthritis. Using a
multivariable logistic regression analysis, another study
found that a preoperative diagnosis of inflammatory arthritis
was associated with an increased risk of wound healing
complications; however, only 36 of 106 ankles identified
in the study required postoperative wound care.'® Our work
expands on this and identifies PVD and smoking as more
significant risk factors for developing an acute infection
postoperatively. Other studies have found additional preo-
perative risk factors that could not be investigated in this
study. In a case-control study that included 26 patients with
periprosthetic ankle infections, the authors found that a his-
tory of previous ankle surgery and low preoperative patient-
reported clinical assessment scores were associated with an
increased risk of infection. '’

The present study found that risk factors associated with
failure of TAA in the Medicare population include PVD,
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male gender, and age less than 65 years. PVD was again the
preoperative risk factor most strongly associated with TAA
failure with an OR of 2.51. Smoking and rheumatoid arthritis
did not significantly affect TAA survival. This finding is in
contrast to a prior study looking at failure of TAAs, which
found that rheumatoid arthritis (OR 2.18) and readmission
within 90 days of TAA (OR 3.41) were negative prognostic
factors.'® A previous study concluded that obesity was asso-
ciated with an increased rate of revision TAA (OR 1.6)
compared with nonobese patients; however, the authors did
not use multivariable regression analysis to examine obesity
as an independent risk factor.”* The present study does not
support the conclusions of this earlier work as obesity was
not found to be an independent risk factor for TAA failure
(OR 0.89, P = .281). It is likely that obesity is associated
with other comorbidities that contribute more significantly
to failure of the implant. A prior ankle injection was found to
have a protective effect on TAA survival. Patients with a
history of a prior ankle injection may have delayed surgery
and been older at the time of TAA, resulting in less demand
on the implant.

This work was subject to limitations inherent to large
administrative databases. Operative details such as tourni-
quet time or specific implant used could not be accounted for
in this investigation. Additionally, this study relies on cor-
rect coding within the Medicare Standard Analytic Files in
order to examine variables such as postoperative infection.
Because only Medicare patients were included in this study,
the study population was limited to patients older than 65
years old, patients with greater than 24 months of disability
insurance, or those with end-stage renal disease. This may
result in patients less than 65 years old having more signif-
icant medical comorbidities and may explain why patients
younger than 65 years old were found to be at increased risk
of acute postoperative infection and failure of TAA. Finally,
we could not account for severity of the comorbidities such
as determining whether patients were well-controlled or
poorly controlled diabetics.

We did, however, attempt to develop a more homogenous
population by using preoperative lower extremity angio-
gram, which is the gold standard for the diagnosis of PVD,
as a proxy for patients with significant PVD. An assumption
of this paper was that patients with PVD who underwent a
preoperative angiogram had findings on physical examina-
tion that prompted this workup. Unfortunately, the results of
the angiograms were not known, which precludes us from
truly identifying the severity of the PVD. Additionally,
angiograms were likely performed at the discretion of the
vascular surgeon who evaluated the patient, and those
patients who underwent an angiogram may have required
further intervention such as stenting that prompted the vas-
cular surgeon to perform an angiogram rather than use less
invasive diagnostic measures. Therefore, we likely excluded
patients with mild or moderate PVD from our analysis when
including only those patients who had lower extremity
angiograms. This restricts the generalizability of these

results to all patients with PVD and underestimates the pre-
valence of clinically relevant PVD. A post hoc analysis
including all patients with PVD as diagnosed by an ICD-9
code, and thus likely including patients with more mild and
moderate disease, found a strong association between PVD
and postoperative infections and subsequent irrigation and
debridement. However, in this cohort, PVD based on ICD-9
alone was not associated with TAA failure. Despite these
limitations, this study included over 10 000 patients, and our
large patient cohort allowed us to analyze events that occur
infrequently such as postoperative infection, postoperative
irrigation and debridement, and TAA failure. This study also
only included a comorbidity if it was diagnosed preopera-
tively, which should help guide the surgeon to which risk
factors found before surgery have an influence on postopera-
tive complications.

Conclusion

Our study suggests that PVD negatively affects postopera-
tive outcomes following total ankle arthroplasty in the Med-
icare population. A preoperative diagnosis of PVD was an
independent risk factor for an acute postoperative infection
and postoperative irrigation and debridement within the first
90 days after surgery and failure of the implant frequently
within 2 years after surgery. A careful preoperative history
and vascular examination should be performed in all patients
planning to undergo total ankle arthroplasty.

Declaration of Conflicting Interests

The author(s) declared the following potential conflicts of interest
with respect to the research, authorship, and/or publication of this
article: Scott J. Ellis, MD, reports other from Wright Medical,
outside the submitted work. ICMJE forms for all authors are avail-
able online.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iD

Matthew S. Conti, MD, (2 https://orcid.org/0000-0003-3313-2520

References

1. Althoff A, Cancienne JM, Cooper MT, Werner BC. Patient-
related risk factors for periprosthetic ankle joint infection: an
analysis of 6977 total ankle arthroplasties. J Foot Ankle Surg.
2018;57(2):269-272.

2. Attinger CE, Evans KK, Bulan E, Blume P, Cooper P. Angio-
somes of the foot and ankle and clinical implications for limb
salvage: reconstruction, incisions, and revascularization. Plast
Reconstr Surg. 2006;117(7)(suppl):261S-293S.

3. Cancienne JM, Werner BC, Luetkemeyer LM, Browne JA.
Does timing of previous intra-articular steroid injection affect
the post-operative rate of infection in total knee arthroplasty?
J Arthroplasty. 2015;30(11):1879-1882.


https://orcid.org/0000-0003-3313-2520
https://orcid.org/0000-0003-3313-2520
https://orcid.org/0000-0003-3313-2520

Conti et al

4,

10.

11.

13.

14.

15.

16.

Choi WIJ, Lee JS, Lee M, Park JH, Lee JW. The impact of
diabetes on the short- to mid-term outcome of total ankle
replacement. Bone Joint J. 2014;96B(12):1674-1680.

. Cigna Medical Coverage Policy: Total Ankle Arthroplasty/

Replacement.

. Comprehensive Care for Joint Replacement Model. Centers for

Medicare & Medicaid Services. https://innovation.cms.gov/
initiatives/cjr. Published 2018. Accessed August 28, 2018.

. Cunningham D, Karas V, Deorio J, Nunley J, Easley M,

Adams S. Patient risk factors do not impact 90-day. 2018:
1289-1297.

. Daniels TR, Younger AS, Penner M, et al. Intermediate-term

results of total ankle replacement and ankle arthrodesis. J Bone
Joint Surg Am. 2014;96(2):135-142.

. Easley ME, Vertullo CJ, Urban WC, Nunley JA. Total ankle

arthroplasty. J Am Acad Orthop Surg. 2002;10(3):157-167.
Glazebrook M, Daniels T, Younger A, et al. Comparison of
health-related quality of life between patients with end-stage
ankle and hip arthrosis. J Bone Joint Surg Am. 2008;90(3):
499-505.

Gougoulias N, Khanna A, Maffulli N. How successful are
current ankle replacements? A systematic review of the liter-
ature. Clin Orthop Relat Res. 2010;468(1):199-208.

. Gross CE, Green CL, DeOrio JK, Easley M, Adams S, Nunley

JA. Impact of diabetes on outcome of total ankle replacement.
Foot Ankle Int. 2015;36(10):1144-1149.

Gross CE, Hamid KS, Green C, Easley ME, DeOrio JK, Nun-
ley JA. Operative wound complications following total ankle
arthroplasty. Foot Ankle Int. 2017;38(4):360-366.

Henricson A, Knutson K, Lindahl J, Rydholm U. The AES
total ankle replacement: a mid-term analysis of 93 cases. Foot
Ankle Surg. 2010;16(2):61-64.

Kessler B, Sendi P, Graber P, et al. Risk factors for peripros-
thetic ankle joint infection: a case-control study. J Bone Joint
Surg Am. 2012;94(20):1871-1876.

LaMothe J, Seaworth CM, Do HT, Kunas GC, Ellis SJ. Anal-
ysis of total ankle arthroplasty survival in the United States

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

using multiple state databases. Foot Ankle Spec. 2016;9(4):
336-341.

Papavasiliou AV, Isaac DL, Marimuthu R, Skyrme A, Armitage
A. Infection in knee replacements after previous injection of
intra-articular steroid. J Bone Joint Surg Br.2006;88(3):321-323.
Pollak AW, Norton PT, Kramer CM. Multimodality imaging
of lower extremity peripheral arterial disease: current role and
future directions. Circ Cardiovasc Imaging. 2012;5(6):
797-807.

Raikin SM, Kane J, Ciminiello ME. Risk factors for incision-
healing complications following total ankle arthroplasty.
J Bone Joint Surg Am. 2010;92(12):2150-2155.

Raikin SM, Rasouli MR, Espandar R, Maltenfort MG. Trends
in treatment of advanced ankle arthropathy by total ankle
replacement or ankle fusion. Foot Ankle Int. 2014;35(3):
216-224.

Taylor GI, Palmer JH. The vascular territories (angiosomes) of
the body: experimental study and clinical applications. Br J
Plast Surg. 1987;40(2):113-141.

Total Ankle Arthroplasty. http://www.aetna.com/cpb/medical/
data/600_699/0645.html. Published 2017. Accessed February
8, 2018.

Total Ankle Replacement: Humana Medical Coverage Policy.
http://www.aetna.com/cpb/medical/data/600_699/0645 . html.
Published 2017. Accessed February 8, 2018.

Werner BC, Burrus MT, Looney AM, Park JS, Perumal V,
Cooper MT. Obesity is associated with increased complica-
tions after operative management of end-stage ankle arthri-
tis. Foot Ankle Int. 2015;36(8):863-870. doi:10.1177/
1071100715576569.

Whalen JL, Spelsberg SC, Murray P. Wound breakdown after
total ankle arthroplasty. Foot Ankle Int. 2010;31(4):301-305.
doi:10.3113/FAIL.2010.0301.

Zaidi R, Macgregor AJ, Goldberg A. Quality measures for total
ankle replacement, 30-day readmission and reoperation rates
within 1 year of surgery: A data linkage study using the NJR data
set. BMJ Open. 2016;6(5). doi:10.1136/bmjopen-2016-011332.


https://innovation.cms.gov/initiatives/cjr
https://innovation.cms.gov/initiatives/cjr
http://www.aetna.com/cpb/medical/data/600_699/0645.html
http://www.aetna.com/cpb/medical/data/600_699/0645.html
http://www.aetna.com/cpb/medical/data/600_699/0645.html


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


