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Abstract

Background: More than 700,000 people in the United States undergo total knee arthroplasty
(TKA) each year. Chronic venous insufficiency (CVI) affects 5% to 30% of adults, sometimes
resulting in leg ulceration. These CVI cases in TKAs have been associated with worse outcomes;
however, we found no study differentiating CVI severity.

Methods: This retrospective study analyzed TKA outcomes at one institution from 2011

to 2021 using patient-specific codes. Analyses included short-term complications (< 90

days postoperative), long-term complications (< 2 years), and CVI status (yes/no; simple/
complex/unclassified). Complex CVI consisted of pain, ulceration, inflammation, and/or other
complications. Revisions within 2 years and readmissions within 90 days post-TKA were
assessed. Composite complications included short-term and long-term complications, revisions,
and readmissions. Multivariable logistic regressions predicted complication (any/long/short) as a
function of CVI status (yes/no; simple/complex) and potential confounding variables. Of 7,665
patients, 741 (9.7%) had CVI. Among CVI patients, 247 (33.3%) had simple CVI, 233 (31.4%)
had complex CVI, and 261 (35.2%) had unclassified CVI.

Results: There was no difference in CVI versus control in composite complications (P =.722),
short-term complications (P = .786), long-term complications (P = .15), revisions (P = .964), or
readmissions (P = .438) postadjustment. Composite complication rates were 14.0% without CVI,
16.7% with complex CVI, and 9.3% with simple CVI. Complication rates differed between simple
and complex CVI (P=.035).

Conclusion: Overall, CVI did not affect postoperative complications versus control. Patients
who have complex CVI are at higher risk for post-TKA complications compared to those who
have simple CVI.
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More than 700,000 people in the United States undergo total knee arthroplasty (TKA) each
year [1]. Projections indicate that the utilization rate of this procedure will increase over

the next few decades with a conservative model showing a 143% increase to 1.5 million
cases per year by 2050 in the United States alone [1]. The increase in TKAs is shown to

be correlated with improving economics, obesity, longer life expectancy, and higher rates of
joint implants in younger patients [2].

Vascular complications arising from TKAs are well documented, occurring directly or via
thromboembolic disease [3,4]. Specifically, patients who have venous thromboembolism
(VTE) after TKA were shown to have 5 times higher mortality risk and increased
healthcare costs than patients who do not have VTE [5]. However, effects of chronic venous
insufficiency (CVI) diagnosis prior to TKA are not well documented. The CVI diagnosis
affects an estimated 2.5 million adults in the United States, but the condition is often
overlooked, or its effects underappreciated, potentially affecting outcomes postsurgery [6—
8]. Estimates of CVI prevalence vary widely across populations, with a recent prospective
cohort study of adults aged 40 to 80 years exhibiting a CVI prevalence of more than 40%
[6,9,10]. It is often caused by abnormal venous flow due to valvular damage or obstruction,
causing venous hypertension [7,11]. Venous leg ulcers commonly result from CVI due to
irregular venous flow, affecting more than 600,000 patients in the United States alone [9].
These ulcers then heal slowly, have a high possibility of recurring, are open to infection, and
are associated with high medical costs [9,11,12]. Since CVI commonly occurs in the lower
extremity, surgeons may be more hesitant to perform TKAs in these patients.

There are limited data illustrating the impact of CVI in primary TKA outcomes. A meta-
analysis in 2015 found that varicose veins are associated with higher incidence of VTE after
TKA [13]. However, a separate study found that patients who have untreated varicose veins
had no higher risk of DVT post-TKA compared to patients who did not have varicose veins
or who had varicose veins treated prior to TKA [14]. A better understanding of postsurgical
complications due to CVI is necessary to understand the associated risks to improve patient
outcomes.

A retrospective review of patients diagnosed with CVI who underwent primary TKA was
recently conducted within the PearIDiver (PearlDiver Technologies, Fort Wayne, Indiana)
database of Medicare claims between 2005 and 2014 [15]. Results found that patients who
had CV1 are correlated with an increase in the following: lengths of hospital stay, healthcare
costs, 90-day readmissions, periprosthetic joint infections, implant-related complications,
and other medical complications [15]. To our knowledge, there is no recent study analyzing
primary TKA outcomes while differentiating CVI diagnoses by severity. Severity of CVI

is classified according to a clinical, etiological, anatomic, and pathophysiological score
[16]. Although CV1 has been shown to be highly prevalent, more severe forms that include
ulceration are much less common [10].
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Due to its broad diagnostic criteria, differentiating CV1 by severity is crucial to
understanding the true effect on TKA outcomes. The purpose of this study was to evaluate
post-TKA outcomes of patients who have varying complexities of CVI in a database
composed of recent public and private insurance claims.

Materials and Methods

This was an institutional review board—approved (IRB #1692) database study from
Louisiana State University Health Sciences Center in New Orleans, Louisiana. This
retrospective study obtained electronic health records within a healthcare system in the
Southeast United States from January 1, 2011 to December 31, 2021. The dataset consists
of patients who were treated with a primary TKA denoted by a Current Procedural
Terminology (CPT) code 27447 and includes all healthcare information from visits within
the healthcare system.

The CPT codes were used to analyze short-term complications (< 90 days of surgery), long-
term complications (< 2 years), and CVI status (yes/no). Short-term complications included
blood transfusion, cerebrovascular event, deep vein thrombosis, ileus, kidney injury,
pancreatitis, periprosthetic joint infection, pneumonia, pulmonary embolism, respiratory
failure, thrombocytopenia, urinary tract infection, and wound dehiscence. Long-term
complications included extensor mechanism disruption, implant complication, implant
loosening, medial collateral ligament injury, osteolysis, pain due to prosthetic, periprosthetic
fracture, prosthetic breakdown, prosthetic instability, and stiffness. Complication codes were
selected based on prior studies as well as the expert opinion of surgeons and researchers in
the field of TKAs [3,15,17].

When CPT codes denoting CVI severity were available, we categorized CVI into

simple, complex, and unclassified severities. Patients who had asymptomatic/uncomplicated
varicose veins or chronic venous hypertension were grouped with simple CVI. Patients

who had varicose veins or chronic venous hypertension with pain, ulceration, inflammation,
and/or other complications were grouped with complex CVI. When CVI severity was not
clear, these patients were grouped with unclassified CVI severity. Revision codes (CPT
27487, 27488) were assessed within 2 years of surgery. Readmissions were assessed if a
patient had an emergency visit within 90 days of surgery following initial hospital discharge.

Statistical analyses were conducted using R statistical software version 4.0.2 (R Core
Team 2023, Vienna, Austria). Categorical variables were summarized by reporting counts
and percentages. Continuous variables were summarized by reporting means and standard
deviations. Multivariable logistic regressions were performed to predict complication (any/
long/short) as a function of CVI status (yes/no; simple/complex) and other potential
confounding variables.

When comparing simple/complex CVI to no CVI, sensitivity analyses were performed
by considering patients who have unclassified CVI as simple CVI, complex CVI, and
removed from comparison. A follow-up analysis was done in the subset of CVI patients
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with classifiable CVI severity to determine if complex CVI was more likely to result in
complication than simple CVI.

The study included 7,665 patients undergoing TKA between 2011 and 2021. Patient
demographics included 68.3% White patients, 64.1% self-identifying as women, and 79.1%
publicly insured patients (Appendix Table A). The average age of patients was 67 years (11
to 97 years), mean body mass index (BMI) was 37.15 (17 to 97), and adjusted Charlson
Comorbidity Index (CCI) reference was 1.08. At the time of surgery, 741 of the TKA
patients (9.7%) had CVI. In our population, patients who had CVI were older on average
(CVI =69 years, no CVI = 67 years; unadjusted P < .001), had a higher adjusted CCI
(average with CVI = 1.84, average no CVI = 1.00; unadjusted P < .001), and had a higher
BMI (average with CVI = 39.10, average no CVI = 36.94; unadjusted A< .001). Those with
CVI were associated with having a TKA in recent years (average surgical year with CVI =
2018, average surgical year without CVI = 2017; unadjusted < .001). Among the 741 CVI
patients, 247 (33.3%) had simple CVI, 233 (31.4%) had complex CVI, and 261 (35.2%) had
unclassified CVI.

The composite complication rate was 14.1%, encompassing short-term complications,
long-term complications, revisions, and readmissions (Appendix Table B). In terms of
specific complication occurrence, 7.1% had short-term complications, 1.2% had long-term
complications, 1.4% had a TKA revision within 2 years post-operation, and 6.5% had a
hospital readmission within 90 days of hospital discharge.

Overall complication rates were 14.0% for patients who did not have a CVI, 16.7% for
patients who had a complex CVI, 9.3% for patients who had a simple CVI, and 18.4% who
had an unclassified CVI. Multivariable analyses demonstrated no statistical difference in
composite complications and CV1 status (adjusted odds ratio, aOR = 0.96; 95% Confidence
Interval [CI] = 0.77 to 1.20; P=.722) (Appendix Figure A). A diagnosis of CVI was also
not associated with a statistical difference in short-term complications (£ =.786), long-term
complications (P=.15), TKA revisions (P=.964), or readmissions (P =.438). In the

set of patients who had classifiable CVI (n = 480), patients who had complex CVI were
significantly more likely to have a composite complication than simple CVI patients (aOR =
1.91; 95% CI = 1.05 to 3.53; P=.035).

Patients who had simple CVI had significantly lower composite complication rates
compared to all other CVI groups (all £<.040). Unclassified CVI complication rates were
significantly higher than patients who did not have CVI (P=.047). However, there was no
difference in composite complication rates between complex CVI patients and those who
had unclassified CVI (P=.638) or no CVI (P=.249).

When unclassified CVI patients were removed from analysis or classified as complex CVI,
patients who had simple CV1 had a decreased risk of composite complications compared to
those who did not have a CVI diagnosis (P=.023 and P=.022, respectively) (Appendix
Table C). Patients who had a complex CVI were near significantly more likely to undergo
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TKA revision compared to those who did not have a CVI when unclassified CVI was
removed from analysis (P = .05). Otherwise, there were no significant differences in
complication risk for any type when comparing simple or complex CVI versus patients
who did not have CVI when unclassified CVI severity was grouped as simple or complex or
removed from analysis (all other Pvalues > .05).

Other studied factors were associated with complication rates. Private insurance status
was associated with a decreased risk of composite complications (P < .001), short-term
complications (P=.001), and readmissions (P = .045). A more recent surgery year

was associated with a decreased risk of composite complications (P < .001), short-term
complications (P < .001), revisions (P < .001), and readmissions (P < .001). Increased age
was associated with a decreased risk in composite complications (= .038), long-term
complications (P < .001), and revisions (P < .001). Black race was associated with an
increased risk in short-term complications (P = .004). Smoking was associated with an
increased risk in readmissions (P =.001). Increased CCI was associated with an increased
risk of composite complications (P < .001), short-term complications (£ < .001), revisions (P
=.031), and readmissions (P < .001).

Discussion

With the expected rise in incidence of TKAs in the United States [1], it is important to
study preoperative diagnoses that may lead to greater postoperative complications. CVI
affects an estimated 5% to 30% of the adult population [6] and 741 (9.7%) in our cohort of
TKA patients, indicating that CV1 is likely to be seen as a preoperative diagnosis. Although
chronic venous stasis theoretically could result in lower extremity procedure complications,
there are little data on the postsurgical effect of CVI among those patients undergoing a
TKA [15].

In this study, we found that CV1 overall did not affect composite postoperative
complications, short-term or long-term postoperative complications, 2-year revisions, or
90-day readmissions versus control postadjustment. To analyze the effect of CVI on post-
TKA outcomes, patients were grouped into simple CVI, complex CVI, or unclassified CVI
severity. There was no significant difference in complication rates between complex CVI
compared to no CV1 after multivariable adjustments. However, patients who had a complex
CVI were found to be at a higher risk for post-TKA composite complications compared

to simple CVI. Although, no individual complication rate was significant between simple
and complex CVI. This is likely since the composite complication variable is a less specific
variable. If a patient who has CVI presents for a preoperative TKA evaluation, stratification
of CVI severity could help predict composite complication rates during informed consent.

In contrast to our results, prior literature found that CVI significantly influenced
postoperative complications in patients undergoing TKA [15], but severity of CVI was

not differentiated. Our study includes patient data from 2011 to 2021 and the use of both
International Classification of Diseases (ICD) 9 and ICD-10 codes, which gives a current
picture of medical practices. Interestingly, we found that a higher prevalence of CVI and
lower composite complication rates in TKAs, independent of CVI status, occurred in recent
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years. Recent surgery year decreased short-term complications, revisions, and readmissions
in analysis of all participants. A recent study found improvements in patient health in

those undergoing TKA and improvements in TKA outcomes over a 10-year period [18]. In
particular, TKA operative time and hospital length of stay decreased from 2008 to 2018, and
30-day readmission rates declined from 2011 to 2018 [18]. Therefore, our results over time
are likely attributed to evolving medical practices and improved patient care.

Our study also stratified patients who had public and private insurances to obtain a patient
sample representative of our population. We found that CVI was diagnosed more often in
those with public insurance status. Patients who had private insurance had decreased rates
of composite complications, short-term complications, and readmissions. These results are
unsurprizing since public insurance has been previously associated with increased hospital
length of stay and in-hospital complications after unilateral TKA compared to those with
commercial insurance [19]. Therefore, CVI1 is associated with low socioeconomic status,
which itself leads to poorer surgical outcomes, but may not compound these effects since
CVI alone does not impact composite complication rates.

Another noteworthy population characteristic was present in our study. Approximately 83%
of the study participants had a BMI indicative of obesity which could affect application
across outside populations; however, other recent studies on TKA populations had obesity
prevalence of 63% and 75% [20,21]. Low socioeconomic factors among the local patient
population as well as the pathophysiological link between obesity and joint damage are
likely explanatory.

A limitation in the study, due to its retrospective nature, is the inability to assess how
surgeons may have altered their surgical plan or patient care when a patient is presented with
CVI. Independent of TKAs, treatment for CVI1 typically ranges from leg elevation, exercise,
compression therapy, and various surgical techniques [11,12]. Diagnostic consistency is also
difficult to ensure in a retrospective study. Compared to patients who did not have CVI,
simple CVI patients had lower adjusted composite complication rates. It is possible that
prior treatment of the diagnosed and relatively benign simple CVI could have positively
affected TKA outcomes. Additionally, our study is smaller than previous literature [15]. To
our knowledge, only one other study evaluates CV1 as a broad diagnosis and its effects

on TKA outcomes [15]. These mixed results necessitate additional studies on CVI and its
effects on TKA outcomes. With continued implementation of ICD-10 coding, more specific
preoperative diagnoses of CVI severity can be better matched to surgical outcomes.

In conclusion, patients who have complex CVI are at a higher risk for post-TKA
complications compared to those who have simple CVI. However, a general CVI diagnosis
did not affect postoperative complications versus the control cohort. Stratifying CV1 severity
is crucial to determine a patient’s risk for post-TKA outcomes. Prevalence of CVI increased
in TKAs, yet decreased composite complications may indicate improved surgical care over
time.
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Appendix

compiling the database from medical records.

Variable

CVI

Black v White

Smoking

BMI

Private Insurance

Age

CcCl

Surgery Year

Appendix FigureA.

OR (Cl)

0.96 (0.77-1.2)

1.08 (0.94-1.25)

1.16 (1-1.34)

1(0.99-1.01)

0.69 (0.57-0.85)

0.99 (0.98-1)

1.24 (1.2-1.29)

0.87 (0.85-0.89)

P-value

0.722

0.283

0.056

0.533

<.001

0.038

<.001

<.001
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Multivariable logistic regression showing association to composite complication. (OR, odds
ratio; ClI, confidence interval; CVI, chronic venous insufficiency; BMI, body mass index;
CCI, Charlson Comorbidity Index).

Appendix Table A

Descriptive Characteristics by Chronic Venous Insufficiency Status.

Variable All (7,665) YesCVI (741) NoCVI (6924) PValue % with CVI
White Race 5,239 (68.3) 526 (71) 4,713 (68.1) 105 10
Black Race 2,426 (31.7) 215 (29) 2,211 (31.9) 8.9
Men 2,754 (35.9) 241 (32.5) 2,513 (36.3) 044 88
Women 4,911 (64.1) 500 (67.5) 4,411 (63.7) 10.2
Smoking 1,837 (24) 196 (26.5) 1,641 (23.7) 103 107
No Smoking 5,828 (76) 545 (73.5) 5,283 (76.3) 9.4
Private Insurance 1,603 (20.9) 123 (16.6) 1,480 (21.4) .002 7.7
Public Insurance 6,062 (79.1) 618 (83.4) 5,444 (78.6) 10.2
BMI = 30 6,380 (83.2) 654 (88.3) 5,726 (82.7) <001 103
BMI < 30 1,285 (16.8) 87 (11.7) 1,198 (17.3) 6.8
Age =70 3,118 (40.7) 376 (50.7) 2,742 (39.6) <001 121
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Variable All (7,665) YesCVI (741) NoCVI (6,924) PValue % with CVI
Age <70 4,547 (59.3) 365 (49.3) 4,182 (60.4) 8.0
Composite Complication 1,077 (14.1) 110 (14.8) 967 (14) .505 10.2
Short Complication 545 (7.1) 56 (7.6) 489 (7.1) .599 10.3
Long Complication 95 (1.2) 4(0.5) 91 (1.3) .079 4.2
TKA Revision 105 (1.4) 10 (1.3) 95 (1.4) 1 9.5
Hospital Readmission Continuous 496 (6.5) 62 (8.4) 434 (6.3) .033 125
Variables

Age 66.98 (9.39) 69.32 (8.97) 66.72 (9.4) <001 NA
ccl 1.08 (1.6) 1.84 (1.95) 1(1.53) <001 NA
Year of TKA 2,017.21 (2.85) 2,017.77 (2.55)  2,017.15 (2.88) <001 NA
BMI 37.15(8.38) 39.10 (9.21) 36.94 (8.26) <001 NA

P< .05 Demonstrates Significance.

CVI, chronic venous insufficiency; BMI, body mass index; CCI, Charlson Comorbidity Index; TKA, total knee

arthroplasty.

Appendix Table B

Descriptive Characteristics by Composite Complication Status (SD).

Variable Complication (1,077) No Complication (6,588) P Value % Complication
cvi 110 (10.2) 631 (9.6) 505  14.8
No CVI 967 (89.8) 5,957 (90.4) 14
Simple CVI 23 (2.1) 224 (3.4) 9.3
Complex CVI 39 (3.6) 194 (2.9) 16.7
Unclassified CVI 48 (4.5) 213 (3.2) 18.4
White Race 713 (66.2) 4,526 (68.7) 104 136
Black Race 364 (33.8) 2,062 (31.3) 15
Men 411 (38.2) 2,343 (35.6) 1 14.9
Women 666 (61.8) 4,245 (64.4) 13.6
Smoking 305 (28.3) 1,532 (23.3) <001 166
No Smoking 772 (71.7) 5,056 (76.7) 13.2
Private Insurance 171 (15.9) 1,432 (21.7) <.001 10.7
Public Insurance 906 (84.1) 5,156 (78.3) 14.9
Age 67.32 (10.55) 66.92 (9.19) 023
ccl 1.6 (1.91) 1(1.53) <.001
Year of TKA 2,016.35 (2.86) 2,017.35 (2.83) <.001
BMI 37.76 (9.19) 37.05 (8.24) .081

Pvalue < .05.

CVI, chronic venous insufficiency; BMI, body mass index; CCI, Charlson Comorbidity Index; TKA, total knee

arthroplasty.
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Appendix Table C
Multivariable Logistic Regressions for Each Complication Type and Chronic Venous
Insufficiency (CVI) Grouping (Simple/Complex) versus No CVI.
CVI Composite Short Long Revision Readmission
Grouping Complication Complication Complication
versus No <2y <90d
CVI
Unclassified CVI patients removed
from analysis
Complex
CVI versus 224(091to 1.16(0.70to
none 1.10 (0.75 to 1.56) 1.04 (0.62t0 1.67) 0.36 (0.02t0 1.66)  4.70) 1.83)
P=.617 P=.868 P=.315 P=.05 P=.532
Simple CVI 0.35(0.02to  0.68 (0.36 to
Versus none 0.6 (0.37 t0 0.91) 0.58 (0.29t01.03) 0.74 (0.12t0 2.36)  1.58) 1.19)
P=.023 P=.085 P=.669 P=.296 pP=.212
Unclassified CVI patients classified as
Simple
Complex 1.10(0.76 to 1.57)  1.06 (0.63t01.7)  0.38(0.02t01.75) 2.13(0.87t0 1.17 (0.71to
CVI versus 4.46) 1.84)
none
P=.594 P=.812 P=.34 P=.066 P=.52
Simple CVI 044(0.11to 1.10(0.77 to
Versus none 0.90 (0.68 t0 1.17) 0.91(0.63t01.29) 0.52(0.13t0 1.40) 1.19) 1.53)
P=.431 P=.626 P=.267 P=.168 P=.59
Unclassified CVI patients classified as
Complex
Complex
CVI versus 1.25(0.57to0  1.34(0.96 to
none 1.16 (0.89 to 1.48) 1.15(0.81t0 1.60) 0.35(0.06 to 1.13)  2.42) 1.83)
P=.262 P=.414 P=.145 P=.54 P=.078
Simple CVI 0.35(0.02to  0.69 (0.36 to
Versus none 0.60 (0.37 to 0.91) 0.58 (0.3 to 1.03) 0.74 (0.12t0 2.36)  1.58) 1.19)
P=.022 P=.088 P=.672 P=.296 P=.214

For Each Complication Type, the Adjusted Odds Ratio (95% Confidence Interval, P Value) is Reported. Confidence
Intervals Greater Than (Less Than) 1 Indicate an Increased (Decreased) Risk of That Complication Type.

CVI, chronic venous insufficiency.

Codes Used for Analysis.

Appendix Table D

Category

ICD 9/10 and CPT Codes

Unclassified CVI Codes
Complex CVI

459.81, 187.2
454, 454.1, 454.2, 454.8, 183.001, 183.002, 183.003, 183.004, 183.005, 183.008,

183.009, 183.011, 183.012, 183.013, 183.014, 183.015, 183.018, 183.019, 183.021,
183.022, 183.023, 183.024, 183.025, 183.028, 183.029, 183.10, 183.11, 183.12, 183.201,
183.202, 183.203, 183.204, 183.205, 183.208, 183.209, 183.211, 183.212, 183.213,
183.214, 183.215, 183.218, 183.219, 183.221, 183.222, 183.223, 183.224, 183.225,
183.228, 183.229, 183.811, 183.812, 183.813, 183.819, 183.891, 183.892, 183.893,
183.899, 459.31, 459.32, 459.33, 459.39, 187.311, 187.312, 187.313, 187.319, 187.321,
187.322, 187.323, 187.329, 187.331, 187.332, 187.333, 187.339, 187.391, 187.392,
187.393, 187.399
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Category
Simple CVI

Short-term complication (< 90
d following surgery)

Blood transfusion

Cerebrovascular event

DVT

lleus

Kidney injury

Pancreatitis

Periprosthetic joint infection

Pneumonia

Pulmonary embolism

Respiratory failure

Thrombocytopenia
UTI
Wound dehiscence

Long-term complication (< 2y
following surgery)

Extensor mechanism
disruption

Implant complication
Implant loosening
MCL injury
Osteolysis

Pain due to prosthetic

ICD 9/10 and CPT Codes

454.9, 183.90, 183.91, 183.92, 183.93, 459.3, 187.301, 187.302, 187.303, 187.309

86999, 36430

430, 431, 432.1, 432.9, 433, 433.01, 433.1, 433.11, 433.2, 433.21, 433.3, 433.31,
433.8, 433.81, 433.9, 433.91, 434, 434.01, 434.1, 434.11, 434.9, 434.91, 160.00,
160.01, 160.02, 160.10, 160.11, 160.12, 160.2, 160.20, 160.21, 160.22, 160.31, 160.32,
160.4, 160.51, 160.52, 160.6, 160.7, 160.8, 160.9, 161.0, 161.1, 161.2, 161.3, 161.4, 161.5,
161.6, 161.8, 161.9, 162.00, 162.01, 162.02, 162.03, 162.9, 163.00, 163.011, 163.012,
163.013, 163.019, 163.02, 163.031, 163.032, 163.033, 163.039, 163.09, 163.10, 163.111,
163.112, 163.113, 163.119, 163.12, 163.131, 163.132, 163.133, 163.139, 163.19, 163.20,
163.211, 163.212, 163.213, 163.219, 163.22, 163.231, 163.232, 163.233, 163.239,
163.29, 163.30, 163.311, 163.312, 163.313, 163.319, 163.321, 163.322, 163.323,
163.329, 163.331, 163.332, 163.333, 163.339, 163.341, 163.342, 163.343, 163.349,
163.39, 163.40, 163.411, 163.412, 163.413, 163.419, 163.421, 163.422, 163.423,
163.429, 163.431, 163.432, 163.433, 163.439, 163.441, 163.442, 163.443, 163.449,
163.49, 163.50, 163.511, 163.512, 163.513, 163.519, 163.521, 163.522, 163.523,
163.529, 163.531, 163.532, 163.533, 163.539, 163.541, 163.542, 163.543, 163.549,
163.59, 163.6, 163.8, 163.81, 163.89, 163.9, 165.01, 165.02, 165.03, 165.09, 165.1,
165.21, 165.22, 165.23, 165.29, 165.8, 165.9, 166.01, 166.02, 166.03, 166.09, 166.11,
166.12, 166.13, 166.19, 166.21, 166.22, 166.23, 166.29, 166.3, 166.8, 166.9

451.11, 451.19, 453.4, 453.41, 453.42, 453.5, 453.51, 453.52, 182.401, 182.402,
182.403, 182.409, 182.411, 182.412, 182.413, 182.419, 182.421, 182.422, 182.423,
182.429, 182.431, 182.432, 182.433, 182.439, 182.441, 182.442, 182.443, 182.449,
182.451, 182.452, 182.453, 182.459, 182.461, 182.462, 182.463, 182.469, 182.491,
182.492, 182.493, 182.499, 182.4Y1, 182.4Y2, 182.4Y3, 182.4Y9, 182.471, 182.472,
182.473, 182.429, 182.501, 182.502, 182.503, 182.509, 182.511, 182.512, 182.513,
182.519, 182.521, 182.522, 182.523, 182.529, 182.531, 182.532, 182.533, 182.539,
182.541, 182.542, 182.543, 182.549, 182.551, 182.552, 182.553, 182.559, 182.561,
182.562, 182.563, 182.569, 182.591, 182.592, 182.593, 182.599, 182.5Y1, 182.5Y2,
182.5Y3, 182.5Y9, 182.571, 182.572, 182.573, 182.529

560.1, NA, 560.1, K56.0, K56.7

584.5, 584.6, 584.7, 584.8, 584.9, N17.0, N17.1, N17.2, N17.8, N17.9, N19, N99.0
577, K85.9, K85.90, K85.91, K85.92

996.66, 996.67, T84.53XA, T84.54XA

480, 480.1, 480.2, 480.3, 480.8, 480.9, 481, 482, 482.1, 482.2, 482.3, 482.31, 482.32,
482.39, 482.4, 482.41, 482.42, 482.49, 482.82, 482.83, 482.89, 482.9, 483, 483.1,
483.8, 484.1, 484.3, 484.6, 484.7, 484.8, 485, 486, 487, 997.31, J09.X1, J10.00,
J10.01, J10.08, J11.00, J11.08, J12.0, J12.1, J12.2, J12.3, J12.81, J12.82, J12.89,
J12.9,J13, J14, J15.0, J15.1, J15.20, J15.211, J15.212, J15.29, J15.3, J15.4, J15.5,
J15.6, J15.7, J15.8, J15.9, J16.0, J16.8, J17, J18.0, J18.1, J18.2, J18.8, J18.9, J85.1,
J95.851

415.11, 415.13, 415.19, 416.2, 126.09, 126.90, 126.92, 126.99, 127.82

518.51, 518.52, 518.53, 518.81, 518.82, 518.83, 518.84, J95.2, J95.3, J95.821,
J95.822, J96.00, J96.01, J96.02, J96.10, J96.11, J96.12, J96.20, J96.21, J96.22,
J96.90, J96.91, J96.92

287.3, 287.39, 287.5, D69.49, D69.59, D69.6
599, N39.0
998.32, 998.83, T81.31XA

727.66, M66.261, M66.262, M66.269

996.47, T84.092A, T84.093A

996.41, T84.032A, T84.033A

844.1, S83.411A, S83.412A, S83.419A
996.45, T84.052A, T84.053A

996.77, T84.84XA
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Category ICD 9/10 and CPT Codes
Periprosthetic fracture 996.44, M97.11XA, M97.12XA, T84.042A, T84.043A
Prosthetic breakdown 996.43, T84.012A, T84.013A
Prosthetic instability T84.022A, T84.023A
Stiffness 719.56, M25.661, M25.662, M25.669

CVI, chronic venous insufficiency; ICD, international classification of diseases; CPT, current procedural terminology;
DVT, deep vein thrombosis; UT]I, urinary tract infection; MCL, medial collateral ligament.

Appendix Table E

Individual Complication by Chronic Venous Insufficiency Status.

Complications All (7,665) CVI (741) NoCVI (6,924) PValue % CVI

Short term Complications

Transfusion 241 (3.1) 21 (2.8) 220 (3.2) 739 8.7
Cerebrovascular event 44 (0.6) 7(0.9) 37 (0.5) 192 15.9
DVT 26 (0.3) 3(0.4) 23(0.3) 735 115
lleus 8(0.1) 1(0.1) 7(0.1) 509 14.3
Kidney injury 87 (1.1) 9(1.2) 78 (1.1) 854 10.3
Pancreatitis 2 (0) 0 (0) 2(0) 1 0
Pneumonia 9(0.1) 0 (0) 9(0.1) 1 0
Pulmonary embolism 23(0.3) 2(0.3) 21 (0.3) 1 8.7
Respiratory failure 55(0.7) 6(0.8) 49 (0.7) .65 10.9
Thrombocytopenia 60 (0.8) 9(1.2) 51 (0.7) .182 15
uTl 22(0.3) 2(0.3) 20 (0.3) 1 9.1
Wound dehiscence 0(0) 0(0) 0(0) NA NA
Periprosthetic joint infection 47 (0.6) 4(0.5) 43 (0.6) 1 85
Long term Complications
Extensor mechanism disruption 1(0) 0 (0) 1(0) 1 0
Implant complication 19(0.2) 0 (0) 19 (0.3) .249 0
Implant loosening 1(0) 0 (0) 1(0) 1 0
MCL injury 6(0.1) 0(0) 6(0.1) 1 0
Osteolysis 0 (0) 0 (0) 0 (0) NA NA
Pain due to prosthetic 38 (0.5) 2(0.3) 36 (0.5) 579 53
Periprosthetic fracture 1(0) 0 (0) 1(0) 1 0
Prosthetic breakdown 3(0) 0 (0) 3(0) 1 0
Prosthetic instability 2 (0) 0 (0) 2(0) 1 0
Stiffness 30 (0.4) 2(0.3) 28 (0.4) 764 6.7

CVI1, chronic venous insufficiency; DVT, deep vein thrombosis; UTI, urinary tract infection; MCL, medial collateral
ligament; NA, not applicable.

Appendix Table F

Individual Complication by Chronic Venous Insufficiency Severity.

Complications Simple  None Complex Unclassified P Value
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Complications
Composite Complication
Short Complication
Long Complication
TKA Revision
Hospital Readmission
Short-term Complications
Transfusion
Cerebrovascular event
DVT
lleus
Kidney injury
Pancreatitis
Pneumonia
Pulmonary embolism
Respiratory failure
Thrombocytopenia
UTI
Wound dehiscence
Periprosthetic joint infection
Long-term Complications
Extensor mechanism disruption
Implant complication
Implant loosening
MCL injury
Osteolysis
Pain due to prosthetic
Periprosthetic fracture
Prosthetic breakdown
Prosthetic instability
Stiffness

Simple
23(9.3)
11 (4.5)
2(0.8)
1(0.4)
12 (4.9)

2(0.8)
1(0.4)
1(0.4)
1(0.4)
1(0.4)
0(0)
0(0)
0(0)
2(0.8)
2(0.8)
1(0.4)
0(0)
0(0)

0(0)
0(0)
0(0)
0(0)
0(0)
1(0.4)
0(0)
0(0)
0(0)
1(0.4)

None

967 (14)
489(7.1)
91(1.3)
95 (1.4)
434 (6.3)

220 (3.2)
37(0.5)
23(0.3)
7(0.1)
78(1.1)
2(0)
9(0.1)
21(0.3)
49(0.7)
51(0.7)
20(0.3)
0(0)
43(0.6)

1(0)
19 (0.3)
1(0)
6(0.1)
0(0)
36 (0.5)
1(0)
3(0)
2(0)
28 (0.4)

Complex

39 (16.7)

19 (8.2)
1(0.4)
7(3)
21(9)

5(2.1)
3(1.3)
1(0.4)
0(0)
1(0.4)
0(0)
0(0)
1(0.4)
4(17)
4(1.7)
1(0.4)
0(0)
2(0.9)

0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
1(0.4)

Unclassified P Value
.016
.096
465
.099
.007

48 (18.4)
26(10)
1(0.4)
2(0.8)

29(11.1)

14 (5.4)
31.1)
1(0.4)
0(0)
7@.7)
0(0)
0(0)
1(0.4)
0(0)
3(1.1)
0(0)
0(0)
2(0.8)

0(0)
0(0)
0(0)
0(0)
0(0)
1(0.4)
0(0)
0(0)
0(0)
0(0)

.021
.169
.555

.38

.083

.601
135
.207
513

NA

.548

e e

NA

.952

e

.736

Page 12

TKA, total knee arthroplasty; DVT, deep vein thrombosis; UTI, urinary tract infection; MCL, medial collateral ligament;

NA, not applicable.
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