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Abstract

Background Despite the importance of complications in

evaluating patient outcomes after TKA, definitions of TKA

complications are not standardized. Different investigators

report different complications with different definitions

when reporting outcomes of TKA.

Questions/purposes We developed a standardized list and

definitions of complications and adverse events associated

with TKA.

Methods In 2009, The Knee Society appointed a TKA

Complications Workgroup that surveyed the orthopaedic

literature and proposed a list of TKA complications and

adverse events with definitions. An expert opinion survey
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of members of The Knee Society was used to test the

applicability and reasonableness of the proposed TKA

complications. For each complication, members of The

Knee Society were asked ‘‘Do you agree with the inclusion

of this complication as among the minimum necessary for

reporting outcomes of knee arthroplasty?’’ and ‘‘Do you

agree with this definition?’’

Results One hundred two clinical members (100%) of

The Knee Society responded to the survey. All proposed

complications and definitions were endorsed by the mem-

bers, and 678 suggestions were incorporated into the final

work product. The 22 TKA complications and adverse

events include bleeding, wound complication, thrombo-

embolic disease, neural deficit, vascular injury, medial

collateral ligament injury, instability, malalignment, stiff-

ness, deep joint infection, fracture, extensor mechanism

disruption, patellofemoral dislocation, tibiofemoral dislo-

cation, bearing surface wear, osteolysis, implant loosening,

implant fracture/tibial insert dissociation, reoperation,

revision, readmission, and death.

Conclusions We identified 22 complications and adverse

events thatwe believe are important for reporting outcomes of

TKA. Acceptance and utilization of these standardized TKA

complications may improve evaluation and reporting of TKA

outcomes.

Introduction

Reporting of complications is important for assessing

outcomes of surgical procedures and accurately measuring

healthcare quality. Stedman’s Medical Dictionary defines a

medical complication as ‘‘a morbid process or event

occurring during a disease which is not an essential part of

the disease, although it may result from it or from inde-

pendent causes’’ [11]. Complications can occur after

surgical operations for many diverse reasons, including an

evolving disease process, a surgical error, a medical error,

a nursing error, patient noncompliance, and events without

error beyond physician or patient control such as falls or

trauma. Adverse events after an operation or procedure are

conditions that may compromise the process of care or the

outcome of care, but not all adverse events are complica-

tions. Complications and adverse events can be expected

with surgical procedures at a small but finite incidence,

despite the exercise of reasonable and safe care.

Medicine has a strong tradition of learning from com-

plications and adverse events. Introspective mortality and

morbidity conferences are peer review exercises where

complications of care and adverse events are presented to

peers for discussion and education. The goal of these

conferences is to identify etiologies of complications and

adverse events, improve quality of patient care, and

enhance patient safety.

Quality measurement in healthcare and public reporting

of patient outcomes are becoming more important and will

be more prevalent during the next decade. Valid public

reporting requires standardization of data collection and data

sets, consistent methods of data reporting, and utilization of

validated standardized evaluation instruments. Reporting of

complications is an essential component of patient outcome,

but complication reporting is not standardized, and compli-

cations are not always included in reports of patient outcome.

Goldhahn et al. [9] performed a systematic review of ran-

domized controlled clinical trials in the orthopaedic

literature and determined there was no consistent standard

universal reporting of complications in orthopaedics.

TKA is one of the most clinically successful and cost-

effective medical procedures developed during the last
1
.

2 century [5, 15, 19, 23]. The utilization of TKA is

increasing, considerable growth of TKA is projected during

the next decade [7, 14, 17, 18, 28], and increased utilization

has made TKA one of the highest cost centers for the

Centers of Medicare and Medicaid Services [10, 14, 17].

As the utilization and cost of TKA increase, many

stakeholders are interested in measuring the quality of

TKA outcomes and controlling the cost of TKA. Pain,

function, patient satisfaction, patient well-being, and

radiographic results have been used in a number of clinical

scoring systems to evaluate TKA including The Knee

Society Score [12], Hospital for Special Surgery Knee

Score [13], Oxford Knee Score [3], WOMAC [1], SF-36

[20], and SF-12 [6, 24]. Furthermore, a revised, updated,

and validated Knee Society Knee Score has recently been

published [21, 25]. These instruments allow surgeons,

investigators, healthcare payers, and government adminis-

trators to evaluate the outcome of TKA with validated

standardized methods of measurement.

In sharp contrast to the standardized reporting of sur-

gical results and patient outcomes for TKA, reporting of

complications and adverse events after TKA is not stan-

dardized. Different investigators report different complica-

tions with different definitions when evaluating knee

arthroplasties [9, 26]. However, reporting complications of

surgical procedures may be as important as reporting sur-

gical results and patient outcomes. Complications and

adverse events can identify potential problems with patient

selection, surgical procedures, clinical pathways, followup

care, and joint implants [24]. Standardized reporting of

complications for surgical procedures can help clinicians

improve patient selection, surgical technique, quality of

care, patient safety, and patient outcomes [8, 22]. Further-

more, standardized reporting of complications and adverse

events can improve comparative studies of surgical pro-

cedures and surgical implants [4, 9, 27].
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We therefore developed a standardized list of the min-

imum necessary complications and adverse events for

accurate reporting of TKA outcomes and standardized

definitions of these complications.

Materials and Methods

The Knee Society (http://www.kneesociety.org) is an

orthopaedic specialty organization based in the United

States [16]. The mission of The Knee Society includes

advancing knowledge of the knee in health and disease and

promoting and maintaining professional standards to pro-

vide the best care to patients with arthritic disorders of the

knee [16]. The Knee Society is composed of orthopaedic

surgeons and researchers who are selected for membership

based on ‘‘demonstrated interest in the advancement of

orthopaedic surgical knowledge of the knee joint in health

and/or arthritic disorders of the knee through substantial

accomplishments such as special studies, writings, lectures,

etc’’ [16]. Members of The Knee Society are generally

acknowledged as experts regarding TKA.

In 2009, The Knee Society established a TKA Com-

plications Workgroup to develop guidelines for reporting

complications and adverse events after TKA. The goal of

the workgroup was to develop a standardized list of the

minimum complications required for accurate reporting of

outcomes of TKA. A further goal was to develop stan-

dardized definitions for these TKA complications and

adverse events. The definitions were intended to be simple,

clear, and consistent with ICD-9 codes and the new Knee

Society Score [21, 25].

During 2009 and 2010, the TKA Complications Work-

group examined the orthopaedic literature on outcomes in

TKA via PubMed and surveyed literature on surgical

complication reporting. The workgroup then developed a

list of minimum necessary TKA complications and a def-

inition for each TKA complication. Conditions that could

not be clearly defined as complications or adverse events

directly related to the TKA surgery were not included on

the list; for example, medical complications (cardiac, pul-

monary, renal, etc), anesthetic issues (nausea, arrhythmias,

memory loss, etc), poor functional outcome, and pressure

sore were not included. ICD-9 codes were provided for

each proposed TKA complication and adverse event.

The workgroup used an expert opinion survey of mem-

bers of The Knee Society to test the applicability and

reasonableness of the proposed TKA complications and

adverse events. For each complication, members were

asked ‘‘Do you agree with the inclusion of this complication

as among the minimum necessary for reporting outcomes of

knee arthroplasty?’’ and ‘‘Do you agree with this defini-

tion?’’ In addition, the members were asked to submit

additional complications that the workgroup may have

omitted, delete inappropriate complications, and suggest

revisions for the proposed definitions of TKA complica-

tions. One hundred two clinical members (100%) of The

Knee Society responded to the TKA Complications Survey.

We evaluated the differences of the yes-no questions

with chi-square tests. An item (complication or adverse

event) was determined acceptable if at least 60% of the

respondents/surgeons responded with an affirmative

response (‘‘yes’’). Each item was evaluated as to whether an

approve/agree response was statistically higher than 60%

using a one-way chi-square test against the specific pro-

portion of 60% ‘‘yes’’ responses. Approve/agree responses

for each item and each category (‘‘agree to include’’ and

‘‘agree with definition’’) that were statistically higher than

60% at a p value\ 0.01 were considered significant.

Results

All of the proposed TKA complications and adverse events

were endorsed by the members of The Knee Society, with

each reaching significance (approve inclusion[ 60%,

p\ 0.01). All of the definitions of TKA complications and

adverse events were endorsed by the members of The Knee

Society, with each reaching significance (approve defini-

tion[ 60%, p\ 0.01). Members also provided 678 com-

ments and suggestions for improvement.

All responses from members of The Knee Society were

evaluated by the TKA Complications Workgroup. The list

and the definitions of TKA complications and adverse

events were revised based on these responses. The changes

suggested by the members, the revised list of TKA com-

plications, and the revised definitions were sent back to the

members of The Knee Society for a second review. Finally,

the project was presented to the members of The Knee

Society at the members’ meeting in September 2011. The

22 TKA complications and adverse events and their defi-

nitions endorsed by The Knee Society are listed (Table 1).

Discussion

Complications have been used in the surgical literature as

outcome measures and proxies for quality and to compare

the efficacy, quality, and safety of surgical treatments and

surgical implants. However, the surgical literature does not

provide standardized lists of complications or standardized

definitions of surgical complications. Nonstandardized and

inconsistent methods of reporting complications render the

use of complications for quality measurement unreliable

[27]. To improve patient safety, quality of orthopaedic

care, and evaluation of orthopaedic treatments and
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Table 1. Responses of members of The Knee Society regarding TKA complications and adverse events and their definitions*

Complication/Adverse
event

ICD-9
code

% agree
with
complication

Definition % agree
with
definition

1. Bleeding 998.11 99.0 Postoperative bleeding requiring surgical treatment 75.8

2. Wound complication 998.32 99.0 Failure of wound healing requiring reoperation or a change in
TKA protocol

77.8

3. Thromboembolic
disease

453.40 97.0 Symptomatic thromboembolic event requiring more intensive,
nonprophylactic anticoagulant or antithrombotic treatment
during the first 3 months after index TKA

87.9

4. Neural deficit 997.09 94.9 Postoperative neural deficit (sensory or motor) related to the
index TKA

90.9

5. Vascular injury 997.20 96.0 Intraoperative vascular injury requiring surgical repair, bypass
grafting, or stenting (compartment syndrome or amputation
should be reported)

97.0

6. Medial collateral
ligament injury

844.10 92.9 Intraoperative or early postoperative medial collateral ligament
injury requiring repair, reconstruction, a change in prosthetic
constraint, revision surgery, or TKA protocol

93.9

7. Instability 996.42 92.8 Symptomatic instability reported by the patient and confirmed
by laxity on physical examination as defined by The Knee
Society Knee Score

74.2

8. Malalignment 88.4 Symptomatic malalignment reported by the patient and
confirmed radiographically with angular deformity in the
coronal plane[ 10� from the mechanical axis

82.1

9. Stiffness [8] 719.56 92.9 Limited ROM as reported by the patient and demonstrated in a
physical examination with extension limited to 15� short of
full extension or flexion\ 90� (not applicable if
preoperative arc of motion\ 75�)

81.8

10. Deep periprosthetic
joint infection

996.66 99.0 A deep periprosthetic joint infection can be diagnosed when
there is a sinus tract communicating with the prosthesis; or a
pathogen is isolated by culture from at least two separate
tissue or fluid samples obtained from the affected prosthetic
joint; or 4 of the following 6 criteria exist: elevated ESR and
serum CRP concentration; elevated synovial WBC count;
elevated synovial PMN; presence of purulence in the
affected joint; isolation of a microorganism in one culture of
periprosthetic tissue or fluid; or[ 5 neutrophils/high-power
field in 5 high-power fields observed from histologic
analysis of periprosthetic tissue at 9400 magnification [22]

88.9

11. Periprosthetic
fracture

996.44 96.0 Periprosthetic fracture of the distal femur, proximal tibia, or
patella (operative or nonoperative treatment should be
recorded)

93.9

12. Extensor mechanism
disruption

729.65

727.66

95.9 Disruption of the extensor mechanism (surgical repair and/or
extensor lag should be recorded)

94.9

13. Patellofemoral
dislocation

996.42 95.9 Dislocation of the patella from the femoral trochlea (direction
of instability should be recorded)

92.8

14. Tibiofemoral
dislocation

996.42 94.9 Dislocation of the tibiofemoral joint (direction of instability
should be recorded)

95.9

15. Bearing surface
wear

996.46 95.8 Wear of the bearing surface symptomatic or requiring
reoperation

81.3

16. Osteolysis 996.45 94.8 Expansile lytic lesion adjacent to one of the implants C 1 cm
in any one dimension or increasing in size on serial
radiographs/CT scans

91.7

17. Implant loosening 996.41 99.0 Implant loosening confirmed intraoperatively or identified
radiographically as a change in implant position or a
progressive, radiolucent line at the bone-cement or
bone-implant interface

91.7
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implants, Goldhahn et al. [9] suggested a standard protocol

for reporting complications should be developed and

endorsed by clinical investigators, professional organiza-

tions, and orthopaedic journals. The work of those authors

stimulated this project by The Knee Society. We therefore

developed a standardized list and standardized definitions

for complications and adverse events associated with TKA.

Our workgroup report is subject to a several limitations.

First, the list of TKA complications and adverse events was

developed by a review of the literature and expert opinion,

which is Level V evidence. Second, the orthopaedic liter-

ature does not have consensus definitions for many of the

conditions proposed. Third, the list of complications was

not validated by an analysis of a large database of patients

with TKA. However, 100% of the clinical members of The

Knee Society evaluated the proposed TKA complications,

and The Knee Society endorsed the proposal. The Knee

Society members who provided this collective expert

opinion are generally considered experts and teachers

regarding TKA, and thousands of TKA operations deliv-

ered over several decades provide the foundation for their

opinions. Fourth, the TKA complications and adverse

events presented in this report are not stratified based on

severity. Stratification of these complications could

improve reporting of TKA outcomes, and the TKA Com-

plications Workgroup intends to address this topic in a

future report. Fifth, standardization of complications would

be clearer if they included the timing of complications.

This will also be addressed in a future report.

Public reporting of outcomes for medical and surgical

treatments is becoming more prevalent, and we expect

public reporting and quality measurement will increase in

the future. This list of TKA complications and adverse

events may be helpful to stakeholders who create public

reports regarding TKA. However, this list of TKA com-

plications and adverse events must be used according to

specific definitions and limitations for public reporting of

complications. Reports must differentiate complications

and adverse events because all adverse events are not

complications. For example, when reporting the compli-

cation of deep periprosthetic joint infection for a hospital or

a surgeon, the CDC defines surgical site infection as

infection within 1 year of the index operation [2, 22].

Subsequent to 1 year, infection is an adverse event.

Adverse event information is helpful to patients and sur-

geons who manage the long-term outcome of knee

arthroplasty. However, adverse events should not be con-

sidered complications for public reporting.

Complications and adverse events are associated with all

medical and surgical treatments. By identifying and defining

22 complications and adverse events associated with TKA,

this project intended to improve quality and safety for TKA.

This paper is intended to assist surgeons, researchers, health

plans, and government officials in evaluating the surgical

results and patient outcomes after knee arthroplasties. This

project did not intend to identify problems that suggest a knee

arthroplasty was not planned or performed correctly. This

paper is not intended as a legal document, and the authors

specifically reject the notion that these TKA complications

and adverse events define substandard care. As noted earlier,

and now emphasized, complications can be associated with

medical treatments and surgical procedures despite the

delivery of reasonable and safe care.

We suggest this standardized list of TKA complications

and their standardized definitions, which were endorsed by

The Knee Society, could improve reporting of TKA out-

comes if they are endorsed and accepted by orthopaedic

surgeons, orthopaedic professional societies, orthopaedic

Table 1. continued

Complication/Adverse
event

ICD-9
code

% agree
with
complication

Definition % agree
with
definition

18. Implant fracture or
tibial insert dissociation

996.43 97.9 Implant fracture or dissociation of the tibial insert from the
tibial implant

91.6

19. Reoperation 96.0 Return to the operating room related to the index TKA (reasons
for reoperation should be recorded)

84.8

20. Revision 97.9 Revision of one or more of the TKA implants (femur, tibia,
tibial insert, patella)

92.6

21. Readmission 84.8 Admission to the hospital for any reason during the first
90 days after TKA (reasons for admission and relation to
index TKA should be recorded)

79.8

22. Death 95.9 Death occurring for any reason during the first 90 days after
TKA (cause of death and relation to index TKA should be
recorded)

89.8

* All of the proposed TKA complications and adverse events and their definitions were endorsed by the members of The Knee Society
(p\ 0.001); ESR = erythrocyte sedimentation rate; CRP = C-reactive protein; WBC = white blood cell; PMN = neutrophil percentage.
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investigators, and orthopaedic journals. We further propose

clinical trials and TKA outcome studies will be enhanced if

this list of TKA complications and their definitions are

utilized. Furthermore, standardization of reporting of TKA

outcomes and complications could lead to improved patient

selection, surgical procedures, clinical protocols, knee

implants, and patient outcomes for TKA. Further study will

be necessary to evaluate the validity of our suggestions.
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