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RISK OPTIMIZATION OF PERIPROSTHETIC JOINT INFECTION IN THE
DIABETIC PATIENT
SARAH BROWN
ABSTRACT

Background

The lifespan of the US population is increasing with many people remaining
active throughout their extended years. Often, when burdened with osteoarthritis, people
will eventually look to a total joint arthroplasty (TJA) for relief of their symptoms and as
a way to remain active. While it is a relatively routine operation, it has associated risks,
especially in those who are diabetic. Diabetic patients are at an increased risk of
developing periprosthetic joint infections (PJI), a costly complication with high morbidity
and mortality.
Literature Review

Those with diabetes have a higher incidence of PJI after a TJA. The combination
of a hyperglycemic state in the perioperative period and the ideal habitat for infection
with the prosthesis harbors the increased risk. Often studies have been conducted
retrospectively to gain a better understanding of the glycemic control required to reduce
the risk but none have identified a definitive threshold. A clear threshold of glycemic
control must be established through a prospective study that can strategically collect data

to then minimize the risk of PJI in diabetic patients.



Methods

This proposed study is a longitudinal cohort study that will track participants from
their preoperative planning appointment for their TJA through two postoperative years. It
will analyze two groups, one with known type 2 diabetes and one without diabetes. After
analysis of the set time points at which both hemoglobin Alc and blood glucose are
measured, a clear and safe threshold for glycemic control will be able to be defined for
diabetic patients.
Conclusion

If a clear threshold can be identified from the proposed study that was deemed
safe for those with diabetes to stay within in order to minimize risk of PJIs, then the
results may be applied to a secondary study. This next study would test the identified
threshold of glycemic control. This study aims to help decrease the economic and

physical burden of PJIs.

vi



TABLE OF CONTENTS

ACKNOWLEDGEMENTS ...ttt ettt sttt sttt s v
ABSTRACT ...ttt et sttt bbbt e nbe et sae e v
TABLE OF CONTENTS ...ttt vii
LIST OF TABLES ...ttt et st X
LIST OF FIGURES ...ttt sttt X
LIST OF ABBREVIATIONS ..ottt et X1
INTRODUCTION ...ttt ettt sttt sttt et ettt e sae e 1
Back@round...........ooouiiiiiiiieiee e st 1
Statement of the Problem.........cccooiiiiiiiiiiiiiie e 2
HYPOTRESIS. ..ottt sttt ettt et e et esabe e b e enseeneas 3
Objectives and SPECITIC ATMS.....ccuviiiieriieiieiieeieeete ettt ettt eebe e eebeenseeenseens 3
REVIEW OF THE LITERATURE .....cccocotiiiiiiiiieteceeeeee ettt 4
OVETVIEW ..ttt ettt ettt ettt et e ae e et e e bt e et e e es b e e bt e saeeenbeesseeeabeenseeenseeseesnreans 4
EXiSting RESEATCH. .....ccouiiiiiiiiiiiie e e 13
IMETHODS ...ttt ettt et e et e e e esseenseenaesseenseensessaenseeneens 19
PrOJeCt DESIZI ..ttt ettt ettt 19
Project Population and Sampling...........cccoeevuerieniininiiniienieeeeeeescee e 19

vil



EXPOSUIE GTOUPS...cuvieiiiiiiiniieeiieeite ettt ettt sttt sttt e s 21

Project Variables and Measurement TOOIS ..........cccooieriiiiiiieiiienieeiiee e 21
RECTUILIMENT . ...ttt ettt st sae e 22
Data COLLECHION ..ottt et st sbe e 22
ALY SIS, ..ttt ettt ettt et e bt e bt et e e teesabe e bt e enbeeteeenbeens 23
Timeline and RESOUICES ........ccueiiiriiiiiiiiiieieetece et 23
Institutional Review Board ..o 24
CONCLUSION ...ttt ettt ettt ettt ettt s bt bt eseeatententensenbeebesaeas 25
DISCUSSION ...cueiteieeteeite ettt ettt ettt ettt ea e s bt ettt e sbe e be et e sbeenbeeaeens 25
SUMMATY ...ttt e et e et e e st e e st eesabee et eesabeesbseesanaeesaseeas 26
Clinical and/or Public Health Significance.............cccoeeieniiniiiiniiiiieieeeee e 27
REFERENCES ...ttt ettt sttt ettt eneene e 28
CURRICULUM VITAE .....ooiiiiiititeeeesee sttt sttt ettt sne s 33

viil



LIST OF TABLES

Table 1. Risk factors for PJT 18—20 ......c.cociiiiiiiiiiiiiiieceecececeee et 6
Table 2. BMI ClasSifICAtIONS .......ccueiruieiiriiniiiienitesieeiesit ettt sttt saeens 7
Table 3. Participant Criteria for the Diabetic Group........c..ccoceevervieriineriiinienenicneeieeen 20
Table 4. Participant Criteria for the Non-Diabetic GIroup ..........cccevveveriiniencniicncenennnn. 20

X



LIST OF FIGURES

Figure 1. MSIS 2018 PJI Criteria®!



LIST OF ABBREVIATIONS

AAOS. . American Academy of Orthopedic Surgeons
ADA . American Diabetes Association
B Body Mass Index
BUMC . .. Boston University Medical Center
CDC . Centers for Disease Control
CGOM ., Continuous Glucose Monitor
CR P C-Reactive Protein
DM . L Diabetes Mellitus
ESR . Erythrocyte Sedimentation Rate
FBG. . o, Fasting Blood Glucose
Hb A L. o Hemoglobin Alc

H R Hazard Ratio
INSPIR ..o, Integrated Network for Subject Protection In Research
IR B .. Institutional Review Board
LE o Leukocyte Esterase
M ST S . Musculoskeletal Infection Society
NSAID. ..o Non-steroidal Anti-inflammatory Drug
O A Osteoarthritis
OGT T . e Oral Glucose Tolerance Test
P e Periprosthetic Joint Infection
PO .. Postoperative Day

X1



RO o, Rheumatoid Arthritis

RB . Red Blood Cell
TH A Total Hip Arthroplasty
T A Total Joint Arthroplasty
TR A Total Knee Arthroplasty
S United States

Xii



INTRODUCTION

Background

The incidence of total joint arthroplasty (TJA) is increasing due to the continually
aging population in the United States (US).!?> Along with the rise in the number of
procedures is also an increase in complications with periprosthetic joint infection (PJI)
having the highest morbidity and mortality.> PJI is an infection at or around the
implanted prosthesis onto which microorganisms adhere to and flourish, sometimes
utilizing biofilms or collections of microorganisms that utilize a protective matrix which
serve to protect them from environmental stresses such as the host immune response,
antibiotics, or disinfectants.

People undergo TJA for many reasons but the most common by far is
osteoarthritis which is complicated by obesity, due to the increased stress on the joints.
Obesity is also a risk factor for diabetes mellitus (DM), which is itself associated with
many complications. DM is due to the loss of function of the [-cell located in the
pancreas which impacts glucose regulation in the body. DM not only predisposes
someone to poor wound healing but is also associated with increased risk of infection due
to the resultant hyperglycemic state. Surgery commonly induces a hypermetabolic stress
response, characterized by a period of hyperglycemia. This increase in blood glucose
makes a patient more susceptible to developing an infection.** The presence of a
prosthesis due to a TJA also facilitates the development of an infection, as it is an optimal

spot for an infection to prosper; as the prosthesis lacks circulation and thus, host defense.®



The diagnosis of PJI follows the musculoskeletal infection society (MSIS) criteria
and includes a history and physical, synovial and serum assays, imaging, and possible
intraoperative cultures. Infections of a TJA prosthesis can be classified in various ways,
however, typically they will be distinguished as acute/early, delayed, or late, depending
on the timing of the infection. The postoperative period at which these infections occur
can typically be linked to a certain group of organisms responsible and help guide

treatment options.’

Statement of the Problem

Patients with DM and who have had previous joint replacements are at an
increased risk of developing PJI.312 Spikes of blood glucose levels after surgery and
poorly controlled DM predispose patients to PJI and thus, revision surgery. This leads to
increased morbidity, total costs, and the combined economic burden of TJA and DM.
Thus far, a particular blood glucose level has not been outlined as a recommended
threshold for DM patients maintain in order to reduce risk of PJI development.
Thresholds of hemoglobin Alc have been outlined but are controversial, as this
measurement reflects the previous 3 months of glycemic control rather than the patient’s
current glycemic status.

Previous studies observing an association between PJI and blood glucose levels
have been limited by retrospective data and inflexibility in choosing when and how
frequent blood glucose checks are being conducted. As the number of TJA is expected to

rise significantly, it is vital to ensure each patient is properly assessed and managed to



minimize risk. For DM patients, that means outlining a safe window of blood glucose

levels that reduces their increased risk of developing a PJI.

Hypothesis
A definitive threshold of glycemic control can be established in diabetic patients
undergoing a total joint arthroplasty by closely monitoring multiple variables including

hemoglobin Alc, blood glucose, and incidence of periprosthetic joint infections.

Objectives and Specific Aims
The goal of this study is to track perioperative blood glucose levels of both
diabetic and non-diabetic TJA patients and record the incidence of PJI. By doing this, the
data can then be stratified to outline an optimal blood glucose level for diabetic patients
to maintain in order to minimize the risk of PJI. HbAlc and blood glucose will both be
monitored to create a more encompassing picture of the patient’s glycemic status and
ability to manage their condition. The information gathered from this study will then
ideally be applied to observe if the defined blood glucose level does optimize risk of PJI.
Specific aims:
1. Accurately assess glycemic status of diabetic and non-diabetic patients in the
perioperative period of a TJA.
2. Identify if there is a blood glucose threshold level that decreases risk of PJI in

patients with DM.



REVIEW OF THE LITERATURE

Overview

Joint replacements were initially implemented for older patients (>65 years old)
who had low activity levels related to joint pain and immobility. However, in recent
years, the incidence of joint replacement among younger patients (<65 years old) is
increasing.'® The average age of patients undergoing total knee arthroplasties (TKA) and
total hip arthroplasties (THA) is 66 years old with the majority being of non-Hispanic
white ethnicity.!* These procedures are being used more frequently in active patients of
various lifestyles to preserve and/or improve quality of life. Projections show that from
2005 to 2030 there will be a 174% increase in demand for THA as well as a 673%
increase in TKA.! This increase in demand corresponds to the aging population. The
United States (US) Census Bureau estimates that by 2030, one in five people will be 65
years old or older.?

Osteoarthritis (OA) is a common condition that necessitates a joint replacement
when conservative management is unsuccessful in controlling the patient’s pain or
disability. Conservative management may consist of weight loss, use of non-steroidal
anti-inflammatory drugs (NSAID), joint injections, or bracing. OA is a degenerative
arthritis that commonly affects the hip, knee, and wrist joints as a person ages. This
disease wears down the cartilage within the joint spaces and elicits pain and discomfort.
Common risk factors for OA outlined by the Centers for Disease Control (CDC) are
obesity, female gender, advancing age, and joint injury or overuse.'® Total joint

arthroplasties (TJA) are not limited to patients with OA, but are performed in patients



with other conditions such as rheumatoid arthritis (RA) and posttraumatic arthritis as
well. RA is an autoimmune disease characterized by an inflamed synovium, or joint
space, which then causes damage to the surrounding cartilage. Although RA is commonly
seen in smaller joints, it can attack larger joints and cause significant pain which may
require a TJA to provide relief. Posttraumatic arthritis occurs after injury to the joint such
as ligament tears, bone fractures, or joint dislocations. If severe enough, treatment options
may include TJA. These classifications of arthritis are common conditions for why
patients present to their orthopedic surgeon when conservative management fails.
Accompanying the increase in TJA is an increased risk of peri- and post-operative
complications such as prosthetic joint infection (PJI), hardware failure,
thromboembolism, cardiovascular events, fracture, and/or nerve or ligament injury.
Prosthetic joint infection is by far associated with the highest morbidity and mortality
amongst TJA patients. There is a 6x higher risk of mortality after revision of a TKA due
to PJI than aseptic complications.? PJI is an extremely costly complication for the
hospital and is projected to amount to $1.85 billion in annual hospital costs by 2030
between THA and TKA.!'® TJA revisions in the setting of PJI are more costly than
revisions due to aseptic complications as they are often associated with long hospital
stays and more frequent outpatient visits.!” There have been numerous risk factors
outlined that are closely associated with PJI as demonstrated in table 1.'32° Proper

management of these risk factors pre-, intra-, and post-operatively can greatly reduce

morbidity and risk of PJI.



Table 1. Risk factors for PJI 18-20

Diabetes Mellitus

Obesity

Immunosuppression

Tobacco Use

Steroid Use

Depression

Frailty

Male Gender

Alcohol Abuse

Urinary Tract Infections

Rheumatoid Arthritis

Obesity is a common comorbid condition of patients undergoing TJA and is often
objectified using body mass index (BMI), outlined in table 2. A high BMI is a significant
risk factor for TJA as extra weight increases the load on joints and thus, leads to the
development of OA. According to the American Academy of Orthopedic Surgeons
(AAOS), each pound of body weight is calculated to place about 4-6 pounds of weight on
a joint. The AAOS also argues that obese patients are at a 20x increased risk of needing a
TKA than a patient with a healthy level BMI.!' Coggon et al. found that people with a
BMI >30 are 6.8x more likely to need a TKA and its been observed that if these patients

are able to decrease their weight by Skg or to within healthy limits, then about 24% of


https://www.aaos.org/contentassets/1cd7f41417ec4dd4b5c4c48532183b96/1184-the-impact-of-obesity-on-bone-and-joint-health1.pdf

TKA could be avoided.?! Increased BMI not only contributes to the need for TJA but also

predisposes patients to diabetes mellitus (DM) and risk of revision of their arthroplasty.

Hussein et al showed that obese and morbidly obese patients are more likely to

experience adverse events associated with their procedures including PJI, likely from

their diabetic status and malnourished state.?? More specifically, a BMI >30 is associated

with an increased risk of infection.?* Malinzak et al. identified the average BMI of those
212

with recorded infections after TJA in their study was 32.8kg/m”.

Table 2. BMI Classifications

Body Mass Index (kg/m?) Weight Status

<18.5 Underweight
18.5-24.9 Healthy weight range
25.0-29.9 Overweight
30.0-34.9 Class 1 obesity
35.0-39.9 Class 2 obesity
>40.0 Class 3 obesity

DM is a condition with increasing prevalence amongst the US population and is
accompanied by an increasing economic burden. It is often a comorbid condition that
complicates not only people’s daily lives but the procedures they endure. According to
the CDC’s national diabetes statistics report, there are about 37.3 million people with
diabetes in the US which accounts for about 11.3% of the population.?* Within the US,

there is an average increase of about 1.4 million cases per year.?* By 2050, the incidence



of DM is projected to increase from 1 in 10 adults to somewhere between 1 in 5 and 1 in
3 adults.” The increase in prevalence also contributes to the increasing economic burden
of DM in the US. As of 2017, the cost of diagnosed diabetes and its associated
complications in the US is estimated at $327 billion.**

The American Diabetes Association (ADA) utilizes fasting blood glucose (FBG)
levels to aid in diagnosing diabetes. Generally, they state a FBG <100 mg/dl is within
normal limits, 100-125 mg/dl is prediabetic, and >126 mg/dl is indicative of DM.?® The
concentration of blood glucose varies widely throughout the day so optimizing the time at
which it is tested when trying to associate it with adverse outcomes of TJA is important.
About 40% of patients will have some degree of post-operative hyperglycemia and
typically, patients have their blood glucose sugars tested pre-operatively and on
postoperative day (POD) 1.?7 In both non-diabetic and diabetic patients, 9pm on the day
of surgery was observed to be the most sensitive for hyperglycemia levels when
compared to multiple day of surgery time points as well as POD 1.2 Hemoglobin Alc
(HbAc) is another measurement used to diagnose DM as well as assess glycemic control
in a patient. It is a reflection of the previous 3 months of a person’s glycemic status as it
measures the amount of glucose attached to the hemoglobin on the red blood cells (RBC).
The ADA defines an HbAlc of <5.7% as normal, 5.7-6.4% as prediabetic, and >6.5% as
diabetic.?

Numerous complications accompany DM and without proper management of the
disease, these can cause significant morbidity and mortality. DM is characterized by the

dysfunction of the B-cell within the pancreas which leads to impaired insulin secretion



and thus, inadequate control of appropriate blood glucose levels. So, as the pancreatic [3-
cells continue to fail, resistance to insulin increases. Common complications of DM
affect all major body systems such as renal, musculoskeletal, cardiovascular, ocular, and
neurologic. Patients with DM are predisposed to nephropathy, retinopathy,
atherosclerosis, poorly healing wounds, and neuropathy, amongst others. In diabetic
patients undergoing surgery, there is increased concern for hyperglycemia. After surgery
there is a chance for stress hyperglycemia in all types of patients, with or without
diagnosed DM, as a body’s natural response to the procedure. It is a hypermetabolic
stress response which further impairs the body’s ability to produce insulin to control
blood sugars. This physiologic response greatly increases the risk of adverse outcomes in
post-operative patients.* Not only does the hyperglycemic state itself predispose patients
to infections, but it has also been discovered that it impairs the phagocytic action of
leukocytes.’

Proper classification while considering the timing of infection is also important in
the diagnosis and treatment of PJI. Tsukayama et al. defines infection in his study of
diagnosing TKA infection in four classifications. Type I involves a positive, yet
unsuspected, culture during the operation, type II is an infection within the first
postoperative month and is either superficial or deep, type IIl is a delayed infection from
hematogenous spread, and type IV is late infection present for at least 4 weeks.? Another
well-established classification system for PJI recommended by the musculoskeletal
infection society criteria (MSIS) is the McPherson Classification of Periprosthetic

Infection. This system considers the infection type, the systemic host grade, and the local



extremity grade while classifying infections within 4 weeks as acute and after 4 weeks as
chronic. This classification system also further distinguishes acute infections as
postoperative or hematogenous.*® Hematogenous spread may arise from dental
procedures or bacteremia within the respiratory system, skin, or urinary tract. In a simpler
manner, infection can also be referred to as acute/early, or within 3 months, delayed, or

3-24 months postoperative, or late, after 24 months postoperative.

Major criteria (at least one of the following) Decision

Two positive cultures of the same organism

Sinus tract with evidence of communication to the joint or visualization Infected
of the prosthesis

Minor Criteria Decision
Ll
F3ll ¢ | Elevated CRP or D-Dimer 2
c B
.g & | Elevated ESR 1 >6 Infected
@
2 Elevated synovial WBC count or LE 3
il — Y == 2-5 Possibly Infected ®
@l < | Positive alpha-defensin 3
o (o]
g :>, Elevated synovial PMN (%) 2 0-1 Not Infected
Elevated synovial CRP 1

Inconclusive pre-op score or dry tap * Decision

Preoperative score = >6 Infected

Positive histology 3

b

4-5 Inconclusive

Intraoperative
Diagnosis

Positive purulence 3

<3 Not Infected

Single positive culture 2

Figure 1. MSIS 2018 PJI Criteria®!

Diagnosis of PJI has been standardized using the MSIS and its major and minor
criteria (Figure 1).3! The use of various biomarkers and assays are useful in detection of
infection prior to surgery. However, the diagnosis is typically made clinically beginning
with a detailed history and physical exam, specifically looking for signs of infection.
Acute infection is typically characterized by effusion, erythema, increased pain, fever,
warmth of the area, and presence of exudate or cellulitis. More delayed type infections

can present in a more subtle fashion with prosthesis loosening or persistent pain. Known

10



risk factors may also increase one’s suspicion for a PJI. Assays that can help determine
the diagnosis often include erythrocyte sedimentation rate (ESR) and C-reactive protein
(CRP). These tests have high sensitivity and negative results of both ESR and CRP are
associated with a low chance of PJI.>? Testing for ESR and CRP levels is relatively
inexpensive and, thus, recommended in patients with a painful TJA.

The diagnosis of PJI can be further evaluated with joint aspiration and a synovial
fluid analysis. A white blood cell (WBC) count of >3,000 cells/uL and neutrophil count
of >80% is consistent with the diagnosis of a PJI.** Joint aspirate can further be cultured,
however, there is low sensitivity with this method and antibiotic regimens prior to
aspiration can impact this result, potentially inhibiting the yield of some organisms for
weeks to months.** Another inexpensive and quick method to aid in the diagnosis of PJI
is leukocyte esterase (LE) test strips. A positive LE test and elevated joint WBC count are

highly diagnostic and specific for PJI.*°

The diagnosis may also include use of a bone
scan. It can be utilized in numerous ways, typically as a triple phase scan which includes
radionucleotide imaging tagging for Technetium-99, Indium-111, and sulfur colloid or a
WBC scan.>**¢ If the diagnosis of PJI is uncertain, methods may turn to intraoperative
techniques via cultures and gram stains.>*

Once diagnosed, treatment typically will involve debridement, antibiotic
suppression, and implant retention, or DAIR, in acute and subacute infections. If
unsuccessful or complicated by a deep, chronic infection, treatment options may include

one or two stage reimplantation or even amputation. At this time, two stage revision

arthroplasty is considered the gold standard for treatment of PJI which have failed
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DAIR. The first stage includes removal of all hardware in the joint, debridement of the
area, and replacing it with an antibiotic spacer while the patient undergoes 4-6 weeks of
systemic antibiotic therapy. The second stage typically involves the removal of the spacer
and replacement with a new prosthesis

PJI are complicated infections as the organisms that are typically responsible
thrive using biofilms. Biofilms, a polymeric matrix that encompass the colonies of
organisms, shields them from antimicrobials and increases the risk of resistance.®’ PJI are
further complicated by a myriad of microorganisms including staphylococcus species,
streptococci species, gram negative bacteria, and fungi which utilize the prosthesis as a
growth medium.'® Prosthetics serve as an optimal spot for infection due to their lack of
circulation and lack of host defense. In two thirds of cases, gram positive bacteria are the
primary cause of infection.!® Often, early infections are caused by Staphylococcus aureus
and/or gram-negative bacilli. Delayed infections are often caused by coagulase-negative
staphylococci and/or Propionibacterium acnes.® The type of microorganism can predict
the response to certain treatment options. Microorganisms of low virulence, mainly non-
staphylococcus species, in an otherwise healthy patient have typically respond adequately
to more conservative treatment like DAIR.” Others may progress to needing two stage

revision.
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Existing Research

Proper management of one’s DM is vital to minimize the numerous complications
associated with DM as well as minimizing the risk of adverse events with procedures.
Multiple sources have demonstrated that DM increases the risk of PJI and that increasing
blood glucose levels correlates with an upward linear progression of infection risk,
however, a clear threshold value of blood glucose levels that patients should remain
under when undergoing a TJA has not been established.®!?

Blood glucose screening is an important perioperative assessment to optimize the
patient’s recovery; 58.9% of the total TJA patients have been found to have DM or
prediabetes.® It is not uncommon for patients to be found as having undiagnosed DM
with Shohat et al. finding that 8.4% of patients had undiagnosed diabetes preoperatively.
It should be noted that the rate of incidence of PJI in both patients with known DM and
those with undiagnosed DM were similar at 1.6-1.7%.3® Despite demonstrating the need
for more utilization of broad DM screening in TJA patients, this study was conducted at a
single institution and is not generalizable to the US population. It also lacked the data to
show if diagnosing these previously undiagnosed DM patients had any correlation to risk
reduction in their postoperative recovery.

Duensing et al. performed a large cohort study with an adequate follow-up period of
>2 years which observed PJI risk in those with type 1 and type 2 DM. They noted an
increased rate of PJI in those with diagnosed DM at 4.3% versus non-DM patients at
2.6%.% When comparing the two DM groups to each other, their data demonstrated an

almost doubled increased rate of PJI in those with type 1 DM at 7% versus 4% in those

13



with type 2 DM. When incorporating body habitus as a factor, obese patients with type 2
DM and underweight patients with type 1 DM were noted to be at a higher risk of PJI.
Strengths of this study included its population size and stratification by type of diabetes
diagnosis. Duensing et al. limited their data to a Utah-specific database and did not
encompass a more generalizable population.

A different approach to deciphering patients with DM and their risk of PJI was
conducted by Godshaw et al. who stratified by insulin-dependent diabetics and non-
insulin-dependent diabetics.*>* To compare the two groups, two endpoints were used, a
blood glucose of >200 mg/dL and occurrence of a PJI within one year of surgery. Insulin-
dependent DM patients were observed to have postoperative blood glucose levels 70
mg/dL greater on average than their non-insulin-dependent counterparts. This also
correlated to the higher prevalence of postoperative glucose levels of >200 mg/dL which
included 63.84% of the insulin-dependent group compared to 20.83% of the non-insulin
dependent group, putting the insulin-dependent group at a 5.2x higher risk of
experiencing postoperative hyperglycemia. However, this included patients with poorly
controlled DM, so when considering HbAlc and only comparing those with moderately
controlled DM from the insulin-dependent group to the non-insulin-dependent group,
their risk was only 4.5x greater. If stratifying by poorly controlled DM via HbAlc levels,
the risk was 13.3x greater. They also noted a HbA 1c¢ threshold correlated with increased
risk of hyperglycemia was 6.59% for the insulin-dependent group and 6.60% for the non-
insulin-dependent group.*® The data from this study further solidified that poorly

controlled DM is associated with greater risk of postoperative hyperglycemia despite not
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being able to correlate it with incidence of PJI. This study was limited by being a
retrospective, chart reviewed study out of a single institution which limits its ability to be
translated into the greater population.

The presence of both obesity and DM are established risk factors for the development
of PJI. Jamsen et al. studied 7181 TJA cases at an institution in Finland better establish
correlation between obesity, DM, and PJI.? They noted that preoperative blood glucose
levels had no correlation with risk of PJI in any of their patients. When comparing risk
associated with body habitus, morbidly obese patients had a 4.66% risk of PJI compared
to 0.37% in those of a healthy weight, with over 50% of morbidly obese patients being
male, a previously outlined risk factor. And aside from weight class, DM has been
observed to double the risk of PJI with the greatest risk in those who are both morbidly
obese and diabetic with a risk of about 9.8%, observed more in THA patients than TKA
patients.” Of note, patients with DM and a BMI of <25 had no incidence of PJI in this
study. Patients who were diagnosed with DM after their TJA were demonstrated to not be
at an increased risk of PJI. Of the patients without diagnosed DM, they were observed to
have a greater risk of PJI when they recorded a postoperative blood glucose of 115-124
mg/dL or greater.

This study also focused more specifically on the infections. The authors noted that
52% of the PJI recorded amongst their patients occurred within 1 year postoperative.’ Of
these infections, Staphylococcus aureus was responsible for 33% and coagulase-negative
staphylococci as the second most common cause at 21%. Unfortunately, this study was

conducted at a single institution in Finland and lacks generalizability to the US
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population. It was also only able to outline a threshold range of blood glucose levels for
non-diabetic patients. Their results may also have been complicated by patients with
undiagnosed DM at the time of surgery as they did not perform FBG and oral glucose
tolerance tests on all patients prior to surgery. Some of the postoperative glucose results
were also noted to be performed at outside labs which resulted in excluded data.

Maradit Kremers et al. also demonstrated that hyperglycemia and DM increases one’s
risk of PJI after TKA.*® However, they defined hyperglycemia as a blood glucose >180
mg/dL within 1 week of surgery whether that was pre or postoperative. Their data lacked
consistency in set time points as postoperative blood glucose levels on POD 1 were only
available for 22% of cases and only 45% of cases had a blood glucose value from within
1 week of surgery. Their analyses demonstrated that between DM patients and non-DM
patients, hyperglycemia and its effect on the rate of PJI did not significantly differ.

HbA Ic levels and rate of PJI also did not have any significant correlation in this study.
Of the 23% of patients who had a preoperative blood glucose level measured, those
without diagnosed DM who were hyperglycemic preoperative day one were at an
increased risk of PJI with a hazard ratio (HR) of 1.86 compared to those with DM who
were hyperglycemic on preoperative day one with a HR of 0.09. Due to its limited access
to data since it was a retrospective study, a number of patients lacked proper blood
glucose monitoring or it was inadequately reported for use in the study which meant a
small percentage of the patient’s included in the study had adequate data points. The

study was also limited to one institution despite it incorporating a large cohort. However,
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they were able to assess more than one assessment of glycemic status with both blood
glucose measurements as well as HbAlc.

Issues regarding HbA ¢ relate to its status as a reflection of the previous 3 months of
glycemic control and not the patient’s current glycemic status. However, it is still a useful
measurement for gauging a patient’s glycemic status, ability to manage their DM, and in
the initial diagnosis of DM. A HbAlc of 7.5-7.7% or higher has been linked to a higher
occurrence of PJI within one year of surgery.*'**> Of the complications observed in the
Tarabichi et al. study, PJI was the only one noted to have a correlation with a higher
HbAlc level.*! They determined a threshold level of 7.7% was the most significant in
determining occurrence of PJI versus the previously thought of 7%. When they utilized a
HbAlc of 7.7%, incidence of PJI was shown to increase from 0.8% to 5.4%. Tarabichi et
al. included 1645 diabetic patients in their study who averaged a HbAlc level within 3
months of surgery of 6.6%.*! This study excelled in collecting data from multiple
institutions, however, it was retrospective in nature which limited its ability to collect
specific and unique data points, lacking more supportive data on glycemic status aside
from HbAlc levels such as FBG.

Kheir et al. conducted a retrospective study which included almost 25,000 arthroplasty
cases in order to determine if blood glucose levels had a correlation to infection risk.
However, only a little over 13,000 cases had a substantial follow-up period of >1 year.
They determined a positive linear trend between blood glucose levels >115 mg/dL and
rate of infection.!” They defined a threshold blood glucose of 137 mg/dL for decreasing

risk of PJI at one year postoperative using the Youden index. Importantly it showed a
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relative risk of PJI of 2.39% in diabetics versus 1.46% in non-diabetics.'® Although this
study was able to set a blood glucose threshold for perioperative patients, it was limited
by being a retrospective study and lacked generalizability as it only analyzed patients
from one institution. Since it was retrospective, it also lacked the ability to monitor blood
glucose levels at multiple, specific time points throughout the patients’ perioperative
period and wasn’t able to fully ensure it was using fasting blood glucose levels.

The existing studies fail to outline a clear threshold of blood glucose level within
which patients with DM should strive to fall within to minimize their postoperative risk.
Each study illustrates the heightened risk of infection in diabetics and even further
delineates higher risk among those with DM. However, multiple studies have been
limited due to their retrospective viewpoint, lack of multi-institutional analysis, and
limited access to the proper data to define this threshold. The Endocrine society
guidelines strongly recommend all patients undergoing surgery be assessed using FBG

and HbA 1¢ despite whether or not they already have a pre-existing DM diagnosis.*
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METHODS
Project Design
This prospective project will be a longitudinal cohort study to assess diabetic and
non-diabetic patients undergoing a total joint arthroplasty (TJA). Throughout the
perioperative phase, hemoglobin Alc (HbAlc), blood glucose levels, and incidence of

PJI will be recorded.

Project Population and Sampling

Participants will be recruited from the Boston Medical Center orthopedic clinic
which currently has three surgeons performing TJAs. The participants will be prospective
TJA patients either undergoing a THA or TKA between ages 40 and 70 years old as the
average age of patients undergoing TJA is currently 66 years old but the incidence of
younger patients undergoing TJA is increasing.'*!* The population will include
participants of varying race, ethnicity, socioeconomic status, and gender. Participants will
then be split into the DM group and non-DM group. Those with DM must be formally
diagnosed based on the ADA’s guidelines which include a HbAlc >6.5%, a FBG
>126mg/dl, or an oral glucose tolerance test (OGTT) >200mg/dl.?¢ Exclusion criteria
include prediabetes, a previous TIA, BMI >40kg/m?, type 1 DM, and other metabolic

conditions that may alter glucose metabolism (Tables 3 and 4).
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Table 3. Participant Criteria for the Diabetic Group

Inclusion Criteria for DM Group:

Exclusion from DM group:

e DM diagnosis based on ADA
criteria:
e HbAIc>6.5%
e FBG>126 mg/dl
e OGTT =200 mg/dl
e Age 40-70 years old

e History of a TJA
e Typel DM
o BMI >40 kg/m?

Table 4. Participant Criteria for the Non-Diabetic Group

Inclusion Criteria for non-DM Group:

Exclusion Criteria for non-DM
Group:

e Age 40-70 years old

o Prediabetes

e Other metabolic conditions
o History of a TJA

e BMI >40 kg/m?

Once participants meet the inclusion criteria, a sample of 679 total participants
will be recruited. The DM group will include 136 patients while the non-DM group will
include 543 patients. This will account for 80% power and an alpha of 0.05, knowing that
the literature has demonstrated a prevalence of PJI in non-DM patients to be roughly 0.5 -

2% compared to those with DM with a prevalence of 1.6 - 4.7%.%* It also assumes that

about 20% of patients undergoing a TJA have DM.*
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Exposure Groups

In this observational, prospective study, two groups of participants who meet the
study’s inclusion criteria will be closely followed throughout their TJA perioperative
period. The first group will be participants with diagnosed type 2 DM and the second
group will be those without diagnosed DM. Participants with DM will continue to control
their DM with lifestyle measures or medications throughout the study as recommended
by their primary care provider or endocrinologist.

During the study both groups will have their HbA1lc measured at their pre-
operative appointment and then post-operatively at set points. Blood glucose will also be
measured pre- and postoperatively at set timepoints. Glucose measurements will be
monitored using a continuous glucose monitor (CGM) so it can provide real time

measurements as well as averages of glycemic control between appointments.

Project Variables and Measurement Tools

Throughout this study, three key variables will be monitored: HbAlc, blood
glucose, and incidence of PJI. HbAlc will be assessed at the pre-operative appointment
and then post-operatively at the 90 day, 6 month, 12 month, and 24 month appointments.
Blood glucose levels will be assessed at the pre-operative appointment, the morning of
surgery, 9pm on the day of surgery, and post-operative days 1 thru 7 at 7am and 9pm.
Following the initial postoperative week, CGMs will be utilized to track and record blood
glucose level averages between appointments. Participants will attend follow up

appointments post-operatively at 90 days, 6 months, 12 months, and 24 months.
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Throughout the 24 month course of the participant’s recovery, incidence of PJI will be

recorded directly from the clinicians.

Recruitment

Participants will be enrolled from the orthopedic clinic at Boston Medical Center
which currently has three surgeons performing TJAs. These surgeons and their physician
assistants who work with TJA patients will be advised regarding the new study and will
enroll their patients as patients are willing to do so and fit the study’s participant criteria.
Participants will be given a handout that explains the study and outlines the expectations
for their perioperative period as a participant. Given the large sample size, it is

anticipated that recruitment will be carried out over several years.

Data Collection

As new patients are enrolled into the study via their providers, they will be coded
into the system so their data can be filed. The data will file into a secured system that will
allow the research team to access all variables. Providers may update the participants'
profiles in the system as they are seen for their TJA visits. To ensure updates on the
participant’s status, a reminder will be placed on the electronic medical record of each
participant to prompt the providers to enter the required information. If a PJI is diagnosed
during the two year post-operative period, it will flag in the EMR for collection by the
research team. All information will remain confidential and the data will be backed up

using a cloud system.
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Analysis

The main outcome of this study will be the incidence of PJI in participants. In
order to assess for an increased incidence of PJI in those with DM as seen in other
studies, we will conduct a chi-square test between incidence of PJI and participants with
DM.%* The occurrence of those with PJI in each group after 24 months postoperative
will also be stratified and compared.

Mean and standard deviations will be conducted for blood glucose and HbAlc at
each timepoint for both study groups. A t-test will then be utilized to see if there is a
significant difference in blood glucose levels in those with a reported PJI versus those
without.

Further analysis will assess for ranges of blood glucose measurements that may be
associated with an increased incidence of PJI. This would include a chi-squared test
looking at incidence of PJI and blood glucose levels in various increments: 100-139

mg/dl, 140-179 mg/dl, 180-219 mg/dl, and >220 mg/dl.

Timeline and Resources

Patients will be approached and informed about the study during their surgical
planning appointment. If the patient meets the participant criteria and expresses
willingness to participate, they will be followed from the time of their surgical planning
appointment through a two-year postoperative period. This study window has been
chosen as most PJI occur within the first two postoperative years, usually in the early and

delayed timeframes.*>*¢ It is anticipated that the study will take place over the course of a
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few years to allow time for ample participant recruitment with the understanding that all
participants are followed for two years.

Each participant will be equipped with a CGM. CGMs are wearable devices with
sensors beneath the skin that track and record real time glucose measurements. They have
the ability to connect to smart devices and allow for providers to better analyze their
patients' glycemic control.

To execute this study, the required team would include clinical and research staff.
The clinicians would be comprised of the total joint surgeons as well as their advanced
practice providers who will play a vital role in patient care and data collection. The
research team would consist of a primary investigator, study coordinator, statistician, and
research assistants who will all work collaboratively facilitating the study and analyzing

the data.

Institutional Review Board

This study will require approval from the Boston University Medical Campus
(BUMC) Institutional Review Board (IRB) prior to enrolling participants. Through the
BUMC IRB, an application will be submitted to the Integrated Network for Subject
Protection In Research, or INSPIR II. This project will be proposed for expedited review
under category 2 in section 10.2.2.4.1.2 for necessary blood draws such as HbAlc and
blood glucose analysis as well as category 11 in section 10.2.2.4.1.3 for any joint
aspirations needed to help diagnose PJI. Once approval is granted, total joint providers

may start recruiting their patients into the study.
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CONCLUSION

Discussion

This study is aimed to promote a safer procedure for diabetic patients who are
striving to maintain an active and healthy lifestyle rather than being burdened by PJIs.
There are advantages that come with this proposed study when comparing it to the
previous literature that evaluated PJIs in diabetic patients. This study is designed in a
longitudinal cohort fashion that allows for a prospective study. With this design, it can be
tailored to encompass all of the necessary data required to support the hypothesis that a
safe, definitive threshold of glycemic control can be accurately established. This will
include a myriad of timepoints both pre- and postoperatively through a 2 year
postoperative period. It will consider both blood glucose and HbAlc¢ for a more
encapsulating glycemic picture.

Another advantage is its incorporation of CGMs. These devices will standardize
the way blood glucose is measured. They will also allow for a better picture of glycemic
control between appointments. CGMs have the ability to remotely connect to various
devices and will provide ease of access to data. This study design is advantageous as
some previous studies have had participants using various labs for testing which can
potentially skew data.

Like many studies, this design does come with its limitations that are important to
note. Through its design, the study only considers patients of Boston Medical Center’s
orthopedic clinic. This single institution, although with a diverse patient population, will

lack generalizability to the entire population. Another limitation of the study is its large
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sample size. Due to this, it may take longer to recruit participants. Other special
considerations to note are the compliance of participants. It is recognized that the study
period of over two years is a long duration which may result in some loss to follow up
participants or dropouts. Contrarily, it is also possible that simple participation in the
study may yield lower rates of PJI due to participants better managing their blood glucose

secondary to the monitoring associated with the study.

Summary

The number of people undergoing TJAs is increasing, especially with the aging
population. People are remaining more active for longer and TJAs can help improve their
quality of life while retaining their activity levels. The increase in TJAs comes with a
concurrent increase in adverse outcomes with PJI having the highest morbidity and
mortality. PJIs can be complicated by numerous factors with DM being one of the most
significant factors. DM is also on the rise in the population, accounting for just over 10%
of people in the US.>*

It is imperative that efforts are made to counteract the adverse outcomes of TJAs
to promote a healthier patient population. Previous research has often been limited by the
use of retrospective data. It prevents them from developing a study design that thoroughly
encapsulates the glycemic picture of these patients. This study will assess glycemic
control as a whole, considering both blood glucose measurements and HbAlc at
numerous, set time points throughout the perioperative period. Through the use of CGMs,

glycemic control can be monitored at any time and give the providers a sense of their
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patient’s status between appointments. It controls how blood glucose is monitored
amongst participants. This study has the ability to inform a secondary study that will test

and confirm the outlined glucose threshold that minimizes risk of PJIs.

Clinical and/or Public Health Significance

As the population is extending its longevity and people are remaining more active
for longer, it is important that the medical field helps maintain quality of life in the
population. People are having TJA operations younger and more frequently while the
rates of DM are also increasing within the population.''*** So ensuring the influx of
TJAs continues on a safe trajectory while limiting adverse outcomes is imperative.

The economic burden of PJI is large and often due to longer hospital stays and
more frequent outpatient follow-up. This complication of TJAs is often associated with
DM and can be painful and disabling. Outlining a safe glycemic threshold could, in turn,
lower the incidence of PJI and reduce the costs associated with these patients while
promoting active lifestyles. The safe glycemic window outlined in this study can be able
to further be applied to an additional study in which the proposed glycemic window is

directly tested.

27



REFERENCES

. Kurtz S, Ong K, Lau E, Mowat F, Halpern M. Projections of primary and revision hip
and knee arthroplasty in the United States from 2005 to 2030. The Journal of bone and
Jjoint surgery. 2007;89(4):780-785. doi:10.2106/JBJS.F.00222

. Bureau UC. Projections of the Size and Composition of the U.S. Population: 2014 to
2060. Census.gov. Accessed July 12, 2023.
https://www.census.gov/library/publications/2015/demo/p25-1143.html

. Choi HR, Bedair H. Mortality Following Revision Total Knee Arthroplasty: A
Matched Cohort Study of Septic versus Aseptic Revisions. The Journal of
arthroplasty. 2014;29(6):1216-1218. doi:10.1016/j.arth.2013.11.026

. Duncan AE. Hyperglycemia and Perioperative Glucose Management. Current
pharmaceutical design. 2012;18(38):6195. doi:10.2174/138161212803832236

. Marhoffer W, Stein M, Maeser E, Federlin K. Impairment of polymorphonuclear
leukocyte function and metabolic control of diabetes. Diabetes Care. 1992;15(2):256-
260. doi:10.2337/diacare.15.2.256

. Dickinson GM, Bisno AL. Infections associated with indwelling devices: concepts of
pathogenesis; infections associated with intravascular devices. Antimicrobial Agents
and Chemotherapy. 1989;33(5):597-601. Accessed July 17, 2023.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC172496/

. Koyonos L, Zmistowski B, Della Valle CJ, Parvizi J. Infection Control Rate of
Irrigation and Debridement for Periprosthetic Joint Infection. Clinical orthopaedics
and related research. 2011;469(11):3043-3048. doi:10.1007/s11999-011-1910-2

. Duensing I, Anderson MB, Meeks HD, Curtin K, Gililland JM. Patients with Type-1
Diabetes Are at Greater Risk of Periprosthetic Joint Infection: A Population-Based,

Retrospective, Cohort Study. The Journal of bone and joint surgery.
2019;101(20):1860-1867. doi:10.2106/JBJS.19.00080

. Jamsen E, Nevalainen P, Eskelinen A, Huotari K, Kalliovalkama J, Moilanen T.
Obesity, Diabetes, and Preoperative Hyperglycemia as Predictors of Periprosthetic
Joint Infection: A Single-Center Analysis of 7181 Primary Hip and Knee
Replacements for Osteoarthritis. The Journal of bone and joint surgery
2012;94(14):e101. doi:10.2106/JBJS.J.01935

10. Kheir MM, Tan TL, Kheir M, Maltenfort MG, Chen AF. Postoperative Blood
Glucose Levels Predict Infection After Total Joint Arthroplasty. The Journal of bone
and joint surgery. 2018;100(16):1423-1431. doi:10.2106/J1BJS.17.01316

28



11. Ahmad MA, Ab Rahman S, Islam MA. Prevalence and Risk of Infection in
Patients with Diabetes following Primary Total Knee Arthroplasty: A Global

Systematic Review and Meta-Analysis of 120,754 Knees. Journal of clinical medicine.
2022;11(13):3752. doi:10.3390/jcm11133752

12. Malinzak RA, Ritter MA, Berend ME, Meding JB, Olberding EM, Davis KE.
Morbidly Obese, Diabetic, Younger, and Unilateral Joint Arthroplasty Patients Have
Elevated Total Joint Arthroplasty Infection Rates. The Journal of arthroplasty.
2009;24(6, Supplement):84-88. doi:10.1016/j.arth.2009.05.016

13.  Kurtz SM, Lau E, Ong K, Zhao K, Kelly M, Bozic KJ. Future Young Patient
Demand for Primary and Revision Joint Replacement: National Projections from 2010
to 2030. Clinical orthopaedics and related research. 2009;467(10):2606-2612.
doi:10.1007/s11999-009-0834-6

14.  Patel I, Nham F, Zalikha AK, El-Othmani MM. Epidemiology of total hip
arthroplasty: demographics, comorbidities and outcomes. Arthroplasty. 2023;5(1):2.
doi:10.1186/s42836-022-00156-1

15. Osteoarthritis (OA) | Arthritis | CDC. Published August 4, 2020. Accessed July 7,
2023. https://www.cdc.gov/arthritis/basics/osteoarthritis.htm

16. Premkumar A, Kolin DA, Farley KX, et al. Projected Economic Burden of
Periprosthetic Joint Infection of the Hip and Knee in the United States. The Journal of
arthroplasty. 2021;36(5):1484-1489.e3. doi:10.1016/j.arth.2020.12.005

17. Vanhegan IS, Malik AK, Jayakumar P, Ul Islam S, Haddad FS. A financial
analysis of revision hip arthroplasty: The economic burden in relation to the national
tariff. The Journal of bone and joint surgery. 2012;94-B(5):619-623.
doi:10.1302/0301-620X.94B5.27073

18.  Baldini A, Caldora P, eds. Perioperative Medical Management for Total Joint
Arthroplasty: How to Control Hemostasis, Pain and Infection. Springer International
Publishing; 2015. doi:10.1007/978-3-319-07203-6

19. Kunutsor SK, Whitehouse MR, Blom AW, Beswick AD. Patient-Related Risk
Factors for Periprosthetic Joint Infection after Total Joint Arthroplasty: A Systematic
Review and Meta-Analysis. PLoS ONE. 2016;11(3):e0150866.
doi:10.1371/journal.pone.0150866

20. KongL, Cao J, Zhang Y, Ding W, Shen Y. Risk factors for periprosthetic joint

infection following primary total hip or knee arthroplasty: a meta-analysis.
International wound journal. 2016;14(3):529-536. doi:10.1111/iwj.12640

29



21. Coggon D, Reading I, Croft P, McLaren M, Barrett D, Cooper C. Knee
osteoarthritis and obesity. International journal of obesity and related metabolic

disorders : journal of the International Association for the Study of Obesity.
2001;25(5):622-627. doi:10.1038/sj.1j0.0801585

22.  Hussein IH, Zalikha AK, Tuluca A, Crespi Z, EI-Othmani MM. Epidemiology of
Obese Patients Undergoing Revision Total Knee Arthroplasty: Understanding
Demographics, Comorbidities, and Propensity Weighted Analysis of Inpatient
Outcomes. Journal of the American Academy of Orthopaedic Surgeons. Global
research & reviews. 2022;6(2):¢21.00263. doi:10.5435/JAAOSGlobal-D-21-00263

23. Petis SM, Perry KI, Mabry TM, Hanssen AD, Berry DJ, Abdel MP. Two-Stage
Exchange Protocol for Periprosthetic Joint Infection Following Total Knee
Arthroplasty in 245 Knees without Prior Treatment for Infection. The Journal of bone
and joint surgery. 2019;101(3):239-249. doi:10.2106/JBJS.18.00356

24. National Diabetes Statistics Report | Diabetes | CDC. Published June 29, 2022.
Accessed July 6, 2023. https://www.cdc.gov/diabetes/data/statistics-report/index.html

25. Boyle JP, Thompson TJ, Gregg EW, Barker LE, Williamson DF. Projection of the
year 2050 burden of diabetes in the US adult population: dynamic modeling of

incidence, mortality, and prediabetes prevalence. Population health metrics.
2010;8:29. doi:10.1186/1478-7954-8-29

26.  Diagnosis | ADA. Accessed July 20, 2023.
https://diabetes.org/diabetes/alc/diagnosis

27. Jamsen E, Nevalainen PI, Eskelinen A, Kalliovalkama J, Moilanen T. Risk factors
for perioperative hyperglycemia in primary hip and knee replacements. Acta
orthopaedica. 2015;86(2):175-182. doi:10.3109/17453674.2014.987064

28. Varady NH, Schwab PE, Jones T, Collins JE, Fitz W, Chen AF. Optimal Timing
of Glucose Measurements After Total Joint Arthroplasty. The Journal of arthroplasty.
2019;34(7S):S152-S158. doi:10.1016/j.arth.2019.01.004

29. Tsukayama DT, Goldberg VM, Kyle R. Diagnosis and Management of Infection
After Total Knee Arthroplasty. The Journal of bone and joint surgery.
2003;85(suppl_1):S75. Accessed July 17, 2023.
https://journals.lww.com/jbjsjournal/Citation/2003/00001/Diagnosis_and Managemen
t of Infection After Total.14.aspx

30. Coughlan A, Taylor F. Classifications in Brief: The McPherson Classification of
Periprosthetic Infection. Clinical orthopaedics and related research. 2020;478(4):903-
908. doi:10.1097/CORR.0000000000001133

30



31. Parvizi J, Tan TL, Goswami K, et al. The 2018 Definition of Periprosthetic Hip
and Knee Infection: An Evidence-Based and Validated Criteria. The Journal of
arthroplasty. 2018;33(5):1309-1314.e2. doi:10.1016/j.arth.2018.02.078

32. Austin MS, Ghanem E, Joshi A, Lindsay A, Parvizi J. A Simple, Cost-Effective
Screening Protocol to Rule Out Periprosthetic Infection. The Journal of arthroplasty.
2008;23(1):65-68. doi:10.1016/j.arth.2007.09.005

33.  Zmistowski B, Valle CD, Bauer TW, et al. Diagnosis of Periprosthetic Joint
Infection. The Journal of arthroplasty. 2014;29(2):77-83.
doi:10.1016/j.arth.2013.09.040

34, Ting NT, Della Valle CJ. Diagnosis of Periprosthetic Joint Infection—An
Algorithm-Based Approach. The Journal of arthroplasty. 2017;32(7):2047-2050.
doi:10.1016/j.arth.2017.02.070

35. Shahi A, Tan TL, Kheir MM, Tan DD, Parvizi J. Diagnosing Periprosthetic Joint
Infection: And the Winner Is? The Journal of arthroplasty. 2017;32(9,
Supplement):S232-S235. doi:10.1016/j.arth.2017.06.005

36. Ouyang Z, L1 H, Liu X, Zhai Z, Li X. Prosthesis infection: diagnosis after total
joint arthroplasty with three-phase bone scintigraphy. Annals of nuclear medicine.
2014;28(10):994-1003. doi:10.1007/s12149-014-0899-5

37. Zimmerli W, Trampuz A, Ochsner PE. Prosthetic-Joint Infections. The New
England journal of medicine. 2004;351(16):1645-1654. doi:10.1056/NEJMra040181

38. Shohat N, Goswami K, Tarabichi M, Sterbis E, Tan TL, Parvizi J. All Patients
Should Be Screened for Diabetes Before Total Joint Arthroplasty. The Journal of
arthroplasty. 2018;33(7):2057-2061. doi:10.1016/j.arth.2018.02.047

39. Godshaw BM, Warren MS, Nammour MA, Chimento GF, Mohammed AE,
Waddell BS. Insulin-Dependent Diabetic Patients are at Increased Risk of
Postoperative Hyperglycemia When Undergoing Total Joint Arthroplasty. The Journal
of arthroplasty. 2020;35(9):2375-2379. doi:10.1016/j.arth.2020.04.082

40. Maradit Kremers H, Lewallen LW, Mabry TM, Berry DJ, Berbari EF, Osmon
DR. Diabetes Mellitus, Hyperglycemia, Hemoglobin A1C and the Risk of Prosthetic

Joint Infections in Total Hip and Knee Arthroplasty. The Journal of arthroplasty.
2015;30(3):439-443. doi:10.1016/j.arth.2014.10.009

41. Tarabichi M, Shohat N, Kheir MM, et al. Determining the Threshold for HbAlc
as a Predictor for Adverse Outcomes After Total Joint Arthroplasty: A Multicenter,
Retrospective Study. The Journal of arthroplasty. 2017;32(95):S263-S267 .el.
doi:10.1016/j.arth.2017.04.065

31



42. Cancienne JM, Werner BC, Browne JA. Is There a Threshold Value of
Hemoglobin Alc That Predicts Risk of Infection Following Primary Total Hip
Arthroplasty? The Journal of arthroplasty. 2017;32(9S):S236-S240.
doi:10.1016/j.arth.2017.01.022

43.  Korytkowski MT, Muniyappa R, Antinori-Lent K, et al. Management of
Hyperglycemia in Hospitalized Adult Patients in Non-Critical Care Settings: An
Endocrine Society Clinical Practice Guideline. The Journal of clinical endocrinology
and metabolism. 2022;107(8):2101-2128. doi:10.1210/clinem/dgac278

44, Ryan S, Dilallo M, McCoy K, Green C, Seyler T. Diabetes and Total Joint
Arthroplasty: Infection Risk May Not Be Predictable by Markers of Glycemic Control.
Journal of Surgical Orthopaedic Advances. 2019;28(2):127-131.

45. Weinstein EJ, Stephens-Shields AJ, Newcomb CW, et al. Incidence,
Microbiological Studies, and Factors Associated With Prosthetic Joint Infection After
Total Knee Arthroplasty. JAMA Network Open. 2023;6(10):e2340457.
doi:10.1001/jamanetworkopen.2023.40457

46. Hamilton T, Palmer A, Kendrick B, Alvand A. Prosthetic joint infection in the hip

and knee. Orthopaedics and Trauma. 2023;37(6):353-358.
doi:10.1016/j.mporth.2023.09.005

32



CURRICULUM VITAE




34



