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Despite advancements in surgical techniques and implant designs, Periprosthetic joint
infection (PJI) continues to be one of the commonest and most devastating causes of
failure in total joint arthroplasty. PJIs are associated with significant morbidity and
mortality, placing a multifactorial burden on patients, caregivers, surgeons, hospitals,
health systems, and economies.

The incidence of PJI ranges from 0.5% to 2.3% based on current literature. Mortality rates
in PJI subsequent to a primary total hip arthroplasty (THA) range from 4% to 8% after
one year. The common treatment for PJI is a two-stage revision THA, which itself is
associated with significant morbidity and mortality. The economic burden of PJI is
substantial, with treatment costs 3 to 5.6 times higher than primary THA. Patients with
PJI experience inferior hip function, lower health-related quality of life scores, and higher
odds of developing new onset depression. PJI’s negatively impacts on a patient’s capacity

to work and conduct everyday activities. Orthopaedic surgeons also face significant
psychological stress due to the challenges in managing PJI, including feelings of

incompetence, insecurity, and frustration.

Continued research and innovation are essential to optimize THA outcomes and reduce
the need for revision surgeries. Improved prevention strategies, multidisciplinary
cooperation, and comprehensive care and support for both patients and surgeons are
crucial. It is paramount that every orthopaedic surgeon remains cognisant of this
complication to institute better prevention strategies, promote better multi-disciplinary
cooperation and enhance patient pre-operative care.

INTRODUCTION

Total hip arthroplasty (THA) is one of the most successful
and cost-effective orthopaedic interventions, with more
than one million procedures performed annually world-
wide.12 It is even acclaimed as the ‘operation of the cen-
tury’ for its ability to provide pain relief, restore mobility
and improve overall quality of life.2 THA’s have an implant
survivorship of 95% at 10-years, and significantly a sur-
vivorship of 58% at 25-years- indicating prolonged
longevity of implants.1,3-6

Currently, the annual number of THAs performed is pre-
dicted to increase approximately 176% by the year 2040 and
by as much as 659% by the year 2060 in the United States
of America (USA) alone.”"9 In keeping with these increases,
the number of revision THA’s is also increasing, with an
overall revision rate of 6.8% at 13-years according to the
National Joint Registry of the United Kingdom.!0 Unfortu-
nately, despite advances in both surgical techniques and
implant designs, periprosthetic joint infection (PJI) remains

one of the commonest and most devastating causes of fail-
ure following THA; accounting for 13-17% of all primary
THA revisions.>10-12

PJIs are associated with significant morbidity and mor-
tality (Figure 1).13 They place a significant multifactorial
burden on patients, relating to loss of mobility secondary
to diminished limb function and prolonged hospital stays,
which eventually leads to severe physical, emotional and
psychological distress.!415 Sadly, its burden isn’t isolated
to the patient alone but rather extends to the caregivers,
surgeons, hospitals, health systems and economies.!> Cur-
rently, the annual rate of PJIs is anticipated to rise concur-
rently with the increase in the number of THA performed.
PJIs must be addressed due to their substantial clinical and
economic implications, with anticipated direct costs esti-
mated to be in excess of $46,000 in developed countries.14

This review will explore and highlight the dramatic and
devastating consequences of this post-operative compli-
cation. These constitute the disconcerting and profound
consequences of PJI including the deleterious impact on
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Figure 1. Acute PJI of total hip arthroplasty. Patient
had multiple risk factors including prolonged revision
surgery, elevated BMI with co-morbidities including
Diabetes Mellitus.

implant survivorship, functional and clinical outcomes, fi-
nancial burden, mortality rate and psychological effects.
These will be emphasised as they are important concepts
for all surgeons performing THA. By placing the spotlight
on PJI the authors aspire to reinvigorate better prevention
strategies, promote better multi-disciplinary co-operation,
inspire improved theatre etiquette, enhanced patient pre-
operative

METHODS

This review provides an evaluation of the published litera-
ture regarding PJI and its impact on patients, treating or-
thopaedic surgeons and economies. Publications relating to
this subject were identified using different electronic re-
sources, including PubMed, Scopus, and Google Scholar.
The keywords used included “periprosthetic joint infec-
tion”, "total joint arthroplasty” “cost”, “burden” and “liti-
gation”. This identified 277 published papers. Additionally,
studies written in languages other than English, reports not
dealing with total hip or total knee arthroplasties, papers
with the wrong subject matter, and duplications were ex-
cluded.

INCIDENCE OF PJI

PJI remains a major concern following THA with the pre-
sent incidence ranging from 0.5% - 2.3% based on existing
literature and joint registries.!1,16-20 Qverall, PJI is the 314
leading cause of primary implant failure following THA
and is the principal cause of early primary THA failure,
i.e. within 2 years following surgery.1020-23 Additionally,
when comparing all major joint registries infection still
ranks as one of the five commonest indications for revision
surgery.24 In revision THA, PJI is the most common cause
of failure accounting for 30.2% of all revisions.2> This rate
is projected to rise over the next 15 years and predicted to
account for up to 60% of all revision failures.16,18

Over the next few decades, the incidence of PJI is an-
ticipated to increase secondary to ageing populations and
changing characteristics of patients requiring THA, such
as rates of obesity.14 The changing physiological charac-
teristics and presence of concomitant comorbidities is fur-
ther supported by data from the National Joint Registry for
England and Wales. They reported that between 2010 and
2018, the number of patients reported as American Society
of Anaesthesiologists (ASA) Class 1 (i.e. healthy) decreased
from 16% to 12%. Reciprocally, during that same period,
the number of patients classified as ASA Class 3 (i.e. inca-

pacitating systemic disease) increased from 15% to 20%.2%
26

THE BURDEN AND IMPACT ON PATIENTS
MORTALITY IN THA PJ1

Mortality rates in PJI subsequent to a primary THA range
from 4 — 8% after one year.27-2% Natsuhara et al.2% in their
systematic review of 23 studies which included over 19,000
patients that underwent a two-stage revision for PJI re-
ported a mortality rate of 4.22% and 21.12% at 1-year and
5-years respectively. Furthermore, Badarudeen et al.30
showed that 1-year mortality rate differed with different
types of revision surgery. Patients who underwent a two-
stage revision demonstrated a 1-year mortality of 5.8%,
whilst a one-stage revision showed a higher mortality of
7%. Interestingly, after a debridement, antibiotics, irriga-
tion and retention of implants (DAIR) procedure the 1-year
mortality was highest at 10.4% in their series.30

When considering long-term outcomes, data from the
Swedish hip arthroplasty registry indicated a 10-year all-
cause mortality rate of 45% for patients with a PJI following
THA, compared to the 29% in the non-PJI THA group.l%
31 Additionally, Xu et al.14 conducted a systematic review
in which they compared nine studies evaluating mortality
rates between patients with PJI managed either surgically
or medically. It demonstrated that PJI had a mortality risk
at 1-year of 2.18 compared to primary arthroplasty.!4

As previously established, the ASA Class may be used
to indicate presence of comorbidities.3! Interestingly, ASA
Class 1 and 2 are the only ASA Classes whose mortality risk
is affected by PJI. This is explained Murray and colleagues32
who report that a new chronic disease has a greater influ-
ence on mortality in a previously healthy individual than
those with preexisting comorbidities i.e. ASA Class 3 and 4.
In patients with PJI, hip function and mobility is compro-
mised; this precipitously increases chronic diseases due to
decreased physical activity in previously healthy individu-
als and therefore influences mortality risk.3!

Kurtz et al.33 in their retrospective cohort review, con-
textualised the significant mortality risk these patients face
by comparing the overall survival at 5-years of Medicare pa-
tients with PJI to patients diagnosed with breast or prostate
cancer (the 2 commonest cancers globally). The 5-year sur-
vival was reported to be 73% and 79% for female breast and
male prostate cancer respectively. While the 5-year survival
of for PJI after THA was found to be lower, at 67% in their
cohort. Additionally, Zmistowski et al.34 compared survival
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Figure 2. Left total hip arthroplasty with chronic PJI
and failure of hardware. Managed with 2 stage
revision.

rates at five years for PJI versus common cancers. They
found that PJI had the lowest survival rate (87.3%) com-
pared to prostate cancer (99%), breast cancer (89%), and
melanoma (91%).34

COMPLICATIONS OF REVISION THA FOR PJI

Following a primary THA, the rate of major complications
occurring within 90 days is 1 — 3%, these include venous
thromboembolism (VTE), wound infection, hospital read-
mission, dislocation and death.35 In revision THA, Koenig
et al.35 reported the risk of major complications within 90
days in patients over 80 years to be 34% and for in patients
aged 65-79 years to be 19%. In revision THA for PJI, pa-
tients are faced with a 10% higher rate of developing any
complication compared to aseptic revision.3¢

The commonest treatment for chronic PJI following THA
remains a two-stage revision arthroplasty (Figure 2 and
3).37 Li et al.37 found 38% of patients undergoing two-stage
revision treatment for PJIs will suffer at least one major
complication during the period between the first and sec-
ond stage surgery. Moreover, the median time to the first
complication was noted to be 2.3 months. Twenty five per-
cent of these complications are attributed to medical de-
terioration including VTE. Whereas approximately 60% are
wound related complications or an ongoing infection re-
quiring reoperation.3” Considering all these factors, it is
therefore unsurprising that only 60 - 77% of patients are
even able to undergo the second stage of a planned two-
stage reimplantation.38

HEALTH, FUNCTIONAL AND PSYCHOLOGICAL IMPACT

Patients with PJI after THA will experience inferior hip
function and lower median Oxford hip scores compared
to control groups.3! A systematic review by Rietbergen et
al.3? revealed a 12 - 25% lower health related quality of
life (HRQoL) questionnaire scores in patients undergoing

2-stage revision treatment for PJI in THA when compared
to the general population. Different HRQoL also influence
the patient-reported outcomes, further complicating com-
parison between studies.!? A registry review of the Swedish
Hip Arthroplasty Registry demonstrated that the greatest
difference between PJI patients relative to the control
group was the decrease in mobility.3! Stating as many as
50% of PJI patients reported major functional deficit.3!

Medical and surgical complications and financial impli-
cations following PJI often receive significant attention in
literature.40 Unfortunately, the psychological sequelae fol-
lowing PJI remains a topic inadequately investigated. The
psychological anguish these patients face is related to a
multitude of stressors including physical and financial dis-
tress and losses. For instance, patients with PJI have persis-
tent pain; this chronic pain may manifest psychologically
as either depression or anxiety.40 Wilson et al.40 demon-
strated this showing that patients with PJI have higher
odds of developing new onset depression (NOD) compared
to primary THA (odds ratio = 1.82).40:41 Additionally, they
demonstrated that presence of pre-operative anxiety is the
strongest predictor of post-operative NOD.40

Approximately 58% of patients report depressive symp-
toms throughout treatment and 21.9% continue to have
symptoms at 5 years following PJI eradication.#243 PJI pa-
tients are twice as likely to identify as disabled with 20%
being unable to climb stairs. While 40% will report having
a worse physical health and up to 80% of patients express-
ing a need for additional psychological support.4344 Sadly,
1 in every 5 patients who develop PJI will regret undergoing
their initial THA.43

THE SURVIVORSHIP & SUCCESS OF TREATMENT

In a retrospective review of 369 hips treated for PJI with
revision THA, at a single high-volume Centre, Liukonnen
et al.45 showed that 1 in 5 patients required re-operation
within 1 year of revision THA. The rate of failure of early PJI
treated surgically was noted to be 37% whilst surgical inter-
vention for chronic PJI was approximately 26.8% at 1-year
follow-up. Also, they found that performing one-stage revi-
sion over a DAIR for early infections halved the incidence of
further surgical interventions while having the same 1-year
mortality rate.45

The reported success of two-stage revision for PJI after
THA varies from 52%-78%.37 Van Dijk et al.46 showed an
83% infection control rate after a 2-stage revision proce-
dure at 4 years following treatment. In a long-term registry
review, reviewing the Swedish hip arthroplasty registry,
Svensson et al.4” reported a survivorship of 72-75% after
single or two stage revision for PJI at the 15-year mark, with
no significant difference between either treatment.

A recent systematic review showed the reinfection rate
after either single or two stage revision for PJI ranges from
5.7- 8.2%.48 Treatment for re-infection with a repeat two-
stage revision THA has a further reduced implant survivor-
ship of 74% after 2 years and only 45% after 5 years.*?
Along with a reduced survivorship, repeat two stage revi-
sion for re-infection results in a further increase in mortal-
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Figure 3. Intra-operative trial of articulating cement spacer of left hip for PJI (Left). Post-operative X-ray
showing left hip articulating cement spacer (Right).

ity risk where one third of patients will be deceased within
2 years following treatment.50

THE ECONOMIC BURDEN OF PJI AFTER THA
ECONOMIC CONSIDERATIONS

Economic costs related to treatment of PJI remain high.
This is related to a multitude of factors including prolonged
hospitalizations, requirement for revision of the implant
and poor RTW.5! In the USA, the annual number of PJIs in
THA during 2002 was 5,075 which increased to 8,635 and
11,985 in 2012 and 2017 respectively. Total annual cost in-
creased from $166.6 million to $384.7 million over the same
15-year period.52 The current estimated lifetime economic
cost of treatment for a 65-year-old patient with a PJU is ap-
proximately $390,806.53-54 The total annual hospital costs
are estimated to rise to $753.4 million by the year 2030.52

Patel et al.>> compared the relationship between case
difficulty and relative value units (RVU) compensation in
primary and revision arthroplasty. When compared to the
primary THA, every revision type, except for modular com-
ponent head/liner exchange, reimbursed less per minute
and less per RVU.%> Emphasising the importance and value
of ensuring that primary THA never reaches PJI. Further-
more, Quan et al.>® showed when comparing RVU per
minute between aseptic and septic revision THA, septic re-
vision THA cases were valued less at $7.65 per minute com-
pared to aseptic revision THA at $9.28. Moreover, Feng et
al.57 demonstrated that in the current financial model in
the USA, revision hip surgeons can potentially lose 26-55%
RVU per day when compared to surgeons only performing
primary THA.

HOSPITAL COSTS

The treatment of PJI in THA is estimated to be 3 — 5.6
times more costly than primary THA resulting in a sub-
stantial economic impact and burden.!117:5253,58 On ay-
erage THA PJI costs $62,964 more than an uncomplicated
primary THA, wherein 83% of this total cost results from
the combined hospital bed, operating room and implant ex-
penses.>8-60 This results in a 2.3 times longer hospital stay
and double the readmission rate compared to an uncom-
plicated primary THA.58:59 Additionally, outpatient follow-
up visits increase from 3.8 visits in uncomplicated primary
THA to 9.2 visits in patients with PJI’s.>°

Kapadia et al.>8 showed increased hospital costs were in-
curred across multiple areas during the treatment of PJIs.
These included a 3.7 times higher admission cost, 4.5 times
higher hospital bed, 2.5 times higher operating room and
anaesthesia services cost, and 24 times increase in multi-
disciplinary speciality consultation costs compared to un-
complicated cases.>8 PJI caused by methicillin-resistant
Staphylococcus Aureus or Enterococcus species further
leads to a 1.5 — 2 times higher total cost, mean length of
stay and mortality rate when compared to patients with
THA PJI caused by other organisms.27:58,61

Overall, the cost of revision THA for PJI is high and in-
curs a 3.6 times higher cost when compared to primary
THA. This is more than double the cost of revision THA
for non-infected cases, which itself is 1.4 times more costly
than primary THA.62

RETURN TO WORK AFTER TREATMENT
PJI’s negatively impacts on a patient’s capacity to work

and conduct everyday activities.®3 Unfortunately, there is
a paucity of evidence regarding return to work (RTW) fol-
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lowing PJI. Scott et al.®* noted that of their patient cohort
that was < 65 years old and working previously, only 33% of
patients returned to work following revision surgery. Fac-
tors that most profoundly impacted on RTW were age, early
failure of the primary implant and the post-operative Ox-
ford Hip Score.® The factor that had the greatest impact on
RTW was the patient’s age, where only 20% of patients >60
years of age returned to work. Additionally, no patients re-
turned to moderate or heavy manual labour following revi-
sion surgery.®*

IMPACT ON ORTHOPAEDIC SURGEONS

A scarcity of quantitative data exists regarding the psy-
chological impact of PJI on the treating Orthopaedic and
Arthroplasty Surgeon. Svensson et al.®5 identified various
challenges surgeons face in the management of patients
with PJI, that often lead to subjective psychological stress.
These begin with difficulties in the diagnosis of PJI after
THA, that result in the surgeons experiencing incompe-
tence, insecurity and frustration. Over 90% of surgeons
cited experiencing grief, along with the various stages in-
cluding guilt and occasionally denial.65

Despite counselling about the possibility of complica-
tions prior to primary THA, patients do not expect that
they’ll develop a PJI. And once a PJI develops patients and
their relatives often lay the blame on the orthopaedic sur-
geon. Frequent requests for transfer or referral to other care
facilities by patients amplify the feeling of fault, woe and
disappointment experienced by orthopaedic surgeons.6
Suggestions to improve this involve establishing a multi-
disciplinary team including orthopaedic surgeons of dif-
ferent experience, allied health care services such as psy-
chologists and infectious disease physicians. Standardising
PJI management protocols, creating specialised units and
having scheduled times for surgeon counselling is recom-
mended.65:66

LITIGATION IN PJI

It is estimated over 80% of adult arthroplasty surgeons are
likely to be affected by medical malpractice lawsuits dur-
ing their careers, one of the highest of the orthopaedic
subspecialties.6”-68 QOverall, Kheir et al.®” found that 22 -
25% of allegations post total joint arthroplasty were re-
lated to PJI. THA accounts for 11% of all orthopaedic re-
lated claims and 10% of the overall cost of orthopaedic re-
lated claims against the United Kingdom’s National Health
Services. Over a 15-year period, there were 1,004 litigation
claims involving THA across the UK that totalled over £41.5
million. Of these 11.5% were related to PJI- a 3% higher
number of claims compared to those related to a leg length
discrepancy post-THA and just below the percentage of
claims due to iatrogenic neurological injuries. The average
claimant’s pay-out for each of these cases of PJI post THA
amounted to approximately £138,600.6

In 2019, Senard and colleagues’® conducted retrospec-
tive review of PJI claims with a major French medical lia-
bility-specialized insurance company. They observed that a
high proportion (51%) of the litigation involved early cases
of infection i.e. < 1 month.”% Additionally, they determined
the 3 commonest causes of poor management in PJI in-
cluded a delay in diagnosis, inadequate antibiotic therapy
and poor surgical treatment.’ Furthermore, the recom-
mendation was made that an infectious disease (ID) spe-
cialist be consulted early in treatment, as they discovered
that ID advice was sought very late, in as many as 24% of
cases.”0

CONCLUSION

Whilst, PJI remains an uncommon complication of THA,
its increasing incidence will emulate the rising number of
primary THAs being performed each year. The magnitude
of the impact on patients, orthopaedic surgeons, hospitals,
society and economies renders PJI in THA the most devas-
tating complication. Establishing multi-disciplinary teams
for holistic patient care together with continued research
and innovation are essential to optimize THA outcomes
and subsequently reduce the risk of PJIs. Therefore, it is
quintessential that every orthopaedic and arthroplasty sur-
geon remains mindful of the burden caused by this compli-
cation and every effort be undertaken to reduce the risk of
PJIin THA.
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