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Increased mortality after total hip prosthetic joint infection
is mainly caused by the comorbidities rather than the

infection itself
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Background and purpose — Periprosthetic joint infec-
tion (PJI) is a feared complication of arthroplasty surgery.
There is controversy as to whether PJI also correlates with
increased mortality. Our aim was to investigate in a nation-
wide cohort if PJI is an independent risk factor for dying.

Patients and methods — We performed a retrospective
cohort study based on data from the Swedish Hip Arthro-
plasty Register (SHAR). All patients with a revision THA
performed between 1998 and 2017 were included. The out-
come is mortality; exposure is PJI according to SHAR. The
control group was study participants who underwent aseptic
revision. Confounders were age, sex, diagnosis, and comor-
bidity according to the Elixhauser index. The outcome was
analyzed with a Cox proportional hazards model.

Results — 4,943 PJI revisions and 12,529 non-infected
revisions were included in the analysis. The median follow-
up time was 4.1 years. In the PJI group, 1,972 patients died
and in the control group, 4,512. The incidence rate ratio was
1.19 (95% confidence interval [CI] 1.13—1.25), the crude
hazard ratio (HR) 1.19 (CI 1.13-1.25), and the adjusted HR
1.05 (CI 0.99-1.12) for the exposed versus the unexposed
group. The strongest confounder was comorbidity.

Conclusion — The increased mortality risk after revision
due to PJI is mainly caused by the comorbidity of the patient,
rather than by the infection itself.

Periprosthetic joint infection (PJI) after primary total hip
arthroplasty (THA) has an incidence of 0.8-1.3% [1-3]. It
is associated with morbidity, mortality, long-term antibiot-
ics, repeated surgeries, prolonged hospital stays, economic
burden, and a poorer end result for individual patients [4-8].
During recent years, interest has grown in investigating the
correlation between PJIs and mortality.

The national age-adjusted mortality rather than mortality
after aseptic revision surgery has been used as comparator,
which should better address concerns regarding the causality
between PJI and death. Consequently, Shahi et al. reported that
in-hospital mortality was twice as high after revision surgery
related to PJI, compared with revision related to aseptic loos-
ening [9]. Choi et al. reported higher mortality rates after revi-
sion surgery due to PJI compared with revision due to aseptic
loosening, including a THA as well as TKA cohorts [10,11].
Zmistowski et al. studied almost 3,000 patients and found an
increase in mortality up to 5 years postoperatively [8].

Concerns have been raised regarding whether it is the infec-
tion itself, or the surgical procedure and accompanying post-
operative procedures that inflict this risk on patients [12].

The aim of our study was to investigate the risk of mortality
after revision surgery due to THA PJI compared with patients
revised due to any aseptic failure.

Patients and methods

Study design, setting, and participants

We performed a cohort study based on prospectively collected
data from the Swedish Hip Arthroplasty Register (SHAR) [13].
All patients with a revision THA performed between 1998
and 2018 were eligible for inclusion, irrespective of cause
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for revision. Patients with PJI revision at any time during
the study period were included at the date of their first PJI
revision. Excluding PJI revision, patients revised at any time
during the study period were included at the date of their first
revision. Any following revisions for the same patient were
excluded. Hence, every unique patient contributed only once
to the study. If patients were operated on bilaterally during the
study period, only the first operation was included. The study
is reported according to the STrengthening the Reporting of
OBservational studies in Epidemiology (STROBE) guidelines
regarding cohort studies.

Variables

Outcome is defined as mortality after surgery as a function of
time. Exposure is defined as PJI, i.e., International Classifi-
cation of Diseases (ICD) code T84.5F or free text indicating
PIJI, according to SHAR. The control group consists of those
study participants who do not meet the criteria for exposure
noted above and are therefore regarded as non-infected revi-
sion surgeries.

Data sources/measurement

Data was collected from SHAR, the Swedish National Patient
Register (SNPR) [14], and the Cause of Death Register [15].
Since 1998, SHAR has collected data on all THA revisions
through medical chart review. After the initial revision report
on a SHAR standard form from the orthopedic department
that performed the surgery has been sent in to SHAR, medical
charts are collected to validate the intervention and ensure the
coding is correct. The completeness of hip revisions in SHAR
was 92-949% between 2013 and 2022 [16]. The completeness of
revisions due to PJT in SHAR has been reported to be 67% [2].

Bias

Age, sex, revision prior to PJI revision, number of total revi-
sions, and comorbidity according to the Elixhauser index
[17] 1 year before surgery were regarded as confounders and
therefore adjusted for. The elaborating of a directed acyclic
graph (DAG) was used to justify the selection and definition
of confounder variables (see Supplementary data). Smoking
was considered as an unobserved variable and subsequently
not adjusted for. Elixhauser’s index was computed by statisti-
cians at SHAR after merging the data from SHAR and SNPR.
ICD 10-codes from both in- and outpatient visits from 1 year
before surgery date were used to calculate the index. Any
patients without infection according to the International Sta-
tistical Classification of Diseases (ICD) or the Nordic Med-
ico-Statistical Committee (NOMESCO) classification codes,
but with SHAR codes indicating arthroplasty infections, were
excluded due to the risk of misclassification bias.

Study size

Before study start, our estimation was that approximately
7,300 revisions due to PJI were performed during 1998-2016.

We further assumed that 20% have died during the study
period and that 10% are affected by misclassification bias.
With these assumptions and this number of study participants,
we can detect a risk ratio as low as 1.09 at 80% power.

Statistics

We used a Cox proportional hazards model. Testing the pro-
portional hazards assumption of the regression model was
achieved by visual inspection of the Schoenfeld residuals
together with an evaluation using the Grambsch—Thernau test.
Continuous variables were adjusted using restricted cubic
splines if there was an indication of non-linearity and interac-
tions among sex, age, and comorbidities. The need for this
modification of the model was evaluated using likelihood
ratio (LR) tests with a p-value threshold of 0.1 to include a
more complex adjustment. ANOVA was used to assess model
fit, interactions, importance, and non-linearity of variables.
Mediation analysis was performed according to the method-
ology proposed by VanderWeele et al. [18], employing the
difference method fitting our standard model as a parametric
survival regression model and comorbidity and age as gener-
alized linear models (see Supplementary data). The purpose
of the mediation analysis was to quantify confounding effects,
based on the perception that mediation and confounding are
identical from a statistical and mathematical perspective [19].
Survival rates were calculated and visualized using Kaplan—
Meier estimates. Data management and statistical analyses
were performed in R (version 4.2.2, 2022; R Foundation for
Statistical Computing, Vienna, Austria).

Ethics, funding, and disclosures

The Regional Ethics Board in Géteborg approved the study in
2014 (Dnr: 271-14). The study was performed in compliance
with the Helsinki Declaration. 25,000 SEK was granted from
the Tore Dalén Memorial Fund at the Swedish Hip and Knee
Society. Completed disclosure forms for this article follow-
ing the ICMIJE template are available on the article page, doi:
10.2340/17453674.2023.18619

Results

We identified 353,867 surgeries during the study period. Of
those, 326,937 primary THAs were excluded. The remain-
ing 26,930 were identified as revisions. 9,458 revisions were
excluded and thus 17,472 revisions were included in the study
(Figure 1).

4,943 of the included revisions were defined as first time
PJI revisions, and thus constituted the exposed group. The
remaining 12,529 surgeries were defined as non-infected revi-
sions, and thus constituted the control group. 9,613 (55%) of
the patients were female, and the mean age was 72.8 (stan-
dard deviation [SD] 11.8) years. A majority of the patients
belonged to the Elixhauser O group (9,932 patients) or the
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Initial cohort of total hip arthroplasties
registered January 1998 to February 2018

Table 1. Study characteristics

in the Swedish Hip Arthroplasty Register Non-infected PJI
n = 353,867 revisions revisions Overall
Excluded (n = 336,395): Factor n=12,529 n=4,943 n=17,472
- primary arthroplasties, 326,937 o
— _ ot first time PJI revision or igr;ale sex, n (%) 7,194 (57) 2,419 (49) 9,613 (55)
not first time other revision, 9,458 mean (SD) 72.9 (11.8) 72.5 (11.9) 72.8 (11.8)
- median (range) 74 (11-104) 74 (17-101) 74 (11-104)
Final cohort Comorbidity (Elixhauser)
I n=17,472 | mean (SD) 0.6 (1.0) 1.0 (1.3) 0.7 (1.1)
median (range) 0 (0-9) 1(0-9) 0 (0-9)
PJI group Control group (n = 12,529): missing, n (%) 360 (2.9) 551 (11) 911 (5.2)
n =4,943 - aseptic loosening, 4,599 Dead, n (%) 4,512 (36) 1,972 (40) 6,484 (37)
- dislocation, 3,942 Follow-up, years
- pe_riprosthetic fracture, 2,755 mean (SD) 1(4.1) 4.8 (4.0) 5.0 (4.1)
- pain, 243 median (range) 2(0-20.0) 3.8(0-19.9)  4.1(0-20.0)
- implant fracture, 161 Revisions 2
- trochanteric pain, medius mean (SD) 1.2(0.7) 3(1.8) 1.5(1.2)
ruptur, 109 median (range) 1 (1-14) 2 (1-24) 1 (1-24)
- other, 1,324

SD = standard deviation. PJI =

prosthetic joint infection.

2 Revisions = total number of revisions each patient has undergone

Figure 1. Flowchart of study groups. PJI
infection.

= periprosthetic joint

Table 2. Mortality among patients revised due to PJI and those not
diagnosed with infection

Years after K—M survival estimates (Cl)

index revision PJI revisions Non-infected revisions

0.5 0.91 (0.90-0.91) 0.95 (0.94-0.95)

1 0.88 (0.87-0.89) 0.92 (0.91-0.92)

2 0.83 (0.82-0.84) 0.87 (0.86—0.88)

5 0.67 (0.65-0.68) 0.72 (0.71-0.73)
10 0.45 (0.43-0.47) 0.50 (0.48-0.51)
15 0.29 (0.26-0.32) 0.32 (0.30-0.34)
PJI = prosthetic joint infection. K-M = Kaplan—Meier.

Cl = 95% confidence interval.

Elixhauser 1 group (3,597 patients). Data was missing regard-
ing the comorbidity index in 911 patients. No data was miss-
ing regarding the other presented variables. Maximum follow-
up time was 20 years. The median follow-up time was 4.1
(interquartile range [IQR] 5.6) years, and the total follow-up
time of the study was 88,885 person-years. 6,484 died during
the study period. All study participants were followed until
death or study end. Descriptive data is presented in Table 1.

Mortality

In the PJI group, 1,972 of 4,943 patients died during the study
period. The incidence rate in this group was 84 deaths per
1,000 person-years. In the non-infected revision group, 4,512
of 12,529 patients died during the same period, correspond-
ing to 70 deaths per 1,000 person-years. The incidence rate
ratio (IRR) was 1.19 (95% confidence interval [CI] 1.13-1.26)
for the PJI group versus the control group. The Kaplan—Meier
6-month survival estimate was 90.6% (CI 89.8-91.4) for the
PII group and 94.5% (CI 94.1-94.9) for the control group, and

during the study time.

Survival probablity
1.0

Non-infected revisions
PJl revisions

0.8

0.6

0.4 4

0.2 1

0

0 4 8 12 16 20
Years from index revision
Non-infected revisions

At risk 12,529 6,528 2,782 924 232 2

Events 4 2,547 3,775 4,294 4,484 4,512
PJI revisions

At risk 4,943 2,382 966 337 63 0

Events 2 1,195 1,698 1,899 1,968 1,972

Figure 2. Kaplan—Meier survival curve based on a tabulation of the
number at risk and number of events at each unique death time

at 1 year 87.9% (CI 87.0-88.9) and 91.9% (CI1 91.4-92.4 95),
respectively (Table 2 and Figure 2).

Modeling mortality as a function of time resulted in a crude
hazard ratio (HR) of 1.19 (CI 1.13-1.25) and an adjusted HR
of 1.05 (CI 0.99-1.12, NS) (Table 3). ANOVA analysis with
Wald chi-square statistics resulted in a non-significant rela-
tionship between PJI as a cause of revision and mortality risk
(chi-square 0.55, P =0.5). It further showed that all other pre-
dictor variables were significant to our model fit. The strongest
predictors were age and comorbidity (chi-square 3,602, P <
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Table 3. Results of Cox regression model for all patients and through the 3 major subgroups of non-infected revisions

Subgroups of revision surgeries

Aseptic Periprosthetic
All patients loosening fracture Dislocation

Variable R (Cl) aHR (ClI) aHR (CI)I aHR (ClI) aHR (Cl)
Infected revision 1.2 (1.1-1.3) 1.1 (0.99-1.1) 1.8 (1.7-2.0) 0.84 (0.77-0.90) 0.84 (0.78-0.90)
Age (decade) 2.6 (2.5-2.6) 25 (2.5-2.6) 24 (2.3-2.6) 23 (2.2-24) 23 (22-24)
Male sex (ref. female) 0.91 (0.87-0.96) 1.2 (1.1-1.3) 1.2 (1.1-1.3) 1.2 (1.1-1.3) 1.2 (1.1-1.2)
Comorbidity (ref. Elixhauser = 0)

1 1 6 (1.5-1.7) 1.5 (1.4-1.6) 1.5 (1.4-1.7) 1.4 (1.3-1.5) 1.5 (1.4-1.6)

2 6 (2.4-2.8) 21 (2.0-2.3) 21 (1.9-24) 2.0 (1.8-2.2) 2.0 (1.8-2.2)

=3 35 (8.3-3.8) 2.7 (2.5-3,0) 2.8 (2.5-3.2) 2.4 (2.2-27) 25 (2.3-2.8)
Prior revision (ref. no) 1.1 (0.96-1.2) 1.3 (1.2-1.5) 1.3 (1.2-1.5) 1.3 (1.2-1.5) 1.3 (1.1-1.5)
Revisions 0.94 (0.92-0.96) 0.97 (0.95-0.99) 0.97 (0.94-1.0) 0.96 (0.93-0.98) 0.96 (0.94-0.99)

HR = crude hazard ratio. Ref = reference group. Cl =

95% confidence interval.

aHR = adjusted HR, adjusted for age, sex, revision prior to PJI revision, number of total revisions, and comorbidity

according to the Elixhauser index.

0.0001 and 832, P < 0.0001, respectively). Mediation analysis
quantifying confounding effects resulted in proportions of the
effect caused by age at 40.4% (CI 14.4-81.0) and by comor-
bidity at 53.4% (CI 36.7-88.0). Supplementary data shows R
code and result output regarding the mediation analysis.

ANOVA sensitivity analyses did not change the estimates
when excluding sex and age from the model, both individually
and together, indicating comorbidity as the key confounder
of our estimates. The confounding effect ranged through all
levels of the Elixhauser index. Adding an interaction term to
the model showed that there was no significant interaction
between PJI and comorbidity on mortality risk (P = 0.6, P =
0.9, and P = 0.2 respectively for the 3 Elixhauser groups).

The 3 major subgroups of the non-infected revisions were
aseptic loosenings (4,599 patients), dislocations (3,492
patients), and periprosthetic fractures (2,755 patients) (Figure
1). Separate Cox regressions using the same model resulted in
adjusted HRs of 1.84 (CI 1.67-2.02) for PJIs compared with
aseptic loosenings, 0.84 (CI 0.78-0.90) compared with dislo-
cations, and 0.84 (CI 0.77-0.90) compared with periprosthetic
fractures (Table 3). The same ANOVA analyses as described
above also did not change the subgroup estimates.

Using scaled Schoenfeld residuals for testing the propor-
tional hazards assumption for our Cox model fit resulted in the
plot and P values visualized in Figure 3. The minimal varia-
tion of the values over time indicates that our assumption of
proportional hazards holds.

Discussion

The aim of the study was to investigate if PJI following THA
is an independent risk factor for dying. We showed that there
is an increased mortality risk after THA revisions due to PJI.
This increase is, however, mainly caused by age and by the
comorbidities of the patient rather than by the infection itself.

Beta(t) for revision type, P = 0.03 Beta(t) for age decade, P = 0.4

031 21 40 59 81 10 13 17

Years after index revision

031 21 40 59 81 10 13 17

Years after index revision
Beta(t) for sex, P = 0.2 Beta(t) for comorbidity GRP, P = 0.002

20

031 21 40 59 81 10 13 17

Years after index revision

031 21 40 59 81 10 13 17

Years after index revision

Beta(t) for prior revisions, P = 0.5 Beta(t) for revisions, P = 0.001

40 e

0

—40{

40 59 81 10 13 17
Years after index revision

031 2.1 031 21 40 59 81 10 13 17

Years after index revision

Figure 3. Plot and print of the results of testing the proportional hazards
assumption for our Cox regression model fit. The plot gives an esti-
mate of the time-dependent coefficient beta(t) with individual Schoen-
feld test P values. If the proportional hazards assumption holds, then
the true beta(t) function would be a horizontal line. The lines of our
covariates are nearly horizontal, and therefore interpreted as indica-
tions of proportional hazards in our model fit. Global Schoenfeld test
P <0.001.

Our data suggests that comorbidity, alongside age, accounts
for a major part of the mortality risk exerted by a PJI. Further-
more, the results from our Cox regression suggest that there
probably is a minor effect of the infection itself on mortality
risk (HR 1.05, CI 0.99-1.12), but from a clinical perspective
this should reasonably be of limited importance.

Our results somewhat contradict earlier published reports
on this subject. Gundtoft et al. [20] reported a 1-year rela-
tive mortality risk of 1.87 (CI 1.11- 3.15) after PJI revisions
compared with aseptic revisions after adjusting for age, sex,
comorbidity, duration of surgery, and number of secondary
revisions. However, as that report focused on 1-year mortal-
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ity and ours studied death up to 20 years postoperatively, the
results are not entirely comparable. They also used the Charl-
son Comorbidity Index (CCI) when adjusting for comorbidi-
ties, compared with our usage of Elixhauser’s index. Zmis-
towski et al. [8] concluded that, after adjusting for CCI but
also for several other comorbidities, such as diabetes, cardiac
disease, and renal disease, PJI itself constitutes an indepen-
dent risk factor increasing mortality after septic revision sur-
gery. There is, however, a possibility that using the Elixhauser
index is a better option when the aim is to minimize comor-
bidity bias in similar studies. While the CCI [21] encompasses
19 medical conditions, the Elixhauser index [17] includes 31
conditions, and has been reported to outperform the CCI in
predicting inpatient mortality and morbidity after major ortho-
pedic surgery [22].

The contradiction in our results may be explained by our
elimination of more confounding factors and also by the dif-
ferences between North American and Scandinavian studies
in microbiological flora and resistance patterns, and various
PIJI treatment regimes.

However, there are also earlier reports showing similar results
to ours regarding mortality rates over elapsed time [8,11,23].

The increased mortality risk in the PJI group during the first
months after revision surgery is from a clinical perspective not
surprising, as the comorbidity, surgical, and pharmaceutical
burden connected to the surgical procedure and concomitant
infectious condition reasonably should produce a heavy insult
to the patient’s health status, which in our study is mainly
explained by the comorbidities.

Performing subgroup analyses, our data resulted in reduced
hazard ratios for PJIs comparing both with dislocations and
periprosthetic fractures separately (Table 3). This is not sur-
prising regarding the periprosthetic fractures, as several
earlier studies also report increased mortality in this group
compared with other subgroups of revised hip arthroplasties
[24,25]. Even though not as evident as in the fracture group,
revision due to dislocation has also shown trends towards
increased mortality risk compared with the overall revision
group [25,26]. We interpret those reports and our results as
indicating a fragility of the patients in these groups, which
subsequently results in an increased mortality risk. In contrast,
compared with only aseptic loosenings, PJIs show an 80%
increased hazard ratio. However, using only aseptic revisions
as the comparison group would introduce selection bias to our
study, as surgeons often choose not to revise a patient with
aseptic loosening if the comorbidities are too abundant, while
the same, for obvious reasons, cannot be applied to a patient
with a PJI. The results of these subgroup analyses raise con-
cerns regarding the most adequate comparison group when
investigating the correlation between the infection itself and
mortality. However, they further strengthen our belief that it
is mainly the comorbidity that drives the mortality risk and
lead us to conclude that using the entire non-infected revision
group as comparison group is the most adequate choice when

trying to investigate the desired correlation. The choice of
which subgroups to analyze was based on the frequency table
in Figure 1.

Finally, even though our results indicate that comorbidity
and age are the most important contributors to the increased
mortality after THA PJI revision, there remain some reasons
to believe that the infection itself also contributes somewhat
to this increase. Our adjusted HR was 1.05, with CI 0.99—
1.12, which barely includes the 1.00 limit. With a statistical
significance level of 0.05, this falls to the interpretation of
non-significant. However, there is still a fair probability that
the true value of the HR lies somewhat above 1.00, which
would signify that there actually is an effect of the infection
itself on mortality, although of clinically hesitant importance.
This would also better comply with the reports mentioned
earlier.

Strengths and limitations

The strengths of this study are the national coverage of the
SHAR, the large number of patients included, and the com-
pleteness of data in SNPR regarding mortality.

The main limitations in our study are connected to the retro-
spective register design, because there is a risk of misclassifi-
cation of PJI as non-infected revision due to incorrect coding
in the SHAR. This will result in false low estimates on the
mortality risk in the PJI group. However, Lindgren et al. [2]
showed that, even if the sensitivity was as low as 60%, the
specificity of PJI coding in the SHAR was 99%, but this will
still contaminate our group classified as non-infected.

A further limitation is the lack of data on subgroups within
the PJI group, which is rather heterogeneous regarding what
specific surgical procedure has been performed. It ranges from
debridement with or without modular component exchange
(i.e., DAIR) to total prosthetic exchange in 1 or 2 stages. How-
ever, the total surgical insult should reasonably be the main
separator between the different types of PJI surgeries, and the
main purpose of this study was to determine the effect of the
infection itself on mortality. By adjusting for the number of
total revisions, we should at least partially compensate for the
lack of data regarding PJI subgroups. We acknowledge the
diversity of the PJI diagnoses and the complexity in studying
the correlation between PJI and mortality.

Another limitation of the study is that we have had no pos-
sibility of separating emigrated patients from deceased ones
up to December 2020. However, we now know that there is
a very low actual number of emigrated patients in the entire
SHAR data, comprising approximately 1,000 patients, which
is why lack of emigration status in our data should reasonably
not bias our results in any significant way.

Conclusion

PII as cause of THA revision, compared with non-infected
causes of revision, increases mortality postoperatively even
in the long term. The most important factors contributing
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to this increase are comorbidity and age, even though there
could be a minor effect of the infection itself on mortality.
Orthopedic surgeons with an interest in hip revision surgery
should be aware of the increased mortality risk after PJI revi-
sion in comparison with non-infected revisions, and that this
increase is mainly attributed to the patient’s overall health
status.
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