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The purpose of this study is to determine if patients with osteoarthritis that undergo
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arthroplasty for osteoarthritis in Chile: A survival analysis. Methods
Medwave 2020;20(11):¢8088 A survival analysis study was designed and approved by our institutional ethics re-
view board. Patients were included if they underwent surgery for hip or knee oste-
Doi 10.5867/medwave.2020.11.8088 oarthritis and were 50 years or older at the time of surgery. Patients were excluded

if arthroplasty was performed for fracture, hemophilia arthropathy, or tumor. A
multiparametric Weibull regression was estimated, and the hazard ratio was re-

Submission date 11/7/2020 ported. For internal validity, a bootstrap of 200 repetitions was performed.
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. Results
Publication date 17/12/2020
A total of 4 094 arthroplasties were included. The Kaplan-Meier curve estimates a
Origin Not commissioned higher survival than the general population up to 12 years, after which the median
survival is less than the general population. The bootstrap multiparametric Weibull
regression estimated a hazard ratio of 1.53 (95% confidence interval: 1.27 to 1.84)

Type of review Externally peer-reviewed by three for women, 1.09 (1.08 to 1.10) for every year older, and 1.29 (107 to 1.53) for hip
reviewers, double-blind arthroplasty patients.
Conclusion

Keywords hip arthroplasty, knee arthroplasty,

osteoarthritis, epidemiology, survival analysis Mortality after hip and knee arthroplasty in Chile follows a bimodal behavior similar
to reports from the United States and Europe. At first, mortality is lower than the
general population but worsens after 12 to 15 years of surgery.

Main messages
e Compared to the general population, survival after hip and knee arthroplasty has a bimodal pattern.

e  Lower mortality compated to the general population is expected at first, but patients have increased mortality after approximately 12
to 15 years.

e The survival rate after arthroplasty in this cohort of Chilean patients is similar to international reports.

Introduction arthroplasty indication has been increasing throughout this century,
establishing it as a cost-effective treatment for knee osteoarthritis>.
Osteoarthrosis is a frequent disease that causes pain, disability, and
diminished quality of life. The most common compromised joint is
the knee, followed by the hand and the hip!. Hip arthroplasty has
been touted as the main surgery of the XXth century due to the im-
pact it has had on patients' functionality and quality of life?. Knee

Implant survival has been widely studied. A recent systematic review
has shown that the 25-year survival rate of hip prosthesis is 58%*,
and for knee prosthesis, the 20-year survival rate is above 80%°.
Nevertheless, fewer studies have addressed the impact on patient’s
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survival compared to the general population; moreover, the results
do not readily extrapolate to Chile or Latin-American reality due to
many factors, among the most important might be the diversity of
socioeconomic status®. A study carried out in the United States re-
ported that survival after hip or knee arthroplasty had a bimodal be-
havior: initially greater survival than the general population and after
15 years, higher mortality than the general population’. A previous
study performed in Sweden reported the same bimodal pattern, but
the shift was at 12 years8. Similarly, a study performed in Denmark
reported higher survival than the general population at a maximum
follow-up of 12 years®.

Patients before surgery commonly ask about mortality related to the
procedure and their life expectancy after arthroplasty. The purpose
of this study is to determine if patients with osteoarthritis that un-
dergo hip or knee replacement jeopardize their life expectancy in
Chile.

Methods

A survival analysis study was designed and approved by our institu-
tional ethics review board. The patients were recruited from two
general hospitals in Santiago, Chile: Hospital San Jose and Hospital
Clinico Universidad de Chile. Both centers have access to the same
type and brands of prostheses, and surgeons have a similar level of
training; moreover, two of them work in both centers. The first hos-
pital belongs to the public network of health centers, so all patients
treated were affiliated to the public insurance, known as the National
Health Fund. A public university owns the other center, and about
half of the patients that received medical treatment were affiliated to
the National Health Fund.

A search was conducted in both institutions using the National
Health Fund code that identifies each procedure (2104129-11 for hip
arthroplasty and 2104153-10 for knee arthroplasty). Patients were
included if they underwent surgery for severe hip or knee osteoar-
thritis and were 50 years or older by the time of surgery. Patients
were excluded if arthroplasty was performed for fracture, hemo-
philic arthropathy, or tumor. Also, revision arthroplasties were ex-
cluded. The review was done in the university hospital between Jan-
uaty 1, 2002, to December 31, 2019, while the public hospital review
was done from June 1, 2011, to February 29, 2020. Unfortunately,
data before 2012 were not available. The flow chart of patient selec-
tion is shown in Figure 1. The patient’s full name, national ID num-
ber, gender, birth date, date of admission, date of discharge, surgery
code, and surgery date were recorded. Patients with incomplete in-
formation were excluded. Then, by the National Transparency Act,
we requested the National Civil Registry of Chile to inform whether
the patients were alive by March 30, 2020; if deceased, they were
asked to report the date of death.

ME§

Figure 1. Patient selection flow chart.
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Source: Prepared by the authors from the results of the study.

Continuous variables were summarized in median, range, and intet-
quartile range (IQR, p25—p75). Absolute frequency and percent were
used to describe discrete vatiables. The unmatched nonparametric
median test was used to compare continuous variables, and Fisher’s
exact test was used to compare discrete variables. A p-value of <
0.05 was interpreted as significant.

For survival analyses, the initial time (to) was the date of surgery. The
final follow-up was March 30, 2020, and failure was defined as death
by any cause. Total time at risk, the annual incidence of death and
the percentile of survival time were reported for hip arthroplasty and
knee arthroplasty. A multiparametric regression was estimated,
Weibull exponential and log-normal distribution were tested. The
distribution that had the best fit model was determined using log-
likelihood, the relation between Cox-Snell residual and Nelson Aalen
cumulative hazard, and the linear relation between the natural loga-
rithm of the survival probability and the analyzed time. The hazard
ratio is reported. For internal validity, a bootstrap of 200 repetitions
was performed. The covariables were tested using the Wald test, and
the power of each hazard ratio was calculated

The 2016 publication of the Statistics National Institute of Chile
(INE)! was used to compare this estimation to the expectancy of
life of the general Chilean population, reported in groups of five
years. The age of the cohort included in the study was grouped form-
ing four groups: 50 to 59, 60 to 69, 70 to 79, and 80 years or older.
Each group was compared to the adjusted expectancy of life by age
and gender for the general population, assuming an exponential dis-
tribution.

A significance of 5% was used, and a 95% confidence interval were
estimated. The data were processed using Stata version 15
(StataCorp LP, College Station, Texas, USA).

Results

A total of 4 094 arthroplasties were included, of which 1 733 were
knee arthroplasty replacements (42.3%), and 2 361 were hip replace-
ments (57.7%). The median age was 67 years old (range, 50 to 97;
interquartile range, 60 to 74), and 2 602 (63.6%) were female pa-
tients. Patients that underwent knee arthroplasty were significantly
older than hip arthroplasty patients. Also, a significantly higher pro-
portion of women was found in the hip arthroplasty group. During
the period studied, a total of 462 patients died after arthroplasty
(11.3%) (Table 1).
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Table 1. Summary by type of arthroplasty, the median age, the proportion
of women, median follow-up, 30-day, six-month, and one-year lethality. All
variables reached a significant difference.

KA HA P
Age 68 (62-74) 66 (59-73) P<0.0000*
Women 1058 (61.1%) 1544 (65.5%) P = 0.005%*
Follow-up 442 (2.10-7.73) 529 (2.38-8.77)  P<0.0000*
30-day lethality 1 (0.06%) 11 (0.47%) P =0.018**
6th month lethality 7 (0.42%) 25 (1.09%) P = 0.019%*
One-year lethality 11 (0.70%) 33(1.52%) P = 0.021**

*Median nonparametric test, **Fisher exact test.
Abbreviations: KA = Knee arthroplasty; HA = Hip arthroplasty.
Source: Prepared by the authors from the results of the study.

The median follow-up was 4.98 years (interquartile range, 2.25 to
8.43). Follow-up was significantly longer in the hip arthroplasty pa-
tients (Table 1). The lethality at 30 days, six months, and one year

were higher in the hip arthroplasty group, reaching a statistical dif-
ference.

The total time at risk was 24 035 years, with an incidence rate of
death by year of 0.019. The 25 percentile of survival time was 12.75
years. In the hip arthroplasty patients, the incidence of death by year
was 0.021, and in the knee arthroplasty was 0.179. The 25 percentile
of survival time was 12.90 years in hip arthroplasty patients and
11.89 years in knee arthroplasty patients. The total time at risk, the
incidence of death and the median survival time percentile are sum-
marized in Tables 2 and 3. The Kaplan-Meir survival curve was esti-
mated knee arthroplasty and hip arthroplasty compared to the ad-
justed general population survival showing bimodal mortality. The
Kaplan-Meier curve estimates a higher survival than the general pop-
ulation at up to 12 years, after which the median survival is less than
that of the general population (Figure 2).

Table 2. The time at risk, the annual incidence of death, and the percentile of survival time in knee arthroplasty patients.

KA Time atrisk  Annual incidence of death  Number of patients ,st . ,PSO .
survival time  survival time

<60 1958 0.007 320 14.55 -

60 - 69 5458 0.014 696 15.78 -

70 -79 3220 0.033 721 10.57 -

> 80 966 0.078 191 5.51 10.85

Abbreviation: KA = knee arthroplasty; P25 = percentile 25; p50 = percentile 50 (median).

Source: Prepared by the authors from the results of the study.

Table 3. The time at risk, the annual incidence of death, and the percentile of survival time in hip arthroplasty patients.

HA Time atrisk  Annual incidence of death  Number of patients ,P25 . ,PSO .
survival time  survival time

<60 4916 0.007 680 - -

60 - 69 5457 0.014 904 15.75 -

70 -79 3220 0.033 592 8.79 14.32

> 80 965 0.077 185 5.01 9.11

Abbreviation: HA = hip arthroplasty; P25 = percentile 25; p50 = percentile 50 (median).

Soutce: Prepared by the authors from the results of the study.

Figure 2. Kaplan-Meier survival estimate compared to the general popula-
tion adjusted by age and sex.
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Abbreviation: GP = general population.
Source: Prepared by the authors from the results of the study.
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The Weibull distribution was the best fit. The bootstrap multipara-
metric Weibull regression estimated a hazard ratio of 1.53 (95% con-
fidence interval: 1.27 to 1.84) for women, a hazard ratio of 1.09 (95%
confidence interval: 1.08 to 1.10) for every year older, a hazard ratio
of 1.29 (95% confidence interval: 1.07 to 1.53) for hip arthroplasty.
The parameter of the Weibull regression was 1.38 (95% confidence
interval: 1.24 to 1.53), meaning a significant increase of risk of death
by year after arthroplasty to a rate of 32% annually (95% confidence
interval: 0.22 to 0.43), Wald test was significant p = 0.000, and the
power for each hazard ratio was 0.99. The institution where the sur-
gery was performed was not significant in long-term survival (hazard
ratio 0.96; 95% confidence interval: 0.81 to 1.15).

The Weibull estimation shows that knee arthroplasty and hip arthro-
plasty patients between 50 and 69 live at least 17 years longer than
the general population (Figures 3 and 4). Meanwhile, patients over
70 years had a lower life expectancy 15 years after surgery (Figure 5).
Also, patients above 80 years old had higher life expectancy than the
general population until four years after surgery (Figure 6).
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Figure 3. Survival curve after multiparametric bootstrap Weibull regression

for patients between 50 to 59 years old that undergo arthroplasty.
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Source: Prepared by the authors from the results of the study.

Figure 4. Survival curve after multiparametric bootstrap Weibull regression

for patients between 60 to 69 years old that undergo arthroplasty.
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Figure 5. Survival curve after multiparametric bootstrap Weibull regression
for patients between 70 to 79 years old that undergo arthroplasty.
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Source: Prepared by the authors from the results of the study.

Figure 6. Survival curve for male and female patients 80 years or older that
undergo arthroplasty.
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Discussion

This study’s main finding shows that patients under 80 years old who
undergo hip arthroplasty or knee arthroplasty do not compromise
their life expectancy for the first 15 years after surgery, at least, which
is consistent with the previous studies that report lower mortality
than the general population during the first 12 to 15 years after sur-
gery”. However, after this period of more prolonged survival, mos-
tality was higher than the general population. This bimodal pattern
was more abrupt in the population over 70 years. This bimodal pat-
tern is similar to that reported in studies in the United States and
Sweden, where the shift occurred between 12 and 15 years’$.

The causes of this bimodal pattern are yet to be determined. The
initial lower mortality is associated with patient selection, where pa-
tients that undergo arthroplasty must ascertain health status, and car-
diovascular disease must be ruled out’. Moreover, patients that un-
derwent successful arthroplasty achieved pain relief, which has been

4/6



related to a higher life expectancy!!. On the other hand, the increased
mortality may be due to the increased risk of cardiovascular disease
in patients with osteoarthritis compared to the general population.
Patients with osteoarthritis have a 24% increased risk of developing
cardiovascular disease, a relative risk of 2.80 (95% confidence intet-
val: 2.25 to 3.49) to have heart failure, and a relative risk of 1.78 (95%
confidence intetval: 1.18 to 2.69) to have ischemic heart disease!>!3.
This is supported by Swedish registry findings, where the leading
cause of death in patients with osteoarthritis was cardiovascular dis-
ease®. Patients who have required a hip or knee prosthesis should be
encouraged to follow routine controls for cardiovascular disease.

No difference in lethality after arthroplasty between the university
and the public hospital was found in this study. Both centers were
compared for lethality after hip fracture, and a higher lethality was
found in the public center!*. Therefore, socioeconomics and type of
health insurance (public or private) play a minimum role in the bi-
modal behavior found in these patients, unlike hip fracture patients.

The time gap is shorter between the initial increase in survival and
the later increase in mortality. Cardiovascular diseases are more prev-
alent as age increases, explaining the shorter gap of higher survival
rates than the general population'>.

A significant hazard ratio in favor of knee replacement was found in
this study. A patient undergoing hip replacement due to secondary
osteoarthritis [hip dysplasia, inflammatory arthritis, and femoral
head necrosis] does not achieve less mortality than the general pop-
ulation at any time!¢. Also, a significant proportion of knee proce-
dures included in this study were done after 2012, so compared to
an increased proportion of patients that underwent hip replacement
before 2012, the comparison is uneven. An explosive increase in
knee replacement procedures has been described in the last decades,
and our cohort was not an exception!’!?. Maradit-Kremers et al.
demonstrate that comparing mortality rates between decades in pa-
tients that underwent arthroplasty is significantly different’. This
could be explained by patients who underwent arthroplasty for fem-
oral head necrosis or hip dysplasia, which were not an exclusion cri-
terion in this study.

The findings in the over 80 years old cohort should encourage an
interdisciplinary approach to diminish mortality after arthroplasty.
Orthogeriatric should move forward from hip fracture to arthro-
plasty care?. Programs with good results have been reported in pa-
tients over 89 years old, reaching a better higher survival rate than
the general population at four years follow up?!. For knee osteoar-
thritis, unicompartmental arthroplasty is less invasive than total knee
with similar functional and survival outcomes in patients over 75
years 0ld??>?3. It could be that this less aggressive procedure tends to
lower mortality rates in elderly patients.

This study has some limitations. The sample size is smaller and has
a shorter follow up than the reports from the United States and Eu-
rope; nevertheless, the mortality trend is comparable. Also, the esti-
mated regression model with good internal validity and high-power
estimation of each hazard ratio minimizes the possible bias arising
from the sample size.

Another limitation of this study is that the specific cause of mortality
is unknown, so for example, a patient could have a hip arthroplasty
performed but died because of lung cancer. Nevertheless, the num-
ber of patients studied minimizes this bias.
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In addition, this study has a limitation in that the overall data were
extracted from two hospitals and might differ in other regions of
Chile or countries in Latin America. Nevertheless, the results ob-
tained compared similarly to international reports, and there was no
difference between public and private health institutions, making the
results more generalizable.

Conclusions

Mortality after hip and knee arthroplasty in Chile follows a similar
bimodal behavior over the years to reports from the United States
and Europe. First, lower mortality than the general population is ex-
pected, but patients have increased mortality approximately after 12
to 15 years. The time gap is shorter in patients over 80 years, so this
patient age-group must be carefully selected and adequately followed
to optimize the results of this surgery; an interdisciplinary approach
is mandatory. The risk of death after arthroplasty surgery is not con-
stant and increases 0.32 by year. The survival rate after arthroplasty
in this cohort of Chilean patients is similar to international reports.
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