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While the risk of dying and life expectancy following a pri-
mary THR has been studied extensively, patient survival after 
further surgical interventions is virtually unexplored (Jones et 
al. 2018, Yao et al. 2018). What happens to life expectancy 
if patients undergo reoperation and does the clinical indica-
tion for the reoperation influence life expectancy? So far, 
little is known about death following reoperation or revision 
after THR. The increasing age at the time of reoperation, the 
increased complexity of the surgery, and the timing of surgery 
might influence life expectancy. The relative survival method 
has been developed to provide better insights into the relation 
between a study population and a general population (Stare et 
al. 2005).

The Swedish Hip Arthroplasty Register (SHAR), a reliable 
source of information on longitudinal outcome (Kärrholm 
2010, Cnudde et al. 2016) combined with national aggregated 
data from Statistics Sweden provide a platform for this study, 
which investigates the relative survival of patients undergoing 
reoperation following elective THR and the influence of the 
indication for the reoperation on the relative survival. Addi-
tionally, it investigates time- and indication-dependent pat-
terns for 1st- and 2nd-time reoperations. 

Patients and methods
Data sources
For this study, we used prospectively collected data on all 
patients who underwent a 1st-time reoperation following 
elective THR in 1999–2017 as recorded in SHAR. Patients 
who had their primary THR before 1999 were excluded. All 
surgical- and patient-related variables could be accessed and 

Background and purpose — The association between 
long-term patient survival and elective primary total hip 
replacement (THR) has been described extensively. The 
long-term survival following reoperation of THR is less well 
understood. We investigated the relative survival of patients 
undergoing reoperation following elective THR and explored 
an association between the indication for the reoperation and 
relative survival.

Patients and methods — In this observational cohort 
study we selected the patients who received an elective pri-
mary THR and subsequent reoperations during 1999–2017 
as recorded in the Swedish Hip Arthroplasty Register. The 
selected cohort was followed until the end of the study 
period, censoring or death. The indications for 1st- and even-
tual 2nd-time reoperations were analyzed and the relative 
survival ratio of the observed survival and the expected sur-
vival was determined.

Results — There were 9,926 1st-time reoperations and 
of these 2,558 underwent further reoperations. At 5 years 
after the latest reoperation, relative survival following 1st-
time reoperations was 0.94% (95% CI 0.93–0.96) and 0.90% 
(CI 0.87–0.92) following 2nd-time reoperations. At 5 years 
patients with a 1st-time reoperation for aseptic loosening had 
higher survival than expected; however, reoperations per-
formed for periprosthetic fracture, dislocation, and infection 
had lower survival.

Interpretation — The relative survival following 1st- 
and 2nd-time reoperations in elective THR patients differs 
by reason for reoperation. The impact of reoperation on life 
expectancy is more obvious for infection/dislocation and 
periprosthetic fracture.
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analysed from the database. However, for this analysis we 
concentrated solely on age, sex, and indication for surgery at 
the time of primary THR and age at the time of and indica-
tions for further operations. A reoperation is defined as any 
further surgery to the hip regardless of whether implant com-
ponents are exchanged, removed, added or not, whereas a 
revision is defined as a reoperation where implant components 
are exchanged, removed, and/or added. Cause for reoperation 
was categorized into aseptic loosening, dislocation, peripros-
thetic fracture, infection, and other causes. Closed reductions, 
aspirations and isolated tissue biopsies are not included in this 
definition.

The selected cohort was followed until the end of the study 
period (December 31, 2017), censoring, or death.

Statistics
Continuous variables were summarized as means (SD), cat-
egorical variables as percentages. Subsequently, we summa-
rized and illustrated survival with the help of relative survival 
curves with 95% confidence intervals (CI) (Pohar Perme et al. 
2012). We used R version 3.5 for statistical analyses (R Core 
Team (2018), R: A language and environment for statistical 
computing, Vienna, Austria, https://www.R-project.org) with 
the “relsurv” package for statistical analysis and applied the 
Pohar Perme method for calculating the relative survival.

Relative survival 
The relative survival was based on comparison of patients 
who underwent reoperation with aggregated data at national 
level from the general population (http://www.mortality.org). 
For any given time point onward, we estimated the relative 
survival ratio based on the observed survival in the patient 
group divided by the observed survival in general population 
matched on age, sex, and year of birth. The observed survival 
of the general population was extracted from publicly avail-
able mortality tables tabulated for birth year and sex. The for-
mula has previously been published (Cnudde et al. 2018a). A 
relative survival of 1 indicates that the exposure of interest, 
here the reoperation or the condition causing it, does not affect 
the survival in any measurable way. It does not mean that all 

patients survive. A relative survival of less than 1 indicates 
excess hazard for the patients, while values above 1 indicate 
better survival than expected.

Ethics, funding, and potential conflicts of interests
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Results

Using the SHAR databases, 278,309 primary THRs were iden-
tified in the study period from January 1, 1999 to December 
31, 2017. There were 9,926 1st-time reoperations, of which 
7,581 were 1st-time revision procedures. Of these 2,558 
underwent further reoperations, of which 1,541 were subse-
quent revisions. There were patients undergoing subsequent 
procedures (up to 19 recorded reoperations and 8 revisions). 
Patients’ demographics and indications for reoperations are 
presented in Table 1. Patients who underwent reoperation for 
infection and aseptic loosening were generally younger at the 
time of their surgery than patients undergoing the procedure 
for dislocation and periprosthetic fracture. The indications 
for reoperations varied according to sex, with more females 
undergoing reoperations for periprosthetic fractures and dis-
locations whereas more males had reoperations for infection. 
The median follow-up time was 8.4 years (0–18) from pri-
mary surgery. 

Patients undergoing 1st-time reoperation had a lower sur-
vival rate compared with the general population for the whole 
study period. The relative survival was 98% (CI 98–99) at 1 
year, 94% (CI 93–96) at 5 years, 80% (CI 75–86) at 10 years, 
and 61% (CI 50–74) at 15 years. Relative survival was worse 

Table 1. Demographics of the study population. Values are mean years (SD) unless otherwise stated 

 Aseptic  Periprosthetic
 loosening Dislocation fracture Infection Other Unknown

n 3,558 1,782 1,574 2,065 877 60
Age at primary THR 61 (11) 69 (11) 70 (11) 68 (12) 60 (13) 60 (16)
Time to 1st reoperation 8.0 (4.4) 3.2 (4.0) 5.2 (4.4) 1.6 (3.1) 4.1 (4.0) 6.4 (5.3)
Time from 1st to 2nd reoperation 2.0 (2.6) 1.7 (2.9) 1.6 (2.4) 0.6 (1.5) 1.5 (2.2) 1.4 (3.1)
Age at 1st reoperation 70 (11) 73 (11) 76 (12) 70 (11) 65 (12) 67 (16)
Age at 2nd reoperation 69 (11) 73 (11) 73 (13) 69 (11) 67 (13) 69 (14)
Women, n (%) 1,790 (50) 1,045 (59) 884 (56) 869 (42) 478 (55) 40 (57)
Dead, n (%) 566 (16) 818 (46) 711 (45) 645 (31) 136 (16) 10 (14)

p-value < 0.001 for all comparisons.
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for 2nd-time reoperations compared with 1st-time reoperations 
with 97% (CI 96–98) at 1 year, 90% (CI 87–92) at 5 years, 69% 
(CI 56–85) at 10 years, and 49% (CI 34–71) at 15 years.

We stratified the relative survival per indication for reop-
eration (Figure 1). 1st-time reoperations for aseptic loosening 
had similar survival to the general population. In fact, the rela-
tive survival ratio implied a 4% increased survival compared 
with the general population at 5 years. Relative survival fol-
lowing reoperations performed for periprosthetic fracture was 
worse compared with aseptic loosening or other causes up to 
15 years. Up to 5 years, relative survival following 1st-time 
reoperations for dislocation and infection was worse than for 
aseptic loosening and other causes (Table 2, see Supplemen-
tary data).

The relative survival following a 2nd-time reoperation 
(Figure 2) was only marginally better if the reoperation was 
performed for aseptic loosening within the 1st year (Table 3, 
see Supplementary data). Further reoperations for infection, 
periprosthetic fracture, and dislocation had lower survival 
with the lowest survival in cases of re-reoperation for disloca-
tion and periprosthetic fracture. The number of patients at risk 
is below 100 at 10 years in the group of the re-reoperations 
with the exception of infections and other (non-further speci-
fied) indications.

There was a difference in time between primary THR and 
reoperation depending on the indication for the surgery (at the 
time of the reoperation), with a shorter time interval in the 
case of infection, dislocation, and periprosthetic fracture in 
the 1st postoperative year. A later and a more gradual increase 
in cases of loosening could be seen at later stages postopera-
tively. Further reoperations peaked very early after the 1st re-
intervention with the shortest interval when the 1st reopera-
tion was performed for infection (Figure 3). 

We also studied the influence of the clinical diagnosis at 
the time of primary THR on further reoperations (Table 4, see 

Supplementary data). Aseptic loosening was the most frequent 
indication at the time of reoperation when the primary THR 
was performed for almost all clinical indications except when 
a THR was performed as a result of trauma complications. 
Infections and dislocations frequently led to further infections 
for the same reasons (Table 5, see Supplementary data). Many 
treatment-resistant infections end up leading to an excision 
arthroplasty of the THR (classified as other procedure within 
the Tables and Figures). 

Discussion

We found that the survival following 1st- and 2nd-time repeat 
surgery in elective THR is influenced by the reason for the 
reoperation. Patients undergoing reoperations for aseptic loos-
ening had a survival that is better compared with the survival 
of the general population up to 5 years following the reopera-
tion. Reoperations for dislocation and periprosthetic fractures 
were associated with a worse survival compared with the sur-
vival of the general population, also visible in the case of a 
further reoperation.

THR can fail for a variety of reasons in isolation or through 
a combination of factors. It is well known that the patient-
reported outcomes after revision are worse compared with 
those of a primary procedure (Lubbeke et al. 2007, Postler 
et al. 2017). It is also likely that activity levels, as well as a 
potential to return to work, is affected by the revision THR 
(Scott et al. 2018). Nevertheless, the crude indicators of suc-
cess have been re-revision/reoperation and/or mortality fol-
lowing the surgical procedure. The risk of further reoperations 
after a reoperation has been alluded to in the annual reports of 
the SHAR (https://shpr.registercentrum.se) and a 20% risk of 
a subsequent reoperation has been described. In the majority 
of cases a 1st reoperation occurs early within the 1st couple of 

Figure 1. Relative survival after 1st-time 
reoperation per indication at the time of 
the reoperation (truncated at 10 years).

Figure 2. Relative survival (and confidence 
intervals) after the 2nd-time reoperation 
per indication at the time of the reoperation 
(truncated at 10 years).

Aseptic loosening

Periprosthestic fracture

Other

Dislocation

Infection primary to first reoperation
first to second reoperation

0 1 2 3 4 5 6 7 8

Median years to reoperation

Indication for reoperation

Figure 3. Median time between the primary THR and 
the 1st-time reoperation and between 1st- and 2nd-
time reoperation for the different indications.
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years with a shortening of time interval when further reopera-
tions are needed.

Mortality can be calculated in different ways and the effect 
of the procedure on life expectancy will be influenced by a 
multitude of factors. Short-term mortality has been described 
by Jones et al. (2018) based on a comparison of patients 
who underwent revision surgery and were compared with 
patients awaiting revision surgery. They found a higher mor-
tality rate in patients who underwent revision surgery. This is 
likely attributed to the effect of the surgery. Yao et al. (2018) 
described long-term mortality following revision THR using 
the Mayo database and found a slightly higher mortality than 
in the general population. Our findings differ from the Mayo 
findings as we have an improved relative survival until 5 years 
postoperatively and from 5 years onward a survival that does 
not differ from the general population. The survival in patients 
reoperated for infections, periprosthetic fractures, and disloca-
tions are, however, all worse than in the general population. 
The Mayo group combined aseptic loosening, bearing wear, 
and dislocation in a single group. Whilst we were not able to 
look at the influence of comorbidity, we did study the effect of 
further reoperations. 

Relative survival methods have been used to describe the 
cancer prognosis at population level. The overall relative sur-
vival 5 years after a 1st-time reoperation is comparable with 
the 5-year relative survival of melanomas (94% and 95%) in 
females in Australia and Sweden. Our 5-year relative sur-
vival after 2nd-time reoperation is slightly worse compared 
with the Australian and Swedish 5-year relative survival after 
diagnosis of breast cancer in women (91% and 92%). The 
overall 10-year relative survival for all cancers in Australia 
and Sweden is 61% and 69%. Our 10-year relative survival 
after reoperation is worse than the 10-year relative survival 
for breast cancer in Australia and Sweden (85% and 86%) and 
comparable to the relative survival after cervical cancer (70% 
and 76%) (https://ncci.canceraustralia.gov.au/outcomes/rela-
tive-survival-rate/10-year-relative-survival and https://www.
cancerfonden.se/cancer-i-siffror). These comparisons illus-
trate the severity of suffering THR complications leading to 
reoperation.

Despite the ongoing improvement in outcomes of THR, 
some issues remain. There is a gradual increase in patients 
undergoing reoperations for infection and dislocation (Cnudde 
et al. 2018b). These predominantly occur in the early postop-
erative stages and are associated with an increased mortality. 
There is also an accepted knowledge that revision THRs do 
worse than primary THRs (Espehaug et al. 1998, Lie et al. 
2004). Therefore the right implant choice at the time of the 
primary procedure (Thien et al. 2014), management strategies 
at the time of the primary surgery, and subsequent surgeries 
will have to be developed and followed in an attempt to get the 
best outcomes and to avoid complications such as dislocation, 
infection, and periprosthetic fractures. Such complications not 
only put a burden on the patient but also have an impact on the 

scarce health care resources, and the question will have to be 
asked which departments and surgeons will be best placed to 
organise and provide the treatment and ensure the best pos-
sible outcomes. 

The risk of subsequent re-reoperations is quite prominent 
in the case of infection and dislocation, with further surgery 
for the same reasons being the most common indication if 
surgery takes place. This reiterates the complexity of this 
problem and the need to develop management pathways 
for the prevention and adequate treatment of infections and 
dislocations. Bigger head size and dual mobility cups have 
been advocated in the case of dislocation (Mohaddes et al. 
2017). New pathways advocating a timely diagnosis, rigor-
ous debridement, local delivery of antibiotics, and prolonged 
use of systemic antibiotics are now considered the mainstay 
of treatment protocols in the case of periprosthetic joint 
infections. 

Strengths and limitations
This study is based on data from a validated national qual-
ity register with linkage to the administrative databases.We 
deliberately selected the period 1999–2017 as 1999 coin-
cides with the year when more details of the implants used 
became available within the SHAR, and represents the time 
when increased use of more contemporary implants and head 
sizes was noticed, reflecting current practice. We acknowledge 
that selecting only reoperations following primary surgeries 
performed during this period does not reflect the actual pro-
portion of different reasons for reoperations undertaken in 
Sweden; the distribution is skewed towards early and mid-
term complications. 

In our analysis there was no matching for comorbidity and 
socioeconomic status. A previous study of our research group 
has described the effect of both comorbidity and socioeco-
nomic status on both mortality and revision after THR (Cnudde 
et al. 2018c). We are aware that the indication at the time of 
primary surgery probably influences the reason for subsequent 
revisions with those who have a THR for complications after 
trauma or acute fracture having a higher risk of dislocation, 
periprosthetic fracture, and infection (Cnudde et al. 2018c).

Whether the risk of earlier death is linked to the reoperation 
per se or to the increased risk of reoperation in frail patients is 
something that will need further study. 

In summary the impact of reoperation on life expectancy is 
obvious for infection/dislocation and periprosthetic fracture. 
Treatment strategies should be developed to prevent these 
complications occurring and surgical pathways for the reop-
erations should be developed in order to improve outcomes 
for patients.

Supplementary data
Tables 2–5 are available as supplementary data in the online 
version of this article, http://dx.doi.org/10.1080/17453674. 
2019.1597062
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