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Background and purpose   High age is associated with increased 
postoperative mortality, but the factors that predict mortality in 
older hip and knee replacement recipients are not known.

Methods   Preoperative clinical and operative data on 1,998 pri-
mary total hip and knee replacements performed for osteoarthritis 
in patients aged ≥ 75 years in a single institution were collected 
from a joint replacement database and compoared with mortality 
data. Average follow-up was 4.2 (2.2–7.6) years for the patients 
who survived. Factors associated with mortality were analyzed 
using Cox regression analysis, with adjustment for age, sex, oper-
ated joint, laterality, and anesthesiological risk score.

Results   Mortality was 0.15% at 30 days, 0.35% at 90 days, 
1.60% at 1 year, 7.6% at 3 years, and 16% at 5 years, and was 
similar following hip and knee replacement. Higher age, male 
sex, American Society of Anesthesiologists risk score of > 2, use of 
walking aids, preoperative walking restriction (inability to walk 
or ability to walk indoors only, compared to ability to walk > 1 
km), poor clinical condition preoperatively (based on clinical hip 
and knee scores or clinical severity of osteoarthritis), preoperative 
anemia, severe renal insufficiency, and use of blood transfusions 
were associated with higher mortality. High body mass index had 
a protective effect in patients after hip replacement.

Interpretation   Postoperative mortality is low in healthy old 
joint replacement recipients. Comorbidities and functional limi-
tations preoperatively are associated with higher mortality and 
warrant careful consideration before proceeding with joint 
replacement surgery.



 
Ability to walk is critical for maintaining independence in 
daily activities. Difficulties in walking and impaired function 
are also strong predictors of mortality in the elderly (Keeler et 

al. 2010, Hardy et al. 2011). Arthritis is one of most frequent 
reasons for disability in older age (Spiers et al. 2005, Song et 
al. 2006), and recently, osteoarthritis has been associated with 
higher mortality in the general population (Nüesch et al. 2011).

Joint replacement is an effective treatment in late-stage 
arthritis of the hip and knee and leads to improvement in func-
tion, pain, performance in activities of daily living, and qual-
ity of life in the oldest patients (Brander et al. 1997, Jones et 
al. 2001, Ethgen et al. 2004, Hamel et al. 2008). The demand 
for joint replacement surgery is increasing (Birrell et al. 1999, 
Robertsson et al. 2000). On the other hand, joint replacements 
are associated with higher mortality than in the general popu-
lation (Lie et al. 2010), particularly in patients over 75 years 
of age (Hosick et al. 1994, Gill et al. 2003, Aynardi et al. 2009, 
Lie et al. 2010, Pedersen et al. 2011). Thus, in the elderly the 
benefits of joint replacement must be weighted against the 
higher risk of postoperative complications (SooHoo et al. 
2006, Parvizi et al. 2007, Memtsoudis et al. 2010, SooHoo et 
al. 2010) including death, and limited life expectancy.

Although the demand for joint replacements can be expected 
to increase considerably in the near future as the average age 
of the population increases, there has been limited research 
on the outcomes of hip and knee replacements in the elderly. 
Furthermore, the results obtained in younger patients cannot 
be extrapolated to older patients due to specific characteristics 
of these patients, such as neurodegenerative diseases, frailty, 
and reduced functional reserve and ability to recover.

We analyzed mortality and predictors of mortality following 
primary hip and knee replacement in patients aged ≥ 75 years 
in a large population-based sample. We hypothesized that 
comorbidities and physical condition preoperatively rather 
than chronological age in itself would be predictive of patient 
survival after primary joint replacement.
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Materials and methods

From September 1, 2002 through January 31, 2009, 2,559 
primary hip and knee replacements were performed at our 
institution in patients aged 75 years or more at the time of 
surgery. 

We included only the first operations for each patient 
during the observation period (simultaneous replacement of 
both hips or knees were, however, included and are referred 
to as bilateral operations), leading to exclusion of 306 sub-
sequent primary joint replacements. We also excluded opera-
tions performed for reasons other than primary osteoarthritis 
(acute hip fracture or revision of failed osteosynthesis, n = 74; 
inflammatory arthritis, n = 70; secondary OA, n = 23; osteo-
necrosis, n = 19; bone tumor or metastasis, n = 10; or other 
miscellaneous diagnoses, n = 6), unicondylar knee replace-
ment (n = 47), and resurfacing hip replacement (n = 6). Thus, 
the present series consisted of 756 primary total hip replace-
ments and 1,242 primary total knee replacements performed 
for primary osteoarthritis (OA). Altogether, patients aged ≥ 75 
years accounted for 31–41% of all primary joint replacements 
performed annually at our institution, for primary OA. There 
were no statistically significant differences between the obser-
vation years. 

Our institution is responsible for publicly-funded joint 
replacement surgery in the local hospital district (with about 
470,000 inhabitants). Most patients are referred for surgery 
by general practitioners and private specialists. Referrals are 
based on uniform national criteria for access to non-emer-
gency treatment, introduced in 2005, and local clinical path-
ways for treatment of hip and knee osteoarthritis. According 
to these criteria, referral is considered appropriate when the 
total score exceeds a specific cutoff value, corresponding to 
the presence of continuous pain and/or severe disability in 
usual activities together with radiographic confirmation of 
joint destruction.

Pre- and perioperative data, including Knee Society score 
(KSS; Insall et al. 1989) and Harris hip score (HHS; Harris 
1969), were recorded prospectively in a specific joint replace-
ment database by an orthopedic surgeon or a physiotherapist. 
This database (Tekoset; Advanced Medical Vision, Tampere, 
Finland) was developed in the early 2000s, and has been used 
in our unit since the hospital was founded in September 2002. 
Hospitalization data and supplementary perioperative infor-
mation were collected from the hospital administration data-
base (which is shared with the adjacent university hospital). 
Operation-related data (anesthesiological risk score, dura-
tion of surgery, blood loss, and use of blood products) were 
recorded in the operating room, and hospitalization data were 
recorded upon discharge. The hospitalization data were also 
reported to the Finnish Hospital Discharge Register. 

Eventual revision surgeries and later primary operations 
were identified from the joint replacement database. Data 
on preoperative laboratory routines were collected from the 

databases of the adjacent university hospital laboratory. 387 
patients (19%) had preoperative hemoglobin values missing 
and 892 patients (45%) had preoperative creatinine values 
missing, because laboratory tests were done in outside labora-
tories. These patients were omitted from respective analyses. 
Date of death was retrieved from the hospital administration 
database, which is linked to national census data. Data from 
different sources could be combined using the unique personal 
identification number of each Finnish resident and the date of 
surgery as matching criteria. 

Statistics
All data were analyzed using patients (i.e. joint replacement 
operations) as the statistical unit. The patients were followed 
until March 31, 2010 unless death occurred before that. 
Patients who underwent subsequent joint replacements after 
the one being followed-up were censored at the time of that 
operation. The minimum follow-up for surviving patients was 
26 months.

The main outcome was overall mortality. Postoperative 
mortality was analyzed at 7, 30, and 90 days and at 1 year, 
but due to the low number of deaths, predictors of mortality at 
these time points could not be analyzed. Mortality at 1, 3, and 
5 years was estimated using Kaplan-Meier survival analysis, 
which was also used to produce the survival curves presented 
in Figures 1 and 2. All mortality data are presented as case 
numbers and percentages.

Mortality and its predictors were calculated for the whole 
series, to achieve maximal statistical power. Even so, the 
results of subgroup analyses for patients aged 75–79 years, 
80–84 years, and ≥ 85 years, and for hip and knee replace-
ments, are reported when they provide information that differs 
from the results of the main analyses.

The associations of the available patient-related, clinical, 
and operative variables with overall patient survival were 
analyzed by Cox regression analysis. Age, body mass index 
(BMI), duration of operation, blood loss, and renal function 
were analyzed as continuous variables and also categorized as 
follows. Age was analyzed in groups of 75–79 years, 80–84 
years, and ≥ 85 years. BMI was categorized into 4 groups: 
underweight (< 20 kg/m2), normal (20–24 kg/m2), overweight 
(25–29 kg/m2), and obese (≥ 30 kg/m2). For duration of opera-
tion and blood loss, quartiles were used as cutoff points. Renal 
function was categorized based on estimated glomerular filtra-
tion rate (GFR), calculated using the Cockcroft and Gault for-
mula (Cockcroft and Gault 1976), as normal (≥ 90 mL/min) or 
as mild (60–89 mL/min), moderate (30–59 mL/min), or severe 
(< 30 mL/min) renal insufficiency. Patients with hemoglobin 
below the normal range of the local reference values (134–167 
g/L for men and 117–155 g/L for women) were considered to 
have anemia.

Walking distance and use of walking aids were analyzed 
separately from KSS and HHS because mobility level is an 
important predictor of mortality in the general population 
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(1) prostheses with cementless or hybrid fixation, (2) patients 
who had undergone subsequent primary hip or knee replace-
ment or revision surgery, (3) bilateral operations. 

The results of the regression analyses are presented as 
hazard ratios (HRs) with 95% confidence intervals (CIs) (cor-
responding to statistical significance at the p < 0.05 level).

Results
Patients and operative data
Patient demographics, preoperative data, and operative data 
are given in Table 1. Knee replacement recipients were more 
likely to have both sides involved, but they used walking aids 
less frequently and had less restriction of mobility.

In the majority of cases, a cemented total joint replacement 
was performed. Of the total knee replacements, 399 (32%) 
were cruciate-retaining, 766 (62%) were cruciate-substituting, 
58 (5%) were constrained condylar, and 19 (1%) were hinged 
(or tumor prosthesis) designs. The patella was resurfaced in 
530 knees (42%).

Most patients (93%) arrived at hospital on the day of opera-
tion. 1,987 operations (99%) were performed under spinal 
anesthesia. Intravenous antibiotic prophylaxis (3 g of cefurox-
ime as a single bolus unless contraindicated) was given before 
the operation in all cases. Low-molecular-weight heparin for 4 
weeks was used as thromboprophylaxis in 1,875 cases (94%). 
Most patients (64%) were discharged to other healthcare units 
for rehabilitation, and the rest were discharged directly home. 
347 patients (17.4% and 17.3% of hip and knee replacement 

Table 1. Patient demographics and preoperative clinical situation in primary hip 
and knee replacements

 Primary hip Primary knee
 replacements replacements
 (n = 756) (n = 1,242)

Median age (range), years   80 (75–95)      80 (75–97)
Age group
 75–79 years 434 (57%)    732 (59%)
 80–84 years 241 (32%)    402 (32%)
 85 years or over   81 (11%)    108 (8.7%)
Sex
 Female 504 (67%)    947 (76%)
 Male 252 (33%)    295 (24%)
Median BMI (range), kg/m2   27 (17–42)      29 (18–53)
(missing, n = 330)
 < 20 kg/m2   17 (2.6%)      10 (1.0%)
 20–24 kg/m2 199 (31%)    174 (17%)
 25–30 kg/m2 298 (46%)    488 (48%)
 > 30 kg/m2 128 (20%)    354 (35%)
ASA a risk score (missing, n = 11)
 II 282 (38%)    430 (35%)
 III 438 (59%)    770 (62%)
 IV   28 (3.7%)      39 (3.1%)
Preoperative data
Charnley class/Knee Society class 
  (missing, n = 179)
 One hip/knee involved 436 (63%)    371 (33%)
 Both hips/knees involved 225 (33%)    720 (64%)
 Other reasons for restricted mobility   32 (4.6%)      35 (3.1%)
Use of any walking aids (missing, n = 174) 556 (80%)    767 (68%)
Ability to walk (missing, n = 173)
 Unable to walk     8 (1.1%)      11 (1.0%)
 Indoors only 159 (23%)    118 (11%)
 Less than 1 km 395 (57%)    664 (59%)
 Over 1 km or unlimited 134 (19%)    336 (30%)
Median preoperative Harris hip score 
  or Knee Society score (range)   44 (0–95)      40 (0–100)
  (missing, n = 63/113)
Operative data
Bilateral surgery   29 (3.8%)    149 (12%)
Prosthesis fixation
 Cemented 507 (67%) 1,213 (98%)
 Hybrid 153 (20%)      29 (2.3%)
 Cementless   96 (13%)        0

a American Society of Anesthesiologists

(Keeler et al. 2010, Nüesch et al. 2011). As a modi-
fication of the original block-based categorization 
of walking ability, walking distance both for HHS 
and KSS was recorded in our joint replacement 
database as follows: unable to walk/bed or chair 
only, indoors only/housebound, 100–500 m, 500–
1,000 m, 1-1.5 km, over 1.5 km/unlimited. For the 
present analyses, the 100–500 m and 500–1,000 
m groups were combined (100–1,000 m) and the 
groups 1–1.5 km and over 1.5 km/unlimited were 
combined (over 1 km).

In addition, KSS and HHS were used to create a 
composite marker “severe OA”, defined as (1) the 
presence of axial deformity of > 10 degrees, severe 
anteroposterior or mediolateral instability, range of 
motion of < 80 degrees before knee replacement; 
or (2) the presence of severe limp, total range of 
motion of < 100 degrees, or positive Trendelenburg 
sign (recorded routinely in the joint replacement 
database in addition to the components of HHS) 
before hip replacement. The criteria for this com-
posite marker are based on the clinical experience 
of two joint replacement surgeons (TP and AE) and 
they were used in this study as an objective marker 
of severity of OA because radiographic data were 
lacking.

The comparisons were first performed without 
adjustment (univariate analysis) and then with 
adjustment for age, sex, American Society of 
Anesthesiologists (ASA) risk score, operated joint, 
and laterality (unilateral, bilateral). No significant 
violations of the proportional hazards assumption 
were observed in visual assessment of log-minus-
log curves in the Cox regression analyses. Finally, 
variables that were associated with overall mortal-
ity in adjusted analyses were included in the same 
multivariate model to analyze their independent 
effects. As sensitivity analysis, the adjusted models 
were also re-run after exclusion (one at at time) of 
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recipients) underwent another joint replacement during the 
observation period. 20 hip replacements (2.6%) and 24 knee 
replacements (1.9%) were later revised.

Postoperative mortality and overall patient survival
278 patients (14%) died during their follow-up (median 4.2 
(0–7.6) years). For surviving patients, median follow-up was 
4.4 (2.2–7.6) years. Mortality was 0.10% (n = 2) at 7 days, 
0.15% (n = 3) at 30 days, 0.35% (n = 7) at 90 days, and 1.60% 
(n = 32) at 1 year.

Mortality at 1, 3, and 5 years after surgery was 1.6% (CI: 
1.0–2.2), 7.6% (CI: 6.4–8.8), and 16% (CI: 13.7–17.7), 
respectively, and there was no difference between hip and 
knee replacements (adjusted HR = 1.0, CI: 0.8-1.3, for hip 
replacements compared to knee replacements).

Mortality rates at 1, 3, and 5 years for different patient sub-
groups and adjusted HRs for overall mortality are given in 
Table 2. The results of respective univariate analyses are given 
in the Appendix (see Supplementary data).

Patient characteristics
During the first postoperative year, mortality was higher in the 
age groups 80–84 years (2.3%, adjusted HR = 2.4, CI: 1.1–
5.3) and ≥ 85 years (3.2%, adjusted HR = 3.2, CI: 1.2–8.8) 
than in patients aged 75–79 years (0.9%) but in general, 1-year 
mortality was low (Figure 1). The differences between the age 
groups persisted as the follow-up progressed. Men had higher 
mortality than women (Table 2). 

Lowest 1-year mortality was observed in overweight 
patients and lowest overall mortality was observed in obese 
patients, and altogether high BMI showed a protective effect 

against mortality, even after adjustment (Table 2). This effect 
was particularly apparent in hip replacements (adjusted HR 
per increase of 1 kg/m2 = 0.91, CI: 0.86–0.96) whereas fol-
lowing knee replacement BMI had no effect on mortality 
(adjusted HR per increase of 1 kg/m2 = 0.99, CI: 0.96–1.03). 

ASA risk score was strongly associated with overall mor-
tality (Table 2), whereas there was no statistically signifi-
cant effect on 1-year mortality (data not shown). Preopera-
tive anemia (see below) and severe renal insufficiency were 
associated with higher mortality, independent of ASA score 
(Table 2).

Preoperative clinical state
Preoperative functional limitations (Figure 2) and poorer pre-
operative clinical state, approximated with HHS and KSS, and 
“severe OA” were associated with higher mortality (Table 2). 
The association between walking distance and mortality was 
essentially similar for hip and knee replacements (data not 
shown) and in the 3 age groups (Figure 3). After adjustment, 
a statistically significant association with mortality was only 
observed for the category “inability to walk/indoors only” 
(combined due to small case numbers) compared to “over 1 
km” in the age groups 80–84 years and ≥ 85 years (adjusted 
HR = 2.1, CI: 1.1–3.8, and adjusted HR = 2.5, CI: 1.1–6.0, 
respectively). 

Surgery-related factors
Except for blood transfusions, none of the operation-related 
variables tested had any effect on mortality in the adjusted 
analyses (Table 2).

Figure 2. Kaplan-Meier survival curves with death as endpoint fol-
lowing primary hip or knee replacement, with respect to preoperative 
walking ability.

Figure 1. Kaplan-Meier survival curves with death as endpoint for 
patients aged 75–79 years, 80–84 years, and ≥ 85 years at the time of 
primary hip or knee replacement.
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Table 2. Mortality at 1, 3, and 5 years following primary hip or knee replacement, and the factors associated with mortality. 
The results concerning factors predicting mortality are presented as hazard ratios (HRs) and their 95% confidence intervals 
(CIs), calculated using Cox regression analysis, with adjustment for age, sex, ASA risk score, joint (hip, knee), and laterality 
(unilateral, bilateral)

   1-year 3-year 5-year
   mortality mortality mortality
Patient characteristics No. of patients n (%) n (%) n (%) Adjusted HR (CI)

Patient characteristics
Age (increase of 1 year) 1,998 – – – 1.12 (1.09–1.16)
Age group
 75–79 years 1,166 11 (0.9%)   61 (5.2%) 101 (8.7%) 1
 80–84 years 643 15 (2.3%)   48 (7.5%)   88 (14%) 1.71 (1.31–2.23)
 85 years or over 189   6 (3.2%)   33 (18%)   49 (26%) 3.34 (2.39–4.65)
Sex
 Female 1,451 20 (1.4%)   86 (5.9%) 149 (10%) 1
 Male 547 12 (2.2%)   56 (10%)   89 (16%) 1.72 (1.34–2.20)
Body mass index (increase of 1 kg/m2) 1,668   –    –  – 0.97 (0.93–1.00)
 < 20 kg/m2 27   1 (3.7%)     3 (11%)     5 (17%)  1.34 (0.54–3.32)
 20–24 kg/m2 373   9 (2.4%)   38 (10%)   65 (17%) 1.43 (1.06–1.93)
 25–30 kg/m2 786 10 (1.3%)   57 (7.3%)   96 (12%) 1
 > 30 kg/m2 482   9 (1.9%)   30 (6.2%)   51 (11%) 0.89 (0.65–1.23)
ASA risk score
 II 712   6 (0.8%)   36 (5.1%)   56 (7.9%) 1
 III 1,208 25 (2.1%) 100 (8.3%) 167 (14%) 1.83 (1.37–2.45)
 IV or V 67   1 (1.5%)     5 (7.5%)   14 (21%) 3.01 (1.72–5.23)
Charnley class / Knee Society class
 One hip/knee involved 807 12 (1.5%)   62 (7.7%) 101 (13%) 1
 Both hips/knees involved 945 18 (1.9%)   69 (7.3%) 121 (13%) 1.06 (0.81–1.38)
 Other reasons restrict mobility 67   0     4 (6.0%)     8 (12%) 0.83 (0.42–1.64)
Preoperative clinical state
Use of walking aids
 None 501   2 (0.4%)   18 (3.6%)   35 (7.0%) 1
 Any 1,323 29 (2.2%) 119 (9.0%) 197 (15%) 1.71 (1.22–2.41)
Walking ability
 Unable to walk 19   1 (5.3%)     6 (32%)     6 (32%) 3.09 (1.39–6.88)
 Indoors only 277 10 (3.6%)   35 (13%)   58 (21%) 1.88 (1.27–2.77)
 Less than 1 km 1,059 18 (1.7%)   78 (7.4%) 128 (12%) 1.23 (0.89–1.70)
 Over 1 km or unlimited 470   2 (0.4%)   18 (3.8%)   40 (8.5%) 1
Preoperative clinical score
    (increase of 5 points)
 Harris hip score 693 –     –    – 0.90 (0.84–0.97)
 Knee Society score 1,129 –     –    – 0.93 (0.89–0.97)
Severe osteoarthritis a

 No 1,007 12 (1.2%)   54 (5.4%) 101 (10%) 1
 Yes 815 19 (2.3%)   83 (10%) 131 (16%) 1.40 (1.09–1.80)
Preoperative laboratory data
Anemia
 No 1,371 25 (1.8%)   91 (6.6%) 155 (11%) 1
 Yes 240   7 (2.9%)   33 (14%)   55 (23%) 1.47 (1.08–1.99)
GFR (decrease of 10 ml/min) 886    0.99 (0.89–1.09)
Renal function
 Normal 106   1 (0.9%)     4 (3.8%)     8 (7.5%) 1
 Mild insufficiency 467   8 (1.7%)   42 (9.0%)   59 (13%) 1.74 (0.82–3.68)
 Moderate insufficiency 304   9 (3.0%)   24 (7.9%)   43 (14%) 1.58 (0.72–3.49)
 Severe insufficiency 9   0     1 (11%)     4 (44%) 5.04 (1.38–18.35)
Operative data
Operated joint
 Hip 756 13 (1.7%)   63 (8.3%)   99 (13%) 1.01 (0.79–1.29)
 Knee 1,242 19 (1.5%)   79 (6.4%) 139 (11%) 1
Laterality
 Unilateral 1,820 30 (1.6%) 133 (7.3%) 221 (12%) 1
 Bilateral 178   2 (1.1%)     9 (5.1%)   17 (9.6%) 0.99 (0.61–1.63)
Type of knee replacement
    (knee replacements only)
 Cruciate–retaining 399   3 (0.8%)   14 (3.5%)   35 (8.8%) 1
 Cruciate–substituting 766 13 (1.7%)   58 (7.6%)   93 (12%) 1.31 (0.92–1.86)
 Constrained 58   1 (1.7%)     3 (5.2%)     7 (12%) 0.98 (0.44–2.18)
 Hinge or tumor prosthesis 19   2 (10.5%)     4 (21%)     4 (21%) 1.56 (0.55–4.41)
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Anemia, blood loss, and use of blood transfusions
Patients with anemia and those who received blood transfu-
sions had increased mortality whereas blood loss did not affect 
mortality in the adjusted analyses (Table 2). Preoperatively, 
anemic patients both with and without blood transfusion had 

higher overall mortality (adjusted HR = 1.7, CI: 1.2–2.7, and 
adjusted HR = 1.5, CI: 0.98–2.2) than patients with normal 
hemoglobin and not receiving blood products. When patients 
were stratified according to the amount of blood loss, blood 
transfusions were not associated with mortality in the adjusted 

Figure 3. Association of preoperative walking distance with 1-year and overall mortality in different 
age groups.

   1-year 3-year 5-year
   mortality mortality mortality
Patient characteristics No. of patients n (%) n (%) n (%) Adjusted HR (CI)

Fixation method
 Cemented 1,720 29 (1.7%) 125 (7.3%) 204 (12%) 1
 Hybrid 182   2 (1.1%)   14 (7.7%)   28 (15%) 1.15 (0.77–1.72)
 Cementless 96   1 (1.0%)     3 (3.1%)     6 (6.3%) 0.71 (0.31–1.64)
Duration of operation
(unilateral procedures only)
 ≤ 87 min 469   3 (0.6%)   34 (7.2%)   51 (11%) 1
 88–101 min 432   9 (2.1%)   30 (6.9%)   54 (13%) 1.04 (0.73–1.47)
 102–120 min 477   8 (1.7%)   34 (7.1%)   57 (12%) 0.90 (0.63–1.28)
 > 120 min 435 10 (2.3%)   35 (8.0%)   59 (14%) 1.03 (0.73–1.45)
Blood loss (increase of 100 ml) 2,134  –   – – 1.02 (0.98–1.06)
 ≤ 200 ml 1,056 18 (1.7%)   65 (6.2%) 112 (11%) 1
 201–500 ml 499   8 (1.6%)   42 (8.4%)   65 (13%) 1.21 (0.82–1.80)
 501–800 ml 265   3 (1.1%)   19 (7.2%)   35 (13%) 1.08 (0.65–1.82)
 > 800 ml 145   3 (2.1%)   14 (9.7%)   24 (17%) 1.22 (0.68–2.19)
Blood transfusion
 None 1,542 23 (1.5%)   95 (6.2%) 158 (10%) 1
 Any 432   9 (2.1%)   45 (10%)   76 (18%) 1.41 (1.06–1.87)

ASA: American Society of Anesthesiologists; GFR: estimated glomerular filtration rate.
a Severe OA is defined as the presence of axial deformity of > 10 degrees, range of motion < 80 degrees, or severe antero-
posterior or mediolateral instability in knees, and as the presence of positive Trendelenburg sign, total range of motion of < 100 
degrees, or severe limp in hips.

Table 2. Continued.
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analyses (data not shown). In the absence of blood transfusion, 
blood loss did not affect mortality. Exclusion of patients with 
anemia did not change these results.

Sensitivity analyses
The key findings remained essentially unchanged in the previ-
ously defined subgroup analyses that were performed as sen-
sitivity analyses.

Discussion

The major strength of our study is the large, regionally rep-
resentative sample with detailed prospectively and systemati-
cally collected clinical data, which allowed more comprehen-
sive analysis and control over numerous confounding factors 
than the health registers used in most previous studies. Inevi-
tably, postoperative mortality increases with age, but the pres-
ent study shows that alone, its predictive power is poor. Male 
sex, comorbidities, anemia, severity of arthritis, and particu-
larly functional limitations preoperatively were predictive of 
increased mortality following primary hip and knee replace-
ment, independently of age, whereas the operation-related 
variables analyzed had little or no effect on long-term prog-
nosis. 

In general, early postoperative mortality was low. The mor-
tality of 0.18% at 30 days and 0.51% at 90 days is compa-
rable or only slightly higher than has been reported in earlier 
series (Parvizi et al. 2001a, b, SooHoo et al. 2006, Aynardi et 
al. 2009, Lie et al. 2010, SooHoo et al. 2010), although we 
included only patients over 75 years of age. In patients aged 
≥ 80–85 years, reported in-hospital and 90-day mortality rates 
range from 1% to 4.7% (Gill et al. 2003, Kreder et al. 2005, 
Pedersen et al. 2011). The materials in these studies were from 
much earlier series (Gill et al. 2003, Kreder et al. 2005) or 
were collected from several different institutions (Kreder et al. 
2005, Pedersen et al. 2011) whereas our series was operated 
on in a high-volume tertiary-care center concentrating solely 
on joint replacement. Lower postoperative mortality has been 
reported in specialty hospitals than in general hospitals (Cram 
et al. 2007), and in association with higher procedure volume 
(Shervin et al. 2007). Moreover, almost all the patients in this 
study received effective thromboprophylaxis and were oper-
ated on under spinal anesthesia.

In the longer term, the decline in patient survival (Figures 1 
and 2) most likely represents the natural process of aging, as 
the excess mortality related to the surgery lasts only a month 
(Lie et al. 2010, Pedersen et al. 2011). The 5-year mortality 
exceeded one fifth in certain patient subgroups (e.g. in those 
who were housebound before surgery), but on the other hand, 
it was only below 10% in patients who were healthy and phys-
ically fit before surgery. In Finland, life expectancy at the age 
of 80 is 8.5 years for women and 7.0 years for men (Official 
Statistics of Finland 2003), and in general, the survival of joint 

replacement recipients is better than that of general population 
(Robertsson et al. 2007, Pedersen et al. 2011). Thus, thoughts 
about compromised life expectancy should not prevent perfor-
mance of hip or knee replacement in older patients if a satis-
factory outcome can otherwise be expected.

As expected in the light of previous literature (SooHoo et 
al. 2006, Gaston et al. 2007, Lie et al. 2010, Memtsoudis et al. 
2010, Pedersen et al. 2011), male sex and comorbidity were 
predictive of mortality—particularly in long-term follow-up. 
Unfortunately, the effects of different conditions on mortality 
could not be analyzed because no data on specific comorbid 
conditions or medication were registered in our data sources 
and such data could not be gathered retrospectively because of 
the size of the material. Considering comorbidity would have 
been important, because in the presence of comorbidity the 
criteria for performing joint replacement are probably stricter 
and thus surgery may be delayed in order to gain greater 
improvement to compensate the increased risks. It has, how-
ever, been reported that the patients with the worst preopera-
tive clinical state do not reach as good an outcome as those 
who are operated earlier in the course of OA (Lingard et al. 
2004). Furthermore, our results strongly suggest that poor pre-
operative clinical state is associated with increased mortality, 
although it remains unclear to what extent this is attributable 
to comorbidities or to the degree of OA. 

In-hospital mortality after hip and knee replacement has 
been linked to dementia, renal disease, cerebrovascular dis-
ease, and diabetes (Memtsoudis et al. 2010). Accordingly, 
patients with severe renal insufficiency appeared as one of the 
subgroups with the highest mortality in our study. History of 
coronary heart disease, but not hypertension or obesity, has 
been associated with higher mortality (Gaston et al. 2007), but 
in another study hip replacement recipients had lower mor-
tality than age- and sex-matched population-based controls—
even in the presence of cardiovascular disease, diabetes, or 
cancer (Pedersen et al. 2011).

Supporting earlier observations in the general popula-
tion (Keeler et al. 2010, Hardy et al. 2011), in patients with 
osteoarthritis (Nüesch et al. 2011) and in hip fracture patients 
(Pioli et al. 2006, Paksima et al. 2008), impaired functional 
status, and—specifically—mobility disability appeared to be 
a strong independent predictor of postoperative mortality, both 
during the first postoperative year and in long-term follow-
up. We acknowledge that patients who were housebound or 
unable to walk at all were a minority in this study, but even 
so their prognosis appeared to be particularly poor, and the 
differences compared to patients with a greater level of mobil-
ity persisted after multiple adjustments, which underscores the 
importance of this observation.

Although arthritis is a clear reason for walking difficulties 
preoperatively in hip and knee replacement patients, it should 
be kept in mind that in the aged, mobility disability may also 
relate to comorbid diseases and to conditions such as anemia 
(Lipschitz 2003), malnutrition (Timpini et al. 2011), vita-
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min D deficiency (Nawabi et al. 2010), cognitive decline and 
depression (Qiu et al. 2010), or frailty in the absence of spe-
cific, previously diagnosed diseases (Landi et al. 2010). Obvi-
ously, such conditions impair patient survival, but they may 
also adversely affect recovery and clinical outcome (Bischoff-
Ferrari et al. 2004, Nawabi et al. 2010). Higher BMI was 
found to have a protective effect in our study—as has also 
been reported in the general population (Heiat et al. 2001) and, 
for example, in cardiothoracic surgery (Thourani et al. 2011). 
So, in some instances higher BMI could be considered a mark 
of well-being in older individuals—at least as far as it is not 
associated with increased comorbidity. 

Preoperative anemia is common in older hip and knee 
replacement recipients, and it can predict the need for blood 
transfusions, occurrence of postoperative complications, and 
short-term mortality (Wu et al. 2007, Spahn 2010). Our study 
confirmed that anemia also increases mortality with longer 
follow-up, as it does in the general geriatric population (Lip-
schitz 2003). Given the adverse consequences of anemia, 
identification of its causes (such as renal insufficiency, malig-
nancies, and the geriatric conditions mentioned above) and 
initiation of appropriate treatment preoperatively is advised 
in order to prevent its progression—and to improve patients’ 
prognosis (Lipschitz 2003).

Perioperative blood transfusions are associated with an 
increased risk of postoperative complications and short-term 
mortality in non-cardiac surgery (Glance et al. 2011), includ-
ing total hip replacement (Pedersen et al. 2009). In the present 
study, blood transfusion did not increase mortality in anemic 
patients, which is in accordance with the results of a previous 
large study of hip fracture patients (Carson et al. 1998). In 
the absence of anemia, instead, blood transfusions appeared 
to increase mortality. Accordingly, Pedersen et al. (2009) 
reported a higher risk of adverse postoperative outcome in 
patients with postoperative hemoglobin levels > 105 g/L who 
received blood transfusion than in those who did not receive 
allogenous blood. The authors suggested that this could be 
related to perioperative factors (e.g. blood loss) that could not 
be identified in their registry-based study. Another explanation 
might be that the patients who received blood transfusions had 
comorbidities that increased the need for blood transfusion 
and impaired patient survival but that could not be taken into 
account in the present study. This could explain why mortality 
first started to decline in longer-term follow-up.

Our study had certain limitations. Firstly, although it con-
sisted of a population-based sample, the results cannot be gen-
eralized to all patients suffering from late-stage arthritis in this 
age group. This is because it is likely that patients with poorer 
physical condition and more comorbidity are referred for sur-
gery less often, which introduces healthy-patient bias. More-
over, in our area, patients aged ≥ 80 years have more severe 
OA and poorer overall clinical state at the time of primary 
knee replacement than patients aged 75–79 years (Jämsen et 
al. in press), suggesting that the threshold for referring for 

and performing surgery is higher in the oldest age group. Fur-
thermore, the mortality rates obtained in a single specialized 
unit cannot be generalized to other settings where somewhat 
higher mortality rates could be expected (Cram et al. 2007, 
Shervin et al. 2007). 

Secondly, we had to rely on ASA score as a measure of 
comorbidity because data on the type and severity of comor-
bid conditions were not available. At the group level, ASA 
score can be used for adjustments in statistical analyses but at 
the level of an individual patient, it has little value, because the 
effects of different conditions on mortality and risk of compli-
cations may vary even though they might give the same ASA 
score. The effects of depression, dementia, malnutrition, and 
frailty on the outcomes of joint replacement are of interest in 
future research, because in the aged, they may contribute to 
arthritis-related disability and also impair clinical outcomes 
and patient survival.

A related issue that could not be resolved is the role of post-
operative complications. Both age and comorbidity increase 
the risk of postoperative complications, which—again—have 
been cited as strong predictors of in-hospital mortality (Memt-
soudis et al. 2010) and could partly explain the excess mortal-
ity observed with longer follow-up. 

Finally, data on clinical state preoperatively were missing 
for a number of patients, partly because it was not (for one 
reason or another) recorded in daily clinical practice. More-
over, laboratory data were available only for those patients 
who used the services of the local university hospital. Because 
of these missing data, we could not run multivariate analyses 
to test which factors were independent predictors of mortality. 
Otherwise, the data can be considered to be reliable because of 
the prospective and systematic registration. Importantly, there 
is no reason to believe that missing data would have led to 
systematic bias in our results, but instead, it would more likely 
have led to false negative results.

Our results indicate that hip and knee replacement can be 
considered safe, regarding postoperative mortality, in selected 
older patients. Some of the factors associated with mortal-
ity are potentially modifiable. In particular, factors that may 
underlie poor mobility in an older patient with arthritis should 
be worked out carefully before joint replacement. Otherwise, 
the factors associated with poor prognosis should be acknowl-
edged before surgery and weighed against the expected ben-
efits of joint replacement. When indicated, joint replacement 
should be performed without unnecessary delay to avoid 
worsening of patient’s clinical condition.

Supplementary data.
Appendix is available at our website (www.actaorthop.org), 
identification number 5608.
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