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Abstract

Purpose Adverse events associated with the use of bone
cement for fixation of prostheses is a known complication.
Due to inconclusive results in studies of hip fracture patients
treated with cemented and uncemented hemiprostheses, this
study was initiated.

Methods Our study is based on data reported to the Norwe-
gian Hip Fracture Register on 11,210 cervical hip fractures
treated with hemiprostheses (8,674 cemented and 2,536
uncemented).

Results Significantly increased mortality within the first day
of surgery was found in the cemented group (relative risk 2.9,
95 % confidence interval 1.6-5.1, p=0.001). The finding was
robust giving the same results after adjusting for independent
risk factors such as age, sex, cognitive impairment and
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comorbidity [American Society of Anesthesiologists (ASA)
score]. For the first post-operative day the number needed to
harm was 116 (one death for every 116 cemented prosthesis).
However, in the most comorbid group (ASA worse than 3),
the number needed to harm was only 33.

Conclusions We found increased mortality for the cemented
hemiprosthesis the first post-operative day compared to
uncemented procedures. This increased risk is closely related
to patient comorbidity estimated by the patient’s ASA score.

Introduction

From the time Sir John Charnley started to treat hip osteoar-
thritis with a cemented prosthesis 50 years ago, cases of
intraoperative haemodynamic instability, respiratory depression
and deaths have been reported. For decades numerous studies
have been conducted to sort out the mechanisms leading to
these deleterious reactions, i.e. “the bone cement implantation
syndrome” [1, 2]. During the last two decades the number of
studies in this area has dropped markedly. Closer attention to
pre- and perioperative monitoring in addition to improved
cementing techniques and systematic anticoagulation regimens
may have decreased awareness of these complications.

Several laboratory and human studies have shown neuro-
depressive, vasoactive, cytotoxic and procoagulant activities
directly or indirectly caused by methyl methacrylate (MMA)
[3-10]. Thus, a multitude of pathological reactions have
triggered cardiorespiratory and vascular instability that
occasionally lead to a fatal outcome in patients with poor
reserve capacity.

We have recently reported that post-operative mortality
within three months in hip fracture patients was correlated
with preoperative comorbidity, reduced renal function and
old age. In addition, the surgical trauma caused release of
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intracellular enzymes such as troponin T and reduced oxy-
gen tension, consistent with damage of heart cells and
reduced pulmonary function [11].

Even though multiple case reports [12] and uncontrolled
materials have pointed in the direction of bone cement as an
important cofactor of the untoward side effects, it has been
difficult to show convincingly in clinical studies that this was
a harmful substance, but based on the precautionary princi-
ple the authorities issued a warning [12]. The main reasons
for the inconclusive results of reported clinical studies may
be inferior study design, lack of statistical power [13] and
missing day-to-day analysis [14]. The aim of this study was
to investigate the mortality in hip fracture patients treated
with cemented and uncemented hemiarthroplasties. In order
to include as many patients as possible, an observational
study based on patients reported to the Norwegian Hip
Fracture Register [15] was performed.

Materials and methods

All 53 hospitals in Norway treating hip fractures report their
operations to the Norwegian Hip Fracture Register [16]. The
register contains data on the patients, the fractures and the
operations. Mortality data were collected from Statistics
Norway and gave us date of death. This means that mortality
estimates on the operation day can vary between one and
23 hours and on day one between 24 and 47 hours.

Information on cognitive impairment [19], comorbidities
[American Society of Anesthesiologists (ASA) score] [18]
and time from fracture to surgery was reported to the regis-
try. In this study, patients registered from January 2005 to
December 2010 more than 65 years of age with femoral
neck fractures [17] treated with a cemented or uncemented
bipolar hemiprosthesis were included. A total of 12,394
patients were extracted from the register; 1,184 patients
had missing data of interest for this study, leaving 11,210
patients available for statistical analysis (Fig. 1).

Statistical analysis

All statistical analyses were conducted using PASW version
18 (IBM, Armonk, NY, USA). Baseline characteristics be-
tween the two groups were tested with the chi-square test for
categorical data or two-sample ¢ test for continuous data. We
used Poisson regression to estimate risk ratio (RR) at the day
of operation and Cox regression to estimate RR of mortality
during follow-up for patients with cemented versus
uncemented prostheses. Adjustments were done for poten-
tial confounders such as comorbidity (ASA score), age, sex,
dementia and time interval from fracture to surgery (inter-
vals zero—six, six—12, 12-24 and 24-48 hours) in univariable
and multivariable models. A p value < 0.05 was considered
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Fig. 1 Flow chart of patient selection

statistically significant. We found the risk factors influenc-
ing mortality to be different the day of surgery (day 0) and
the first post-operative day (day 1) as compared to the rest of
the follow-up period. Due to this difference, the mortality
estimates were done separately for these periods. The num-
ber needed to harm (NNH) is the number of cemented
prostheses implanted in order to experience one fatality
caused by the cementation alone. The NNH was estimated
according to different ASA scores.

Results

Baseline characteristics are given in Table 1. The groups
were well balanced, although more patients with cognitive
impairment and operations within 12 hours of fracture
were found in the uncemented group. These two factors
did not influence mortality.

When estimating the immediate perioperative period (with-
in the first post-operative day) compared to the entire follow-
ing post-operative period (Table 2) we found cement to be an
independent risk factor for mortality (adjusted analysis), but
not so for the period from post-operative day 2 and thereafter.
Cognitive impairment, sex and time from fracture to operation
did not represent any increased mortality risk within the first
post-operative day, while comorbidity (ASA score) and age
were highly significant risk factors for mortality. When using
multivariable analyses to evaluate the post-operative period
(from the second post-operative day to the end of follow-up)
we found comorbidity (ASA score), age, male sex, cognitive
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Table 1 Patient characteristics according to fixation method
Subgroups Uncemented Cemented Total p value®
ASA score 1 3.5 % (90) 4.5 % (393) 4.3 % (483) 0.212
2 36 % (912) 35 % (3,014) 35.0 % (3,926)
3 55 % (1,390) 55 % (4,750) 54.8 % (6,145)
4 5.6 % (142) 5.9 % (508) 5.8 % (650)
5 0.1 % (2) 0.0 % (4) 0.1 % (6)
Age, years 83.3 83.0 83.0 (SD 6.7)
Sex Male 26.1 % (661) 25.4 % (2,199) 25.5 % (2,860) 0.47
Female 73.9 % (1,875) 74.6 % (6,475) 74.5 % (8,350)
Dementia No dementia 60.8 % (1,541) 63.1 % (5,475) 62.6 % (7,016) 0.035
Dementia 28.5 % (706) 25.5 % (2,183) 26.2 % (2,889)
Unsure 11.1 % (282) 11.3 % (982) 11.3 % (1,264)
Time from fracture to operation 0-6 h 4.2 % (106) 3.0 % (258) 3.2 % (364) <0.001
6-12 h 15.6 % (395) 10.5 % (911) 11.7 % (1,306)
12-24 h 35.3 % (894) 34.2 % (2,963) 34.4 % (3,857)
2448 h 27.2 % (691) 30.4 % (2,634) 29.7 % (3,325)
>48 h 17.7 % (450) 22.0 % (1,908) 21.0 % (2,358)

No. of patients shown in parentheses

? p value for difference between patient subgroups of cemented and uncemented hemiarthroplasties

impairment and time from fracture to surgery to be indepen-
dent and significant risk factors for mortality.

The NNH due to cement impaction was 116 operated
per death in the total population independent of additive
risk factors. The harmed number (fatalities) was more
severe with increasing comorbidity (Table 3). In this
cohort with 8,674 cemented procedures approximately
74 fatalities the first post-operative day could therefore

have been related to the cementation and consequently
been avoided using an uncemented procedure if there is
a causal relationship between cemented procedure and
increased risk of death. With increasing ASA class the
NNH decreased, i.e. cementing as an attributed mortal-
ity risk increased for each ASA class. The NNH was
811 for ASA scores 1 and 2 as opposed to 33 for ASA
scores 4 and 5.

Table 2 Risk and hazard rates at day 0 and day 1 combined and from post-operative day 2 to end of follow-up, respectively

Day 0 and day 1 combined

From post-operative day 2 to end of follow-up

Parameter

Unadjusted
RR (95 % CI) p value

Adjusted”
RR (95 % CI) p value

Unadjusted
RR (95 % CI) p value

Adjusted®
RR (95 % CI) p value

Fixation, uncemented

Cemented

ASA (per 1 unit increase)

Age (per 1 unit increase)
Sex, male

Female

Dementia, no

Unsure

Dementia

Time from fracture to operation

(per 6 h increase)

Ref.
2.8 (1.6-5.1) 0.001
3.6 (2.7-4.8) <0.001
1.1 (1.1-1.2) <0.001
Ref.
0.9 (0.6-1.3) 0.635
Ref.
1.5 (1.0-2.2) 0.045
2.1 (1.3-3.3) 0.002
1.2 (1.0-1.4) 0.032

Ref.
2.9 (1.6-5.2) 0.001
3.2 (2.4-4.4) <0.001
1.1 (1.1-1.2) <0.001
Ref.
0.9 (0.6-1.4) 0.676
Ref.
1.0 (0.7-1.5) 0.979
1.3 (0.8-2.2) 0.225
1.1 (0.9-1.3) 0.303

Ref.
0.93 (0.87-1.0) 0.053
1.9 (1.7-1.9) <0.001

1.06 (1.06-1.07) <0.001

Ref.

0.61 (0.57-0.61) <0.001

Ref.
2.0 (1.8-2.2) <0.001
2.8 (2.6-3.0) <0.001
1.1 (1.0-1.1) <0.001

Ref.
0.96 (0.89-1.03) 0.267
1.58 (1.50-1.66) <0.001
1.05 (1.05-1.06) <0.001
Ref.
0.59 (0.55-0.63) <0.001
Ref.
1.63 (1.48-1.78) <0.001
2.35(2.20-2.51) <0.001
1.03 (1.00-1.06) 0.026

Cox regression analyses of data from post-operative day 2 to the end of follow-up; it was statistically estimated as hazard ratio

RR risk ratio, CI confidence interval

#Values adjusted for other risk factors (age, sex, cementation, ASA score, dementia and time from fracture to surgery)
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Table 3 Number needed to treat with a cemented prosthesis in order to cause one fatality due to the cementation (NNH) day 01, according to ASA

score

ASA score Dead Total Risk RD (cem—uncem) NNH?* 95 % CI
Lower Upper

1+2 Uncemented 2 1,002 0.002

Cemented 11 3,407 0.003 0.0012 811 218 0
3 Uncemented 7 1,390 0.005

Cemented 79 4,755 0.017 0.0116 86 59 157
4+5 Uncemented 3 144 0.021

Cemented 26 512 0.051 0.0299 33 17 0
1-5 Uncemented 12 2,536 0.005

Cemented 116 8,674 0.013 0.0086 116 82 199

CI confidence interval

#Number of patients treated with a cemented implant in order to cause one fatality because of cementation compared to an uncemented implant if
there is a direct causal effect. The NNH was calculated as an inverse value of the risk difference (RD) between the methods [1/(risk cemented — risk

uncemented)]

Discussion

This register study of more than 11,000 patients showed
significantly increased mortality on the day of surgery and
the first post-operative day in hip fracture patients treated with
a hemiprosthesis fixed with bone cement compared to patients
with uncemented implants. This initial mortality risk was
increased even when adjusting for the most common risk
factors for mortality: male sex, age, comorbidity (ASA
score), cognitive impairment (dementia/possible dementia)
and time from fracture to surgery. Long-term follow-up for
six years revealed no difference in mortality related to anchor-
ing of the femoral component.

Our study confirms earlier reports describing the relation
between impaction of bone cement and surgically-induced
mortality [12, 13]. An Australian register study also indicat-
ed similar findings and reported increased mortality on the
first post-operative day in patients with cemented prostheses
[20]. A similar UK study did not confirm these results, but
the calculations were based on discharge figures and not by
day-to-day estimates [14]. The Swedish Hip Arthroplasty
Register [21] recently reported no difference in mortality
according to femoral fixation method at one year post-
operatively for a similar group of patients.

In this study, as in most studies on hip fractures, patients
had comorbid conditions, with more than 60 % of the
patients having an ASA score of 3 or worse. In addition
the average age was 83 years and more than every fourth
patient was cognitively impaired. This group of patients
may accordingly lack the reserve capacity often necessary
to cope with a double trauma of hip fracture and surgery.
Other studies have described comorbidity, age, male sex,
delayed surgery and cognitive impairment as some of the
most important risk factors for mortality [22-26]. Time from
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fracture to surgery is the only factor we can influence; our
aim has been to identify other preventable factors that in-
crease mortality risk. This study identifies cementation as
another independent risk factor for mortality for this group
of patients.

NNH, i.e. the number of patients treated with a cemented
implant in order to cause one fatality because of cementation
compared to an uncemented implant, was 116 which in-
dicates that approximately 75 patients in this cohort could
possibly have died as a consequence of the cementing
procedure alone compared to an uncemented alternative
(8,674 patients with cemented prosthesis/116) (Table 3).
However, in patients with preoperative symptomatic comor-
bidity, i.e. ASA 3 and 4, the NNH was 88 and 33, respec-
tively. The most comorbid patients are at even higher risk of
a fatal outcome when cemented procedures are used. This
information indicates that comorbidity should be a factor
worth considering when selecting the method of fixation.

Delay of surgery more than 48 hours after the fracture has
been associated with increased mortality [27, 28] but mostly
for a delay exceeding 48 hours after the fracture.

This study indicates that patients should be treated with-
out delay once admitted in order to limit time from fracture
to surgery. However, delay from fracture to the operation is
an independent and significant risk factor (adjusted) only
from the second post-operative day and onward. According
to the results of this study delayed surgery does seem to
have less impact on early post-operative mortality (within
the first post-operative day) compared to ASA score, age
and cementation. We also found that dementia and sex
behave in a similar fashion as risk factors for mortality. This
shows that risk factors have different impact according to
different peri- and post-operative periods. A possible expla-
nation could be that physiological demands and challenges
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differ peri- and post-operatively. The physiological implica-
tions and changes leading to death are probably not the same
during the initial peri- and post-operative period as com-
pared to the post-operative follow-up. The rate ratio is
therefore likely to vary between these periods, and conse-
quently the immediate perioperative period should be
analysed separately when it comes to mortality studies.
These analyses would demand exact data on time of death
for the immediate post-operative period which was not
available in this study.

Multivariable Cox regression analyses showed that de-
mentia was not a risk factor [RR 1.3, 95 % confidence
interval (CI) 0.8-2.2, p=0.225] for the immediate mortality
induced by surgery, but the risk was significantly increased
because of dementia/cognitive impairment (RR 2.35, 95 %
CI 2.20-2.51, p<0.001) from the second post-operative day
through the six-year observation period. This delayed risk is
in line with other recent reports and might be related to
subsequent adverse clinical events and upcoming diseases
[29, 30]. Patients suffering cognitive impairment are less
likely to follow post-operative procedures and guidelines
outlined to facilitate fast recovery without complications.

In epidemiological data mainly derived from orthopaedic
patients, the highest death rate and frequency of myocardial
infarction have been reported to be the day of surgery [31,
32]. We have earlier found elevated levels of plasma tropo-
nin T that correlated with the three-month fatal outcome
[11]. In the same population, we showed that affection of
the liver, lung and kidney functions in comorbid elderly
patients also correlated with fatal outcome [22]. About
30 % of the population has a patent foramen ovale [33,
34]. During major orthopaedic surgery, this opening could
allow procoagulant cell conjugates and fragments to pass
directly from the venous to the arterial blood. This favours
blood cell aggregation at cites of loci minoris resistentiae,
e.g. in an abnormal post-stenotic flow, micro-ruptured plaque,
and contributes to the explanation of the rate of immediate
intraoperative and post-surgical severe events that may be
fatal. This potential risk factor for mortality has to our knowl-
edge not been investigated for this group of patients.

The findings in this study are based on register data and
cannot be interpreted as a randomised study [35]. This
applies even though the baseline characteristics are similar
between the groups and the cohort is large. Another impor-
tant consideration is that this study only deals with mortal-
ity. Morbidity, functional outcome, pain, quality of life and
reoperations were not investigated and should certainly also
be accounted for when considering treatment options and
follow-up regimens for these patients. Several studies eval-
uating the significance of these factors have been published
lately. A Cochrane review from 2010, by Parker et al. [36],
reported lower reduction of mobility and lower pain scores
for patients treated with cemented hemiarthroplasties

compared to uncemented procedures. The reoperation rate
seems to be higher for uncemented implants [37] and bipo-
lar implants might also increase the risk for reoperation [21].
These are factors reducing the function of the patient and
possibly increasing the mortality risk due to inactivity, ad-
ditional surgery and reduced independency. Some of these
factors might even reduce the potential primary benefit from
using an uncemented implant.

We found a correlation between cement fixation of the
prosthesis and perioperative mortality, more so for patients
with increased comorbidity. Register studies are hypothesis
generating and our data do not account for rigorous conclu-
sions or change of guidelines. However, the use of
uncemented prostheses should be considered for the most
debilitated patients suffering a hip fracture in order to elim-
inate factors that possibly increase the mortality risk such as
bone cement. For the same reason, delay of surgery should
also be avoided, unless this is due to a preoperative
optimalisation of the patient improving the likelihood of
survival of the surgical procedure.

According to the results of this study risk factors seem to
differ in different post-operative time periods. Some factors
do apply primarily (ASA score, age and cementation), while
other factors (sex, cognitive impairment and time from
fracture to surgery) have a significant impact on mortality,
but mainly from post-operative day 2 in this study. This
might imply that several risk factors for mortality play
different roles in the perioperative period and therefore
should be accounted for differently according to the indi-
vidual patient. We believe that more research is needed in
order to evaluate the impact of independent risk factors in
the perioperative period; emphasis should be on patient
surveillance during and shortly after the surgery. In addition
we encourage a focus on identifying vulnerable subgroups
of patients and other possible risk factors for mortality,
which could supply additional tools in order to customise
treatment and reduce hazards from the surgical trauma. We
find it crucial to study the immediate perioperative period
separately when mortality is an issue. This is due to critical
physiological challenges possibly applying only to the peri-
operative period.
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