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Summary

The cost-effectiveness of alternative follow-up strategies for patients who have undergone a unilateral primary total hip re-
placement (THR) is discussed. Using technologies such as electromagnetic autonomous transducers (EMAT), it is possi-
ble to measure microscopic migration of hip prostheses. The degree of such migration may be predictive of future symp-
tomatic loosening of the hip.

A Markov model is constructed in which patients are assigned to alternative follow-up strategies depending on the level
of loosening risk identified by an EMAT screening procedure one year after the primary THR. A key feature of our mod-
el is that the allocation to the different strategies is based on a risk threshold that may be adjusted to achieve optimal cost-
effectiveness.

In this study, the model was used to ascertain the “societal value” of the screening procedure when applied to a choice be-
tween two follow-up strategies. The alternative strategies considered here were “no follow up” and “annual radiographic
review up to a certain age”.

It emerged that the societal value of EMAT screening is guaranteed to be positive, and also that this value is very sensi-
tive to the unknown features of the loosening model.

KEY WORDS: cost effectiveness analysis, incremental cost effectiveness ratio, Markov model, total hip replacement.

Introduction

Total hip replacement (THR) is a common surgical
intervention. The National Joint Registry for Eng-
land and Wales recorded 24,997 operations in the
first nine months of 2003, including 2,325 revision
operations (1). The mean age of the patients in-
volved, the majority of whom (60%) were women,
was estimated to be 69.7 years. Revision operations
are performed for three main reasons: aseptic loosen-
ing — this accounted for 76% of revisions recorded in
the Swedish Register’s 2003 Annual Report (2) —, in-
fection and dislocation, each accounting for about
7%. In Italy, hospital discharge databases show in-

creasing trends for both primary and revision proce-
dures (primary THRs rose from 42,198 in 1999 to
51,448 in 2003). Regular radiographic review may
be able to identify patients who need revision sur-
gery for aseptic loosening before they present pro-
nounced symptoms, although opinions differ about
the desirability of regular review of hip prostheses
(3,4). An early revision of a loosening hip prosthesis
is beneficial insofar as it allows some of the pain and
discomfort associated with a failing hip to be avoid-
ed, is less likely to be associated with surgical com-
plexities, and has a more favourable long-term prog-
nosis in terms of the patient’s quality of life. On the
other hand, the potential long-term benefits of an ear-
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ly revision are irrelevant unless the patient lives long
enough to enjoy them. Moreover, these benefits must
be set against the cost of a follow-up strategy based
on regular radiographic review. Thus it may be ad-
vantageous to reserve the more intensive follow-up
strategies for those patients who are most likely to
benefit from them.

The purpose of this study was to model alternative
follow-up strategies for primary hip replacement pa-
tients and, in particular, to evaluate the impact of a
screening procedure that can be used to choose be-
tween alternative follow-up strategies for individual
patients. This procedure uses electromagnetic au-
tonomous transducers (EMAT) to detect microscopic
migration of the prosthesis before it is visible on a ra-
diograph. Such migration is detected by measuring
the relative positions of small implants inserted into
the prosthesis and the surrounding bone at the time of
the primary operation. By comparing measurements
taken at the time of the operation with those taken at
a later time, it is possible to identify those prostheses
at greatest risk of future loosening. We aim to deter-
mine the “societal value” that may be attached to this
type of screening, in order to inform decisions sur-
rounding its possible implementation in practice.

Method

The population dealt with in this study is that of THR

patients who have successfully completed normal

post-operative procedures and follow up to the end

of the first post-operative year. These are the patients

for whom the choice of follow-up strategies is to be

made. In this study we consider two basic screening

strategies:

a) annual radiographic review (ARR)

b) no (planned) follow up (NFU)

In addition, we propose an intermediate follow-up

strategy:

¢) annual radiographic review up to age X, with no
planned follow up thereafter (ARRX)

If the threshold age, X, is chosen properly, this mod-

ified review strategy will be more beneficial to pa-

tients than ARR, and is also likely to be less costly.

Our approach is to identify the age, X, at which the

effectiveness of the review strategy will be max-

imised irrespectively of the costs.

232

Subsequently, follow-up strategies can be compared
using conventional cost-effectiveness analysis. Here,
effectiveness is measured in terms of the average
number of quality-adjusted life years (QALYs) en-
joyed by a patient when a particular strategy is pur-
sued, beginning at the end of the first post-operative
year, and ending in death. Costs are measured in
monetary terms, and include the direct costs of fol-
low up and all subsequent contingent interventions.
A discount rate of 3.5% p.a. is applied throughout to
all costs and QALY as suggested by NICE (5).

As mentioned, if the threshold age, X, 1s correctly
chosen it is likely that the hybrid strategy will actu-
ally prove more beneficial than ARR — i.e. ARRX
will be both more effective and less costly than ARR.
Perfect prediction of whether a THR will or will not
become aseptically loose is not possible. Therefore,
we assume that the probability of an individual unre-
vised hip becoming loose in any given interval of
time is governed by a risk parameter A, specific to
that hip. In accordance with other researchers (6), we
assume that, for small time intervals, the loosening
probability increases linearly with the time since pri-
mary surgery. Algebraically, the hazard function for
aseptic loosening is specified as

h; (1) =244,

where t is the time (in years) since the primary THR.
The mix of A-values in the patient population may be
estimated from hip registry data (i.e. rates of revi-
sions for loosening).

The rationale for screening is based on the idea that
EMAT technology can identify the value of A by as-
sessing the degree of migration one year after the pri-
mary THR. Using this information it is then possible
to choose the best follow-up strategy for any partic-
ular patient. In our model, we concentrate on NFU
(no follow up) and ARRX (the hybrid strategy in
which annual reviews cease when patients become
too old to benefit from early revisions). After EMAT
screening, patients with low A-values are assigned to
the NFU strategy and those with high values to AR-
RX. The threshold value of A between the low-risk
and high-risk groups is chosen on the basis of a max-
imum cost-effectiveness criterion.

We developed a mathematical model for long-term
THR outcomes in patients who successfully reach
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the end of the first post-operative year without major

difficulties. It serves three purposes:

a) determine the age, X, at which early revision fol-
lowing annual review ceases to be in the best in-
terests of the patient. This is necessary in order to
implement the best review strategy, ARRX.

b) To establish the threshold value (A') of the risk pa-
rameter, above which the annual review strategy
(ARRX) is more cost-effective than NFU. This is
necessary to determine the best implementation of
the EMAT screening approach.

¢) To calculate the costs and QALY's associated with
the three available options —i.e. NFU, ARRX and
EMAT (ARR).

The experience of a typical patient will follow the

time line depicted in figure 1: the patient has a THR

at age A, and dies D years later. During this time, the
hip becomes radiographically loose — at time A+ T —

and, left alone, would become symptomatic at time A

+ T, where ¢ is a constant that is assumed to apply

to all patients.

Under ARR, such a patient would be revised at time

A + T, and receive D - T years of standard post-early

hip revision care. Under NFU, the revision is delayed

until time A + T, and the patient receives D - ¢T

years of standard care following the revision of a

symptomatic hip.

This approach remains controversial although, at the

time of writing, it has been possible to elicit some

(limited) expert surgical opinion concerning a plau-

sible value for . This expert opinion supports our

use of @ = 1.5 as a “base -case’ value, but it does not
settle the issue: This remains one of the greatest
sources of uncertainty in our model.

Our model has the capacity to examine the impact of

screening strategies on patient populations with an

arbitrary mix of risk parameters for aseptic loosening

— the quantity A introduced above.

We propose a two-parameter mixing model for A,
namely that the distribution of A-values in the popu-
lation of patients has the following density function:

f(d)= ﬁ B X 2> 0.

In other words, we assume that A follows a gamma
distribution with parameters o and f* (both greater
than 0) chosen to reflect the characteristics of the pa-
tient population. This probability model should be
flexible enough to represent most unimodal popula-
tions of risk parameters. It results in the following
form for the “survival” function of a hip subject to
aseptic loosening:

5 \-@t
s(r)=(1+t—2) 150,
B
This form is qualitatively consistent with, for exam-
ple, the estimated survival curves given by the
Swedish Hip Register (2). In principle, values for o
and 3 could be estimated from these curves for use in
our cost-effectiveness analysis.

The structure of the Markov model

The model describes the progress of a patient who
undergoes a successful primary unilateral THR at a
fixed age, which we take to be 69 years. Subsequent-
ly, the hip may deteriorate to the point at which it has
to be revised, and this may happen several times; al-
ternatively the patient may die of other causes before
the revision becomes necessary.

A revision operation may be simple or complex, de-

Age at

Radiographically

Symptomatic

loose
THR
Death
| ¢ ¢ |
| |
A A+T A+ qT A+D

Figure 1. Time-line for a typical patient.
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pending on the degree of bone loss that has arisen.
Although some first revisions will be complex, many
will be simple, especially if the patient is undergoing
an active follow-up regime at the time. We assume
that any subsequent revision after the first will auto-
matically require a complex operation, and will con-
sequently show an increased cost and probably a re-
duced effectiveness compared to a simple revision.
Thus, two Markov states are needed to represent pa-
tients with successfully completed revisions. In order
to capture the sequence of events surrounding a revi-
sion operation, the years in which a revision takes
place are represented by two further states in the for-
mulation of the model.

Death can occur at any stage following THR, mostly
from causes unrelated to the hip prosthesis, although
there is an additional (peri-operative) risk associated
with revisions.

The “primary THR” state is split into two separate
states with identical utilities but different costs:
“THR reviewed” represents the case of a patient
with a primary THR in a year in which a review is
scheduled;
“THR unreviewed” represents the case of a pa-
tient with a primary THR in a year in which no re-
view is scheduled.
Similarly, the “simple revision” state is split into
two:
“simple revision reviewed” denotes a simple revi-
sion occurring in a year in which a review is sched-
uled;
“simple revision unreviewed’’ denotes a simple re-
vision occurring in a year in which no review is
scheduled.
Figure 2 shows the model structure for the hybrid
follow-up strategy (annual review up to age X with

THR

/T THR

reviewed

Simple
revision
reviewed

Complex
revision

Complex
revision success

Simple
revision success

unreviewed

Simple
revision
unreviewed

Figure 2. Model incorporating complex review strategies.

234 BioMEebicAL STATISTICS AND CLINICAL EPIDEMIOLOGY 2008; 2 (3): 231-242



A cost-effectiveness analysis for the screening of total hip replacements to detect aseptic loosening

no scheduled follow up thereafter) embracing these

modifications. The structure encompasses all the re-

view strategies considered here.

Transitions between the model states are possible

each year and may be subdivided into two groups:

1. transitions from the primary THR state to a simple
or complex revision for aseptic loosening;

2. all other transitions.

Since the purpose of the model is to compare differ-

ent review strategies employed in cases of aseptic

loosening following primary THR, the impact of the

review strategy on the first set of probabilities is vi-

tally important and warrants a careful analysis, espe-

cially since aseptic loosening is the root cause of the

majority of revision operations.

The following events are associated with the second

set of transitions:

— (simple) revisions of the primary hip due to dislo-
cation

— (complex) revisions of the primary hip due to in-
fection

— (complex) re-revisions for any cause

Table 1. Structure of the transition probabilities, excluding

— surgical death related to revision operations

— death from other causes (standard mortality).
Age-dependent standard mortality rates derive from
current mortality tables (7) and apply to all (live)
states in the model. The other transitions in this list
are modelled using constant annual probabilities.
The structure of the transition probabilities is sum-
marised in Tables 1 and 2.

Costs and Utilities

The cycle-length in the model is one year. Thus each
patient-year spent in a given state incurs a cost, defined
as the monetary cost incurred by the health service
provider (i.e. the NHS) for a patient spending a year in
that state. At the same time as the cost is incurred, a
utility value 1s accrued, defined as the number of
QALYs associated with a year spent in the given state.
The assumed cost structure is shown in Table 3; the
current costs are taken from NHS Reference Costs
2003 (8).

standard mortality.

Primary Simple Complex SR, CR, Death
THR revision revision success success
Primary THR 1-dis-inf-pt ~ dis + pt x srp inf + pt x
(1-srp)
Simple revision (1-sd) x fsr  (1-sd) x (1-fsr) sd
Complex revision (1-sd) x fer (1-sd) x (1-cr) sd
SR, success fsr 1-fsr
CR, success fer 1-fer
To obtain the actual probabilities, standard age-specific mortality rates (q,) must be added to the final column, and the remaining en-
tries in the table adjusted (downwards) by the factor (1- q) so that the sum of the entries in each row is 1. Blank entries are to be tak-
en as zero.

Table 2. Sources of transition probabilities.

Parameter Definition Value Source
dis Rate of revision of THR for dislocation 0.000371 (11)
inf Rate of revision of THR for infection 0.000996 (12,13)
pt Rate of revision of THR for aseptic loosening Time-dependent rate -
SIp Proportion of aseptic loosening of simple of THR revisions 1, if under review 0.75,

if not under review -
fsr Rate of failure of revised simple hips 0.02076 (13,14,15)
fer Rate of failure of complex revised hips 0.04658 @)
sd Peri-operative death probability for revision surgery 0.005 (1)
qt “All-cause” mortality rate Age-dependent rate 8)
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Table 3. Markov state costs.

Quality of life in a given state is measured with ref-
erence to the pain (distress) experienced in that state
on a four-point qualitative scale — none, mild, mod-
erate, severe — converted to a numerical QALY value
in accordance with Laupacis et al., 1993 (9) — i.e:
none = 1, mild = 0.82, moderate = 0.52, severe =
0.18. The proportion of patients at each pain level is
obtained from a variety of sources, as referenced in
the table. The Markov state QALY values are ob-
tained by weighted averaging of the Laupacis scores
across the pain categories (Table 4). In the revision
states (simple revision reviewed and unreviewed,

Table 4. Markov state utilities.

complex revision), it is assumed that one half of the

Clineal Event Cost () year is spent awaiting revision (“pre-revision”) and
mical Even oS . . .
the other half enjoying the QALY value associated
Radiographic review a 87 with a successful revision operation. Thus the QALY
Outpatient clinic (pre-revision) b 174 values for these states are averages of the values
zlmplT revision of 1}1112 Z 3 ggg across the two six-month periods.
omplex revision or ni B . .
P P The quantity p, in Tables 1 and 2 represents the prob-
Markov State Cost (£) ability that a previously unrevised hip will undergo a
revision for aseptic loosening in the year beginning
THR reviewed a 87 at time 7. Since aseptic loosening is more likely to be
THR unreviewed 0 0 . . : .
Simple revision, reviewed b+c 6.118 detected under a more intensive follow-up regime, it
Simple revision, unreviewed b+c 6,118 follows that this probability will be sensitive to the
Complex revision b+d 7,210 review strategy that is in place.
SR, success a 87 Furthermore, we assume that the complexity of a re-
CR, success a 87 . . \ .
Death 0 0 vision operation for aseptic loosening may be affect-

ed by the review strategy (a hip that is discovered to
be radiographically loose at a scheduled review is
unlikely to be associated with the presence of signif-
icant bone loss, such as to necessitate a complex re-
vision operation). On the other hand, a hip that be-
comes symptomatic outside a scheduled review may
have deteriorated to the point at which a complex op-
eration is necessary. According to practising or-
thopaedic surgeons, this is the likely scenario in
around 25% of such cases. Thus the value of the pa-
rameter srp (simple revision proportion) in Tables 1
and 2 is taken as 1 in any year in which a scheduled
review takes place, and 0.75 in any year without a
scheduled review.

% at Pain Level

Markov State None Mild Moderate  Severe QALY Source

[11(9) [0.82]1(9) [0.52] (9) [0.18](9) value
THR reviewed 80 20 0 0 0.964 (16)
THR unreviewed 80 20 0 0 0.964 (16)
SR reviewed
Pre-revision (x 0.5) 0 0 85 15 (16)
SR, success (x 0.5) 70 30 0 0 17)
SR unreviewed 0.639
Pre-revision (x 0.5) 0 0 45 55 Opinion
SR, success (x 0.5) 70 30 0 0 17)
CR 0.595
Pre-revision (x 0.5) 0 0 85 15 (16)
CR, success (x 0.5) 33 29 24 13 (18)
SR, success 70 30 0 0 0.946 17)
CR, success 33 29 24 13 0.716 (18)
Death 0

236 BioMEebicAL STATISTICS AND CLINICAL EPIDEMIOLOGY 2008; 2 (3): 231-242



A cost-effectiveness analysis for the screening of total hip replacements to detect aseptic loosening

Estimates of the hip survival function

The Swedish Hip Register publishes an estimated
survival function for revisions performed because of
loosening of Charnley hips (2). This non-parametric
curve could plausibly be used as a base-case estimate
of the function S,z(f) in our model where S,zx(?) is
defined by

S 4re (1) =Pr{L,4, >t}

L,z 1s the time at which the hip would be revised for
aseptic loosening when under annual review, and in
the absence of other failure modes.  denotes the time
that has elapsed since the primary operation.

In accordance with Fitzpatrick et al. (6), we postulate
a Weibull model for aseptic loosening under regular
review, with a linear hazard rate specific to the hip.
We found the Swedish data to be incompatible with
a single parameter A. Instead, this parameter is as-
sumed to follow a two-parameter gamma distribution
across the population of hips. This leads to a para-
metric form of survival function given by

S,um (f) = jg(k;a,ﬁz)exp(—hz)dl = [] + ;3—22]-“

0

where g(A;a,ﬁz) is the probability density function
of a gamma distribution with parameters o and f* —
. 1 ! .
ie. g(hap?)=— B A" exp(-B’A).  This
()
form of survival function was fitted to the three
points on the non-parametric curve published by the
Swedish Hip Register (2). Weighted least squares
were used for this purpose, with weights equal to the

Table 5. Hip survival probabilities.

Survival Probability
Time since Swedish data Fitted
THR (yrs) (with 95% intervals) value
5 0.978 (0.976 — 0.981) 0.978
10 0.936 (0.930 — 0.942) 0.934
12 0.917 (0.907 — 0.928) 0916

square of the inverse width of the published confi-
dence intervals. The estimates obtained were a =
0.0953 and =9.798. The fit to the published figures
is shown in Table 5.

In the following analyses, we use the parametric
form with the estimated a- and S-values to represent
the survival function under ARR. The survival func-
tion under NPR has an identical parametric form,
with 8 replaced by @pf. The two survival functions
are plotted in Figure 3.

Finally, to estimate the robustness of the results, de-
terministic sensitivity analysis was performed. All
analyses were performed using TrecAge DataPro
(TreeAge, Williamstown MA, USA).

Results

Three follow-up strategies were compared in a pop-
ulation of women who received a Charnley THR at
the age of 69 and successfully completed the first
post-operative year, concluding with a successful ra-
diographic review. These three strategies were: annu-
al radiographic review (ARR); no follow up (NFU);
and the best (i.e. most effective) hybrid strategy' in
which annual review is discontinued after the age of
78 — denoted by ARR(78). The results are given in
Table 6 and include the incremental cost-effective-
ness ratios comparing ARR and ARR(78) with NFU.
After ten years it appears that NFU and ARR(78) are
about equally effective, although ARR(78) is much

1.00 —
=
E ~NPR
o 095 — ag:
§ ~~
A
ol Data-points from ~
% Swedish Registry ——
S 080 —
7]
=3
e o
0.85 = T )
0 10 20
Years since Primary THR

Figure 3. Fitted hip survival functions, including data-
points and error bars from The Swedish National Hip
Arthroplasty Register (2).

' The best age at which to discontinue the annual reviews was determined by running a sensitivity analysis on this parameter.
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more expensive. In the longer term, ARR(78) is more
effective than NFU, but would be considered cost-ef-
fective only at a QALY value of nearly £60,000.

It is to be noted that the best hybrid strategy depends
on the mortality profile of the population. For exam-
ple, it would be different for the male population,
whose reviews should be terminated at age 76 for
maximal effectiveness. Within this model it will al-
ways be best to terminate ARR for women at age 78,
whether or not their hips are at increased or reduced
risk of loosening. This has implications for the im-
plementation of any screening method (such as
EMAT) that aims to stratify the population by loos-
ening risk.

Base-case results from the full screening model

In women who receive a THR at the age of 69 and
EMAT screening one year later, it emerges that the op-
timal (most cost-effective) threshold for the risk pa-
rameter is A' = 0.00366. According to the Weibull
model, a hip at this threshold will have a 91% proba-
bility of surviving five years before revision for loos-
ening when under regular review. The high-risk group
is comprised of those hips with a worse prognosis than
this, and contains 7.7% of the population; in this group
the more intensive follow-up strategy, ARR(78), is
used. The results in Table 7 extend those in Table 6 to

Table 6. Costs and QALY s for the basic review strategies.

encompass implementation of the screening strategy
using this threshold. In a sense, they represent the best
that EMAT can do in the base case.

In obtaining these results, no cost was associated
with the EMAT screening procedure itself. Thus, if
EMAT screening were cost-free, the screening-based
strategy would prove cost-effective compared to
NFU at a cost of £14,483 per QALY. In practice,
there will be costs associated with the screening pro-
cedure, estimated to be £451 by Borroff (17) who
found (using a somewhat different approach) that
screening was not cost-effective at this price. The re-
sults in Table 5 show that £84 is the highest price per
screening event at which the EMAT strategy would
be cost-effective at £30,000 per QALY - i.e. the in-
cremental cost-effectiveness ratio (ICER) becomes
30,000 when £84 is added to the EMAT cost in Table
5. This is well below the realistic screening cost, and
less even than Borroff’s estimate of the marginal
coniponent of that cost.

Corresponding results for the male population aged
69 at the time of THR are presented in Table 6. Here
the best (most effective) review strategy ceases at
age 76 — a little earlier than in the female population
because of higher male mortality rates. The most
cost-effective threshold is A' = 0.00423 — correspon-
ding to 90% five-year hip survival when under regu-
lar review — at which level 6.8% are allocated to the
more intensive follow-up programme, ARR(76).

After 10 years Unbounded time horizon
Cost (£) QALYs Cost (£) QALYs ICER(£/QALY)
NFU 300.19 7.7237 536.34 10.7862
ARR 1129.77 7.7216 1659.68 10.7869 1.6x106
ARR(78) 976.08 7.7237 1158.92 10.7967 59,293

Table 7. Costs, QALY's and revision rates for three strategies (women, aged 69 at THR).

After 10 years

Unbounded time horizon

Cost (£) QALYs Revisions Cost (£) QALYs ICER (£/Q) Revisions
per 100 cf. NFU per 100
patients patients
NFU 300.19 7.7237 5.74 536.34 10.7862 11.03
EMAT 405.44 7.7239 7.99 614.55 10.7916 14,483 11.61
ARR(78) 976.08 7.7237 6.89 1158.92 10.7967 11.71
238 BioMEebicAL STATISTICS AND CLINICAL EPIDEMIOLOGY 2008; 2 (3): 231-242
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Table 8. Costs, QALY and revision rates for three strategies (men aged 69 at THR).

After 10 years Unbounded time horizon
Cost (£) QALYs Revisions Cost (£) QALYs ICER (£/Q) Revisions
per 100 cf. NFU per 100
patients patients
NFU 27145 7.1657 5.14 429.33 9.2424 8.56
EMAT 331.13 7.1671 5.67 485.63 9.2460 15,639 9.00
ARR(76) 759.77 7.1687 5.77 914.53 9.2498 9.11
(For men, the societal value of EMAT screening is calculated as £51.)

Thus, for both male and female populations, the
threshold screening level should be set at around
90% hip survival at 5 years. Any hip with a poorer
prognosis than this should be assigned to the inten-
sive review programme.

Sensitivity analyses

The base-case results are not particularly favourable
to EMAT screening, the societal value of which is
found to be the same as, or below, the estimated mar-
ginal cost of screening. Of course, these results are
predicated on certain assumptions about a number of
unknown parameters; in particular, the assumed val-
ue for @ of 1.5 is based on the flimsiest of evidence.
Since this parameter governs the impact of the fol-
low-up regime on revision rates, it may be expected
to have a profound effect on the choice of a cost-ef-
fective strategy. For this reason, ¢ was made the sub-
ject of a detailed sensitivity analysis.

Sensitivity to @

Here we focus exclusively on the female population
who receive a primary THR aged 69. All aspects of
the model’s sensitivity to changes in ¢ are explored,
including its impact on the maximum age at review
and the optimal risk threshold for EMAT implemen-
tation. The results are displayed in the panel of four
plots in Figure 4. It is to be noted that the points cor-
responding to ¢ = 1 are not physically feasible — this
value implies the same revision rate under all follow-
up strategies, although with better outcomes from re-
visions under annual review. This case is included to

show the most favourable possible case for the value
of EMAT screening (£670 in this instance).

Since @ measures the extent to which hip revisions are
delayed when follow up is withdrawn, one might ex-
pect that the best age to discontinue follow up will de-
crease as ¢ increases, and this is indeed the case (Fig.
4a). Perhaps surprisingly, the optimal risk threshold
for screening does not increase monotonically with .
In fact, it appears to attain a maximum in the vicinity
of the base-case value for ¢ (Fig. 4b) with the conse-
quence that the base-case value actually corresponds
to a minimum in the proportion screening positive.
The most plausible explanation for this behaviour lies
in the relationship between ¢ and X, the age at which
review is terminated. As ¢ increases, X decreases and
the intensive follow up option ARR(X) becomes less
intensive and therefore cheaper. At this point it can be-
come cost-effective to transfer some hips from the
“low-risk” NFU group to the “high-risk” ARR(X)
group by decreasing the screening threshold. The
main point, put simply, is that the review strategies un-
der consideration are themselves changing with ¢,
leading to unexpected results.

Figure 4d traces the impact of these changes on the
societal value — or most cost-effective price — of
EMAT screening. It appears that our base-case value
is unfortunate in the sense that it falls at the point at
which the EMAT value settles into a lower series of
values. @ values closer to 1 correspond to much high-
er valuations for EMAT.

Sensitivity to other parameter values

More conventional sensitivity analyses were con-
ducted around the values of the remaining parame-
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Figure 4. Model sensitivity to changes in ¢. The base case (¢ = 1.5) is shown as a solid circle. The open circles arise from

complete revisions of the model using different values of .

ters, again for 69-year-old women and with ¢ taken
as 1.5. The results are presented in Table 9.

Upper and lower bounds for utilities were set at
+0.01 from the base value. Sensitivity at other values
can be deduced from these figures since the EMAT
value is linear in cost and utility.

Broadly speaking, none of the parameters considered
here appears to have a potential similar to that of ¢
for improving the value of EMAT screening.

Discussion

It is intrinsic to our approach that the “societal val-
ue” of EMAT will always be a positive number of
pounds, if only because there will always be some
net benefit to be gained by withholding follow up
from patients at negligible risk of loosening. The
base-case estimates of this value (£51 for 69-year-
old men, £83 for 69-year-old women) are not high,
and barely cover the estimated marginal cost of
screening. Nevertheless, our attempts to quantify
this value have shown that it is very sensitive to ¢,

240

the parameter about which we have the least reli-
able information. Values as high as £500 are con-
ceivable (see Fig. 4d) if ¢ is as low as 1.1.

Furthermore, one might expect to gain more from
the screening process were the intensive follow-up
arm less expensive. In our model, very few revisions
take place in the first couple of years after the
screening event, so it might well make sense to re-
duce radiographic reviews in these years. This is ex-
actly what is seen in the British Orthopaedic Associ-
ation’s recommended follow-up schedule (10),
which makes provision for reviews in years 1, 5 and
10. It would be interesting to work through the con-
sequences of applying this review strategy to the
high-risk group in our model. Furthermore, it might
even be possible to derive a “best” strategy — i.e. a
review schedule tailored specifically to a particular
patient group. This might be done through our mod-
elling approach, supported by such data as can be
obtained on the incidence of hip revisions under al-
ternative follow-up regimes. While the no follow up
(NFU) strategy might well be optimal for patients at
very low risk of loosening, there is no particular rea-
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Table 9. One-way sensitivity analyses for some important parameters.

Probabilities Value of EMAT
(base case £83)
Proportion of unreviewed aseptic loosening srp — base value 0.75
revisions of THR that are simple 0.7 147
0.8 24
Peri-operative mortality rate for revisions sd — base value 0.005
0.001 96
0.01 71
Utilities
THR base value 0.964
0.954 107
0.974 59
SR, success base value 0.946
0.936 515
0.956 1145
CR, success base value 0.7208
0.7108 92
0.7308 74
Simple revision (unreviewed) base value 0.639
0.629 89
0.649 77
Simple revision (reviewed) base value 0.7075
0.6975 74
07175 92
Complex revision base value 0.595
0.585 84.5
0.605 81.5
Costs
Radiographic review base value £87
70 92
102 77
Simple revision base value £6118
5241 95
6942 74
Complex revision base value £7210
4159 67
7976 88
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of the hybrid ARR(X) strategy — is best for any de-
finable group of patients. If EMAT could be used to
choose something closer to the optimal follow-up

1. National Joint Registry for England and Wales. 1st
Annual Report. http://www.njrcentre.org.uk/docu-
ments/reports/fullreport04 .pdf

regime for the patient, one may anticipate an en- 2. The Joint Replacement Unit. The Swedish National

hancement of its estimated societal value. Hip Arthroplasty Register Annual Report 2003.
http://www jru.orthop.gu.se/archive/AnnualReport-

Acknowledgments 2003-eng pdf

We would like to thank Mick Borroff and Prof. Mar- 3. Bhatia M, Obadare Z. An audit of the out-patient fol-

low-up of hip and knee replacements. Ann R Coll
Surg Engl 2003;85:32-35.
. Power, D. M. Response to: An audit of the out-patient
the project. follow-up of hip and knee replacements. http://

tin Buxton for helpful discussions and advice and
Nick Botterill for his help with practical aspects of 4

BioMEepicAL STATISTICS AND CLINICAL EPIDEMIOLOGY 2008; 2 (3): 231-242 241



G.L.

10.

11.

242

Di Tanna et al.

www.rcseng.ac.uk/services/publications/letters/re-
sponses_html?article_id=23

. National Institute for Clinical Excellence. Guide to

the Methods of Technology Appraisal. London, April
2004. http://www.nice.org.uk/niceMedia/pdf/TAP_
Methods.pdf

. Fitzpatrick R, Shortall E, Sculpher M, Murray D,

Morris R, Lodge M, Dawson J, Carr A, Britton A,
Briggs A. Primary total hip replacement surgery: a
systematic review of outcomes and modelling of cost-
effectiveness associated with different prostheses.
Health Technol Assess 1998;2:1-64.

Government Actuary’s Department. Interim Life Ta-
bles for England and Wales 2000-2002. http://www.
gad.gov.uk

Department of Health. NHS Reference Costs 2003.
http://www.dh.gov.uk/PublicationsAndStatistics/Pub-
lications/PublicationsPolicy AndGuidance/Publica-
tionsPolicy AndGuidanceArticle/fs/en?CONTENT _I
D=4070195&chk=UzhHA3

. Laupacis A, Bourne R, Rorabeck C, Feeny D, Wong

C, Tugwell P, Leslie K, Bullas R. The effect of elec-
tive total hip replacement on health-related quality of
life. J Bone Joint Surg Am 1993;75:1619-1626.
British Orthopaedic Association. Total Hip Replace-
ment: A guide to best practice. London: British Or-
thopaedic Association 1999.

Fender D, Harper WM, Gregg PJ. Outcome. of
Charnley total hip replacement across a single health

12.

13.

14.

15.

16.

18.

region in England: the results at five years from a re-
gional hip register. J Bone Joint Surg Br 1999;81:
577-581.

Tsukayama DT, Estrada R, Gustilo RB. Infection after
total hip arthroplasty. A study of the treatment of one
hundred and six infections. J Bone Joint Surg Am
1996;78:512-523.

Pynsent PB, Carter SR, Bulstrode CJ. The total cost of
hip-joint replacement; a model for purchasers. J Pub-
lic Health Med 1996;18:157-168.

Chang RW, Pellisier J]M, Hazen GB. A cost-effective-
ness analysis of total hip arthroplasty for osteoarthri-
tis of the hip. JAMA 1996;275:858-865.

Dawson J, Fitzpatrick R, Frost S, Gundle R,
McLardy-Smith P, Murray D. Evidence for the valid-
ity of a patient-based instrument for assessment of
outcome after revision hip replacement. J Bone Joint
Surg Br 2001;83:1125-1129.

Britton AR, Murray DW, Bulstrode CJ, McPherson K,
Denham RA: Pain levels after total hip replacement:
their use as endpoints for survival analysis. J Bone
Joint Surg Br 1997;79:93-98.

. Borroff MIJ. The cost-effectiveness of screening for

aseptic loosening following total hip replacement.
MSc theseis, SCHARR, University of Sheffield
2003.

Kavanagh BF, Fitzgerald RH Jr. Multiple revisions for
failed total hip arthroplasty not associated with infec-
tion. J Bone Joint Surg Am 1987;69:1144-1149.

BioMEebicAL STATISTICS AND CLINICAL EPIDEMIOLOGY 2008; 2 (3): 231-242





