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A METHOD FOR THE DERIVATION OF VOLUME INDICES AND DEFLATORS OF
COMPLETE TREATMENTS IN HOSPITALS

Sake de Boer and Gerrit Zijlmans
Statistics Netherlands1

Introduction

1. In this note we discuss a method for the estimation of price indices and volume indices for health
services in the national accounts.  This paper focuses on the problem of complementarity of
activities within hospitals.

2. Starting point are the ideas presented in Nordhaus [1] and Van Tuinen, De Boo and Van Rijn [2].
They discuss the complementarity of certain household consumption goods and its consequences
for the estimation of the price index of household consumption.  Van Tuinen c.s. present an
improved method for the estimation of  the price index of household consumption.  As an example
treatments in hospitals consist of a combination of two activities, an operation and a number of in-
patient days.  Van Tuinen c.s. argue that as a result of better medical techniques the number of in-
patient days per treatment decreases, implying a decrease in the total costs and thus the price
index per treatment.  However, currently no consumer price information is available for complete
treatments, but only for the separate activities that contribute to them.  Using this kind of price
information leads to overestimation of the all-over price index if the effect of the complementarity
of operations and in-patient days on the weighting coefficients is not accounted for.  Without this
adjustment the cost decrease caused by  the decrease in the number of in-patient days is treated as
a volume effect and not as a price effect.

3. The problem of complementarity does not only affect private consumption price statistics but has
also an impact on the measurement of volume and price indices in national accounts.  Ignoring
complementarity can result in underestimation or overestimation of the growth rate of important
national accounts indicators.  In this note we illustrate in which way  volume indices for complete
treatments in short-stay hospitals can be derived from information on the separate activities that
are part of these treatments.

4. If prices and production values of groups of complete treatments could be obtained directly from
the bookkeeping accounts of the hospitals, deflators of the production values of treatments could
easily be derived.  However, this kind of information is not (yet) available.  Our method gives an
approximation of this ideal situation applying a statistical method adopted from input-output

__________

1. This note has been prepared as a discussion paper for the Task Force on “Methods used for health in the
National Accounts at constant prices”.  The views expressed are those of the authors and do not necessary
reflect the views of Eurostat.
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analysis.  It is based on the cross tabulation of complete treatments with the hospital activities
contributing to them.  This method meets two requirements: firstly, it accounts for
complementarity and secondly, it encompasses the complete short-stay hospital industry in the
national accounts.  The latter implies that all treatments carried out in hospitals and all the
contributory activities are included in the model.

Classification of complete treatments and contributory activities

5. We illustrate the method with a numerical example.  For reasons of simplicity the number of
distinguished complete treatments and contributory activities is small.

6. Output of hospitals is very heterogeneous. We tackle this problem by distinguishing as a first step
treatments with an operation and treatments without an operation and between procedures with
day and night nursing care and procedures with only day care.  In addition we distinguish
policlinic visits to hospitals. This results in five product groups (complete treatments):

− treatments with an operation combined with day and night nursing care (TODN)

− other treatments combined with day and night nursing care (TXDN)

− treatments with an operation with only day nursing care (TOD)

− other treatments with only day nursing care (TXD)

− policlinic visits (TPV)

7. In this example seven contributory activities are distinguished:

− operations combined with day and night nursing care (AODN)

− operations combined with only day nursing care (AOD)

− other procedures combined with day and night nursing care (AXDN)

− other procedures combined with only day nursing care (AXD)

− day and night nursing care (ACDN)

− day nursing care (ACD)

− policlinic services (APS)

It is assumed that all activities of  hospital doctors and nurses are included in these seven
activities.
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Indices without accounting for complementarity

8. Since we are interested in the quantitative consequences of complementarity we first derive in this
section price and volume indices ignoring the complementarity of activities.  The figures in Table
1 on the number of operations, other procedures, nursing days and policlinic services (first two
columns) somewhat resemble the Dutch situation in 1994 and  1995. However, the cost per unit
figures in column 3 and 4 are fictitious and  are made up for purposes of illustration. So, the
resulting indices from this example have no relation to reality.

9. We assume that the costs per nursing day increase by 5% between year t-1 and year t, whereas the
cost increase of the other activities is about 3%.  From data on quantities and data on costs per
unit, total costs are calculated (see last three columns of table 1) in current prices as well as in
constant prices, i.e. prices of  t-1.

Table 1. Quantities and costs of activities in short stay hospitals

Number (*1000) Costs per unit (Hfl) Total costs (Million Hfl)
t-1 t t-1 t t-1 t t  (price t-1)

AODN 700 710 6000 6180 4200 4388 4260
AOD 350 370 3000 3090 1050 1143 1110

AXDN 200 210 1000 1030 200 216 210
ACD 150 160 500 515 75 82 80

ACDN 16000 15700 600 630 9600 9891 9420
ACD 600 650 300 315 180 205 195

APS 23000 23000 100 103 2300 2369 2300

Total 17605 18294 17575

10. From the last three columns of table 1 indices can be derived for the total of short-stay hospital
activities:

− Value index 18294/17605 = 103.91

− Laspeyres volume index: 17575/17605 =  99.83

− Paasche price index: 18294/17575 = 104.09

In this example, the volume of hospital activities shows a slight decrease despite the increase in
the number of operations and other therapeutic procedures. This decrease is caused by the fact
that this deflation method treats the decrease of nursing days as a decrease of volume and not as
a decrease in costs.
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Indices accounting for complementarity

11. The essential drawback of the approach in the previous section is that  contributory activities and
not complete treatments are analysed as the output of hospitals. Van Tuinen c.s. [2] argue that for
correct measurement of price and volume changes complete treatments must be seen as the output
of hospitals. This is also the view of Eurostat’s Task Force on  Health in constant prices.

12. In the Netherlands the only available data are the number of complete treatments (represented by
the number of patients treated) and the prices and quantities of the contributory activities. The
prices and costs of complete treatments are not available. However, they can be derived by a cross
tabulation of complete treatments and contributory activities.

13. Table 2 gives the number of complete treatments (indicated by the number of patients treated) for
the years t and t-1, again somewhat resembling the Dutch figures for 1994 and 1995.

Table 2. Complete treatments in short stay hospitals

t-1 t quantity index
Patients treated (*1000)

TODN 700 710 101.43
TXDN 900 900 100

TOD 350 370 105.71
TXD 250 280 112

TPV 23000 23000 100

14. Table 3 connects the complete treatments of table 2 with the contributory activities of table 1.
This cross tabulation is the heart of the method and essential for the resulting indices. Underlying
table 3 are estimates of the number of units of an activity that contributes to one unit of a certain
complete treatment. These estimates sometimes can be derived from medical statistics, but are to
be based on  assumptions in other cases.  An essential restrictive condition is that eventually every
unit of activity has to be allocated to a treatment.

15. For reasons of simplicity we assume in table 3 that every patient is operated only once (in reality
the number of operations exceeds the number of operated patients). As a result  AODN equals
TODN and AOD equals TOD. Further on it as assumed that the average number of nursing days
(day and night care) is 9.5 in t-1. This gives 6650 nursing days (ACND) for treatments with an
operation (TODN). For every operation with only day nursing (TOD) we assume one nursing day
(ACD). The other figures in table 3 have been estimated residuary.
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Table 3 Cross tabulation of complete treatments and contributory activities for year t-1 (quantities)
TODN  TXDN TOD  TXD  TPV Total

number of  treated patients (*1000)
700 900 350 250 23000 -

number of units of contributory activities (*1000)

AODN 700 - - - - 700
AOD - - 350 - - 350

AXDN - 200 - - - 200
AXD - - - 150 - 150

ACDN 6650 9350 - - - 16000
ACD - - 350 250 - 600

APS - - - - 23000 23000

16. Table 4 “translates” for year t-1 costs of hospital activities (rows) into costs of complete
treatments (columns).  Table 4 is derived from table 3 by multiplying each row with the
corresponding costs per unit (see table 1). The last row of table 4 gives the total costs per
treatment in year t-1.

Table 4. Cross tabulation of complete treatments and contributory activities for year t-1 (costs)
TODN  TXDN TOD  TXD  TPV Total
number of treated patients (*1000)

700 900 350 250 23000 -
Million Hfl

AODN 4200 - - - - 4200
AOD - - 1050 - - 1050
AXDN - 200 - - - 200
ACD - - - 75 - 75
ACND 3990 5610 - - - 9600
ACD - - 105 75 - 180
APS - - - - 2300 2300
Total costs 8190 5810 1155 150 2300 17605

17. Next, applying Laspeyres volume index formula, the total costs per treatment category are used as
weights in the computation of the volume index of total output. Table 5 gives the results.
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Table 5. Volume index t/t-1 of  total output of short-stay hospitals

total costs quantity index total costs
t-1 (table 4) t/t-1 (table 2) t prices t-1
Million Hfl Million Hfl

TODN 8190 101.43 8307
TXDN 5810 100 5810

TOD 1155 105.71 1221
TXD 150 112 168

TPV 2300 100 2300
result:

Total 17605 101.14 17806

The Laspeyres volume index of total output is 17806/17605 = 101.14.  The implicit price index
of total output can be derived from total costs in current prices of year t (table 1) and total costs
of t in prices of t-1 (table 5), which yields 18294/ 17806 = 102.74.

Comparison of indices ignoring and indices accounting for complementarity

18. Table 6 compares the indices for total output of  hospitals based on complete treatments on the
one hand and the indices based on contributory activities (not accounting for complementarity) on
the other hand.

 
Table 6. Indices t/t-1: comparison of methods

based on based on
activities treatments difference

value index 103.91 103.91 0

volume index 99.83 101.14 + 1.3

price index 104.09 102.74 - 1.3

19. Table 6 shows that the differences in the indices derived with both methods are considerable.
Most striking is that the slight decrease of volume from section 2 appears to be an increase of
more than 1% if complementarity is accounted for.  Of course, again, a warning must be made.
Our example is a simplification of reality and some data, e.g. those for the costs (weights) of
operations and nursing days, are fictitious.  For that reason definitive conclusions on the influence
of complementarity cannot yet be made.
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Some problems and possible solutions

Replacing fictitious data

20. In the example the costs per unit of activity are fictitious. To make things more realistic, observed
data  on costs per unit per (type of) operation, per (type of) nursing day and  per (type of)
policlinic visit should be used. It is to be hoped that data collected for consumer price statistics
can be used for this purpose.

Heterogeneity of output.

21. In our example five types of output are distinguished. Each of those five product groups (complete
treatments) is still  heterogeneous. The results can be improved by distinguishing more types of
output. In the Dutch situation  detailed data are available on discharged hospital patients  by
(group of) diagnosis and separately for day and night care versus day care only. In addition there
are detailed data on medical procedures such as operations by kind of disease. Also the
corresponding information on the average length of stay in hospital is available. With  this
information, tables 3 and 4 can be made more detailed and the classes of treatments and activities
will be more homogeneous.

22. However, not all heterogeneity can be removed by using more detailed data. Reducing the number
of in-patient days in hospitals by sending patients away earlier than before can still cause
heterogeneity if those patients require additional care and further treatment in special
rehabilitation hospitals or at home. This is a source of heterogeneity because it represents a quality
decrease of treatments in short-stay hospitals. The method we have presented in the previous
sections does not account for such quality changes.

23. A solution for this problem may be to extend the model by adding the activities of rehabilitation
hospitals, general practitioners and physiotherapists and home care by  district nurse services and
home help services. However, still a solution is to be found for any heterogeneity e.g. as a result
of an increase of volunteer help.

Cross tabulation of  contributory activities and complete treatments.

24. Cross tabulation of treatments and activities is the heart of the method presented. It is necessary to
utilise as much statistical sources as possible and to make assumptions - if necessary - as realistic
as possible. In the Dutch situation for instance a problem that has to be solved is the allocation of
second, third etc. operations (and other treatments) to complete treatments. Published medical
statistics do not give that information.
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