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Objective. To examine whether the introduction of advanced diagnostic technology
in maternity care has led to less variation in type of delivery between hospitals in
Norway.
Data Sources. The Medical Birth Registry of Norway provided detailed medical
information for 1.7 million deliveries from 1967 to 2005. Information about diagnostic
technology was collected directly from the maternity units.
Study Design. The data were analyzed using a two-level binary logistic model with
Caesarean section as the outcome measure. Level one contained variables that charac-
terized the health status of the mother and child. Hospitals are level two. A heteroge-
neous variance structure was specified for the hospital level, where the error variance
was allowed to vary according to the following types of diagnostic technology:
two-dimensional ultrasound, cardiotocography, STwaveform analysis, and fetal blood
analyses.
Principal Finding. There was a marked variation in Caesarean section rates between
hospitals up to 1973. After this the variation diminished markedly. This was due to the
introduction of ultrasound and cardiotocography.
Conclusion. Diagnostic technology reduced clinical uncertainty about the diagnosis
of risk factors of the mother and child during delivery, and variation in type of delivery
between hospitals was reduced accordingly. The results support the practice style
hypothesis.
Key Words. Medical practice variation, Caesarean section, diagnostic technology,
uncertainty, practice style

One of the most widely documented phenomena within health care is the
substantial variation in utilization of medical services by different popula-
tions (for comprehensive reviews see Paul-Shaheen, Clark, and Williams
1987; Wennberg 2010). According to Wennberg, Barnes, and Zubkoff
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(1982), variation in medical care to a large extent exists because of clinical
uncertainty about diagnosis and treatment. This uncertainty has resulted in
lack of unambiguous diagnostic criteria and appropriate standards for the
care that is given. Differences among physicians in their beliefs about how
to interpret diagnostic signs and the benefits of alternative interventions lead
to differences in clinical practice between physicians—they have developed
their own practice style. The mix of physicians with different practice styles
varies between areas. Therefore, level of utilization of health care per capita
also varies between areas (Grytten and Sørensen 2003). The proposition
that different practice styles lead to differences in health care utilization per
capita has been termed the practice style hypothesis.

The practice style hypothesis is difficult to test empirically, mainly
because practice style and uncertainty are not directly observable (Stano
1991). In the present study we performed a fairly direct test. We exploit the fact
that the introduction of advanced diagnostic technology in maternity care dur-
ing the last 30–40 years has markedly reduced uncertainty about which type
of delivery to choose. Diagnostic technology helps to provide objective and
clear criteria for when a Caesarean section is indicated. The clinical basis for
making decisions in maternity care is improved. Our research question is
whether this reduction in uncertainty about diagnosis of risk factors of the
mother and the child during delivery has led to less variation in type of deliv-
ery. If this is the case, this provides support for the practice style hypothesis.

Below we first describe the background for the study—among other
things the role of advanced diagnostic technology in maternity care. We tested
our research question using a large and unique set of data, which contained
detailed medical information about all deliveries in Norway during the period
1967–2005 (about 1.7 million). As far as we know, there are no international
studies in which practice variation has been analyzed using individual data
over such a long period of time. Another strength of our study is that the data
contained a large number of variables that described the health status of the
mother and child. This reduces the possibility that the effect of diagnostic
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technology on variation in Caesarean section rates is biased due to the lack of
sufficient control for risk factors for Caesarean section.

BACKGROUND

Caesarean Sections and Diagnostic Technology

The number of Caesarean sections has increased in many countries during the
last fewdecades (Mayor 2002; Betrán et al. 2007;MacDorman,Menacker, and
Declerq 2008). This has also been the case inNorway,where theCaesarean sec-
tion rate increased from2.2percent in 1970 to16.4percent in2005 (Backe,Heg-
gestad, and Lie 2003; Norwegian Institute of Public Health 2008). Numerous
studies have shown wide variation in Caesarean sections within countries and
between countries (Renwick 1991; McKenzie and Stephenson 1993; Hemm-
inki andGissler 1994; Baicker, Buckles, andChandra 2006; Betrán et al. 2007;
Clark et al. 2007; Bragg et al. 2010). For example, in the United States Caesar-
ean section rates vary fourfold between low and high use areas, and in England
the rates vary threefold between National Health Trusts (Baicker, Buckles, and
Chandra 2006; Bragg et al. 2010). Nearly all studies are descriptive and cross-
sectional, and thepractice style hypothesis has not been tested inanyof the stud-
ieswithinmaternitycare.

The rapid development in diagnostic technology has improved fetal
monitoring both before and during delivery. The obstetrician is then less
dependent on clinical signs, judgment, and interpretation of information from
the mother for assessing whether the delivery is progressing without complica-
tions. The following diagnostic tools are important (Norwegian Institute of
Public Health 2007; Norwegian Society of Gynecology and Obstetrics 2008):
two-dimensional ultrasound, cardiotocography, STwaveform analysis (STAN)
and fetal blood analysis. Ultrasound is used to determine the number of fetuses,
and to check fetal circulation and anatomy, bothbefore andduring the delivery.
Cardiotocography, STAN, and fetal blood analysis are used to register fetal
distress, a condition that can lead to lack of oxygen, and for which Caesarean
section may be indicated. Ultrasound and cardiotocography are expected to
have the greatest effect on reducing practice variation in Caesarean section
rates between hospitals. The reasons are twofold.

First, ultrasound and cardiotocography were introduced early in the per-
iod (Table 1). If these two types of diagnostic technology have been effective
in reducing practice variation, there would be little variation left when STAN
and fetal blood analysis were introduced. The inter-hospital variation in

Adoption of Diagnostic Technology and Variation in Caesarean Section Rates 2171



Caesarean section rates would then be so low that the introduction of STAN
and fetal blood analysis would not contribute much to an additional reduc-
tion.

Second, for ultrasound and cardiotocography, there are fairly clear med-
ical criteria for the conditions and test values that are regarded as normal. For
example, for cardiotocography, the sign that something is wrong is based on
deviations from the following criteria: “a baseline fetal heart rate frequency
between 110 and 150 beats per minute, presence of periodic accelerations, a
normal heart rate variability with a bandwidth between 5–25 beats per minute
and the absence of decelerations” (Rooth, Huch, and Huch 1987; Van Geijn
1998). There is agreement that in the case of deviation from these test criteria,
the child must be delivered without delay, preferably by Caesarean section.
For both gestation length and fetal growth, which are determined by ultra-
sound, there are fairly clear criteria for normal values, and indications for
Caesarean section (Morrison, Rennie, andMilton 1995).

Before cardiotocography and ultrasound were used, the possibilities to
assess the condition of the fetus were limited. Obstetricians were dependent
on clinical assessment and judgment, which we can expect led to large varia-
tion in choice of method of delivery. For example, the absence of fetal move-
ments presented a diagnostic problem for which there was no consensus
among obstetricians about choice of method of delivery (VanGeijn 1998).

For STAN and fetal blood analysis it can be difficult to ascertain whether
a test value indicates that something is wrong with the fetus (Westgate, Gari-
baldi, and Greene 1994; Dunton 1999). For example, for STAN, deviation
from normal progression is assessed, among other things, on the basis of
T/QRS gradient in the electrocardiogram of the fetus. This is a complicated
technology that requires advanced skills both to use and to interpret the results
(Luzietti et al. 1999; Amer-Wahlin et al. 2007). In Norway, authorized educa-
tion and certification, and continual follow-up and training are required for

Table 1: The Percentage of Deliveries According to Type of Diagnostic
Technology and Year

Diagnostic Technology 1970 1975 1980 1985 1990 1995 2000 2005

Ultrasound 0 19 78 97 99 100 100 100
Cardiotocography 0 36 86 96 100 100 100 100
STwaveform analysis 0 0 0 0 15 30 38 77
Fetal blood analysis 0 0 19 25 36 47 62 72

Technology index (0–4) 0 0.54 1.82 2.18 2.50 2.77 3.00 3.48
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people who use STAN (Eikeland et al. 2008). STANand fetal blood analysis is
most appropriate for high-risk patients, and they are nearly always used as
supplementary investigations to ultrasound and/or cardiotocography (Amer-
Wahlin et al. 2001; Swedish Council on Health Technology Assessment
2006). For these patients, it has often been decided well before the delivery
that the method of delivery will be Caesarean section; that is, there is hardly
any variation in type of delivery.

Institutional Setting –Maternity Services in Norway

Studying variation in Caesarean section rates in Norway not only has some
advantages but also some disadvantages. There are two advantages. First, in
Norway, all health services, maternity care included, are financed through
taxes, and everyone has free health care at the point of delivery and equal
access given equal need (Ministry of Health 2002). There is little competition
between hospitals for women giving birth. The country is divided into hospital
areas in which the capacity of maternity units is planned according to the
expected number of births within the catchment area. Thus, variation in
Caesarean section rates between hospitals cannot be explained by differences
in fees, income, insurance coverage, and rationing of deliveries. Second, all
hospitals, where nearly all deliveries take place, are publically owned and
financed, with obstetricians who receive a fixed salary. Neither the hospitals
nor the obstetricians have economic incentives for carrying out a Caesarean
section rather than a normal delivery. Thus, variation in Caesarean section
rates between hospitals is not due to differences in the way obstetricians are
remunerated.

The main disadvantage of studying variation in Caesarean section rates
in Norway is that it is not possible to examine the effects of other factors that
may be more important than diagnostic uncertainty in explaining variation in
Caesarean section rates between hospitals. For example, several studies have
found that variations in utilization of health care per capita are due to differ-
ences in accessibility of physician services, rather than differences in practice
style (Escarce 1992; Carlsen and Grytten 1998). Furthermore, several
researchers argue that variation in utilization is due to how physicians are paid
(Gaynor and Pauly 1990; Hellinger 1996; Grytten and Sørensen 2001). For
example, incentive-based payment systems lead to a higher supply of services
than fixed salary payment systems. The former type of contracts may even
lead to supplier-induced demand. The mix of physicians with different pay-
ment systems varies between areas, and the level of utilization of health care
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per capita may vary accordingly. It therefore follows that our analyses can
only test whether a reduction in diagnostic uncertainty results in a reduction
in the part of the variation in Caesarean section rates that is not attributable to
patient demand or provider incentives.

MATERIALS ANDMETHODS

The Sources of the Data

The analyses were carried out on data from theMedical Birth Registry of Norway
(MBRN) for the period 1967–2005 (www.fhi.no; Irgens 2000). Data from
MBRNwere merged with two data registers in Statistics Norway. The first reg-
ister contains information about immigrant background for all first-generation
immigrants (Statistics Norway 2009). The second register, the Norwegian
Standard Classification of Education (Statistics Norway 2000), contains infor-
mation about the highest education for all Norwegians.

Information about use of diagnostic technology was collected using a
questionnaire that was sent to all senior consultants in every maternity unit in
all the hospitals in the country.1 The survey was carried out by the Norwegian
Medical Association’s Research Institute. The response rate was high. A total
of 44 of 46 senior consultants replied. During the 39 years covered by our
study, some maternity units have been closed down,2 so that it was not possi-
ble to send a questionnaire to them. Therefore, analyses with the diagnostic
technology variables could only be done for maternity units that have existed
for the whole period 1967–2005. We have data for approximately 1.7 million
deliveries distributed among 44 maternity units. Throughout the period 1967
–2005, there were about 2.2 million births in Norway. Previous analyses have
shown that our sample is representative of the whole population of mothers
who gave birth in Norway 1967–2005 (for further details see Grytten, Skau,
and Sørensen 2011).

Main Analyses–Model Specification

Since the outcome (Caesarean section) is binary for the individual mother
(subscript i), we apply a binary logit model. Moreover, as we are interested in
the variation in outcomes between hospitals (subscript j), we specify a multi-
level model in which (mean) hospital outcome is entered as a random effect.
We assume the usual normal distribution for the random effects. This allows
us to assess directly the relative variation in Caesarean sections at the individ-
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ual and hospital levels:
Individual level (level 1)Lij ¼ log

P ðCaesarean section ¼ 1Þ
1� P ðCaesarean section ¼ 1Þ

� �

¼ a0j þ
X
k

akINDCHARðkÞ
ij þ

X
t

atD
ðtÞ
ij

ð1Þ

Hospital level (level 2)a0j ¼ b00 þ uDT
0j ;where uDT

0j �N ð0; r2DTÞ for all DT

ð2Þ
Our primary interest is the variation in the hospital-level error term.We specify
a heterogeneous variance structure, in which the error variances are allowed to
vary according to the number of types of diagnostic technology that are used in
the individual hospitals j (Littell et al. 1996). The variable diagnostic technol-
ogy (DT) has high (DT = H) or low (DT = L) values. In this way the estimated
variances ðr2DTÞof the technology specific error terms ðuðDTÞ

0j Þ canbe interpreted
as the uncertainty in hospital j’s practice—given all the characteristics of the
health status of themother and child (INDCHAR) and the year of delivery (D).
Our main hypothesis is thus, r2DT¼H\ r2DT¼L, that is, we expect the error vari-
ance between hospitals withmuch use of diagnostic technology (DT = H) to be
smaller than that between hospitals with little use of diagnostic technology
(DT = L).

We employed two variants of the DT variable in the analyses, one quan-
titative variant (DT1) that measures the number of types of diagnostic technol-
ogy that the hospitals use at any time, and one qualitative variant (DT2) that
takes in information on two specific combinations of diagnostic technology.
For the first specification, we used an additive index, which was constructed
from each of the four technology variables. This index has values from 0 (no
diagnostic technology is used) to 4 (all four types of diagnostic technology are
used). This index does not distinguish between types of diagnostic technology
that are in use. That is taken account of in the latter specification (DT2), in
which we examine the impact of ultrasound and cardiotocography separately.
We limit the qualitative analyses to these two types of diagnostic technology,
since they make the main contribution to the reduction in the error variance
between hospitals.

A convenient way of assessing the importance of the diagnostic technol-
ogies is to calculate the intraclass correlation coefficient: ICCDT¼m

¼ r2DT¼m
r2DT¼mþ3:29 where the figure 3.29 is the level-1 error variance given by p2/3.

The ICCDT¼m measures the ratio of the between-hospital variation to total
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variation when the level of diagnostic technology used is m (i.e., m can take on
all values of DT1 and DT2) (Goldstein, Browne, and Rasbash 2002).

Aron et al. (1998) have shown how important it is to include risk factors
of the mother and the baby when Caesarean section rates are compared
between hospitals. Accordingly, in our analyses we included several charac-
teristics of the health status of the mother and baby (=INDCHAR in equa-
tion (1)) that are associated with Caesarean section (Aron et al. 1998; Gregory
et al. 2002; Kolås et al. 2003; Norwegian Institute of Public Health 2008;
Kringeland, Daltveit, and Møller 2009). Variable definitions and descriptive
statistics are given in Appendix 1. Most of the medical conditions mentioned
below are correlated with slow or no progress in labor or signs of fetal distress.
A Caesarean section can then be indicated to prevent damage to the child.

We included two variables that reflect the mother’s preferences for Cae-
sareansection. Immigrantsoftencomefromcountrieswhere it ismorecommon
to have aCaesarean section than inNorway (Betrán et al. 2007). Thesemothers
can therefore have a higher rate of Caesarean section than Norwegian mothers
(Vangen et al. 2000).Womenwith high educationmore often have aCaesarean
sectiononmaternal request thanwomenwith loweducation (Hurst andSummey
1984; Gould, Davey, and Stafford 1989). To control for common trends across
all hospitals,wecontrol foryearofdelivery (t) byyearfixedeffects (D).

To assess the goodness of fit for models (1) and (2), the Generalized
Chi-Square value normalized by the numbers of degrees of freedom was used
(Littell et al. 1996; Fernández et al. 2010). A value close to 1 implies that the
variability in the data is properly accounted for by models (1) and (2).

Additional Analyses–Model Specifications

To test the robustness of the estimations based on Models (1) and (2), we per-
formed three additional analyses in which we tested for causality of the tech-
nology variable.

First, we did a placebo test. This analysis was performed by setting the
time for getting the new technology 5 years before the hospital actually got it.
If the technology variable has an effect on practice variation for Caesarean sec-
tions 5 years before the hospital actually got the diagnostic technology, this
indicates that the technology effect is not causal. The technology variable is
then most likely correlated with an unobserved variable which has been omit-
ted from equations (1) and (2).

Second, we did a test of reversed causality. In models (1) and (2) we
assume that the direction of the effect goes from diagnostic technology to prac-
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tice variation. The opposite direction is also a possibility. We estimated the
followingmodel at the hospital level:

DDTjðt ;tþ1Þ ¼ b0 þ b1DCVjðt�1;tÞ þ
X
t

atD
ðtÞ
jt þ ejt ð3Þ

where ΔDTwas formulated in two ways. In the first formulation ΔDTequals
one if the hospital gets one or more new types of diagnostic technology from
year t to year t + 1, zero otherwise. This was estimated using binary logistic
regression. In the second formulation we distinguished between all possible
combinations of changes in types of diagnostic technology (i.e., in DT2). This
was estimated using multinominal logistic regression. ΔCV was measured as
the change in the coefficient of variation over monthly Caesarean sections
rates from 1 year (t −1) to the next (t) for each hospital (Paul-Shaheen, Clark,
and Williams 1987; Diehr et al. 1990). In addition, we included fixed year
effects to account for common trends across all hospitals.

Third, we did within hospital analyses to check the robustness of the
between hospital analyses as given by equations (1) and (2). The within hospital
analyses were done by examining the change in the coefficient of variation
from just before to just after each hospital introduced new diagnostic technol-
ogy.We estimated the following model at the hospital level:

CVðkÞ
j ¼ cðkÞ0 þ cðkÞ1 NEWDTðkÞ

j þ
X
j

/ðkÞ
j HOSPðk ;jÞ

j þ eðkÞj ð4Þ

where CVðkÞ
j is hospital j’s coefficient of variation over monthly Caesarean

sections rates for a maximum of 60 months before, and a maximum of
60 months after the introduction of new diagnostic technology.NEWDTðkÞ

j is
a dummy variable, which is given the value of 1 when the hospital gets new
diagnostic technology. We ran k regressions for each of our two types of tech-
nology variable (DT1 and DT2). This gave k = 4 regressions for unit changes
along DT1 (from DT1 = 0 to DT1 = 1, from DT1 = 1 to DT1 = 2, etc.), and
k = 5 regressions for all possible combinations of DT2. Hospital fixed effects
(HOSP) were included to account for inter-hospital heterogeneity.

RESULTS

Main Analyses

The variation in Caesarean section between hospitals was large at the begin-
ning of the period; that is, up to 1973 (Figure 1). This variation diminished
markedly until the late 1970s. The fall in the inter-hospital variation in
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Caesarean section occurred at the time when there was a marked increase in
use of ultrasound and cardiotocography. During this time period the use of
ultrasound increased about fourfold, and the use of cardiotocography
increased about threefold (Table 1). In 1985 nearly all the hospitals had ultra-
sound3 and cardiotocography.

Appendix 1 column I presents logit coefficients for the individual-level
variables (INDCHAR) for the main regression (i.e., with DT1 levels corre-
sponding to 0–4 for the technology index). The goodness of fit for models (1)
and (2) is good as indicated by a Generalized Chi-Square value of 0.98. Fur-
thermore, all the coefficients are reasonable and statistically significant at
conventional levels.

Appendix 1 column III presents the results from an additional regres-
sion where the effects that the number of types of diagnostic technology have
on Caesarean section are estimated. The likelihood of a Caesarean section
increases as the number of types of diagnostic technology increases. This is
also shown in Appendix 2 top, where the hospitals are grouped according to
the number of types of diagnostic technology they use.

The estimate for the error variance among hospitals that do not use any
diagnostic technology is r2dt1¼0

¼ 0:61 (Table 2). This value is substantially
larger than the corresponding estimates for any other category of hospital
grouped according to number of types of diagnostic technology used. More-

Figure 1: Inter-Hospital Variation in Caeserean Section (logit) According to
Year: Estimates of Annual Random Effects and 90% Confidence Intervals
(n = 1,708,681)
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over, the 95% confidence interval reveals that it is also significantly larger at
conventional levels of significance. The estimate for the error variance among
hospitals that use one type of diagnostic technology is r2dt1¼1

¼ 0:18. The
95% confidence interval shows that this variance is significantly larger than
that for the hospitals that used two or three types of diagnostic technology.
There is no statistically significant difference in the variance estimates between
hospitals that used two, three, or four types of diagnostic technology.

The variances in Table 2 are measured on the logit scale. Another
way of expressing the variation is to use probabilities. The mean Caesarean
section rate in our material is 0.10. In Table 2 we present the 2.5 and 97.5
percentiles for the probabilities for having a Caesarean section around this
mean value according to the number of types of diagnostic technology
used. The results clearly show that variation in Caesarean section between
hospitals is greatest when no or only one type of diagnostic technology is
used. This is also confirmed by the intraclass correlation coefficients
(Table 2 column IV).

Nearly all hospitals had ultrasound and cardiotocography by 1985.
Therefore, the qualitative analyses (DT2) are limited to the years 1967–1985
(Table 2). The variance estimate for the error variance among hospitals that
did not use any diagnostic technology was r2dt2¼0

¼ 0:58. This value is sub-
stantially larger than the corresponding estimates for ultrasound and cardioto-
cography used alone or used in combination. The 95% confidence interval for
the variance estimate of 0.58 overlaps with the corresponding interval for
ultrasound, but not for cardiotocography alone, and for the two types of tech-
nology used in combination. The confidence intervals for ultrasound and car-
diotocography used alone or used in combination all overlap. This is mainly
because for most hospitals, both these types of diagnostic technology were
introduced simultaneously (Table 1).

Additional Analyses

The result from the placebo test showed that there was no difference in the
estimate for the error variance among hospitals according to number of types
of diagnostic technology (DT1) or types of diagnostic technology (DT2)
(Table 2 column VII). Furthermore, there was no sign of reversed causality:
the change in the coefficient of variation over monthly Caesarean section rates
from year t − 1 to t had no effect on the change in the number of types of diag-
nostic technology (DT1) or the change in types of diagnostic technology
(DT2) from year t to t + 1 (Table 3).
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The pre-post analyses at the hospital level as reported in Table 4 sup-
ported the analyses at the level of each delivery in Table 2. For example, an
increase in the number of types of diagnostic technology from 0 to 1, and from
1 to 2 led to a statistically significant reduction in the coefficient of variation
for Caesarean section rates. Conversely, an increase in the number of types of
diagnostic technology from 2 to 3, and from 3 to 4 had no effect on the coeffi-
cient of variation for Caesarean section rates (Table 4 and Appendix 2, bot-
tom). Changes in the different combinations of types of diagnostic technology
all led to a reduction in the coefficient of variation for Caesarean section rates.

DISCUSSION

According to the practice style hypothesis, uncertainty is the underlying cause
for much of the variation in utilization of medical services by different popula-
tions. The results from both the main and the additional analyses support the

Table 3: Test of Reversed Causality: The Effect of a Change in Inter-Hospi-
tal Variation in Caesarean Section on the Change in Use of Diagnostic Tech-
nology.

Independent Variable

Dependent Variables

Change in Number
of Types of Diagnostic

Technology
from t to t + 1*

Change in Types of Diagnostic Technology
from t to t +1†

Change in the coefficient of
variation for Caesarean
section from t − 1 to t

From none to
cardiotocography

0.001 (0.008)

From none to ultrasound �0.025 (0.016)
�0.005 (0.006) From none to ultrasound

and cardiotocography
�0.010 (0.011)

From cardiotocography to
cardiotocography and
ultrasound

�0.011 (0.012)

From ultrasound to
cardiotocography
and ultrasound

0.001 (0.016)

Regression coefficients with standard errors in brackets. Hospital-level analyses and year fixed
effects are shown.
*Binary logistic regression. 1 = hospitals that get one or more new technologies from t to t + 1;
0 = no change.
†Multinominal logistic regression. Reference category: no change in technology.
*p � 0.01, **p � 0.001.

Adoption of Diagnostic Technology and Variation in Caesarean Section Rates 2181



practice style hypothesis. The reason is that the introduction of diagnostic
technology has reduced uncertainty about the diagnosis of risk factors of the
mother and child during delivery, and variation in type of delivery between
hospitals has been reduced accordingly. As expected, the reduction in practice
variation was greatest for ultrasound and cardiotocography.

In our study, practice variation was measured at the individual level,
whereas diagnostic technology was measured at the level of the hospital.
A potential objection is that we should have connected the use of diagnostic
technology to the individual obstetrician. This was not practically possible,
since information about which maternity unit obstetricians work in is not
available, either in MBRN, or from other sources in Norway, as far back as
the 1970s and 1980s.4 Also, even if it had been possible, it is not certain that

Table 4: Pre-Post Test: Inter-Hospital Variation in Caesarean Section
According to Use of Diagnostic Technology (Hospital-Level Analyses, Ordin-
ary Least Squares Estimation, Hospital Fixed Effects Included)

Number of Hosptials
Coefficient of

Variation (Mean)

Regression
Coefficient†

(Standard
Error)

Hospitals with a change in the number of types of diagnostic technology:
From 0 25 78.1 �15.6*
to 1 62.5 (4.96)
From 1 24 59.9 �16.0*
to 2 43.8 (4.12)
From 2 24 33.3 �0.005
to 3 33.4 (1.27)
From 3 9 22.5 �0.15
to 4 22.3 (0.91)

Hospitals with a change in types of diagnostic technology:
From None 17 82.1 �16.7**
to Cardiotocography 65.2 (6.03)
From None 8 75.8 �15.4
to Ultrasound 60.5 (10.1)
From None 38 76.7 �29.5*
to Ultrasound and cardiotocography 46.9 (3.69)
From Cardiotocography 17 59.7 �13.6**
to Cardiotocography and ultrasound 46.0 (4.90)
From Ultrasound 8 55.9 �16.9**
to Ultrasound and cardiotocography 38.9 (6.40)

†Dependent variable: the coefficient of variation.
*p � 0.01,
**p � 0.001.
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such a connection would have been an appropriate analytical approach. This
is because obstetricians work in teams, and in principle diagnostic technology
is available for all the obstetricians in a department, not just for some of them.
This is supported by several studies, in which it has been found that practice
variation within hospitals is small compared with variation between hospitals
for physicians treating similar patients (Griffiths, Waters, and Acheson 1979;
Westert, Nieboer, and Groenewegen 1993; De Jong et al. 2006). This is
mainly the result of two factors. First, the leaders in a hospital department have
a tendency to recruit doctors who have the practice norms that prevail in the
department—there is a selection of doctors to the department. Second, if the
medical-professional norms of one or several doctors in a department vary
from the prevailing norms, these doctors will gradually conform to the pre-
vailing norms. It is difficult to be a nonconformer, with the danger of being
criticized or losing one’s professional affiliation to one’s colleagues (Westert,
Nieboer, and Groenewegen 1993; De Jong, Groenewegen, and Westert 2003;
Burke, Fournier, and Prasad 2010). Additional support is given by Westert
et al. (2004), who examined practice variation for hospital discharge rates in
the Netherlands for 12 diagnostic or surgical procedures for the period 1980–
1997. For 11 of the 12 procedures, hospitals converged to a community stan-
dard over time.

The overall Caesarean section rate has increased, because several of the
risk factors of the mother and the baby have increased over the last few dec-
ades (for example, the proportion of older women who give birth has
increased, and babies are heavier) (Grytten et al. 2011). The research by Fin-
sen, Storeheier, and Aasland (2008) and Lehmann et al. (2007) further sug-
gests that obstetricians are important drivers behind the increase in the
Caesarean section rate. This is because obstetricians and physicians have a
higher rate of Caesarean section than the rest of the population. For example,
Finsen, Storeheier, and Aasland (2008) observed that “Norwegian women do
as obstetricians do—not as obstetricians say.” Therefore, the authors argue
that the Caesarean section rate in the general population is unlikely to fall as
long as obstetricians have their own children delivered by Caesarean section.
One way to deal with the increase in the Caesarean section rate is to use some
sort of co-payment, as suggested by Fuglenes et al. (2010). Our findings show
that the introduction of diagnostic technology in maternity care has made it
easier to determine whether a Caesarean section is indicated on clinical
grounds. This again implies that it has become easier to identify whether a
mother requests a Caesarean section without any clear medical indications. In
that case some sort of co-payment can be justified.
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In conclusion, our results support the practice style hypothesis. In our
study design we took advantage of the fact that hospitals introduced diagnostic
technology in maternity units at different times. The study was carried out in a
homogeneous population in which neither the mother nor the obstetrician
had economic incentives that could influence their choice of method of deliv-
ery. Caution must be used in generalizing the findings to other countries
where maternity care is organized differently. This applies particularly to
countries where many births take place in private clinics, where obstetricians
are remunerated on a fee-for-service basis, and where mothers have private
insurance for deliveries. Here both the mother and the obstetrician may be
tempted to take private economic interests into account when deciding on
type of delivery. Therefore, in these countries disparities in type of delivery
may persist even though clinical uncertainty in diagnosis has been reduced.
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NOTES

1. The senior consultant is the obstetrician who is in charge at eachmaternity unit.
2. This corresponds well with the number of hospitals that have been closed down,

since most hospitals have a maternity unit. From 1970 to 2000 the number of mater-
nity units was reduced from 150 to 57 (Nilsen, Daltveit, and Irgens 2001). The great-
est reduction has been for units with fewer than 500 deliveries per year.

3. These figures are similar to those found in other studies from Norway. For example,
in 1986, 36 of the maternity units in our set of data had ultrasound. In a national sur-
vey of the occurrence of ultrasound in 1986, 35 maternity units reported that they
had ultrasound (Backe and Buhaug 1986). In 1974, three maternity units in our set of
data reported that they had ultrasound. This figure is identical to the national figure
for that year (Backe et al. 1987).
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4. This also means that it was not possible to control for characteristics of the obstetri-
cian at the level of the maternity unit. American studies have shown that whether
obstetricians are board certified, and whether they have foreign nationality, is of
some importance for their practice profile (Tussing and Wojtowycz 1993; Burns,
Geller, andWholey 1995). Their age and gender are of little importance. InNorway,
there is one authorization to be a specialist obstetrician, and obstetricians have all
fulfilled the same standard requirements. Therefore, the issue of whether obstetri-
cians are board certified is not relevant in Norway. Also, there are very few obstetri-
cians who have foreign nationality. Therefore, according to our assessment, lack of
control for characteristics of the obstetrician does not lead to much bias in our
results.
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