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Abstract

Using data from 2002 to 2009 inpatient discharge records on deliveries in the Italian
region of Piedmont, we assess the impact of an increase in malpractice pressure on
obstetric practices, as identified by the introduction of experience-rated malpractice
liability insurance. Our identification strategy exploits the exogenous location of public
hospitals in court districts with and without schedules for noneconomic damages. We
perform difference-in-differences analysis on the entire sample and on a subsample which
only considers the nearest hospitals in the neighborhood of court district boundaries.
We find that the increase in medical malpractice pressure is associated with a decrease
in the probability of performing a C-section from 2.3 to 3.7 percentage points (7%
to 11.6% at the mean value of C-section) with no consequences for a broadly defined
measure of complications or neonatal outcomes. We show that these results are robust
to the different methodologies and can be explained by a reduction in the discretion of
obstetric decision making rather than by patient cream skimming.
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1 Introduction

Cesarean rates are high in several developed countries and have been increasing considerably
over the past decades (OECD, 2014). However, no significant changes in the medical risk
profiles of mothers explain this shift (Declercq et al., 2006), which leads to the question
whether these additional procedures are warranted. Since the failure to perform timely C-
sections is one of the most common allegations in malpractice claims against obstetricians
(Sachs, 1989), high C-section rates are often attributed to fear of litigation. According to
this view, C-sections are used as a form of defensive medicine in response to intense medical
malpractice pressure, which is the joint result of the probability of being sued, of all litigation
costs, and of high liability insurance premiums. For decades the conventional wisdom has
been that higher malpractice pressure leads obstetricians to perform unnecessary C-sections.
In fact, Localio et al. (1993) found a positive association between performing a C-section
and both physician malpractice premiums and claims history. Dranove and Watanabe (2009)
showed that obstetricians perform more C-sections after they or their colleagues have been
sued, and Shurtz (2013) confirmed this result.

Currie and MacLeod (2008) challenged this common idea that higher malpractice pressure
induces obstetricians to perform excessive C-sections. They provided contrasting evidence
and showed that higher malpractice pressure does not necessarily lead to a more frequent use
of C-sections, as supported by other studies (Sloan et al., 1997; Dubay et al., 1999; Frakes,
2012). The finding of Currie and MacLeod (2008) is consistent with a model of doctor
behavior that depends on both patient conditions and the probability of committing an error
with potential legal consequences. In a nutshell, they prove that the ultimate effect of an
increase in malpractice pressure on the choice to perform a C-section cannot be uniquely
determined ex ante on theoretical grounds: it depends on the level of utilization of the
procedure (see also Frakes, 2015). According to their model the probability of undergoing
a malpractice claim is a function of how much the chosen delivery type differs from the
appropriate type conditional on the patient’s health condition. On average, the difference
between the performed and appropriate delivery types is large whenever C-section rates
are above or below medical appropriateness given patients’ health status. In the case of
C-sections being over-performed, the probability of an error leading to liability is greater
if the C-section is performed than if the C-section is not performed. Hence, an increase
in malpractice pressure is expected to induce practitioners to lower the rate of C-sections
converging to its optimal level.

Relying on the theoretical framework presented by Currie and MacLeod (2008), we assess
whether an increase in malpractice pressure has affected i) decisions to perform C-sections,
ii) the incidence of maternal complications, and iii) neonatal outcomes in the Italian region
of Piedmont. Specifically, we exploit the increase in malpractice pressure triggered by adopt-
ing experience-rated medical liability insurance (i.e., the adjustment of premiums to claims
history). In 2005, Piedmont introduced experience-rated liability insurance for all its public
hospitals without modifying the liability system, which means that the probability of plain-
tiffs bringing suits was unaffected. By linking hospitals’ insurance premiums to providers’
risk exposure, the reform made hospitals more accountable for their claims experience, thus



more concerned with inducing their clinicians to reduce unnecessary risk exposure. At the
time of this reform, Piedmont reported a high rate of C-sections with more than 30% of
deliveries being a C-section. Therefore, the expectation is that an increase in medical mal-
practice pressure will decrease the incidence of the reference procedure, moving the C-section
rate toward the medically optimal level.

As the introduction of experience rating involved all hospitals in Piedmont, we exploit the
geographical variation in court districts within the region to identify the effect of the vari-
ation of malpractice pressure. In particular, our identification strategy relies on hospitals’
geographical location, which determines the competent court in the case of litigation. Courts
differ with respect to their adoption of noneconomic damage schedules; schedules mean not
only that the maximum recoverable compensation is limited, but also that awards are more
predictable and less varied[l] Limits to noneconomic damages are regarded in the related
literature as good policy tools to decrease malpractice pressure as they reduce the unpre-
dictability and variability of damages (Studdert and Mello, 2005; Bovbjerg et al. 1989). As
a result, the interaction between the introduction of experience rating in 2005 and the fact
that only some courts apply schedules produces natural “treatment” and “control” groups,
which are differently affected by the policy shift. The increase in malpractice pressure due
to the new link between premiums and damage awards is larger for hospitals that face no
limitations on compensations, as opposed to hospitals for which compensations are limited by
courts’ schedules. This is why we use a difference-in-differences (diff-in-diff) strategy, which
contrasts hospitals in courts with or without schedules, before and after the policy shift. To
increase internal validity we also implement a robustness check using only the hospitals in
the nearest neighborhood across the court districts so that the common trends assumption
is more plausible.

Experience rating implemented at the hospital level, as in this setting, directly affects
hospitals through paid premiums, whereas it affects individual physicians only indirectly.
As we study the impact of this reform on obstetrician practices, we are assuming that two
conditions hold in a public healthcare system in which physicians are civil servants working
for a single hospital. First, hospitals are sensitive to discounts on their insurance premiums.
Second, hospitals are able to convey their priorities to their employees. Empirical evidence
from the UK, which has a healthcare system similar to Italy’s, supports these assumptions.
Fenn et al. (2013) use hospital data on methicillin-resistant staphylococcus aureus infections
in England and Wales to show that hospitals react to potential discounts on their liability
risk-pooling contributions. Faced with the possibility of lower expenditures, hospitals manage
to lower infection rates [l

' Damage schedules are simply tables with entries for the degree of injury severity and the victim’s age.
For example, if a newborn in one hospital located in the Turin court district suffered a 25% disability as a
consequence of negligence during the delivery the baby could be awarded a maximum of 124,325 euros for
noneconomic damages, while her 32-year old mother would have received up to 105,054 euros for the same
type of injury inflicted on her. However, if the same case had occurred in a hospital located in the nearby
court district of Pinerolo, which did not adopt schedules, the noneconomic award would be decided at the
discretion of a judge. See Appendix A.

2Fenn et al. (2007) provide further evidence on how public hospitals convey their priorities to their
personnel. Specifically, the authors explored the relationship between malpractice liability and the use of



Combining a unique dataset of inpatient discharge records on 265,532 deliveries and
neonatal records from 2002 to 2009, we show that an increase in malpractice pressure leads
to a 2.3 to 3.7 percentage points (7% to 11.6% at the mean of C-section) reduction in the
use of C-sections at the patient level and a 3 to 5.5 percentage points (8.5%-15%) reduction
at the hospital level. Moreover, the observed decrease in C-sections is not associated with
changes in maternal health as proxied by the incidence of complications. Nor it is associ-
ated with changes in neonatal health as proxied by the incidence of low Apgar scores (i.e.,
below 7) or the use of resuscitation measures. The main results on C-sections are robust
to several specifications and robustness checks (i.e., the exclusion of newborns delivered on
weekends and inclusion of hospital-year trends), and they are not due to anticipatory effects.
Analyzing possible channels of the policy’s effect, we show that cream skimming of low-risk
patients could not explain the decrease in C-sections. However, we detect a reduction of the
role played by nonmedical factors in driving physicians’ final decisions on whether to perform
C-sections or vaginal deliveries. This means that the policy principally affected decisions to
perform C-sections on mothers with fewer indications for cesarean delivery.

Our findings have implications that support the design of hospital-level policies since
they highlight the important role that hospitals can play in reducing inappropriate medical
choices. An additional implication is that hospital experience rating should receive more con-
sideration. By awarding lower premiums to healthcare providers, which are able to cope with
risk exposure, such policies can reduce medical liability costs with no particular consequences
on patients’ access to care.

The remainder of the paper is organized as follows. Section 2 provides background on
the Italian healthcare system and the Piedmont experience rating policy. Section 3 explains
the econometric strategy and data used. Section 4 discusses the results and their robustness,
and investigates the channels of the detected effects. Section 5 concludes.

2 Institutional Background

The Italian National Health Service provides uniform and comprehensive medical care to all
residents irrespective of their socio-economic status. Regional governments are charged with
the local organization of healthcare services, the delivery of which depends mainly on public
supply. Public hospitals are managed by independent public trusts or local health units. In
2010, over 95% of infants born in Piedmont were delivered in public hospitals (Ministero della
Salute, 2013). Based on their municipality of residence, patients are enrolled in healthcare
plans managed by local health units and are assigned to a public hospital (i.e., their home
hospital). Nevertheless, patients can opt to receive treatment at their preferred hospital.
Hospitals are responsible for providing liability insurance to their medical personnel. It
is therefore impossible to have uninsured hospital-employed physicians. Malpractice insur-
ance premiums are traditionally set as a percentage of the gross payroll paid to employees
by hospitals and are not adjusted based on previous claims (Amaral-Garcia and Grembi,
2014). However, since 2005, Piedmont has had a regional malpractice liability fund for all

imaging and scanning diagnostic procedures by English hospitals.
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public hospitals (Fondo Speciale per i rischi di risponsibilita civile delle ASL). According
to the regional insurance plan, the lion’s share of each hospital’s contribution to the fund
(i.e., premiums) depends on its claims history. In particular, 30% of each hospital’s overall
contribution is still based on the gross payroll paid by the institution, but the remaining 70%
is computed on the basis of the hospital’s average risk exposure in the previous three years,
defined as claims received and compensations paidﬂ

The regional fund amounted to 45 million euros from 2005 to 2007 (15 million per year)
and 60 million euros from 2008 to 2010 (20 million per year). From 2005 to 2009, the Piedmont
plan paid 23,306,265 euros in compensation, with an average payment of 27,575 euros per
claim.ﬁ Between 2002 and 2004, local health unit expenditures for medical malpractice
insurance cost between 5.5 and 7 euros per inhabitant per year. Once the regional fund was
implemented, this cost decreased to 3.5 euros from 2005 to 2007 and 4.5 euros from 2008 to
2010.

3 Empirical Analysis

3.1 Data and Outcomes

We use a unique dataset of inpatient discharge records from the National Hospital Discharge
Records (Schede di Dimissione Ospedaliera - SDO) on 265,532 deliveries from 2002 to 2009.
For the analysis at the hospital level, we were able to collect data on neonatal outcomes for
the same period through Natality Certificates ( Certificato di Assistenza al Parto).

Our main outcome of interest is the decision to perform a C-section and we use a dummy
C'section, which is equal to 1 if the method of delivery was a C-section and 0 otherwise.
Aside from assessing the effect of higher malpractice pressure on C-sections, we need also to
consider consequences for patients’ health. Natural deliveries can pose relevant risks when
improperly performed: mothers may suffer obstetric trauma, and newborns may suffer severe
harm, namely brain damage (Jensen and Wiist, 2015). Consequently, increasing malpractice
pressure could reduce the incidence of C-sections while increasing the incidence of negative
maternal health outcomes. If this is the case, the policy would save money without im-
proving obstetric practices. We thus include three outcomes: a proxy for adverse effects on
mothers Complications and two to proxy those adverse effects on newborns Apgar score and
Resuscitation.

3Despite the fact that experience rating is the norm in many lines of insurance (e.g., health or car
insurance), it is rarely adopted in medical malpractice insurance (Fournier and Mclnnes, 2001; Danzon,
2000; Weiler et al., 1993). Several rationales have been used to oppose the introduction of experience-rated
premiums at the individual physician-level (e.g., a high variability of claims over short time periods, which
makes it difficult to obtain a stable risk estimate). However, those arguments do not necessarily hold at the
hospital level, and there is an ongoing debate over whether experience-rated premiums at the hospital level
should be extensively adopted (Arlen, 2013; Mello, 2006; Sloan, 1990; Ellis et. al, 1990).

4Data on claims received by hospitals before 2005 and those received by each hospital are not publicly
available.



Complications is a dummy that captures the presence of delivery or post delivery prob-
lems from maternal fever to hysterectomy, as listed in Table [l For newborns, we use dummy
variables for the 5-min Apgar score below 7 Apgar score and an additional measure of re-
suscitation Resuscitation. Apgar scores are measured immediately after birth to determine
the health of newborns and the need for resuscitation efforts. They are thus commonly used
in the literature to check whether a change in the incidence of C-sections improves neonatal
health outcomes (Frakes, 2012, Currie and MacLeod, 2008, Dubay et al., 1999). Apgar score
represents an Apgar score below 7, which indicates critical neonatal conditions (Casey et
al., 2001). Finally, the dummy Resuscitation controls for whether the newborn received any
major (e.g., ventilation) or minor (e.g., aspiration) resuscitation. If the condition of both the
mothers and newborns are not worse off after the introduction of an increase in malpractice
pressure, this means that the policy helped to reduce inappropriate procedures at no cost to
the health of the patients.

Table [I} about here

Descriptive statistics for Piedmont from 2002 to 2009 are shown in Table[2] On average,
33 out of 100 deliveries were C-sections in the entire sample, and 32 in the sample of the
nearest neighborhood. These ratios can be considered high for at least two reasons. First,
since 1985, the World Health Organization have argued that C-sections should not be higher
than 10%-15%, and a recent goal set by Healthy People 2010 was to reduce the rate of
C-sections in the US from 30% to 15% (World Health Organization). Second, significant
risk factors, which would justify the use of C-sections, were reported for only 18 women out
of 100 in the entire sample and for 16 for the nearest neighborhood sampleE] Given these
numbers, we conclude that the difference between the appropriate and performed delivery
types is substantial in the sample.

Overall, the majority of women were married, Italian, and delivered in their home hospi-
tals. Approximately 17% reported complications associated with the delivery (15% for the
sample of the nearest neighborhood). At the hospital level, 4 newborns out of 100 reported
an Apgar score lower than 7 after 5 min (3 out of 100 for the nearest neighborhood sample).
The values are similar for resuscitation efforts. The hospital-quarter mean of C-section rates
is 35.4% for the entire sample and 37% for the nearest hospital sample.

Table [2, about here

3.2 Identifying the Effects of Increasing Malpractice Pressure

Hospitals operating in court districts that apply schedules face less malpractice pressure than
do their neighbors in court districts that do not apply any constraints on compensationﬁ

5These statistics are consistent with the position of Italy in the international rankings on the use of
C-sections: Italy counts the highest number of cesarean procedures in Europe, and it is among those OECD
countries with the highest C-section rates (OECD, 2013; Meloni et al., 2012; Ministero della Salute, 2011).

6We provide an indirect test of this assumption, which is based on the empirical literature on noneconomic
damage caps and medical malpractice pressure, in footnote 13.



Consequently, when Piedmont implemented the 2005 experience rating policy, which in itself
increased the accountability of healthcare providers, some hospitals ended up facing greater
pressure than did others. The policy makes it more expensive to perform unnecessary C-
sections. Our empirical analysis thus identifies the effect of an increase in the intensity of
malpractice pressure triggered by the 2005 policy, which is given by the difference in the
outcomes between the treated (hospitals operating in court districts without schedules) and
control (hospitals operating in court districts with schedules) groups. Our identification relies
on two assumptions: 1) a common trend in the outcomes of interest between the treated and
control groups in the absence of the policy, and 2) the exogenous distribution of hospitals
across court districts. While we test the common trend assumption in Section 4.2, to defend
the exogenous distribution assumption we need to exclude at least three concerns. First,
it is highly unlikely that hospitals with more medical malpractice cases have chosen to be
located in a court district with schedules, operating a sort of forum shopping. In Italy, court
districts were designated right after the creation of the Italian state (1861) and confirmed in
1941 by royal decree. The location of a hospital is constrained by several factors not related
to schedules. For instance, the 1968 law n.132 set the minimum population size required
to build a new hospital to 25,000 (Bertoli and Grembi, 2015). Before that year, hospitals’
locations reflected the location of care centers that had been in place since the beginning of
the previous century, quite before there was any debate on the adoption of schedules. Second,
a court’s decision to adopt schedules is not driven by hospitals operating in the same court
district. Historically, the introduction of schedules was related to the need for compensating
victims of car accidents and not injured patientsﬂ Third, there were no changes with respect
to the adoption of schedules by any court district in the examined period. In Piedmont,
between 2002 and 2009, 10 out of 16 courts of first instance were applying schedules to
compute compensations to victims, as shown in Panel (a) of Figure . Courts shown in color
are those that apply schedules. This figure also shows the distribution of hospitals across
court districts.

Figure [I] about here

We define Treated as a dummy equal to 1 if the delivery took place in a hospital located
in a court district without schedules and 0 otherwise. Post05 is a dummy equal to 1 if the
delivery was performed during or after 2005, when experience rating was introduced, and 0
otherwise. Finally, Outcome;, represents either C'section or Complications for every mother
1 delivering in hospital i at time t. We estimate the following model:

Outcome;p; = dTreatedy, x Post0by + v + ayp, + Xl;hta + X2;htﬁ + X3;ht7 + €int (1)

"The introduction of limitations on compensations is a discretionary decision of the courts, whose judges
may vote in favor or against their implementation. The quantification of these ceilings is determined with
both the help of medical experts and a consideration of previous cases (Sella, 2005). See Online Appendix

A.



where ; is the year fixed effects to control for common shocks; for example, a change in
the rate of reimbursement for different type of deliveries, which equally affected the treated
and control groups. «y, is hospitals’ fixed effects to control for unobservable characteristics
at the hospital level from the number of practitioners to practice styles, and ¢ is the diff-
in-diff estimator. The vectors of covariates represent controls for risk factors at the mother
level X1;,,, other characteristics of the mother such as her marital status X2;,., and socio-
economic characteristics of the municipality where the mother resides X3;,,, as described in
Table [l

Patient Flow is included in X2, and accounts for cases in which a woman delivers out-
side her home local health unit: through this, we control for those deliveries that represent
an additional financial resource for hospitals so that we can capture the role of financial
incentives among others. Hospitals belonging to the patient’s local health unit are funded
according to a prospective block budget based on the diagnostic-related group (DRG) sys-
tem. Differently, services acquired by the local health unit from hospitals located in another
local health unit are reimbursed on a pay-per-case basis (Fabbri and Robone, 2010). This
means that those hospitals with higher levels of Patient Flow are more sensitive to the
financial incentive provided by the higher reimbursement rate of C-sections versus vaginal
deliveries (Francese et al., 2014). Consequently, the inclusion of both year fixed effects and
Patient Flow allow us to control for financial incentives.

We test the robustness of our specification on the sub-sample of deliveries in hospitals
located in the nearest neighborhood across the court district border, as shown in Panel (b)
of Figure[I] The rationale is to reduce unobservable heterogeneities between the treated and
control groups and enhance the strength of the untestable common trends assumption. We
define the nearest neighborhood as to include for each treated hospital the closest hospital
in the control group. As a result, the nearest neighborhood comprises all hospitals within 23
km (12 miles) from the court district border f| We also estimate Equation [2] at the hospital
level, which is the equivalent of Equation (1] at the individual level. Using the sample of all
hospitals, we estimate the following model for each of four outcome variables (i.e., C'section,
Complications, Apgar, and Resuscitation):

Outcomeyq = dT'reatedy, * Post05, + 74 + o, + Xllhqa + X2'hqﬁ + X3;Lt7- + €ng (2)

where Outcomey, is the proportion of the respective outcome variable in hospital & in quarter
¢, which we generate using the information on the day of delivery. v, and a;, are the vectors
of quarters’ and hospitals’ fixed effects, respectively. X1 and X2 are now at the quarter-
hospital level. The controls in X3 remain at the hospital-year level because they are at the
municipality level and therefore time invariant within the same year.

8This Euclidean distance, calculated using ArchGIS, can be translated into time by using a proxy for a
speed of 50-70 km/h; 23 km amounts to a 20- to 27-min ride. Considering multiple neighborhoods around
the court district border would not be meaningful, since we have six hospitals in the treated group.



4 Results

4.1 Effects of Malpractice Pressure on Obstetric Practices

Table |3 shows the results for Model [If on the main outcomes at the patient level in Columns
(1)-(4), on the whole sample and on the sample of the nearest neighborhood, estimated using
a linear probability model (LPM) to facilitate the interpretation of the coefficients’] Columns
(5)-(10) of Table 3| report the results for Model [2 at the hospital level. We report the results
when the sets of controls are added in a step-by-step manner in Online Appendix B. To cope
with autocorrelation problems in the outcome variables of the diff-in-diff, the error term is
clustered at the hospital level for Model , and at the court level for Model 2 (Bertrand
et al., 2004). The results include an additional robustness check: we run the same models
dropping the deliveries that occurred over the weekend. One of the benefits of C-sections
is that they can be scheduled during regular working days, from Monday to Friday, and
during regular working hours, from 9:00 a.m. to 6:00 p.m. (Fabbri and Monfardini, 2008).
Consequently, we expect that C-sections performed during weekends are most likely related to
unplanned events. It is plausible that a natural delivery was expected to be performed during
the weekend, but due to unforeseen complications, a C-section ended up being performed.
Figure [2| shows the incidence of C-sections per day of the week, providing clear evidence of a
significant drop in C-sections over the weekend.

Table 3] and Figure [2| about here

Consistent with our expectations, the increase in malpractice pressure determines a re-
duction of 2.3 percentage points in the utilization rate of cesarean deliveries (Column 1).
This corresponds to a reduction of 7% at the sample mean of C-section (i.e., 0.33) in the
average C-section rate throughout the given period. The results are robust in the sample of
the nearest neighborhood presented in Panel B, where the increased pressure turns out to
have a stronger negative impact. The estimated decrease in the utilization rate of C-sections
is 3.7 percentage points, which goes up to 4 when weekend deliveries are dropped. This esti-
mate represents an 11.6% reduction in the average rate of cesarean deliveries in the reference
sample. The results are confirmed by our robustness check on the sample that excludes week-
end deliveries (Column 2), according to which the probability of receiving a C-section after
the increase in malpractice pressure decreases between 2.7 (entire sample) and 4 percentage
points (nearest neighborhood). This implies an average decrease of 7.5% at the sample mean
of C-section without weekends (i.e., 0.36) to 11.4%[1]

The decrease in C-sections is not associated with a change in the incidence of complica-
tions for mothers, as apparent from both Columns (3) and (4). If C-sections were appropriate,
which means due to real clinical conditions, we should observe an increase in complications

9We also run the same models using probit regressions; the marginal effects of the coefficients are equiv-
alent to those we obtain with the LPM. Results are available on request.

10Results are also robust to the introduction of a hospital-year trend, as reported in Table 3B of Online
Appendix B.



as C-sections are replaced by vaginal deliveries and this is not the case. No increase in
Complications is registered in the sample of the nearest neighborhood (Panel B)[7]

The results at the hospital level are equivalent to those at the patient level. Column
(5) indicates a drop in the use of C-sections in a range between 8.5% at the sample mean
(i.e., 0.354) in Panel A and 15% at the sample mean (i.e., 0.37) in Panel B. When weekend
deliveries are excluded (Column (6)), the magnitude of the effect is stronger and shows a
decrease from 10% to 18.7% at the sample mean. Complications are once again not statis-
tically significant, as shown by Columns (7) and (8). Finally, Columns (9) and (10) report
the estimates of the effect on neonatal outcomes. These findings suggest that there was
no worsening in the health outcomes of newborns. There is no information on the delivery
day for these outcomes, which makes it impossible to perform a further check that excludes
weekend deliveries.

4.2 Validity Tests

Our results rely on the identifying assumption that the treated and control groups would
follow a common trend in the outcomes of interest in the absence of the treatment. To test
the common trend assumption, we use pre-treatment data and estimate the model described
in Equation [B] This model introduces the leads and lags of the treatment and includes
placebo tests of the real effect of the policy since it tests whether a common trend in the
incidence of C-sections existed before the introduction of experience rating. If this holds,
then the coefficients of the ¢ leads should not be statistically different from zero. It also tests
whether the policy was more or less effective in the immediate years of its implementation
or later on, with the coefficients of the m lags expected to be statistically different from
zero for different points in time. Through Equation |3] we can address the validity of our
results against anticipatory effects on C-sections and provide a sharper assessment of the
post-treatment effects.

—1 m
Csection;p = Z Treatedy, x Dy + ZTreatedh * Dy + v + ap, + Xl;hta + XQ;htﬁ + X3;ht7' +ene (3)
t=—q t=0

Figure 3| plots the results for Equation |3; each dot represents the estimated coefficient
of a lead or lag and its relative 95% confidence interval. Our evidence supports a common
trend or no anticipatory effects. Leads coefficients are not statistically different from zero,
whereas lags coefficients are statistically significant starting from the year after the adoption
of experience-rated insurance for medical liability, a reasonable time for hospitals to build up
an incentive structure for their physicians.

Figure [3| about here

HFor a further check on complications for mothers which is more related to the precaution channel, see
Online Appendix C.
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4.3 Disentangling the Channels

The effect on the decision to perform a C-section triggered by the adoption of experience
rating could be channeled by two mechanisms. On the one hand, healthcare providers could
select their patients, thus imposing a form of cream skimming. Physicians may direct patients
to the nearest hospital whenever they show substantial risk factors, implementing a so-called
negative defensive medicine: the incidence of C-sections drops because the treated hospitals
deal with more low-risk patients. This could be a sensible explanation, especially in the sub-
sample of the nearest neighborhood. If the adoption of experience rating affects the decision
to perform C-sections through this first channel, we would see a change in the probability
of having a C-section as a function of risk factors, defined by the literature as the predicted
probability of a C-section (Frakes, 2012 and 2013; Baiker et al., 2006). The direction of the
change in this channel should have the same sign of the effect observed on C—sections.E

Alternatively (or additionally), a rise in malpractice pressure may affect nonmedical ra-
tionales for performing C-sections (e.g., time saving). The second channel represents the dis-
cretionary component in the choice of the delivery type. If the policy works mainly through
this channel, it means that factors other than the patient’s medical condition become less
important in shaping the delivery decisions of doctors, leading to a reduction in C-sections.
We proxy the two channels through the models described in Equations [] and [f]

Csectionp = Xl;htcr + XZ;htﬁ + €int (4)

Equation 4| defines the probability of performing a C-section as a function of risk factors
as grouped by X 1;ht and X Z;ht. Using Equation , we derive 1) the predicted probability of
receiving a C-section PPCjy,; and 2) the residual é;,. These represent proxies for the first
(PPCp,;) and second channel (€;,;). Then, we test whether the reform had any impact on
these measures using Equation [f] The parameters of interest are p and ¢. From the sign
and the significance of p and ¢, we obtain a better view of the mechanisms in place once the
reform is introduced.

PPCiy,y = pTreatedy, * Post05; + v + ap + Mine
Channels = (5)
€int = ¢Treatedy, * Post05; + 0; + Ay + fine

Table ] shows the estimation results for Equation[5] There is no evidence of patient cream
skimming. Interestingly, an increase in malpractice pressure does affect nonmedical rationales
and thus reduces the discretionary component of the decision to perform a C-section. The

12 Another check of patient cream skimming could be done on the average distance between the residence
municipality of patients and the hospital municipality. On this measure, we run two checks. Using information
on the municipality in which mothers reside, we calculate the average distance traveled by mothers delivering
in a hospital in the treated group (14.41 km or 8 miles) as compared to the average distance they covered
when delivering in a hospital in the control group (14.68 km or 9 miles). The difference is not statistically
different from zero. Then, in the spirit of disentangling the channels, we use the average distance as an
outcome of Equation [2| Results are shown in Table 4B; the treatment does not affect this measure.
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magnitude of the effect is 7% of the average residuals in absolute terms on the entire sample
and 11% in the nearest neighborhood sample["]

Table [, about here

5 Concluding Remarks

We assess the impact of an increase in malpractice pressure on obstetric practices. Taking
advantage of a pre-existing difference in the malpractice exposure of different healthcare
providers, due to the possibility of courts’ limiting noneconomic damages, we use a diff-in-diff
strategy to evaluate the effects of the adoption of experience-rated insurance on the decision
to perform C-sections. Our diff-in-diff results are also robust to a more local estimation run
in a selected sample of hospitals. This sub-sample includes only the treated hospitals and
their nearest control hospitals located directly across the geographical border of the court
district. Our analysis shows that an increase in malpractice pressure decreases the average
incidence of C-sections by 7 to 11.6%. Therefore, increasing malpractice pressure can reduce
the use of inappropriate procedures.

Our results are robust to the inclusion of controls for financial incentives, once we include
a measure for patient flow, to a drop in deliveries on weekends, when the occurrence of
a C-section is far more likely related to an emergency procedure, and to controls for the
hospitals-year trends. Finally, we investigate the possible channels of the detected effects.
We prove that no patient selection mechanism (i.e., negative defensive medicine) has been
triggered by experience rating, though we do detect a decrease in discretion in the decision
to perform a surgical procedure that is not related to medical factors.

Finally, our strongest and most robust finding is that this increase in malpractice pressure
leads to a reduction in C-sections without worsening the health conditions of mothers and
newborns. Physicians can be sensitive to policies implemented at the hospital level, and we do
find an impact on treatment decisions made by physicians in such a setting. When properly
structured, policies implemented at the hospital level may reduce unnecessary health care
costs.

13In Table 5B of Online Appendix B, we present the results of a heterogeneity check on the differences
between high- and low-level schedules. The rationale for this check is to provide indirect proof of the
assumption that hospitals in court districts with schedules are facing less malpractice pressure compared
to those in court districts without schedules. The starting assumption is that schedules reduce malpractice
pressure because they decrease unpredictability in compensations. This has several advantages: for instance
it is easier to find insurers once schedules are adopted (Bertoli and Grembi, 2013). However, if scheduled
damages are very high, the decrease in pressure due to the high predictability is offset by the high awards.
Compared to hospitals operating in low-schedule courts, those operating in high-schedule courts face more
pressure. Consequently, we should see that the magnitude of the effect when we consider only high-schedule
courts among the controls should be lower than when we consider low-schedule courts. Results in Table 5B
confirm these expectations.
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Tables and Figures

Figure 1: Schedules Application and Hospitals Distribution (2002-2009)
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Notes: (a) Court districts’ borders in black. White areas identify court districts that do not apply schedules of
noneconomic damages. Grey striped areas identify court districts that apply schedules of noneconomic damages.
Black dots represent the hospitals located in Piedmont. (b) Red dots represent treated hospitals and the closest
hospitals in the control group.

Figure 2: C-sections per weekday Figure 3: Common Trend (Leads & Lags)
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Table 2: Means and Standard Deviations of Key Variables

Entire Sample Nearest Neighborhood
All Treated Control All Treated Control
Deliveries Deliveries
Outcomes
C-section 0.330 0.336 0.329 0.317 0.336 0.301
(-0.47) (-0.472) (-0.47) (-0.465) (-0.472) (-0.459)
Complications 0.172 0.129 0.179 0.148 0.129 0.164
(-0.378) (-0.336) (-0.384) (-0.355) (-0.336) (-0.37)
Apgar <7 0.039 0.026 0.041 0.031 0.026 0.035
(-0.034) (-0.015) (-0.035) (-0.016) (-0.015) (-0.015)
Resuscitation 0.036 0.023 0.039 0.029 0.023 0.033
(-0.028) (-0.012) (-0.029) (-0.028) (-0.012) (-0.035)
Controls at the mother level
Risk Factors 0.183 0.172 0.185 0.162 0.172 0.153
(-0.387) (-0.377) (-0.388) (-0.368) (-0.377) (-0.36)
Age (years) 31.5 31 31.5 31.1 31 31.2
(-5.077) (-5.197) (-5.053) (-5.103) (-5.197) (-5.023)
Nationality 0.837 0.824 0.839 0.843 0.824 0.86
(-0.369) (-0.381) (-0.367) (-0.363) (-0.381) (-0.347)
Marital Status 0.669 0.667 0.67 0.652 0.667 0.639
(-0.47) (-0.471) (-0.47) (-0.476) (-0.471) (-0.48)
Patient flow 0.365 0.166 0.398 0.174 0.166 0.181
(-0.481) (-0.372) (-0.489) (-0.379) (-0.372) (-0.385)

Controls at the mother municipality level

Income (2012 euro) 21,416 20,233 21,608 20,470 20,233 20,667
(2,846) (2,335) (2,875) (2,480) (2,335) (2,579)
Education 0.063 0.053 0.065 0.052 0.053 0.05
(-0.029) (-0.023) (-0.03) (-0.021) (-0.023) (-0.02)
Low Level of Urbanization 0.156 0.256 0.14 0.214 0.256 0.18
(-0.363) (-0.436) (-0.346) (-0.41) (-0.436) (-0.384)
Medium Level of Urbanization 0.461 0.725 0.418 0.621 0.725 0.534
(-0.498)  (-0.447)  (-0.493) (-0.485)  (-0.447)  (-0.499)
High Level of Urbanization 0.383 0.02 0.442 0.165 0.019 0.286
(-0.486) (-0.138) (-0.497) (-0.371) (-0.138) (-0.452)
Sea level (meters) 687.525 746.798 677.871 762.88 746.798 776.268
(-609.158)  (-700.62)  (-592.367) (-696.117)  (-700.62)  (-692.068)
Observations 265,532 37,190 228,342 81,864 37,192 44,672

Notes: Standard deviations in parentheses. Apgar < 7 and Resuscitation are available through Natality Certificates
(CEDAP) and are available only at the hospital-level (total number of observations is 1,054). Risk Factors captures the
incidence of risk factors as described by X1 in Table 1. Nationality is equal to 1 if the mother is Italian. Patient flow is
equal to 1 if the hospital where the delivery occurred is not managed by the mother’s local health unit. Variables at the
mother-level are available through the Patient Discharge Records from the Ministry of Health. Education is the share of
municipal residents with a college degree (2001 Census data). Level of Urbanization captures both population density per
square kilometer and the municipality dimension. High Level of Urbanization refers to all municipalities with more than 500
inhabitants per square kilometer and at least 50,000 residents. Medium Level of Urbanization refers to all municipalities with
more than 100 inhabitants per square kilometer that are located nearby a municipality with a high degree of urbanization
or that have more than 50,000 residents. Low Level of Urbanization corresponds to what is not characterized by a High
Level of Urbanization or a Medium Level of Urbanization. Variables at the mother’s municipality level are provided by the
Italian National Institute of Statistic. Income is available on an annual basis, while the other variables in X3 are available
as measured in the 2001 Census data.
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Table 4: The Channels: Patient Selection and Non-medical Cesareans

Coefficient Predicted Probability Residuals
of C-Section

Panel A: Entire Sample

Treated * Post05 -0.008 -0.024%*
(0.011) (0.010)
Year FE Yes Yes
Hospitals FE Yes Yes
Observations 265,532 265,532

Panel B: Nearest Neighborhood Sample

Treated * Post05 -0.016 -0.035**
(0.016) (0.014)
Year FE Yes Yes
Hospitals FE Yes Yes
Observations 81,864 81,864

Notes: Results are from linear probability model regressions. Predicted probability of
performing a C-section on the basis of risk factors; and the related residuals coincide
with Residuals (equation . Robust standard errors clustered at the hospital-level
in parenthesis. Significance at the 10% level is represented by *, at the 5% level by
** and at the 1% level by ***.
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Online Appendixes

Appendix A: Damages Schedules in Italy

Noneconomic damages for personal injuries resulting from non-criminal acts are a recent
possibility in the Italian legal system. Legal scholars began to debate the relevance of this
practice during the Sixtied'| and, until then, victims of personal injuries had the right to
receive noneconomic damages in addition to economic damages only if their injuries had
been caused by a criminal act.

At the beginning of the Eighties (1981-1984), the Court of Cassation intervened as the
court of last appeal for both criminal and civil jurisdictions, ruling that it would be possible
to receive noneconomic damages in non-criminal cases (Scarso, 2009). Once this right to
noneconomic damages had been granted for all types of legal cases, the main issue became
the assessment of damages, given the lack of economic guidelines that courts could follow. The
need to provide guidance to judges with respect to the quantification of noneconomic losses
was further stressed by a sharp rise in the number of injuries resulting from car accidents,
which highlighted a high variability in victims’ awards even within the same court.

Italian courts followed the experience of other European countries, such as France, and
started to develop and adopt damages schedules. The aim was to reduce the variability of
awards while guaranteeing both horizontal equity and vertical inequality (i.e., victims suf-
fering higher levels of injury should receive higher damages; and victims suffering similar
injuries should receive an equivalent indemnity amount). In particular, Italian courts elabo-
rated the criteria for evaluation by points, and a subsequent formula based on injury severity
and victim age to quantify noneconomic damages. As a result, schedules are constructed
as matrices with entries for the injury severity level and victim’s age. A monetary value is
assigned to every given level of permanent harm, and an age-related coefficient is assigned
to any given age. Thus, different combinations of age and injury severity result in distinct
compensation amounts (Table 1A).

Monetary values vary unevenly and increase more rapidly with injury severity, so that the
greater the harm suffered by the victim (i.e., the percentage points of disability), the higher
the monetary value to be awarded. Differently, the rationale for the age-related coefficients is
that a victim harmed at a younger age will bear the consequences of her physical impairment
for a longer period of time than an older victim would [

During this process, disability percentage points were defined by medical experts, who
assigned different points to each possible level of harm (Comande, 2005). Moreover, in order
to guarantee consistency within courts’ decisions, monetary values were defined according to
previous cases (Sella, 2005). In practice, schedules impose a cap on the amount of damages
that a victim can recover. Hence, the introduction of schedules was expected to increase
certainty, but not to decrease deterrence with respect to the past.

Yet, a 1967 decision of the Court of First Instance in Florence refused to grant compensation to a
70-year-old retired victim on the basis that there might be people without value according to the law (Nuovi
orientamenti per la determination del danno 1989).

2For more information on the development and history of damages schedules in Italy, see Bertoli (2014).



Table 1A: Example of Schedules

Age
1 32
Age Index
Point value 1.000 0.845

Disability 25% 4,386 109,650 92,654

Notes: Values are expressed in 2012 euro and taken from the reference ta-
ble adopted by the Court of Turin in 2009. In the case of a 25% disability
suffered by a 1 years old victim (or younger), the reference noneconomic
compensation amounts to 109,650 euros. This value is obtained by mul-
tiplying the monetary percentage point value (4,386 euros) by 25 and by
the age index (1.000). Differently, if the same disability is suffered by a
32-year-old victim, the reference compensation amounts to 92,654 euros.

In 1986, the Constitutional Court ruled that schedules (tabelle per il danno biologico)
were constitutional for setting noneconomic damagesﬂ Nevertheless, the adoption of sched-
ules was voluntary and some courts did not adopt them, thus leaving the quantification of
damages at the discretion of judges and thereby not imposing any cap. The decision to adopt
scheduled damages depends on the judges practicing in a given court: judges should vote on
the implementation of schedules. If adopted, schedules must be applied to compute damages
for all types of injuries (e.g., injuries resulting from car accidents, work accidents, or medical
malpractice).

Finally, considering that schedules apply to the entire civil system and their conception
aimed to deal with the difficulties of assessing damages for the victims of motor vehicle
accidents, it is clear that the decision to implement them is exogenous with respect to the
phenomenon of medical malpractice.

3In the sentence n.184/1986, for the assessment of noneconomic damages, the Constitutional Court
recognizes the validity of schedules by identifying their fundamental elements. Specifically, these elements
are (i) the specification of monetary values of general application, that is, values that can be applied to any
case of personal injury, and (ii) the possibility to adapt these values according to the severity of the injury
suffered by the victim.



Appendix B: Additional Tables

This Appendix provides additional information, which is also discussed in the paper. In
particular, we present:

e the results of Equations 1 and 2 without controls and adding vectors of controls in a
stepwise manner (Tables 1B and 2B);

e the robustness check adding a hospital-year trend to Equation 1 (Table 3B);

e the results of using the average distance between the patient residence and the delivery
hospital as an outcome of Equation 1 (Table 4B);

e the heterogeneity using the low and high level of schedules (Table 5B).
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Table 3B: Robustness Checks - C-sections

C-sections

All No
Deliveries Weekend

Panel A: Entire Sample

5 ~0.030%F*  -0.081%**
(0.000)  (0.000)

Years FE Yes Yes
Hospital FE Yes Yes
Year*Hospital Yes Yes
X1 Yes Yes
X2 Yes Yes
X3 Yes Yes
Observations 265,537 202,278

Panel B: Nearest Neighborhood Sample

5 -0.095%F*  -0.265%**
(0.000)  (0.000)

Years FE Yes Yes
Hospital FE Yes Yes
Year*Hospital Yes Yes
X1 Yes Yes
X2 Yes Yes
X3 Yes Yes
Observations 81,865 62,044

Notes: Results are from linear probability model regressions. ¢ is the coefficient of T'reated *
Post05. All regressions include the complete set of covariates, X1, X2, and X3, listed in
Table 1. Robust standard errors clustered at the hospital-level in parenthesis. Significance at
the 10% level is represented by *, at the 5% level by ** and at the 1% level by ***.



Table 4B: Distances

All deliveries No weekend

(1) (2)

Panel A: Entire Sample

) -0.237 -0.154
(0.206) (0.221)
X1 Yes Yes
X2 Yes Yes
X3 Yes Yes
Obs 265,532 202,273

Panel B: Nearest Neighborhood Sample

) 0.086 0.202
(0.252) (0.267)
X1 Yes Yes
X2 Yes Yes
X3 Yes Yes
Obs 81,864 62,043

Note: The outcome variable is patient distance in km. § is the coefficient of T'reated x Post05. All regressions
include the complete set of covariates, X1, X2, and X3, listed in Table 1. Columns 2 uses the sample
of deliveries performed from Monday to Friday. Robust standard errors clustered at the hospital level in
parentheses. *** p<0.01, ** p<0.05, * p<0.1



Table 5B: Heterogeneity

C-sections

Panel A: Entire Sample

Low schedule -0.133%**
(0.009)
High schedules -0.024*
(0.011)
Difference between the two subsamples 0.109%**
(0.008)
Observations 202,273

Panel B: Nearest Neighborhood Sample

Low schedule -0.150%**
(0.012)
High schedule -0.037*
(0.016)
Difference between the two subsamples 0.113***
(0.009)
Observations 62,043

Notes: Results are from linear probability model regressions, excluding weekend de-
liveries. All regressions include years and hospitals fixed effects; and the complete set
of covariates, X1, X2, and X3, listed in Table 1. High schedule is a dummy equal
to 1 if the schedule adopted by the reference court foresees a monetary value for a
25% disability to be higher than 4,500 euros. Robust standard errors clustered at the
hospital-level in parenthesis. Significance at the 10% level is represented by *, at the
5% level by **, and at the 1% level by ***,



Appendix C: Alternative Definition of Complications

In this Appendix, we consider an alternative measure of Complications and compute Patient
Safety Indicators (PSIs) as suggested by the Agency for Healthcare Research and Quality
(AHRQ, 2003). These indicators, based on ICD-9-CM codes for diagnosis and procedures,
have the benefit of identifying potentially preventable complications or medical errors that
occur in specific types of deliveries[f] As far as preventable injuries to the mother in vaginal
deliveries are concerned, the AHRQ recommends two PSIs: obstetric traumas to the mother
in the sample of vaginal deliveries with instruments (PSI 18) and obstetric traumas to the
mother in the sample of vaginal deliveries without instruments (PSI 19) ] Therefore, both flag
potential preventable traumas during vaginal delivery, and the difference is the population at
risk for the adverse event (i.e., vaginal deliveries with and without instrument). The AHRQ
considers only cases of adverse events that can develop during a hospital stay, and that can
generally be identified through the secondary code of diagnosis or procedure. This ensures
that the adverse events being flagged were developed in the hospital instead of being present
already at admission.

Table 1C shows the list of traumas included in PSI 18 and PSI 19, and Table 2C reports
the descriptive statistics of these outcomes. There are no relevant differences between the
treated and control groups.

Table 1C: Patient Safety Indicators (PSIs)

Vaginal Deliveries Vaginal Deliveries
with Instruments (18) without Instruments (19)
Obstetric traumas Obstetric traumas
Perineal lacerations Perineal lacerations
Vaginal traumas Vaginal traumas
Perineal traumas Perineal traumas

Note: Patient safety indicators (PSIs) are defined according to the classifica-
tion proposed by the Agency for Healthcare Research and Quality (AHRQ).
Instruments refers to the use of forceps or vacuum during the delivery.

Results of the estimation of Equation 1 using PSIs 18 and 19 as outcomes at the patient
level are shown in Table 3C.E] The results for the entire sample (Panel A) show a reduction

4See AHRQ (2003) for more details. Tizuka (2013) describes how these indicators have been developed
and tests the impact of medical malpractice-related policies on PSIs using data from the US.

SDifferently from lizuka (2013), we do not include obstetric traumas in cesarean deliveries. This category
can be highly affected by emergency C-sections, meaning deliveries that began as natural ones but ended up
as cesareans.

SWe estimated the same specifications using a negative binomial model, and the results are consistent



Table 2C: Means and Standard Deviations of PSIs

Entire Sample

Nearest Neighborhood

Treated  Control Vaginal Treated  Control Vaginal
Deliveries Deliveries
Outcomes
PSIs 18 and 19 0.005 0.004 0.006 0.005 0.004 0.006
(0.070)  (0.066)  (0.080) (0.070)  (0.061)  (0.078)
PSI 19 0.005 0.004 0.006 0.005 0.004 0.006
(0.069) (0.065) (0.080) (0.069) (0.061) (0.078)
Observations 37,192 228,345 177,961 37,192 44,673 55,923

Notes: Standard deviations are in parentheses. PSIs 18 and 19 are calculated with respect to
the sample of all vaginal deliveries, while PST 19 is calculated with respect to the sample of
vaginal deliveries without instruments.

in preventable adverse events, but the results are not statistically significant. If we consider
the results in the subsample of the nearest neighborhood (Panel B), we can see a statistically
significant reduction in preventable adverse events. According to these numbers, increasing
providers’ accountability reduces preventable complications in the sample of vaginal deliver-
ies. Overall, the results at the hospital level tend to be in line with those obtained at the
patient level and show higher levels of statistical significance (Table 4C). We find evidence in
favor of the deterrent effect at the hospital level: higher malpractice pressure tends to decrease
preventable medical complications for the vaginal procedures that we discussed. Similarly
to Currie and MacLeod (2008) and lizuka (2013) these results provide support to the claim
that complications can be prevented by physicians’ effort. In our setting, physicians’ effort
is influenced by the incentives provided at the hospital level.

Yet, we have to remember that two channels may be in place for this effect: an increase
in precaution when a vaginal delivery is performed; or a change in the sample of women
delivering vaginally (selection bias). In fact, the composition of the resulting vaginal sample
might be affected. Consequently, the incidence of preventable complications may decrease
not only because precaution levels have increased, but also because low-risk mothers might
be transferred from the cesarean-delivery to the vaginal-delivery sample. Sample selection
concerns are, however, mitigated by the fact that we find a reduction of C-sections (i.e., an
increase in the vaginal-delivery sample).

with those shown in the tables. Results are available upon request.
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