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ABSTRACT 

 

Proponents of tort reform argue that liability concerns drive physicians to overutilize medical 

services. There is abundant research within the transfusion medicine community showing that 

significant variation in transfusion practice exists for the patients undergoing coronary artery 

bypass grafts, and that at least some transfusions administered are likely unnecessary. It is 

believed by many in the transfusion medicine community that these transfusions are an example 

of defensive medicine. Using National Inpatient Sample of the Healthcare Cost and Utilization 

Project, I evaluate pre- and posttort reform samples of cardiac patients in states enacting direct 

reforms (new limits on non-economic damage awards). Pre- and posttort reform samples show a 

significant increase in the risk profile of the patient population. This endogeneity is controlled 

via Coarsened Exact Matching (CEM). Within the CEM sample, there is no statistically 

significant impact of tort reform on an individual cardiac patient’s probability of being 

transfused. However, it is possible that the shift in risk profile of the CABG patient population is 

a result of tort reform, and that hospitals in states enacting such reforms will unexpectedly 

consume more resources to compensate for this increase in risk.   
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INTRODUCTION 

 

 Transfusions represent a unique and irreplaceable therapy. While there is no 

shortage of research into the question of whether physicians act as utility-maximizing 

agents with regard to therapies where they have a clear economic interest, there remains a 

“black box” of physician decision-making when it comes to treatments like transfusion 

therapy. Ideally, transfusions are a kind of neutral competency in the practice of 

medicine: because transfusions carry small but unavoidable risks, it seems reasonable to 

expect that decision-making surround transfusion therapy occurs independently of 

exogenous considerations (economic or otherwise). If true, transfusion practice would be 

applied consistently across different patient populations, and would be dependent almost 

exclusively on considerations of the patient’s clinical situation.  

 

Nonetheless, in a recent letter to Assistant Secretary Koh, Michael Ison, MD, MS, chair 

of the FD Advisory Committee on Blood Safety and Availability, indicated that “wide 

variability” in transfusion practice existed, suggesting that “there is both excessive and 

inappropriate use of blood transfusions in the U.S.” The question of whether transfusions 

are ordered for inappropriate reasons should give pause. Not only do transfusions carry 

immediate known infectious and noninfectious risks, but recent research has tied 

transfusions to lower five-year survival rates and higher lengths of stay (Collins, 2011).  

 

There are other complicated mechanisms associated with transfusions that can radically 

change a patient’s outcome – for example, Collins also notes that banked blood can suffer 

storage lesions, which may lead to worse outcomes for patients transfused with “older” 
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blood (2011). The transfusion medicine community has also recently turned its attention 

to syndromes such as transfusion-related acute lung injury (TRALI), which are often fatal 

and whose incidence is still misunderstood. Finally, transfusion is a costly intervention, 

with cost estimates as high as $760 per unit of red cells transfused (Shander et al, 2010). 

In 2009, over fifteen million units of red cells and whole blood were transfused – 

meaning that transfusion accounts for over ten billion dollars of health care spending 

annually in the U.S. 

 

The indirect research question for this analysis is about the barriers to adoption of better 

clinical practice. As the literature review will show, there is well-established consensus in 

the medical literature that conservative transfusion triggers are associated with outcomes 

that are better or no worse than liberal transfusion triggers, while preserving a precious 

and costly resource. Is it possible that defensive medicine prevents the adoption of 

clinical practice established to be better by the peer-reviewed literature?  

 

While some research has evaluated variation in transfusion practice, there is little 

research on the behavioral aspects that may have an impact on this variation. One such 

aspect may be the notion that physicians favor more liberal transfusion triggers because 

they are practicing defensive medicine and are concerned that a more conservative 

transfusion trigger would be harder to defend in court. Dr. Lawrence Goodnough, a 

highly regarded pathologist with an interest in alternatives to blood transfusion, who also 

authored a seminal article that identified wide variation in transfusion practice, told 

heartwire, a publication that focuses on issues related to cardiology, “I think doctors are 



 

3 

 

practicing defensive medicine in giving blood transfusions too easily.” Anecdotally, 

notable individuals such as Jim AuBuchon, MD, PhD, also believe this to be the case, 

though they also recognize that there is little empirical basis for the belief (personal 

communication, February 23, 2012). 
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LITERATURE REVIEW  

 

The literature that is relevant to this research question tends to fall into two broad 

categories: there are econometrics articles that evaluate the effects of defensive medicine, 

and there are articles that consider variations in transfusion practice.  

 

DEFENSIVE MEDICINE LITERATURE 

 

 

Baicker et al (2008) report regression-adjusted estimates of the association between 

growth of state-level malpractice payments per physician and the growth of spending on 

different procedures from 1993 to 2001. The analysis is performed at the state level 

because many aspects of medical liability and medical malpractice are set at state level. 

The article includes covariates for per capita income, unemployment rate, education 

levels, racial composition, hospital beds per capita, and HMO penetration. Baicker’s 

multivariate analysis, controlling for fixed state-specific factors and characteristics that 

might change over time, reports an association between 10% growth within a state in 

liability measures and growth of Medicare spending components. However, there was no 

significant effect on the use of diagnostic procedures and major procedures. Most of the 

growth seen appears to be tied to growth in imaging services and there was weaker 

growth in discretionary, low-risk services such as visits, consultations, diagnostic tests, 

and minor procedures.  

Kessler and McClellan (2002) seek to develop an empirical model of the mechanisms by 

which malpractice reforms influence physician behavior rather than studying the impacts 

of direct/indicrect reforms on outcomes of interest. By developing “malpractice pressure” 
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(frequency of claims, likelihood of prolonged duration of claims resolution, expenses and 

amount of settlement or award) and using instrumental variables (state liability law 

reforms as instruments) they estimate the effect of malpractice pressure on three major 

categories of elderly heart disease patients. 

They find that a one percentage point increase in probability of defending against a 

malpractice claim results in approximately 3% increase in real expenditures for acute 

myocardial infarction (AMI) and 2.1% for ischemic heart disease (IHD). However, they 

find that increases in malpractice pressure consistently lead to increases in only 

diagnostic expenditures – despite the fact that therapeutic treatments comprise the fastest-

growing of component of hospital expenditures in aggregate for cardiac patients.  

Using the National Inpatient Sample (NIS) from the Healthcare Cost and Utilization 

Project (HCUP), Avraham andSchanzenbach look for the impact of tort reform on 

intensity of treatment for heart patients. By considering total charges, whether a 

procedure was performed, the number of procedures performed, and the choice of 

intervention (angioplasty versus bypass), they conclude that tort reform decreases 

intensity of treatment, but the effect is most pronounced for the younger patients.   

The two most significant papers in the tort reform literature are Kessler and McClellan 

(1996) and Sloan and Shadle (2009). Kessler and McClellan used longitudinal data on 

Medicare recipients hospitalized for treatment AMI or of new IHD in 1984, 1987, and 

1990, matched with information on tort laws. They evaluate the effect of tor law reforms 

on total hospital expenditures in the year after diagnosis of AMI or IHD. They also 

evaluate the impact of reforms on mortality within one year of occurrence.  
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Kessler and McClellan also provide two important definitions in the defensive medicine 

lexicon: they provide an economic definition of “defensive medicine” (care for which the 

expected cost exceeds expected benefits) and they provide a definition of direct and 

indirect liability reforms. Direct reforms truncate the upper tail of distribution (eg, caps 

on damages). Indirect reforms include those that reduce malpractice pressure but only 

affect awards indirectly (eg, restricting the range of contracts that can be enforced 

between plaintiffs and contingency-fee attorneys). 

Differences-in-differences analysis shows that expenditures declined by 5.3% in states 

with direct reforms relative to non-reforming states. For indirect reforms, the difference is 

1.8% reduction in states passing tort reform. For IHD, direct reforms led to larger 

expenditure reductions (9%) and indirect reforms had smaller increases than in non-

reforming states (3.4%). This is larger than the effect on AMI, with no substantial 

consequences for health outcomes (ie, no increase in mortality in the following year). The 

authors further find that in years following adoption of tort reform, the accumulated 

reductions in expenditures add up to 5% for AMI and 9% for IHD five years after 

adoption, with no negative effects on outcomes.  

 

Sloan and Shadle (2009) come to very different conclusions by setting out to improve on 

some of the weaknesses of the Kessler and McClellan article. They note the strengths of 

Kessler and McClellan – that the sample was national, large, and accounted for omitted 

heterogeneity. In terms of weakness, they note that AMI and IHD are only a small 

fraction of hospital admissions, and add that Kessler and McClellan fail to take non-

hospital care into account. Sloan and Shadle do, however, assess total inflation-adjusted 
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Medicare payments, not just hospital expenditures. They evaluate patients with diagnoses 

of AMI, stroke, breast cancer, and diabetes, evaluating quality of care as measured by 

one-year survival rates. Their sample is smaller, but the n is nonetheless close to 60,000 

observations. 

 

In terms of methodology, Sloan and Shadle use the natural log of Medicare payments 

during the year after the index event as a dependent variable. Survival is measured for 

365 days following first date of service for the index event. They also rely on the Kessler 

and McClellan definition of direct and indirect tort reforms. They control for gender, 

race, age, educational attainment, number of daily living limitations, and a measure of 

health status in calendar year prior to first date of service. State and year fixed effects are 

included, but they do not use a lag variable since state law reforms are typically discussed 

for months and years leading up to enactment. Laws, once passed, typically remain in 

effect unless they do not survive a constitutional challenge. 

 

Sloan and Shadle conclude that implementation of direct reforms does not reduce 1-year 

Medicare payments in any of the regressions, and the null hypothesis is never rejected as 

a result of direct reforms. For AMI, the results are nearly statistically significant 

(p=0.059). The effect for indirect reforms on payments is small but significant and only 

for a hospitalization analysis (not for analysis of the four chronic conditions). In both 

cases, no effects on health outcomes were seen. 
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The literature on defensive medicine is therefore ambiguous, with slight variations in 

research methodology and widely divergent results. At the very least, it seems reasonable 

to conclude that evidence for the practice of defensive medicine is mixed at best, but that 

any effects are hard to discern in terms of overall spending. Unanswered is the question 

of whether there are some areas where the effect of defensive medicine would be more 

easily discerned. 

TRANSFUSION PRACTICE LITERATURE 

 

Shander et al (2010) provide the most current estimate of the cost of blood transfusions. 

The authors use an activity-based accounting model, which revises upward, by a 

significant margin, the per unit cost of blood. Previous estimates of the cost of blood 

ranged from $332 to $717 per unit of red blood cells. Shander et al relied on data 

collected from four hospitals – in New Jersey, Rhode Island in the United States, and in 

Lausanne, Switzerland, and Linz, Austria. Over 100,000 hospitalizations resulting in over 

5000 transfusions are covered in the study. Shander et al estimate the total cost per RBC 

unit to be $760.82 ± $293.74. The analysis also suggests that direct acquisition costs 

account for a relatively minor portion of the overall cost, with other overhead items 

contributing a significant amount to the total cost. This is partly a reflection of the fact 

that patients that are not transfused nonetheless consume blood bank-related resources. 

All in all, if the cost estimates from this study are correct, variations in blood utilization 

may have a significant impact on hospital resources.  

 

Designing randomized controlled trials to determine the effect of conservative transfusion 

triggers on patient outcomes can be challenging. Shehata et al (2010) find that adherence 
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to liberal and conservative transfusion triggers in a pilot study and be spotty and 

complicate the interpretation of results: in their center, adherence in the restrictive arm of 

the study was 84% and in the liberal arm, only 41%. The study used a hemoglobin level 

of 7 g/dL as the cut-off for the restrictive approach. However, there are other studies 

showing that restrictive transfusion practices can be implemented without affecting 

patient outcomes.  

 

Corwin et al (2003) find that more conservative transfusion triggers are associated with a 

significant reduction in the amount of blood transfused, with no negative effect on patient 

outcomes. The authors find that setting a lower transfusion trigger of 7 g/dL is at least 

equivalent, and in some cases, superior to, targeting a desired hemoglobin level (often 

around 10g/dL). The authors conclude that a number of transfusions may therefore be 

considered inappropriate. 

 

Similarly, Wandt et al (2011) find that a more conservative trigger for platelet 

transfusions results in significant reductions in the volume of platelets transfused with no 

significant differences in bleeding tendencies between the treatment and control group. 

The results suggest that there are significant cost savings that can be achieved through the 

more conservative transfusion trigger. 

 

In Surgenor et al (1998), the authors find via two-step logistic regression that the 

likelihood of receiving a red cell transfusion is significantly dependent on identity of the 

hospital. The authors therefore suggest that variations in transfusion practice are 
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attributable to institutional differences that, through training or hierarchy, become 

ingrained in hospitals. 

 

Bennett-Guerrero et al (2010) tackle an ancient problem: variations in perioperative 

transfusions of red blood cells, fresh-frozen plasma, and platelets. They note that the 

literature on the subject dates back to at least 1991, when a paper by Goodnough et al 

suggested that transfusion was a routine aspect of coronary artery bypass graft surgery, 

even when the surgery was uncomplicated and the transfusion may have been 

contraindicated. Bennett-Guerrero et al performed a similar multi-center study that 

evaluated practices across different countries. The authors find that at hospitals 

performing at least 100 coronary artery bypass graft surgeries, the rates of blood 

transfusion differed by astonishing amounts: from 7.8% to 92.8% for red blood cells 

(RBCs), 0 to 97.5% for fresh frozen plasma (FFP), and 0.4% to 90.4% for platelets. After 

adjusting for patient-level risk factors, hospital transfusion rates varied based on 

geographic location, academic status, and hospital volume. However, these factors only 

explain 11.1% of the variation in RBC usage, while the case mix explained 20.1% of 

variation between hospitals in RBC usage. 

 

In all, the review of the transfusion medicine suggests there is some elasticity within 

patient needs and the clinical decision to transfuse. Because immediate serious 

complications of transfusion remain, on the whole, low probability events, it is possible 

that the harm associated with these transfusions will not be immediately apparent. It also 

suggests, as Bennett-Guerrero et al note, that reduction of transfusions in CABG 
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procedures should be considered a quality improvement measure, and that, to the extent 

that liberal transfusion triggers are driven by fears of litigation, a reduction in the amount 

of transfusions associated with CABG cases would be expected. At the very least, it is 

possible that defensive medicine decisions contribute to the wide range of transfusion 

practice in CABG cases, and therefore it is possible that tort reforms may at least reduce 

the variability in transfusion practice.  

 

The question remains: if more conservative transfusion practices translate to care that is 

better or no worse, could defensive medicine practices push physicians to transfuse more 

liberally than they should? 
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METHODOLOGICAL APPROACH  

 

Like Kessler and McClellan (1996) and Sloan and Shadle (2009), this study seeks to 

evaluate the impact of tort reforms on the utilization of certain medical services.  

 

Kessler and McClellan estimate the economic effect of tort reforms on panel data for 

Medicare beneficiaries covering a seven year period. They perform a differences-in-

differences analysis by tracking Medicare expenditures for hospitalizations of AMI and 

IHD patients in states implementing direct, indirect, and no reforms. The model also 

allows them to distinguish between short- and long-term effects of reforms.  

 

In their model, a given state S, is evaluated in different years to see how a given patient, 

with controlled observable and unobservable attributes, is treated. They use total charges 

as the dependent variable and as a proxy for intensity of treatment and model the effects 

of tort law by measuring differences. They control for state effects, including the “legal-

political environment of the state over time,” as well as short-term effects and long-term 

average on expenditures. If the coefficients for the expenditure effects are < 0 in states 

that have enacted tort reforms, they conclude that evidence for defensive medicine exists, 

since the rate of growth in Medicare expenditures has decreased as a result of adoption 

tort reforms.  

 

The similarities and differences between the Kessler and McClellan model and the model 

used in this paper are discussed below.  
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CONCEPTUAL MODEL 

 

The transfusion literature provides a valuable example of a service that is associated with 

a high degree of variation in transfusion practice – CABG surgeries. Given the 

inconclusive nature of the defensive medicine literature, if any effect of tort reforms were 

to be seen on transfusion practice, CABG surgeries would appear to be a natural setting 

for the change, since there is presumably some leeway in the decision to transfuse.  

 

Using NIS data from 2002 and 2004, and 2004 and 2006, respectively, this study seeks to 

determine whether transfusion rates for CABG procedures decreased after tort reform. 

The analysis is performed using a linear probability model, with a dummy variable which 

aggregates all ICD-9 codes associated with allogeneic transfusion as a dependent 

variable. Independent variables will include hospital attributes, patient severity measures, 

and payer information. The analysis will be restricted to CABG patients in the states of 

interest. The sample of states includes states that enacted direct tort reforms capping non-

economic damage awards in 2003 (Texas and Florida) and 2005 (Maryland). [See Table 

1]   

 

The model used here is similar to, but in some important ways different from, the Kessler 

and McClellan model. The model used here only considers the year immediately 

following direct tort reform, and non-reforming states are not included in the model. 

Unlike Kessler and McClellan, the data source here allows for consideration of all 

hospitalizations, not just Medicare patients.  
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Because the transfusion medicine literature suggests there is so much variation in 

transfusion practice for CABG patients, and suggest reductions in transfusion rates for 

the CABG population as a quality improvement measure, this model seeks only to 

elucidate whether direct reforms have any negative impact on an individual CABG 

patient’s probability of being transfused.  

 

The posttort year is used as an instrumental variable, with the probability of a CABG 

patient receiving a transfusion in a state enacting direct tort reforms as the dependent 

variable. The analysis relies on probit regressions in the states of interest on a 

concatenated dataset that includes pre- and post-reform observations, in order to 

determine the significance and impact of the post-reform year coefficient on a CABG 

patient’s probability of receiving a transfusion.  

 

The model is articulated as follows: 

PTxi, st = Posttort + PatientCABG, st +Hosp + ε 

 

Where PTx is the probability that CABG patient i, in a state (st) enacting tort reforms, 

will be transfused in the pre- and posttort years; Posttort is a dummy for the posttort 

reform year; Patient describes a CABG patient in state st with specified attributes, such 

as the severity of the condition using a standard classification system, and the patient’s 

insurance type; Hosp refers to hospital attributes such as the identity of the hospital and 

the type of hospital; and ε is the error term.  
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If direct reforms reduce transfusion utilization, the posttort dummy should have a 

statistically significant coefficient with a value < 0. Transfusions are therefore a proxy for 

intensity of treatment, while hospital expenditures (the proxy used by Kessler and 

McClellan and by Sloan and Shadle) are controlled for in the patient attributes, along 

with the number of procedures performed during the hospitalization, as severity 

measures.   

 

Unlike Kessler and McClellan (1996) and Sloan and Shadle (2009), which were broader 

in scope, this study is narrowly tailored to to determine whether the utilization of a 

specific medical service (transfusion) for a specific patient population (the CABG 

population) changes as a result of the direct tort reforms. 

 

Reviewing descriptive statistics and results of t-tests comparing attributes of the pre- and 

posttort CABG patient population revealed an interesting finding: the posttort CABG 

sample is uniformly sicker than the pretort sample (see “CABG” columns in table 3). The 

posttort CABG sample is slightly older, has significantly longer lengths of stay for each 

hospitalization event, a higher number of procedures performed per hospitalization, and, 

with the exception of congestive heart failure and diabetes with complications, presents 

higher rates of almost every comborbidity at statistically significant levels. The 

percentage of African-American patients within the CABG population is also higher. As 

would be expected of a sicker population, the total charges per admission are also much 

higher for the posttort sample ($80,777 pretort versus $96,435 posttort). A higher 

transfusion rate would be expected for this population, given its higher rate of health 
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conditions that are statistically significant contributors to the probability of transfusion 

and simple regression techniques may not adequately control for this endogeneity. 

 

The implications of the differences in the pre- and posttort population will be addressed 

in the conclusion section of this paper. But regardless of the factors that may be driving 

these changes, an analysis of the effect of tort reform on transfusion probabilities is not 

possible given the significant differences between these two populations. In order to 

correct for the endogeneity in the sample, the technique of Coarsened Exact Matching 

(CEM) was employed. 

 

CEM was introduced in 2009 by Blackwell et al. CEM enhances the ability to estimate 

causal effects in data that are unbalanced. It creates a subset of the data, matched on 

specified variables, and allows for a clearer determination of the impact of the treatment. 

In introducing the technique, the authors noted that, “Coarsened exact 

matching is faster, is easier to use and understand, requires fewer assumptions, 

is more easily automated, and possesses more attractive statistical properties for 

many applications than do existing matching methods.” 

 

The sample obtained by CEM is also presented in table 3. Under the heading “CEM 

(restricted),” it is possible to see that many of the attributes which were significantly 

different between the pre- and posttort patient populations have been equalized. With the 

exception of the transfusion rate, total charges per admission, and the prevalence of 

hypertension, the CEM sample is far more homogenous than the overall CABG sample. 
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While the number of observations in the CEM sample is smaller, it is reasonable to 

conclude that the CEM sample will provide a much more accurate representation of the 

effect of the posttort year on a CABG patient’s probability of transfusion.  If it is the case 

that physicians overtransfuse as a result of defensive medicine practices, the posttort 

instrument should have a negative and statistically significant value.  
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RESULTS 

 

According to the results of simple regressions, shown in table 4, the overall effect of the posttort 

dummy is to increase the probability of a transfusion in a CABG patient – a finding which is 

surprising and unexpected. The effect of the posttort instrument falls from 0.22 to 0.17 as the 

model is adjusted for patient severity measures and hospital attributes. However, the effect of the 

posttort variable remains statistically significant. Limiting the initial interpretation to the 

marginal effects model, we find that in addition to the posttort year effect, increases in the 

patient’s age, length of stay, and the number of procedures, as well as being a female, are highly 

significant in predicting an increase in the probability of transfusion. The length of stay increase 

is also statistically significantly reduced for females. On the whole, this is consistent with the 

expectation that older, sicker patients are more likely to need transfusion support.  

 

Increases in total charges for the admission are associated with reductions in transfusion 

probabilities, as is patient death and being on Medicare. It is possible that CABG patients who 

die do so early in their hospitalization, rather than later, since a longer length of stay would be 

more likely to result in a transfusion. The Medicare finding is especially interesting since the 

mean age of patients in the sample is exactly at the point of Medicare eligibility. Since Medicare 

applies a three-unit deductible to transfusion reimbursement, it is possible that hospitals avoid 

transfusing these patients. Or it is possible that individuals who become newly eligible for 

Medicare have access to care they did not enjoy before, and that expanded access to primary care 

explains the negative effect of the Medicare coefficient.  
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Hospital attributes are also significant: an increase in the hospital bed size is positively 

associated with an increase in transfusion probability. This makes sense, since we would expect 

larger hospitals to treat the most complicated cases. The fact that being hospitalized in an urban 

location is positively associated with the probability of transfusion could reflect the level of 

sophistication of the hospital’s blood bank: a small rural hospital may not have a fully staffed 

blood bank, but might instead only keep a handful of units on hand for emergency trauma 

situations. Patients experiencing acute coronary illness would be referred to larger hospitals, 

which are more likely to be in urban locations.  

 

Given the fact that transfusion should ideally be considered a last resort, it is interesting that 

emergency admissions remain negatively associated with the probability of transfusion 

throughout. Preoperative anemia management is often considered an important tool to prevent 

unnecessary transfusions, so the findings are counterintuitive and difficult to explain. On the 

other hand, being in the high mortality risk group is associated with a highly significant increase 

in the transfusion probability.  

 

The findings for the posttort dummy are inconsistent with the expectation that tort reform would 

result in a reduction of transfusion utilization. Table 3 shows that virtually all of the severity 

measures occur more frequently in the posttort CABG sample than in the pretort sample. Since 

many of these severity measures are significant in predicting the probability of transfusion, it is 

possible that the increase in transfusion probability for CABG patients is really just a reflection 

of the change in the severity profile of the post tort CABG sample. The true effect of the posttort 

year can be seen when the CEM model is applied.  
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The restricted CEM sample includes only observations that can be matched across the pre- and 

posttort period based on observable attributes. The number of observations falls from  28511 to 

9316 (a number which is smaller than the total number of observations in the actual CEM sample 

because some observations predict failure or success perfectly and are dropped). As table 3 

shows, the result of CEM model, many of the severity measures are no longer statistically 

different across the pre- and posttort period. This suggests that the CEM technique is successful 

at reducing the endogeneity that may have accounted for the increase in transfusion probability 

in the posttort period. 

 

Using the CEM sample and CEM weights, the positive effect of the posttort variable disappears 

but a negative effect fails to materialize. In the CEM sample, most variables retain the same sign 

as in the adjusted regression model. In addition to the posttort variable, race loses its statistical 

significance, and the Medicare status of a patient loses its significance as well. The coefficient 

for the patient’s length of stay is largest in the CEM sample, as is the effect of an additional 

procedure. Similarly, the reduction in transfusion probability for emergency admissions is larger 

in this sample than in the full sample. Women remain more likely to receive transfusions, at a 

statistically significant rate. However, some comorbidity measures, such as obesity, kidney 

failure, and hypertension are also no longer significant.  

 

The decision to transfuse a patient can be tied to a number of different clinical considerations. 

Given the size of the sample, and the variation in transfusion practice for CABG patients that is 

identified in the literature, it is not surprising that a clear interpretation of many of the regression 
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results is challenging. The challenge is further compounded by the fact that traditional regression 

estimates show a positive effect of tort reform on transfusion probabilities for CABG patients. 

However, the interpretation of these results is hampered by endogeneity within the sample. 
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POLICY IMPLICATIONS 

 

Evaluating the impact of tort reform on transfusion probabilities for CABG patients required 

overcoming an unexpected but severe endogeneity problem - one that appears to be linked to the 

enactment of tort reform. An important policy consideration involves the question of why the 

risk profile of the CABG population changed so significantly in the posttort period. It was not 

the objective of this paper to answer that question, but the issue warrants further investigation 

and research. 

 

The change in the risk profile for the CABG population may be a result of changes in the care 

that takes place before the manifestation of acute coronary disease. Coronary disease is typically 

the result of an accumulation of many years’ worth of unhealthy behavior, so it is not clear that 

tort-driven changes in patient care should have such a great impact on the risk profile of the 

CABG population just one year after enactment of tort reform. Another hypothesis might be that 

patients with a higher risk profile are more likely to have access to CABG procedures as a result 

of the enactment of tort reform; if this is true, there are many related policy considerations.  

 

Whatever caused the change in the patient risk profile is important, but this paper seeks to 

identify the impact of this change on transfusion utilization. In the posttort year, the sicker 

patient profile means a large increase in the utilization of blood for this patient population. In the 

posttort period, CABG patients had longer hospital stays and required more procedures. The 

CEM analysis shows that individual patient transfusion probabilities, given certain observable 

attributes, do not change significantly. The entire effect of the posttort variable in the simple 
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regression models is likely a reflection of the increase in the risk profile of the CABG population 

following tort. 

 

The implications are nonetheless far-reaching. To date, much of the defensive medicine literature 

has looked at a combination of procedures and expenditures, using patient deaths and 

readmission for the same condition as proxies for the quality of care. The analysis in this paper is 

consistent with much of the literature – patient deaths, for example, are not more significantly 

different across the pre- and posttort period, despite the change in the patient population’s 

severity measures. However, if the change in the CABG population’s risk profile is tied to the 

implementation of tort reform, it suggests an overall increase in the utilization of related services, 

such as transfusion, even though no change occurs in an individual patient’s probability of 

transfusion in the CEM sample. There could be other related services that, like transfusion, are 

impacted by the change in the patient population’s risk profile even if individual physician 

behavior is not altered by tort reform. 

 

The significant increase in the portion of the CABG patient population that is African American 

is also hard to explain. This could have an impact on the posttort year effect, since African 

Americans are more likely to have sickle cell disease, a condition which is associated with the 

need for transfusions. Whether the increase in African Americans is the result of random 

fluctuation or of tort reform bears further investigation. 

 

Another interesting finding is that charges per admission in the posttort year are significantly 

higher than in the pretort year. While this is not consistent with other research on defensive 



 

24 

 

 

medicine, it is consistent with the fact that the posttort sample is sicker than the pretort one. It 

does suggest that the argument that defensive medicine drives up medical spending is not 

supported by the findings of this paper. The CEM sample is unable to even the total charges out 

across the years, which also suggests that the increase in patient charges is a drastic swing. And 

since the overall effect of an increase in total charges is a statistically significant reduction in the 

probability of transfusion, the increase in charges may actually dampen the overall effect of the 

higher risk posttort patient population. 

 

This study also does not evaluate whether the quality of care changed as a result of tort reform. 

Hospital deaths are not reliable indicators of the overall quality of care, so even though patient 

deaths are not significantly different across the tort period (per table 3), we cannot conclude that 

the change in the risk profile of the patient population had no effect on longer term patient 

outcomes.  

 

On the whole, the notion that overutilization of transfusion is the result of defensive medicine is 

not supported by the CEM findings. Reassuringly, in the CEM sample, we see that 

considerations which should be clinically relevant, such as acute blood loss or coagulopathy 

disorders, are some of the most important predictors of a patient’s probability of transfusion.   

 

Policymakers and hospital administrators in particular may be interested in additional 

investigation to determine whether the increased risk profile of the patient population is 

uniformly seen in states passing tort reform. Additional consideration should be extended to 

understanding how these kinds of changes may trickle down and affect utilization of ancillary 
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services. This paper finds, consistent with much of the literature, that the evidence for the 

practice of defensive medicine is scant, although changes in the risk profile of the patient 

population are worrisome. Studies that evaluate findings on a state level may find no significant 

difference in Medicare spending because the increased total charges seen in this study are offset 

by reductions in spending “up front,” on patient intake and pre-sickness management.  
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TABLE 1. STATES AND SUMMARY OF REFORMS 

 
State Tort year Summary of reform  

Florida 2003 Capped non-economic 

damages at $500,000, 

and $1,000,000 if 

negligence resulted in 

death or vegetative state 

 

Maryland 2005* Capped non-economic 

damages at $650,000 

until January 1, 2009; 

$812,500 if wrongful 

death involves two or 

more claimants 

 

Texas 2003 Capped non-economic 

damages at $250,000; 

$500,000 if two or more 

institutions are involved 

 

 

*Bill passed on December 30, 2004, but was vetoed by the governor. The state legislature overrode the veto and it 

became law in 2005. 
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TABLE 2. LIST AND DESCRIPTION OF VARIABLES. 

 
Variable Name Description Additional Information 

Patient and Disease Characteristics 

Transfall Any patient receiving an 

allogeneic transfusion 

Dependent, dummy variable, coded as “1” if any of the 

procedures on the patient’s medical record match 9901, 

9903, 9904, or 9905. 

Posttort Indicates patient hospitalization 

occurred in year following tort 

reform 

Intrument. Dummy variable, coded as “1” if year is the 

posttort year. 

Age Patient age Measured in years 

Agepost Interaction term of age and 

posttort 

Used to determine whether transfusion probability varies 

with age by posttort status 

Black Indicates whether patient is 

African American 

Dummy variable, coded as “1” if patient is African 

American. 

Female Indicates whether patient is female Dummy variable, coded as “1” if patient is female. 

Medicare Indicates whether patient is on 

Medicare 

Dummy variable, coded as “1” if patient is on Medicare. 

TOTCHGK Total charges for the patient’s 

hospitalization 

Measured in dollars; variable coded in units of $1000 

Died Patient death Dummy variable, coded as “1” if patient died during 

hospitalization 

LOS Length of stay (hospitalization) Measured in days; used as indicator of severity or 

complexity of case 

LOSSUB Modified form of LOS Coded as 1/LOS 

LOSfemale Interaction term between LOS and 

female variables 

Indicates whether LOS has a different impact on transfusion 

probabilities for female patients 

NPR Number of procedures Number of procedures on the patient’s medical record; used 

as indicator of severity or complexity of case 

Emergency Admission type – indicates how 

patient arrived at hopital 

Dummy variable, coded as “1” if admission type variable 

coded as “emergency.”  

HIGHMORTAPRRDRG Individuals classified as being at 

high risk for mortality 

Dummy; value of “1” if patient classified as being extremely 

likely to die under APRDRG classification system. 

Comorbidity dummies 

for: deficiency anemias, 

blood loss, congenital 

heart failure, 

coagulopathy disorders, 

diabetes with 

complications, 

hypertension, drug abuse, 

liver or kidney failure, 

and obesity 

Each variable indicates the 

presence of one of the 

combordities 

Discrete, dummy, categorical. Value of 1 if the comorbidity 

is present. 

Hospital Information 

Hosp_bedsize Size of hospital Ordinal variable; (1) represents small, (2) represents 

medium, (3) represents large. The hospitals are categorized 

by size depending on the region in which they are located, 

whether they are in an urban or rural area, and their status 

(teaching or non-teaching).  

Hosp_Location Hospital location Dummy variable, coded as “1” if hospital is an urban 

location 

Hosp_locteach Hospital location and teaching 

status 

Value of (1) indicates rural, (2) urban non-teaching, (3) 

urban teaching 

Hosp_control Hospital ownership/control Value of (1) indicates government, nonfederal, (2) private, 

non-profit, (3) private, investor-owned 



 

28 

 

 

TABLE 3. DESCRIPTIVE STATISTICS FOR CABG AND COARSENED EXACT MATCHING (CEM) 

SAMPLES 
 CABG CEM (restricted) 

Variable All Years  

 Pretort 

(n=14948) 

Posttort 

(n=13563) 

Pretort 

(n=5346) 

Posttort 

(n=4013) 

Patient attributes  

Transfusion rate (%) 19.97 

(0.0037) 

25.94**** 

(0.0039) 

10.70 

(0.0042) 

12.63*** 

(0.0052) 

Age in years 65.97 

(0.088) 

66.14 

(0.094) 

65.82 

(0.13) 

65.68 

(0.16) 

African American  4.75 

(0.0017) 

7.87**** 

(0.0023) 

0.58 

(0.0010) 

0.82 

(0.0014) 

Female 29.84 

(0.0037) 

30.21 

(0.0039) 

19.19 

(0.0054) 

19.86 

(0.0063) 

Medicare 58.36 

(0.0040) 

56.93* 

(0.0042) 

56.27 

(0.0068) 

55.37 

(0.0078) 

Total charge per CABG 

admission (Mean, $) 

80,773.87 

(471.85) 

96,435.38**** 

(624.07) 

65,518.47 

(412.08) 

69,567.62**** 

(482.74) 

Severity indicators and comorbidities  

Patient deaths (%) 3.67 

(0.0015) 

3.29 

(0.0016) 

0.15 

(0.00053) 

0.17 

(0.00066) 

Length of stay in days 9.63 

(0.061) 

9.93*** 

(0.065) 

7.40 

(0.042) 

7.30 

(0.050) 

Number of procedures 

performed during admission 

5.87 

(0.018) 

6.35**** 

(0.022) 

5.26 

(0.025) 

5.24 

(0.030) 

Emergency admissions (%) 27.28 

(0.0036) 

26.68 

(0.0038) 

14.63 

(0.0048) 

15.15 

(0.0057) 

High mortality (%) 27.52 

(0.0037) 

32.02**** 

(0.0040) 

10.21 

(0.0041) 

10.91 

(0.0049) 

Anemia deficiency (%) 10.23 

(0.0025) 

11.73**** 

(0.0028) 

2.81 

(0.0023) 

2.92 

(0.0027) 

Blood loss (%) 0.71 

(0.00069) 

1.78**** 

(0.0011) 

0.019 

(0.00018) 

0.025 

(0.00025) 

Congestive Heart Failure (%) 1.13 

(0.00086) 

1.03 

(0.00087) 

-- -- 

Coagulopathy disorders (%) 7.03 

(0.21) 

10.03**** 

(0.0026) 

0.99 

(0.0014) 

1.30 

(0.0018) 

Diabetes, with complications 

(%) 

4.44 

(0.0017) 

4.80 

(0.0018) 

0.28 

(0.00072) 

0.27 

(0.00083) 

Drug Abuse (%) 0.28 

(0.00043) 

0.55*** 

(0.00064) 

-- -- 

Hypertension (%) 57.84 

(0.0040) 

65.58**** 

(0.0041) 

71.16 

(0.0061) 

73.96** 

(0.0069) 

Liver Failure (%) 0.51 

(0.00058) 

0.78** 

(0.00076) 

-- -- 

Obesity (%) 9.04 

(0.0023) 

11.07**** 

(0.0027) 

4.84 

(0.0029) 

5.61 

(0.0036) 

Kidney Failure (%) 4.23 

(0.0016) 

6.38**** 

(0.0021) 

0.037 

(0.00026) 

0.050 

(0.00035) 

* Difference from pre-tort year significant at 0.05 

** Difference from pre-tort year significant at 0.01 

*** Difference from pre-tort year significant at 0.001 

**** Difference from pre-tort year significant at 0.0001 or lower
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TABLE 4. 

REGRESSION 

ESTIMATES 

 

 

 

Effect on Probability of Transfusion 

Variable 

 

(n=28511)  (n=9316) 

 
Unadjusted 

Correcting for basic 

patient attributes 

Correcting for attributes 

and severity measures 

Correcting for attributes, 

severity,and hospital 

characteristics Marginal Effects CEM Sample # 

Post Tort 

0.20**** 

(0.016) 0.22**** (0.017) 0.22**** (0.016) 0.17**** (0.018) 0.065**** (0.0049) 0.0072 (0.035)  

Constant 

-0.84**** 

(0.012)  -1.64**** (0.067) -2.45**** (0.075) -2.94**** (0.20)   -5.07**** (0.48) 

Age   0.014**** (0.0011) 0.013 **** (0.001) 0.012 **** (0.0011) 0.0037**** (0.00032)  0.018**** (0.0032) 

Black   0.15*** (0.033) 0.077* (0.034) 0.097** (0.035) 0.020* (0.010) -0.27 (0.24) 

Female   0.18**** (0.018) 0.34**** (0.032) 0.29**** (0.034) 0.10****(0.010)  0.46**** (0.10) 

Medicare    -1.64**** (0.067) -0.079*** (0.023) -0.078** (0.025) -0.021** (0.0068) -0.011 (0.061) 

Charges for 

Admission (in 1000's 

of dollars)     -0.0029*** (0.00020) - 0.0044**** (0.00025) 

-0.0011**** 

(0.000006)  -0.0016* (0.00077) 

Died     -0.23**** (0.050) -0.15*** (0.053) -0.057****  -- 

Length of Stay     0.0011 (0.0021) 0.0086*** (0.0023) 0.0018** (0.00061)  0.034**** (0.0095) 

1/LOS     0.50****(0.11) 0.60**** (0.11) 0.22**** (0.033)  1.58**** (0.28) 

Length of stay*female     -0.011*** (0.0027) -0.0098*** (0.0030) 

-0.0033**** 

(0.00077) 

-0.037*** 

(0.012) 

Number of Procedures     0.13**** (0.0038) 0.12**** (0.0041) 0.027**** (0.0017)  0.086**** (0.011) 

Emergency Admission     -0.26**** (0.019) -0.23**** (0.021) -0.072**** (0.0051) -0.52**** (0.061) 

High Mortality Risk 

Group     0.10**** (0.019) 0.12**** (0.022) 0.032**** (0.0060) -0.11 (0.060) 

Anemia     0.35**** (0.024) 0.35**** (0.026) 0.11**** (0.0083)  0.49*** (0.085) 

Blood Loss     0.24**** (0.067) 0.31**** (0.073) 0.094**** (0.023)  -- 

Congestive Heart 

Failure     -0.13 (0.096) -0.031 (0.10) -0.017 (0.026)  -- 

Coagulopathy 

Disorders     0.27**** (0.027) 0.26**** (0.030) 0.083**** (0.0094)  0.73**** (0.12) 

Diabetes, with 

complications     

0.23**** (0.035) 0.19**** (0.040) 0.071**** (0.012)  -- 
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* Significant at or below 0.05 

** Significant at or below 0.01 

***Significant at or below 0.001 

****Significant at or below 0.0001 

^ Additional hospital attributes in full sample include a dummy for a location/teach status interaction variable, and a categorical variable for hospital ownership. 

However, the coding of these variables does not lend itself to interpretations. In the CEM sample, the urban dummy is omitted due to collinearity problems.  

# “--" indicates that the variable was excluded by the matching technique 

 

 

 

 

Hypertension     0.038* (0.017) 0.0031 (0.018) 0.10** (0.0050) 0.0014 (0.040) 

Drug Abuse     0.30** (0.11) 0.26* (0.13) 0.093** (0.040)  -- 

Liver failure     0.19 (0.096) 0.17 (0.0.11) 0.060** (0.032)  -- 

Obesity     -0.090 *** (0.026) -0.11**** (0.030) -0.024*** (0.0072) -0.11 (0.083) 

Kidney failure     0.31 **** (0.033) 0.26**** (0.038) 0.10**** (0.012)  0.59 (0.62) 

Hospital bedsize^       0.019**** (0.016) 0.039**** (0.0042)  0.19**** (0.039) 

Urban hospital^       -1.13**** (0.15) 0.14**** (0.013)  -- 
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