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                    Abstract
Japan’s healthcare expenditures, which are largely publicly funded, have been growing dramatically due to the rapid aging of the population as well as the innovation and diffusion of new medical technologies. Annual costs for surgical treatments are estimated to be approximately USD 20 billion. Using unique longitudinal clinical data at the individual surgeon level, this study aims to estimate the technical efficiency of surgical treatments across surgical specialties in a high-volume Japanese teaching hospital by employing stochastic frontier analysis (SFA) with production frontier models. We simultaneously examine the impacts of potential determinants that are likely to affect inefficiency in operating rooms. Our empirical results show a relatively high average technical efficiency of surgical production, with modest disparity across surgical specialties. We also demonstrate that an increase in the number of operations performed by a surgeon significantly reduces operating room inefficiency, whereas the revision of the fee-for-service schedule for surgical treatments does not have a significant impact on inefficiency. In addition, we find higher technical efficiency among surgeons who perform multiple daily surgeries than those who perform a single operation in a day. We suggest that it is important for hospital management to retain efficient surgeons and physicians and provide efficient healthcare services given the competitive Japanese healthcare market.
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                    Notes
	Out of total healthcare expenditures (about USD 350.0 billion) in FY 2015, public funding accounted for 38.9% (about USD 136.1 billion), insurance premiums were 48.8% (about USD 170.8 billion), and the rest, including patient funding, amounted to 12.3% (about USD 43.1 billion) [2]. All expenditures are calculated as 100 Japanese yen = 0.826173 USD, which is the period average exchange rate for 2015.


	The Japanese Medical Service Law defines two types of medical facilities: hospitals and clinics. A “hospital” is a medical facility with 20 or more beds, while a “clinic” has less than 20 beds or no beds at all.


	Hospitalization charges refer to admission and management fees for various types of inpatient care.


	DPC/PDPS refers to a flat-rate payment system for each hospital stay based on diagnosis group. To control rising costs, MHLW introduced DPC/PDPS as of April 2003 [3]. The ratio of hospital beds under DPC/PDPS increased gradually from 7.7% in FY 2003 to more than 50% in FY 2010, and it has remained at approximately 50–55% since [4].


	Since SMCAPHI is based on only one month’s medical records (every June), total spending for all surgical treatments for one year is unfortunately not available. Assuming the ratio of surgical fees per day (15.6%) is constant for all hospitalizations, we estimate the total amount of surgical spending by multiplying total inpatient care (about USD 128.7 billion) by 0.156.


	Medical equipment and ancillary services (e.g., nursing practices and availability of support personnel) in operating rooms are considered to comprise a significant resource environment. These factors are set to be identical across operating rooms and thus held constant in a single hospital setting.


	Surgeons in this study belong to one of the following 12 surgical specialties: thoracic surgery, cardiovascular surgery, neurosurgery, obstetrics and gynecology, ophthalmology, plastic surgery, orthopedics, general surgery, pediatric surgery, urology, emergency surgery, and otorhinolaryngology.


	An operation’s start time occurs at skin incision and the end time occurs at skin closure. The operating rooms officially run from 8:30 to 17:00 on weekdays and 8:30 to 12:30 on Saturday.


	Patient’s sex is defined as a dummy variable taking the value of 1 if sex is female, and the value of 0 if sex is male.


	Patient’s prognostic information on in-hospital mortality refers to whether a patient dies within one month after surgery. It is considered a proxy for the severity of a patient’s condition.


	In the fee schedule, K codes are attached to medical practices such as surgeries and treatments. They evaluate different types of surgical procedures and enable us to compute the total reimbursements for heterogeneous surgical procedures.


	Certain percentages are added to the surgical fee when a patient is admitted to the hospital outside of regular business hours (e.g., in the middle of the night or on holidays) and goes directly into surgery.


	The Japanese Joint Committee of Social Insurance by the Multidisciplinary Group of Surgical Associations, which is often called “Gaihoren” in Japanese, attempts to establish a fair scale of surgical fee reimbursement by revealing the original cost and markup methods. It reports the expected level of technical difficulty and the estimated costs for the number of attending staff and the duration of each surgical procedure. It then provides an approximate estimate for the final price [20].


	Most cases that take less than five minutes of surgical time are minor surgeries performed on infants or young children under general anesthesia (e.g., removing a foreign body from the esophagus or removing a subcutaneous tumor).


	A physician’s output can be measured in terms of office or patient visits, the number of patients treated, the days of hospital admission after surgery, and aggregate billings to patients or gross sales revenues [22,23,24].


	Reinhardt [22, 23] justifies the use of patient billings as an output index by presupposing that the medical fees assigned to particular services are closely related to the relative factor costs of these services, which is supported by evidence that relative physician fees vary as a function of relative factor costs.


	Patient’s age is categorized into 10 groups with 10 years per group (e.g., 0–9, 10–19, 20–29, etc.), then these age groups are transformed into dummy variables. The reference group is determined as 0–9.


	If one assumes that the inefficiency terms follow a non-negative half-normal distribution (i.e., \( {u}_i^{CD,T}\sim i.i.d.{N}^{+}\left(0,{\sigma}_{u^{CD,T}}^2\right) \)), then the assumption of heteroskedastic inefficiency terms allows us to model linear variance functions of a set of exogenous inefficiency determinants instead as \( {\sigma}_{u_i^{CD,T}}^2=\exp \left({\psi}_0^{CD,T}+{\boldsymbol{Z}}_i^{\prime }{\boldsymbol{\psi}}_{CD,T}\right) \). As there is no a priori justification for the use of any particular distribution for the inefficiency terms [26], the hypothesis of a half-normal distribution should be statistically tested against the assumptions of a truncated-normal distribution.


	Surgical volume is taken as the logarithm in the estimation. Other than that, we also considered the inclusion of surgeons’ accumulated clinical experience, defined as the number of years since medical school graduation on the date of surgical procedure or their current academic rank. However, this information is only partly available to us; thus, the use of this variable would lead to a serious issue of selection bias.


	The revision of the surgical reimbursement system is simply a dummy variable taking the value of 1 during the period from April to September for the years 2016 and 2017, and the value of 0 during the period from April to September for the years 2014 and 2015.


	Surgeons performing fewer than five surgical cases in a day are assigned from the first time slot of the day. For example, a surgeon who performs three surgeries in a day is assigned to the first three slots of the day. Note that each time slot does not correspond to the actual time of day, rather it represents the sequence of surgical operations in a day.


	One of the benefits of using panel data is being able to control for unobservable individual heterogeneity. It is tempting to employ the “true” fixed-effects or “true” random-effects models proposed by Greene [29] instead, which disentangle time-varying inefficiency from unit-specific time-invariant unobserved heterogeneity. We discuss the application of these models later.


	The Wald tests also reject the hypothesis of constant returns to scale, which assumes that the sum of the output elasticities of capital and labor turns out to be one.


	We can reject the hypothesis that there is no significant difference in means among surgical specialties based on the one-way analysis-of-variance (ANOVA) and Kruskal-Wallis H tests.


	There were no major changes in the surgical fee schedule when the revision of the fee schedule was implemented in April 2016; most changes were focused on division of functions among healthcare facilities and nursing care. There were some minor changes, for example, reimbursement for an emergency Caesarean section increased 10.2% in April 2016.


	The Wald tests reject the hypothesis of constant returns to scale again.


	We can also reject the hypothesis that there is no significant difference in means among surgical specialties based on the one-way ANOVA and Kruskal-Wallis H tests.


	While our estimates are lower than the results in [16, 17], which show extremely high technical efficiency (over 0.97 on average), their results may not be appropriate for comparison; as indicated in Section 1, Introduction, the results of [16, 17] are questionable from practical and clinical perspectives.


	The former model includes unit-specific dummies as an additional set of explanatory variables to capture unobserved individual heterogeneity, and the latter model treats the unit-specific intercepts as random variables [29].


	The output elasticities of capital and labor were estimated to be over 1.0 in the “true” fixed-effects model with the assumption that the inefficiency term follows a non-negative truncated-normal or exponential distribution. Applying the “true” random-effects model to our sample did not result in successful convergence.


	There are several requirements for approval of special-functioning hospitals: providing medical care to patients who are referred by other hospitals or clinics; having 400 or more beds; strict staff deployment (e.g., there must be twice as many doctors as in ordinary hospitals); having medical facilities such as intensive care units, sterile rooms, and drug information management rooms; improvement of a medical safety management system; recognizing 16 specified clinical areas in principle; and so forth [31]. There are 85 approved special functioning hospitals as of June 2017.
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• We estimate the technical efficiency of surgical operations across surgical specialties in a high-volume Japanese teaching hospital by employing stochastic frontier analysis (SFA) with production frontier models.
• We find a relatively high average technical efficiency of surgical production, with modest disparity across surgical specialties.
• Surgeons with higher surgical volumes exhibit reduced operating room inefficiency, while the revision of the fee-for-service schedule does not have a significant effect.
• Hospital management should retain efficient surgeons and physicians and provide efficient healthcare services given the competitive Japanese healthcare market.
• Efficiently operating teaching hospitals are not only expected to produce skilled and efficient surgeons, but are also expected to help improve fee schedules to reflect surgical efficiency and motivate other medical facilities in reorganizing their clinical management and resource utilization.
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