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Why are information technologies expected to improve operating
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Abstract ~

The goal of this study was to examine the current Japanese surgical payment system
from the viewpoint of resource utilization. We collected data from surgical records in
Teikyo University’s electronic medical record system from April | through September
30, 201 3. WVe defined the decision-making unit as a surgeon with the highest academic
rank in the surgery. Inputs were defined as: |) the number of medical doctors who
assisted surgery and 2) the time of operation from skin incision to closure. An output
was defined as the surgical fee. We calculated each surgeon’s efficiency score using
the output-oriented Banker-Charnes-Cooper model of data envelopment analysis.
We compared the efficiency scores of each surgical specialty using the Kruskal-Wallis
and Steel methods. We analyzed 2,825 surgical procedures performed by 103 sur-
geons. The difference in efficiency scores was significant (P=0.0001). The thoracic
surgeons were the most efficient and were more efficient than plastic, obstetric and
gynecologic, urologic, otorhinolaryngologic, orthopedic, general, and emergency sur-
geons (P < 0.05). We demonstrated that surgeons’ efficiency in operating rooms was
significantly different among surgical specialties. This suggests that the Japanese sur-
gical reimbursement scales fails to reflect resource utilization.
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Japan has maintained a universal health insurance system for more than half a
century. Most healthcare providers are reimbursed on a fee-for-service basis
according to a fee schedule that sets prices uniformly at the national level. The
same fee schedule is enforced for all plans and almost all health care providers.'
The current fee-for-service reimbursement system does not formally define which
cost components are covered by the surgical fee. This lack of detail gives surgeons
and physicians the impression that the reimbursement system is unfair. In fact, it
is uncertain whether the prices are appropriate or not.”

Data envelopment analysis (DEA) is a measure of efficiency that takes
account of multiple inputs and multiple outputs. It can be applied to evaluating
outputs while controlling multiple inputs (ie, resources). For example, surgery
should be reimbursed at a high rate if it utilizes a large amount of inputs. On the
other hand, surgery that utilizes a small amount of inputs should be reimbursed
at a low rate. By comparing the efficiency scores that are calculated from DEA,
we can evaluate the fairness of the reimbursement scale in terms of resource
utilization. Although there has been an attempt to establish a fair surgical reim-
bursement scale by cost and markup methods,” there has never been any study
that evaluated the Japanese reimbursement system by applying DEA.

It is essential to judge accurately whether the evaluation of surgeons’ activity
in the published fee scale is appropriate. The purpose of this study is to examine
the current surgical reimbursement system in Japan from the viewpoint of
resource utilization by using actual data.

Methods

The Teikyo University Institutional Review Board approved our study (TU12-
030). Anonymity of the data was strictly maintained by de-identification by the
research team.

Data

Teikyo University Hospital is located in metropolitan Tokyo, Japan, serving a
population of approximately 1 million. It has 1,152 beds and a surgical volume
of approximately 9,000 cases annually. It has 13 surgical specialty departments.
We collected data from surgical records in the Teikyo University Hospital elec-
tronic medical record system. One of the authors (Y.N.) looked up in person all
the surgical procedures performed from April 1 through September 30, 2013, in
the main operating rooms of Teikyo University Hospital and extracted the
necessary information from the electronic medical record system.
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Exclusion criteria for surgery were as follows. First, surgical procedures per-
formed under local anesthesia by surgeons were excluded to equalize resource
utilization. Oral, dermatologic, and ophthalmologic surgical procedures were
excluded because most of their cases were minor surgeries performed under
local anesthesia without anesthesiologists’ involvement, and those under general
anesthesia do not represent the activity of their surgeons. Second, surgical pro-
cedures were excluded if the patients died within one month after surgery, to
maintain the quality of surgery. Third, surgical procedures that were not reim-
bursed under the current surgical payment system were excluded. For example,
experimental surgical procedures using the da Vinci Surgical System were not
covered by the surgical reimbursement system in 2013 and thus were excluded
from our analysis. Fourth, the surgical procedures were excluded if their records
were incomplete for any reason.

Analysis Framework

We employed the output-oriented Banker-Charnes-Cooper model of DEA,
which was particularly relevant because of its ability to employ multiple
mputs and outputs and because it does not require an a priori specification of
a function.* In this analysis, we focused on surgeons’ activity and clinical deci-
sions. A decision-making unit (DMU) is defined as the entity that is responsible
for converting inputs into outputs in DEA.’ In this study, we defined the DMU
as a surgeon with the highest academic rank who scrubbed in the surgery. All the
inputs and outputs are under the control of a DMU. Inputs were defined as: 1)
the number of medical doctors who assisted surgery and 2) the time of surgical
operation from skin incision to skin closure (surgical time).

The output was defined as the surgical fee for each surgery. These are clas-
sified as K0O00-K915 in the Japanese surgical fee schedule and called “K codes.”
Each surgical procedure is assigned to a K code that corresponds with surgical
fees.® The fee is identical regardless of who performs surgery (ie, a senior surgeon
or a surgical trainee, as long as the individual has medical licensure), how many
assistants are used, or how long it takes to complete surgery. Additional reim-
bursements for expensive surgical devices, such as auto-suture devices or ima-
ging navigation devices, were excluded. Other fees for blood transfusion,
medications, special insurance medical materials, and anesthesia were also
excluded. The monetary values of surgical fees were originally expressed in
Japanese yen and were converted to US dollars at $1=100yen to facilitate
understanding by international readers.

We added all the inputs and outputs of the surgical procedures for each
DMU during the study period and calculated his/her efficiency scores using
DEA-Solver-Pro Software (Saitech, Inc., Tokyo, Japan).” The efficiency scores
all lie between 0 and 1, and the most efficient surgeons are given the score of 1.
All the surgeons in the sample are given an efficiency score.®
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All the surgeons analyzed were employees of Teikyo University and salaried
according to their rank and experience without any monetary incentives to
increase surgical volume or efficiency. They belong to one of the following 10
surgical specialty departments: thoracic surgery, cardiovascular surgery, neuro-
surgery, obstetrics and gynecology, plastic surgery, orthopedics, general surgery,
urology, emergency surgery, or otorhinolaryngology. We compiled their effi-
ciency scores in their surgical specialties and calculated their medians, ranges,
and 25-75 percentiles. We excluded from our analysis the surgeons who per-
formed fewer than four cases during the 6-month study period.

Statistical Analysis

We used Excel Statistics 2008 Software (SSRI Co., Ltd., Tokyo, Japan) for our
statistical analysis. We compared the efficiency scores of each surgical specialty
using the Kruskal-Wallis one-way analysis of variance by ranks. By making the
most efficient surgical specialty department as a control group, nonparametric
multiple comparison tests were performed using the Steel method. A P <0.05 .
was considered statistically significant.

Results

We analyzed 2,825 surgical procedures performed by 103 surgeons (DMUs)
during the study period. The demographic data of each surgical specialty are
shown in Table 1. The average number of medical doctors who assisted surgery
was 1.75 per case. The mean surgical time was 147 min/case, and the mean
surgical fee per surgery was $3,676.

The efficiency scores of each surgical specialty are shown in Figure 1. The
difference in efficiency scores was statistically significant (P =0.0001). The sur-
geons at the thoracic surgical department were the most efficient. Three out of
four thoracic surgeons were given the efficiency score of 1. Using the Steel
method, we conducted multiple comparisons by making thoracic surgeons a
control group. The thoracic surgeons were significantly more efficient than plas-
tic (P=0.0461), obstetric and gynecologic (P =0.0461), otorhinolaryngologic
(P=0.0372), wurologic (P=0.0167), orthopedic (P=0.0090), emergency
(P=0.0077), and general surgeons (P =10.0060).

Discussion

We demonstrated that surgeons’ efficiency scores in operating rooms vary sig-
nificantly among surgical specialties. This suggests that the Japanese surgical
reimbursement scales could be unfair in terms of resource utilization; surgeries
that utilize a large amount of resources are not reimbursed accordingly. This is
the first study that evaluated the Japanese surgical reimbursement system
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Table |. Demographic Data.”

Decision-making Time/case  Fee/case
Specialty units Cases Assistants/case (min) (US Dollars)
Thoracic surgery 4 124 1.37 102 6,828
Cardiovascular surgery 5 215 1.65 249 8,670
Neurosurgery 5 128 1.61 185 7,307
Obstetrics/gynecology 8 338 1.98 103 2,996
Plastic surgery 8 168 1.38 142 2,607
Urology 8 217 1.54 124 2,152
Otorhinolaryngology 9 221 1.21 126 2,551
Orthopedics 22 544 211 108 2,631
General surgery 19 497 1.81 211 3,910
Emergency surgery I5 373 1.76 130 2,366
Total and mean 103 2,825 1.75 147 3,676

*Characteristics of each surgical specialty. Assistants/case, time/case, and fee/case are expressed in mean.

using DEA. The current system for the reimbursement of surgical fees in Japan
is extremely vague, providing only total prices, adjusted to cover costs for each
surgery with no explanation of component costs.” This is different from phys-
ician fees in the United States, which are reimbursed according to a resource-
based relative value scale.” The surgical fees must be for surgeons’ activity and
their clinical decisions, and the capital investment or other staff cost should be
reimbursed separately.

Each surgical specialty contains some heterogeneous surgeons, as can be seen
from the wide variation of efficiency scores within the same surgical specialty.
For example, a neurosurgeon who performs intravascular procedures and head
trauma surgery was 40-50% less efficient than a neurosurgeon who performs
only elective open craniotomy. Each surgeon performs only 5-10 types of sur-
gical procedures, and his/her efficiency score depends on the type of surgery in
which he/she specializes. It was impossible to categorize the surgeons into their
subspecialties because of the small sample sizes. However, on average, thoracic
surgeons were more efficient than any other surgeons.

We focused on surgeons’ activity and their clinical decisions because they
influence the total efficiency of operating rooms more than any other factor;
surgeons control most of the human and capital resources. We did not study the
total efficiency or capital investments in the operating room (surgical micro-
scope, laparoscopic instruments, etc.). They are not under the control of indi-
vidual surgeons, and their prices were determined by vendors and hospital
administrators. Moreover, during the operating room time, the longest time
portion is usually surgery, not induction of anesthesia, prepping and draping,
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Figure 1. Box-plot of distribution of efficiency scores by surgical specialty. Medians, ranges
and 25-75 percentiles are shown.

*Indicates the specialty is significantly different from thoracic surgery (P <0.05).

*#ndicates the specialty is significantly different from thoracic surgery (P <0.01).

or turnover time. The cost of 1min of operating room time varies widely
depending on accounting methods.!® Evaluating surgeons’ efficiency is the
most critical in diagnosing and improving the total efficiency of operating
rooms.

We did not take technical difficulty of surgery into consideration in our ana-
lysis. For surgeons’ activity and clinical decisions, although surgical time and the
number of staff are objective measurements, technical difficulty is not.* The
problem of technical difficulty regarding a patient’s condition requires an adjust-
ment by patient or patient group, which made inter-specialty comparison impos-
sible. However, the technical difficulty of patients’ conditions is not under. the
control of surgeons. Moreover, the technical difficulty is expected to correlate
positively with surgical time because the higher the technical difficulty, the
longer the surgery. It is acceptable to eliminate 1 pair of factors that are strongly
positively correlated with each other.!!
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There are some limitations in our study. First, this is a study conducted in a
single, large teaching hospital in Tokyo, Japan. Our surgeons may not represent
all the surgeons in Japan. However, this is the first study to evaluate the
Japanese surgical reimbursement system using actual data by DEA. Second,
we evaluated the relative, not absolute, values of efficiency using DEA. These
relative values will change as the production possibility frontier changes. From
this research, we know that there is an inequity in the Japanese surgical fee
schedule, but we do not know whether we should increase surgical fees for
less efficient surgeons, or decrease fees for highly efficient surgeons. Third, the
medical doctors who assist surgery are usually surgical trainees in teaching hos-
pitals and could be considered an output, not an input. However, we focused on
the reimbursement system, not on the postgraduate medical educational system,
and expected it appropriate to make assistants an input.

In conclusion, we demonstrated by DEA that the Japanese surgical reim-
bursement system fails to reflect resource utilization.
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