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i) probability of hospitalization on the Xth day
Once GM and GSD were estimated, the probability of a
patient being hospitalized for a length of X days is
expressed by a probability function of the estimated log-
normal distribution and the probability of a patient being
hospitalized for a length of one to X days is expressed
by a cumulative probability function of log-normal
distribution. Then, the probability of a patient hospitalized
on the Xth day is expressed as I-cumulative
probability (X-1) because patients whose LOS is X-1 days
or less are discharged before the Xth day. Using an
Excel function, it is expressed as:
1-LOGNORMDIST(X-1,GM,GSM)

ii) estimation of per-case charges

Let the per-diem price of DPC on the X, day be Hx
then the total price of a hospitalization of a given DPC is
(max is the maximum LOS of each DPC):

MZM (Hx+ (1— LOGNORMDIST(X - 1, GM, GSD))
x=1

iii) estimation of average point charges

Reimbursement rate of DPC is expressed in points and
must be multiplied with point charge to translate it into
yen amount. Historically, Japan’s health insurance system
has fixed a point at 10 yen. However, in DPC system,
each hospital is assigned a different point charge. The
average point charge was estimated by weighted average
of entire hospitals (N=1,634) using the number of DPC
cases as weight.

iv) estimation of surgical charges
DPC does not include surgery and anesthesia and they
are reimbursed separately on a feefor-service basis
(point charge is set at 10yen). Surgical fees were
estimated separately from DPC database. The DPC
database included the number of cases for which
surgeries are performed by Japan’s local surgical coding
(KCODE).
For example, appendectomy is defined by the following
ICD-9-CM coding:
47.01 Laparoscopic appendectomy
47.09 Other appendectomy
47.11 Laparoscopic incidental appendectomy
47.19 Other incidental appendectomy
The above ICD-9-CM coding is translated into the
following Japan’s KCODE
K718-01 Appendectomy without peripheral abscess
K718-02 Appendectomy with peripheral abscess
K718-21 Laparoscopic  appendectomy  without

peripheral abscess

K718-22 Laparoscopic appendectomy with peripheral

abscess

The above KCODEs are performed in a total of 48,598

cases spreading over 38 DPCs, of which DPC
“060150xx02xx0x” accounts for 38,605 cases (79.4%)
followed by “060150xx02xx1x” with 8,440 cases (17.4%).
The first six digits denote the most resource-intensive
diagnosis: “060150”, “appendicitis” and the last but one
digit from right: ‘0’ and ‘1’, denotes the absence/presence
of secondary diagnoses. The total cases of these two
DPCs were 39,211 and 8,790 respectively. Although
appendectomy is by far the most common procedures
performed on patients with appendicitis, some of them
are performed with different surgical procedures such as
surgeries for acute pan-peritonitis. Since OECD defines
surgical cases based on types of surgical procedures, per-
case price as well as average length of stay of 38 DPCs
had to be collated using the number of appendectomy as
weight (actually the least frequent 13 DPCs had only one
appendectomy each).

ITI. Results

The average point charge was estimated as 10.96 yen
per point. The total charges of DPC-PDPS cases (N=
8,310,372) was estimated to be 3.756 trillion yen or
451,981 yen per discharge (US$4520 when $1 = ¥100).

The results of the number of cases, average length of
stay (ALOS) and hospitalization prices converted into
USS ($1=%¥100) are presented in [Tablel], [Table2] and
[Table3] respectively incorporating the results from 12
OECD countries to allow international comparison. In
[Table2] and [Table3], the ranking of Japan in OECD
countries which provided data is also included.

As for ALOS, Japan is known as a country with the
longest ALOS. True, Japan ranked as the 1st in 19 of 24
case types. It is noteworthy that Japan’s ALOS is shorter
than US in inguinal hernia repair. As for prices, Japan
ranks in the upper half of OECD countries in most case
types. It is noteworthy that Japan’s hospital is more
expensive than US in three internal medicine case types:
cholelithiasis, heart failure and pneumonia. This may be
explained by Japan’s long ALOS.

IV. Discussion

Analyzing DPC data, we were able to provide
internationally comparable prices of hospitalization of
Japan. So far, Japan has not been used to capture the
price of an entire hospitalization from admission to
discharge.

Our findings revealed that Japan's hospitals occupy
higher end of the price lists of OECD countries. Japan’s
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Table 1 The number of cases (2011 for Japan, 2007 for other countries)

Code Case AUS  CAN  FIN  FRA  GER ISR ITA KOR NOR POR SLV SWE  USA  JPN
IMO1 Acute myocardial infarction 23330 17608 2013 1304 74481 5737 3840 15727 7701 1447 15015 297521 7246
IMO02 Angina pectoris 37865 3258 1070 1892 4613 1642 3227 1834 9980 23417 187701
IMO03 Cholelitiasis 16830 5076 648 3684 22351 9848 2477 6471 5295 6628 1657 4883 76382 22258
IM0O4 Heart failure 33361 29050 2210 19826 269216 37022 10081 8856 8098 14610 3106 19667 774790 169430
IM06 Malignant neoplasm of breast 2336 356 628 1665 53763 2960 311 28533 3130 1044 2656 1998 7534 34969
IM07 Malignant neoplasm of bronchus and lung 13014 3689 761 8255 152450 3193 2387 43279 8621 4163 1194 4416 79434 189905
IMO09 Pneumonia BOZ88 25922 4333 19038 221028 27201 8827 170652 26056 38131 3918 22885 1046752 253890
1502 Appendectomy 20439 24433 1786 6108 100834 7756 3010 69089 4760 11050 1839 8880 203502 48508
1803 Caesarean section 56556 74072 3204 13467 198385 22905 41 1135234 0671 27306 2790 17991 1451359 53053
1504 Cholecystectomy 25044 19589 1233 7613 153563 5022 4646 20626 6383 15880 4216 7460 372598 103663
1805 Colorectal resection 10595 21077 570 4043 3381 1428 4860 7350 1 5110 280959 91514
1506 Coronaryartery bypass graft 4388 10733 439 2656 28494 2699 732 1889 2873 2630 528 3730 192107 14886
1508 Discectomy 962 4853 1208 2045 924 2446 40052 2630 513 3990 123387 18535
1809 Endarterectomy:vessels of head and neck 1819 2632 77 40 728 1289 111 503 124 892 113390 18535
1512 Hipreplacementitotal and partial 13810 26727 1748 8335 159220 2172 54B4 29949 7707 5057 18296 384497 28748
1513 Hysterectomy:abdominal and vaginal 14203 32999 1420 4301 82337 2801 333 24940 11017 1082 7228 508943 55976
1514 Knee replacement 11699 36017 1260 2865 140812 1892 1869 21173 4665 1255 8987 585500 29544
1516 Mastectomy 8567 7012 686 3239 725 414 6730 1316 2771 273 1917 68211 61965
IS17 Open prostatectomy 16226 7159 177 2467 1077 118 147 2657 269 2467 86974 17391
1519 Perc transluminal coronary angioplasty (FTCA) 17276 17459 463 13267 10365 10362 6842 4268 10300 7579 1097 15254 660217 243024
1820 Peripheral vascular bypass 4389 3282 320 803 1077 924 793 1138 66 583 61568 10995
1522 Repair of inguinal hernia 17187 10633 887 7139 8087 1582 25288 2183 14333 3392 3917 32330 105190
1523 Thyroidectomy 4162 8006 467 BI7H 1333 281 17231 1125 4677 200 2123 46917 22455
1824 Transurethral resection of prostate (TURP) 9071 13342 575 2570 58588 1714 1916 2940 4103 2330 537 4869 68241 21645
TOTAL 422426 416784 28273 142697 1725687 166129 62920 657148 94814 201717 37051 192547 7636530 1811116

Table 2 Hospitalization prices in US dollars (2011 for Japan, 2007 for other countries, $1==\100)

Code Case AUS CAN FIN FRA GER ISR ITA KOR NOR POR SLV SWE USA JPN  Japan's rank
IMO03 Cholelitiasis 2521 2006 3955 2279 1602 1211 5536 2410 1976 2960 5969 6567 1thin 15
IM04 Heart failure 5100 3684 5215 3922 1656 6245 1475 7678 4606 2511 4263 5696 5812  3thin 16
IM09 Pneumonia 4817 3669 6584 3504 1727 4830 976 8201 3299 2487 4100 5893 5942 3thin 16
1517 Open prostatectomy 7552 7797 7948 9405 3391 4698 5115 5296 10368 13025 8103 4thin 14
IMO07 Malignant neoplasm of bronchus and lung 5097 3503 4495 3050 1764 1839 7607 3610 2655 6460 9086 5116 4thin 15
1S13 Hysterectomy:abdominal and vaginal 7135 5742 3989 6412 4163 2909 2984 2877 2889 7612 7313 6741 4thin 15
1804 Cholecystectomy 5615 6350 4484 6927 3728 3185 5406 3683 11324 4078 2343 5844 10487 6904 4thin 17
1S08 Discectomy 14055 6909 5267 5518 6815 4464 6313 3781 8139 8007 6368 6thin 14
1803 Caesarean section 7092 4820 4808 5820 3732 2002 1957 10593 1998 3113 6375 7449 5011  6thin 16
1805 Colorectal resection 16653 14831 11846 17473 7335 7048 10120 7188 15404 17289 10892 7thin 14
1516 Mastectomy 5525 5455 4761 6668 3305 3987 7093 3443 2960 5549 9297 4881 T7thin 15
IMO1 Acute myocardial infarction 4245 5163 5439 4626 3093 8287 1174 6238 3091 4540 7579 4307 8thin 15
1512 Hipreplacement:total and partial 15918 11983 10834 11162 8399 7950 9022 10869 7628 11568 17406 9152  8thin 15
1823 Thyroidectomy 6000 5050 4919 4854 2023 2785 7333 3636 2669 6126 7483 4257 8thin 15
1806 Coronaryartery bypass graft 21698 22694 23468 23126 14067 15488 16577 32111 17133 12281 21218 34358 20219  8thin 16
1524 Transurethral resection of prostate (TURP) 5239 4548 4183 4986 3733 2144 5474 2155 6041 2277 2404 4403 6625 4297 8thin 17
IMO02 Angina pectoris 2074 3466 3007 1973 3299 1838 2256 3647 1702 9thin 12
1S20 Peripheral vascular bypass 19570 14296 18162 14790 9870 8371 10840 6781 14140 16657 8990 9thin 14
1S14 Knee replacement 14608 9910 9931 12424 10011 8272 9222 10319 7652 10348 14946 9301 Gthin 15
IM06 Malignant neoplasm of breast 3254 3596 3425 2293 1621 7130 1331 6726 4643 1643 4393 6947 2858 Othin 16
1S09 Endarterectomy:vessels of head and neck 9458 8502 8494 11578 10136 6665 8153 4085 10192 8371 6368 10thin 14
1522 Repair of inguinal hernia 3093 4489 2904 3327 1799 5026 1986 5107 2646 1287 4041 8917 2307 10thin 16
1802 Appendectomy 5044 5004 3739 4558 2943 1726 5647 1594 5989 3502 2145 4961 7962 3175 10thin 17
1519 Percutancous transluminal coronary angioplasty (PTCA) 7131 9277 5574 7027 3347 7814 10063 10254 7942 8001 3250 9296 14378 5767 11thin 17

Table 3 Average length of stay (2011 for Japan, 2007 for other countries)

Code Case AUS CAN FIN FRA GER ISR ITA XOR NOR POR SIV SWE USA JPN Japan's rank
1805 Colorectal resection 11.96 10.85 8.40 18.05 11.09 13.80 16.94 16.20 21.00 9.60 9.76 25.04 1stin12
1S08 Discectomy 7.96 267 340 566 418 479 1179 596 814 444 215 1836 1stin12
IS17 Open prostatectomy 4.79 351 594 933 731 511 13.99 9.12 11.67 432 242 1705 1stinl2
1520 Peripheral vascular bypass 7.27 994 879 1697 11.85 973 17.87 2118 14.82 772 7.9 2423  Istin12
IMO1 Acute myocardial infarction 435 625 522 712 780 546 827 447 848 650 4.25 441 1238 lstin13
IS12 Hipreplacement:total and partial 940 699 596 12.89 1400 878 10.85 20.36 1235 1223 7.22 4.67 2883 1stin 13
1S13 Hysterectomy:abdominal and vaginal 402 3.01 215 641 700 559 505 730 593 9.00 400 257 1272 1stin13
IS14 Knee replacement 718 4.69 528 11.22 1410 8.09 9.38 20.05 1047 1147 600 3.64 29.86 1stin 13
1523 Thyroidectomy 230 190 174 375 389 358 669 360 392 364 186 1.88 10.05 1stin13
IMO03 Cholelitiasis 3.04 379 314 615 510 380 727 564 398 701 496 297 372 11.30 Istin 14
IM04 Heart failure 641 732 703 9.16 1070 4.19 846 851 580 957 876 513 4.93 22.08 1stin14
IMO07 Malignant neoplasm of bronchus and lung 586 10.67 652 686 6.10 4.03 1070 6.00 690 1246 412 7.80 642 1515 1Istinl4
IM09 Pneumonia 568 583 612 973 930 441 959 677 664 1063 743 461 4.88 1321 Istinl4
IS02 Appendectomy ' 297 316 229 515 490 326 445 585 292 491 494 240 274 7.83 1stinld
1803 Caesarean section 484 329 473 7.67 720 508 690 665 600 461 830 395 3.60 1348 1stinl4
1804 Cholecystectomy 283 411 283 712 670 323 544 793 420 620 462 242 457 1497 1stinld
1S06 Coronaryartery bypass graft 938 10.05 9.06 1500 11.70 10.65 13.05 1545 9.05 1281 14.66 7.33 9.36 29.68 1stin14
1519 Percut transluminal coronary angioplasty PTCA)  3.32 3.94 299 513 400 370 558 939 245 601 479 254 270 1028 Istinl4
1S24 Transurethral resection of prostate (TURP) 358 293 340 683 7.70 435 506 730 383 685 803 266 3.04 1072 1Istinld
IS09 Endarterectomy:vessels of head and neck 515 312 377 9.59 506 4.52 20.42 827 818 391 255 1836 2ndin12
IS16 Mastectomy 292 204 243 682 406 4.64 1148 436 697 982 236 221 1011 2ndin13
1S22 Repair of inguinal hernia 135 273 180 346 1.82 397 571 235 282 290 166 723 684 2ndinl3
IMO06 Malignant neoplasm of breast 365 1065 441 468 4.00 378 1016 421 483 816 1.96 593 585 861 3rdinld
IM02 Angina pectoris 232 268 4.05 407 3.03 448 176 314 196 194 3.80 4stinll
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length of stay is still long and it is considered to be a
major reason why Japan’s hospitals are more expensive
than OECD standards. These results suggest that Japan’s
hospitals need more efficiency through shortening the
length of stay.

There are some limitations to this study. The data year
was 2011 while the data of other countries were of 2007.
This was inevitable because DPC participating hospitals
were not as many as they are today. Also in that year, only
six months data were collected. For the first time in
FY2011, data covering an entire year were collected from
1,634 DPC participating hospitals. The sheer sample size
of 8,310,372 discharges is only second to the US and
almost comparable to Germany according to [Tablel]
making it sufficiently large to enable international
comparison.

Another limitation is that prices are converted into US$S
under the current exchange rate ($1=%¥100) and is
amenable to the fluctuation of exchange rate. OECD
advocates using PPP for international comparison
incorporating consumer prices. Unfortunately, we did not
attempt to calculate PPP in this study.

And, most importantly, DPC data do not cover the
entire Japan’s acute admissions. Only acute care
hospitals fulfilling certain requirements (such as the
number of medical and nursing staff per bed) are
permitted to use PDC PDPS. Still, nearly half of acute

care admissions occur in non-DPC hospitals, one cannot
generalize the findings from DPC data to the entire
country.

Despite the above limitations, our estimates of per-case
hospital charges are pioneering in nature and will bring
about various implications for not only international
comparison but also for domestic health policy
development.
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A STUDY ON SECONDARY MEDICAL CARE DISTRICT FROM THE VIEWPOINT OF THE
ACCESSIBILITY AND CONSULTATION RATE

A case study on secondary medical district of Tochigi Prefecture
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In recent years, there are many inflow and outflow of patients beyond the boundary of secondary medical care district.

Therefore, this study aims to examine the validity of secondary medical care district from the viewpoint of accessibility of

patients. The analysis is carried out to evaluate the grade of completeness of consultation behavior in secondary medical

care district by measuring the accessibility of patients to medical facilities located in the nearest neighborhood from their

residence. As the result, it is revealed that more number of outflows of patients are found in urban areas than mountainous

areas. This fact will show the necessity of reviewing current secondary medical care district boundary.

Keywords: Accessibility, Consultation Rate, Secondary Medical Care District, Regional Medical System, GIS
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