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Abstract

Background : This study analyzed the effects of four candidate prognostic factors on length of hospital
stay among inpatients following thyroid cancer resection; specifically, age = 45 years, cervical lymph
node metastasis, impaired calcium metabolism, and postoperative hypothyroidism.

Methods : This was a retrospective study reviewing 434 patients’ medical and claim records (n=434; male
21.0%/female 79.0%, age: 57.31+13.52).

Results : Patients who met one of the four prognostic criteria were more likely to have a longer hospital
stay using acute-care beds than corresponding cases negative for these criteria. Regression analysis
indicated that patient’s length of hospital stay was increased with each factor by the following rates: 1)
14.57% if 45 years or older, 2) 26.24% if positive for cervical lymph node metastasis, 3) 28.79% if positive
for impaired calcium metabolism, and 4) 29.95% if positive for postoperative hypothyroidism. Moreover,
estimations of cumulative probability of length of hospital stay indicate that: 1) 26.6% of the age=45
patient group is expected to be discharged by the 7 th day in contrast to 42.9% of age<45 patient group
(91.0%,97.4% at 14 th day); 2) 16.1% of the cervical lymph node metastasis patient group is expected to
be discharged by the 7 th day in contrast with 30.5% of non-patient group (83.9%,92.8% at 14 th day); 3)
14.8% of the impaired calcium metabolism patient group is expected to be discharged by the 7 th day in
contrast with 30.5% of non-patient group (70.4%,93.6% at 14 th day), and 4) 21.4% of the postoperative
hypothyroidism patient group is expected to be discharged by the 7 th day in contrast with 29.8% of non-
patient group (71.4%,92.9% at 14 th day).

Conclusions : Disorders of calcium metabolism and postoperative hypothyroidism were the most likely
postoperative complications to occur, yet these are not identified as prognostic factors in the Diagnosis
Procedure Combination / Per-Diem Payment System (DPC/PDPS) framework in Japan. The findings
suggest that patients with these two conditions should receive care in beds of a lower, sub-acute
category, and they should be quickly transferred to such beds or, if possible, to outpatient care.

Background

Fifteen years have passed since the introduction of the Diagnosis Procedure Combination/Per-Diem
Payment System (DPC/PDPS) to Japan's payment system for medical services in April 2004. The
schedule, which defines standard reimbursements for acute inpatient care, was initially implemented in
82 hospitals, applying to 66,497 beds; by April 2018, it was expected to expand to 1,730 hospitals and
488,563 beds, reaching over two-thirds coverage of the total 728,393 high-acute-care beds and acute-care
beds (i.e., excluding convalescent and long-term-care beds).

The DPC/PDPS provides a diagnostic category, or DPC, for every eligible disease and condition, with a
“Comorbidity Complication Procedure” (CCP) matrix that specifies the final amounts for reimbursement.
The per-diem prices for medical services in the matrix are set based on DPC data collected by the Ministry
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of Health, Labour and Welfare (MHLW), and are designed to gradually decrease with increased
hospitalization time, as an incentive for acute care hospitals to discharge patients more quickly.

Matsuda (1) who had participated in the DPC/PDPS development project, provided the following
description: “this system is a tool of standardizing and transparency of medical information, and we will
be able to give an insight of medical quality and hospital management” (p. 1). As a result, the
introduction of the DPC/PDPS has hastened the standardization of both costs and processes in inpatient
medical care in Japan (2). Nonetheless, the inherent uncertainty of medical care means there is no
guarantee that such standardization will necessarily eliminate disparities in terms of outcomes. Since
April 2014, secondary diseases have been defined in the CCP matrix, a hierarchical tree diagram, resulting
in additional payment categories for patients with said conditions. This update signifies that the MHLW
concluded these factors to be predictive of extended hospitalization based on data provided by hospitals
using DPC/PDPS. However, this also means that when other conditions occur that affect a patient's
prognosis other than these secondary diseases, even if they were unavoidable or had a high risk of
occurring, they might be incorrectly ascribed to poor-quality acute medical services, inadequate bed
management, or insufficient regional coordination. In addition, discussions of how to improve quality of
care must retrospectively consider the validity of established definitions for secondary diseases and
speculate as to others.

The mortality rates due to thyroid cancer have seen a steady decline while the cancer incidence is notably
increasing in most areas of the world; these trends reflect those observed in Japan (3). The outcome of
thyroid cancer treatment has had an excellent prognosis with the combination of thyroidectomy and
radioactive iodine-131 therapy (4). In Japan, the standard of care is thyroidectomy, and good prognostic
outcomes are observed even in cases with cervical lymph node metastasis (5-8). Previous studies
identified age, tumor size, stage, and cervical lymph node metastasis as prognosis factors of thyroid
cancer (5,9, 10). Furthermore, Bergenfelz A. et al. (11) described the occurrence of re-bleeding (2.1%),
postoperative infection associated with lymph node (1.6%), diagnosed postoperative unilateral paresis of
the recurrent laryngeal nerve (3.9%), and bilateral paresis (0.2%) in patients after thyroidectomy. Moreover,
they described that hypocalcemia treated with vitamin D analog occurred in 9.9% of the patients at the
first follow-up after bilateral thyroid surgery (n = 1,648). The incidence of transient hypocalcemia and
perennial hypocalcemia caused by hypoparathyroidism after thyroidectomy ranges from 6.9-46% (12)
and from 0.9-1.6%, respectively (13). Many studies described the most effective treatment for the high
incidence of postoperative hypothyroidism (14-16).

Given the incidence of postoperative hypothyroidism and hypocalcemia, there is a need to understand the
prognostic factors that potentially extend hospital stays due to postoperative complications.

Methods
Study aim and design
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This was a retrospective study aimed to explore several candidate prognostic factors for extended
hospitalization among inpatients following thyroid cancer resection. Specifically, the candidate factors of
age = 45 years, cervical lymph node metastasis, impaired calcium metabolism, and postoperative
hypothyroidism were investigated. Due to data limitations tumor size, range of thyroidectomy, and cancer
stage could not be examined. The findings could contribute to discussions about optimal care strategies
by identifying postoperative complications under hospitals’ control that could worsen outcomes.

Subjects

The medical and claim data of 434 eligible cases were reviewed. Patients’ medical records were analyzed
if they contained a major diagnostic category (MDC) code of 100020 (Thyroid cancer) (Table 1).
DPC/PDPS is classified by operation type, treatment, and secondary diseases, based on which the CCP is
determined. Patients additionally needed to have undergone an operation classified under “Surgery for
malignant thyroid cancer - resection (K4631) etc.” in the CCP matrix for 100020: Thyroid cancer (Table 2)
in the DPC/PDPS system. The six operations, including K4631, are classified in the same category as
operations warranting immediate medical costs. Although the period surveyed—June 2004 to December
2008—was not recent, it was not expected to impede the analysis, as it is unlikely that the thyroid cancer
patient's profile and treatment would have changed. Moreover, it was considered meaningful to be explicit
about transitable patient profiles and limitations in the data resulting from patient transition to “regional
packaged care” from “hospital packaged care.” There are limitations in the data, because the data were
collected recently for the 2004-2008 period, during which DPC/PDPS was first introduced. All possible
outcomes were included, from complete remission to death. The data analyzed had already been
collected by the International University of Health and Welfare (IUHW), from 21 hospitals participating in
the non-profit DPC Council. The study received the approval of the International University of Health and
Welfare Research Ethics Committee.
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Table 1
100020: Thyroid cancer: Tree diagram (2018-2020 edition)

Type of operation Operation- Operation-  Secondary
treatment1* treatment2 diseases**

No operation No Yes/No Comorbidity
Complication
Yes (types — Procedure
- (CCP):
Types 1-10
Yes: Surgery for malignant thyroid No - -
cancer — resection (K4631), etc.
Yes - -
Yes: Other operations No - -
Yes - -

* K386: Tracheotomy; ** If Operation: “No”, 010120 Idiopathic (mono)neuropathy or 070040 Bone
cancer (excluding spine); if “Yes”: 040040 Lung cancer, ***Type 1: Chemotherapy, radiotherapy, Type
2: oral iodine-131, Type 3: sorafenib tosilate, Type 4: lenvatinib mesylate, Type 5: human thyrotropin
alfa.

Table 2
100020: Thyroid cancer: Surgical categories (2018-2020 edition)

Type of operation K Operation name
code

Surgery for malignant thyroid cancer - K461S  Partial resection of the thyroid gland, total
resection (K4631) etc. removal of thyroid tumor

K461-  Endoscopic partial resection of the thyroid gland,
2S total removal of thyroid tumor

K4631  Surgery for malignant thyroid cancer - resection

K4632  Surgery for malignant thyroid cancer - total and

K463-  sub-total

21 Endoscopic surgery for malignant thyroid cancer
- resection

K463-  Endoscopic surgery for malignant thyroid cancer
22 - total and sub-total

Other operations Other Other operations

Procedure and statistical analysis

First, descriptive statistics were calculated for the 434 eligible cases. The age and hospital stay
distributions were analyzed using Kolmogorov-Smirnov test. Next, for each of the four candidate
prognostic factors—age = 45 years, cervical lymph node metastasis, impaired calcium metabolism, and
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postoperative hypothyroidism—patients were divided into two subgroups (positive/negative status) for
each variable based on their applicability, and compared in terms of descriptive statistics for the length of
hospital stay. Pairwise comparisons of subgroup means were conducted using Levene's test when equal
variance could be assumed, and Welch’s t-test when not. These four factors were selected for three
medical reasons. The first is that comorbidity and complication risks generally rise with age among
thyroid cancer patients; therefore, similar to previous analyses the age cut-off of 45 years was selected (9,
17). The second is that cervical lymph node involvement is a common feature of thyroid cancer; while the
prognosis is generally good, metastasis is still important for severity assessments (17). The third is that
surgical disruption or removal of the thyroid is associated with high risks of postoperative
hypothyroidism and disorders of calcium metabolism (15, 16).

Finally, patients were again divided into respective subgroups according to positive/negative status for
each of the four prognostic factors, and cumulative probability distributions of stay length of hospital
stay were estimated using Kaplan-Meier survival analysis. The “events” assumed by the model were
defined as discharge from a DPC/PDPS-designated acute-care bed or from the hospital. Pairwise
comparisons of the respective subgroups were conducted using Log-rank test. IBM SPSS 26.0J for
Windows was used to perform all statistical analyses.

Results

The age distribution of the entire sample was not normally distributed, and mean length of hospital stay
tends to increase with age. The length of hospital stay distribution was also not normally distributed, with
the most common stays lasting 8—14 days. The samplée’s descriptive statistics are presented in Table 3
show patients'mean age was 57.31 + 13.52 with those above 60 on average requiring extended hospital
stays (Fig. 1). The most common surgery based on the DPC/PDPS code was “Surgery for malignant
thyroid cancer - resection: K4631” (mean patient age: 57.07 + 13.51), followed by “Surgery for malignant
thyroid cancer - total and sub-total: K4632" (57.93 + 14.02). The majority of people had a hospital stay of
14 days (Fig. 2).
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Table 3
Descriptive statistics: Mean age and stay length

Total
(K4631, etc.)

Type of
Operation
(code)

Frequency n=434
(m:91/f:343)

Age* 57.31 %
13.52
(m:58.96 +
13.23
/£:56.87 £

13.59)

8.95+3.69
(m:8.91 +
3.64
/f:8.96 ¢
3.70)

days*

* averaget SD

Partial resection
of thyroid gland,
total removal of
thyroid tumor -
one side
(K4611)

n=66
(m:16/f:50)

58.53 +10.95
(M:63.06 + 12.55
/£:57.08 £10.11)

Partial resection
of thyroid gland,
total removal of
thyroid tumor -
both sides
(K4612)

Surgery for
malignant
thyroid
cancer -
resection
(K4631)

n=201
(m:42/:159)

57.07 £
13.51
(m:56.45 +
13.93
/f:57.23 ¢
13.44)

8.47+273
(m:8.07 +
2.81
/f:8.57 +
2.71)

Surgery for
malignant
thyroid
cancer - total
and sub-
total
(K4632)

n=156
(m:32/:124)

57.93 ¢
14.02
(m:60.16 £
12.51
/f:57.35¢%
14.37)

10.20+4.71
(m:10.34
4.66
/f:10.16 £
4.74)

The findings from the subgroup analysis for the length of hospital stay for each factor suggest that
overall, patients positive for a factor tended to remain in acute-care beds for considerably longer than
patients in the corresponding negative subgroup (Table 4).
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Table 4
Descriptive statistics: Length of hospital stay by prognostic factor

Positive Negative 3]
frequency days(” frequency days“) P

Age =45 years n=357 9.18+3.77 n=77 7.87 0.005  ***
3.06 ®)

Cervical lymph node n=31 10.97 n=403 8.79% 0.0071  ***
metastasis 3.49 3.66 3)

Impaired calcium metabolism n=27 11.78 n =407 8.76 + 0.001  ***
4.33 3.57 )

Postoperative hypothyroidism n=14 12.36 n=420 8.83+ 0.000  ***
3.99 3.63 ®)

1) Days (mean = SD); (2) Significant differences indicated by *** (p<0.01), ** (p <0.05), and * (p <
0.10); (3) Leveness test, (4) Welch's t test.

The estimated effects of the four prognostic factors on the study outcome—length of hospital stay in
days—are presented in Table 5. The estimation equation was as follows:

InD ;=1.958K0.136A00.233CL00.253CM00.262PHCE;

A: age, CL: cervical lymph node metastasis, CM: impaired calcium metabolism, PH: postoperative
hypothyroidism

Table 5

Estimation results of length of hospital stay associated prognostic factors with an adjusted R? of 0.511
(n=434) Coefficient Standard Error tvalue p value
Intercept 1.958 0.045 43282 <0.001
Age = 45 years (dummy) 0.136 0.050 2.736 0.006 kK
Cervical lymph node metastasis (dummy)  0.233 0.073 3.172 0.002 kK
Impaired calcium metabolism (dummy) 0.253 0.079 3.179 0.002 Fkk
Postoperative hypothyroidism (dummy) 0.262 0.109 2.414 0.016 *x
Significant differences indicated by *** (p <0.01), ** (p < 0.05), and * (p < 0.10).

All variables were found to be statistically significant. In addition, the patient’s length of hospital stay was

increased by each factor; the following rates were obtained by exponentiating the respective

unstandardized coefficient: 1) 14.57% if 45 years or older in age, 2) 26.24% if positive for cervical lymph
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node metastasis, 3) 28.79% if positive for impaired calcium metabolism, and 4) 29.95% if positive for
postoperative hypothyroidism.

Based on these estimates, patients were again divided into respective subgroups according to
positive/negative status for each of the four factors, and their length of hospital stay compared utilizing
cumulative probability curves. Overall, the profiles show significant differences between each pair, with
“positive” patients most likely to remain in acute inpatient care at any given time than “negative” patients
for each factor. The details of the results were as follows:

1. It is expected that 26.6% of the aged = 45 patient group would be discharged by the 71" day of
hospitalization in contrast to 42.9% of the age<45 patient group discharged a week later (91.0%,
97.4% at 141 day) (Figure 3);

2. It is expected that 16.1% of the cervical lymph node metastasis patient group would be discharged
by the 7t day of hospitalization in contrast to 30.5% of the non-lymph node patient group
discharged a week later (83.9%, 92.8% at 14™" day) (Figure 4);

3. It is expected that 14.8% of the impaired calcium metabolism patient group would be discharged by
the 7t day of hospitalization in contrast to 30.5% of the non-impaired patient group discharged a
week later (70.4%, 93.6% at 14! day) (Figure 5); and

4. It is expected that 21.4% of the postoperative hypothyroidism patient group would be discharged by
the 7t of hospitalization day in contrast to 29.8% of the non-postoperative hypothyroidism patient
group discharged a week later (71.4%, 92.9% at 14" day) (Figure 6).

Discussion

In this study, patient clinical data were retrospectively analyzed with the objective of evaluating several
potential prognostic factors in thyroid cancer patients eligible for surgical intervention. The primary
outcome—days until discharge from hospital—was found to be prolonged in the presence of all four
factors tested: age = 45 years, cervical lymph node metastasis, impaired calcium metabolism, and
postoperative hypothyroidism.

Japan’s DPC/PDPS provides an incentive for hospitals to systematically discharge patients more quickly.
However, none of the four factors examined here are avoidable ones. First, patient age cannot be
controlled by the hospital. Second, if already present at admission, complications due to lymph nodes
cannot be avoided by any hospital, even by the highest quality of care. Nonetheless, one can still argue
for its validity as an indicator of cancer staging in the DPC/PDPS, which assesses fees based in part on
disease severity. The incidence of Disorders of calcium metabolism and postoperative hypothyroidism,
on the other hand, lack designated payment categories in the CCP matrix; the DPC/PDPS records them
separately in the field of secondary diseases, despite the high likelihood of these postoperative
complications following thyroid cancer resection.
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Disorders of calcium metabolism had the strongest connection with thyroid cancer resection, giving it the
highest explanatory power among the factors examined, and is consistent with the findings described by
Bilezikian et al. (13) and Suzuki and Takeuchi (12). These conditions develop when the gland is damaged
or lost, causing calcium serum levels to drop dramatically and a resulting shortage of thyroid hormone.
Symptoms include numbness in the hands and lips, systemic spasms, delirium, and hallucinations;
severe cases may go on to develop heart failure or encephalopathy. In addition, thyroid cancer resection
is assumed to have a strong association with postoperative hypothyroidism. Loss of the gland leads to a
shortage of thyroid hormone, slowing metabolic function throughout the body: psychological symptoms
that may be observed include drowsiness, impaired memory, depression, and lethargy. Other symptoms
can include dry skin, hair loss, local swelling, and hoarseness due to cellular metabolic disruption,
decreased Gl motility (constipation), cardiac dysfunction (bradycardia), and general malaise (15, 16).
This prognostic factor especially has high explanatory power among patients not treated by surgical
intervention, in whom it develops as sudden hypothyroidism.

The exclusion of these conditions from the CCP matrix may reflect a decision by the MHLW that these
postoperative complications should not be treated in DPC/PDPS-designated beds, for acute inpatient
care. However, Matsuda (2) who had participated in the DPC/PDPS development project describes
“length of hospital stay merely indicates one of the indexes of outcome” (p. 142), and “appropriate length
of hospital stay should be determined by medical diagnosis and the patient’s intention” (p. 142). The
outcome of this study suggests that the incidence of these two conditions after thyroid cancer resection
can be interpreted to reveal a mismatch between these patients’ clinical status and bed function as beds
covered by DPC/PDPS is for acute inpatient care. The survey data was collected during the period in
which DPC/PDPS was first introduced and characterized by “hospital packaged care,” not during the
recent era of “regional packaged care,” which has produced great strides in community-based integrated
care.

This is likely why patients with these two conditions continued to receive treatment in beds intended for
acute inpatient care during this time frame. Nonetheless, these patients should still be receiving care in
beds of a lower, sub-acute category, given the ideal of matching patients of a given clinical status with
hospital beds of a suitable category based on the stages of political promotion of regional packaged care
and functional differentiation of hospitals in Japan (17). Were this possible, developing impaired calcium
metabolism or postoperative hypothyroidism after an operation could reduce the average stay of such
patients in acute-care beds. Matsuda (1) states that “medical care, long-term care, and prevention of
disease should not be affected by regional conditions and accessibility,” (p. 1) and Chikugo (18) states
that “one of the barriers of promoting community-based integrated care is shortage of care staff in many
areas in Japan” (p. 81).

Patients with impaired calcium metabolism or postoperative hypothyroidism after an operation cannot
always be discharged earlier from all hospitals because of staffing issues and the availability of suitable
hospital beds. However, the study had some limitations: 1) Inherent limitations and risk of bias due to the
study design were present i.e., registry-based and database studies (with retrospective design), 2) the
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data presented is from 2004 to 2008 and may not be representative of current practices or population
characteristics, 3) there might be residual confounding given that the regression models contain only a
few variables i.e., not including tumor size, range of thyroidectomy, and stage of cancer, and 4) the results
cannot be generalized to other populations (the necessity of re-examining national data). Although there
were limitations to this study, four prognostic factors of prolonged hospitalization following surgery for
thyroid cancer were identified, namely: age = 45 years, cervical lymph node metastasis, impaired calcium
metabolism, and postoperative hypothyroidism. The findings support the conclusion that patients who
develop disorders of calcium metabolism or postoperative hypothyroidism after an operation should be
transferred to a different bed type or, if possible, to outpatient care. The author hopes that the study
findings give readers an opportunity to re-consider optimal acute care strategies in Japan.

Conclusions

This study analyzed the effects of four candidate prognostic factors on hospital stay length among
patients indicated for surgery to treat thyroid cancer: age = 45 years, cervical lymph node metastasis,
impaired calcium metabolism, and postoperative hypothyroidism. Patients meeting one of these criteria
were more likely to stay in acute-care beds for longer than corresponding cases negative for the criterion.
Notably, the findings suggest that patients who develop disorders of calcium metabolism or
postoperative hypothyroidism after an operation should be transferred to a different bed type or, if
possible, to outpatient care, to ensure that patients of a given clinical status are matched with hospital
beds of a suitable category.

Abbreviations

DPC/PDPS

Diagnosis Procedure Combination / Per-Diem Payment System
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