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THYROID SURGERY

National Trends and Factors Associated
with Hospital Costs Following Thyroid Surgery

Vincent L. Biron, Heejung Bang,? D. Gregory Farwell® and Arnaud F. Bewley®

Background: Medical costs in the United States have been increasing disproportionally to gross domestic
product, raising concerns about the sustainability of U.S. healthcare expenditures. Care of patients with thyroid
disease has been identified as an area of medicine where cost increases have been pronounced.

Objectives: The goals of this study were to identify potential drivers of the cost of hospitalization following
thyroid surgery, and to understand which of these factors may be contributing to observed increases in cost from
2003 to 2011.

Methods: A retrospective cross-sectional analysis of discharge data from the Nationwide Inpatient Sample
(NIS) database for all admissions following thyroid lobectomy or total thyroidectomy in the years 2003, 2007,
and 2011 was performed. Multiple regression analysis via a weighted generalized linear model was used to
identify factors that were independently associated with high cost of hospitalization. Trend as well as subgroup
analyses were then performed to identify which of these factors could be contributing to increasing costs.
Results: There were 47,854 hospital admissions following total thyroidectomy or thyroid lobectomy identified
in the years 2003, 2007, and 2011. The aggregate national cost of hospitalization increased from $198 million in
2003 to $373 million in 2011 in inflation-adjusted 2011 dollars. The weighted mean cost of hospitalization
following thyroid surgery increased from $6154 to $8982 from 2003 to 2011 in inflation-adjusted 2011 dollars.
Higher comorbidity score, total thyroidectomy, lymphadenectomy, western region, rural region, and certain
postoperative complications were the factors most highly associated with increased hospital costs. Of these, an
increasing proportion of patients with higher severity of illness score and an increasing proportion of patients
undergoing total thyroidectomy and lymphadenectomy were implicated as the most likely contributors to the
cost increases. The rate of total thyroidectomy and lymphadenectomy was found to be increasing for patients
with both benign and malignant thyroid disease.

Conclusions: According to the NIS data set, costs associated with hospitalization after thyroid surgery in-
creased markedly from 2003 to 2011. This increase could be in part due to a growing proportion of sicker
patients undergoing more extensive surgery, but a number of confounders in this study limit the conclusions.
Further analysis of factors that could be associated with the rising costs of inpatient thyroid surgery should be
undertaken.

Introduction

THE PAST TWO DECADES have been marked by changing
trends in the surgical management of thyroid disease in
the United States. With the rising incidence of thyroid cancer,
there has been an increase in the volume of thyroid surgery,
with a shift toward total thyroidectomy versus thyroid lo-
bectomy (1-6). In an effort to improve patient outcomes and
increase centralization, thyroid surgery has been increasingly

performed by high-volume surgeons (4,5,7). With economic
pressures in recent years, there has also been a shift to perform
more outpatient thyroid procedures, especially in healthy
patients with benign disease or those requiring only thyroid
lobectomy (1,3,5,6,8-12).

The surgical management of thyroid disease has become a
significant economic burden in the United States. From 1996
to 2006, hospital charges from inpatient thyroidectomy for
thyroid cancer have tripled on an aggregate basis and more
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than doubled per capita (5,8,13,14). The increasing use
of novel surgical instruments, the rising incidence of well-
differentiated thyroid cancer, changing inpatient character-
istics, and complication rates have been shown to have a
significant financial impact on thyroid surgery (3,8-11).
However, the main drivers of inpatient thyroid surgical costs
remain largely unknown on a national level.

The objective of this study was therefore to utilize hospital
discharge data from the Nationwide Inpatient Sample (NIS)
to identify trends and primary drivers of cost attributed to
thyroid surgery. It was hypothesized that the cost of thyroid
surgery is increasing and can in part be attributed to the
changes in the characteristics of inpatients undergoing sur-
gery and changes in the types of surgery they are undergoing.

Methods

A cross-sectional analysis of hospital admissions following
total thyroidectomy or thyroid lobectomy was performed using
discharge data from the NIS, Healthcare Cost and Utilization
Project (HCUP), and Agency for Healthcare Research and
Quality (AHRQ) (15). The NIS is the largest all-payer inpa-
tient care database in the United States, containing data from
approximately eight million hospital stays each year from a
stratified sample of 20% of non-federal U.S. hospitals in par-
ticipating states. The International Classification of Disease,
9th revision (ICD-9) codes were used to identify all inpatient
hospital stays for which the primary procedure listed was
thyroid lobectomy or total thyroidectomy in the years 2003,
2007, and 2011 (Table 1).

Data were analyzed using SPSS Statistics for Windows
v22 (IBM Corp., Armonk, NY). Variables with missing data
for >10% of the populations were coded with a dummy
variable to represent the missing data in regression analyses.
Weights were applied to all data when calculating national
estimates of admission characteristics, cost trends, and means.
The “‘complex samples” function available within SPSS was
used to account for weights and stratification during all

TaBLE 1. ICD-9 DIAGNOSTIC AND PROCEDURE
CODES FOR INCLUDED CASES

Diagnostic codes

193

241.1, 226, 241.0, 245.2,
242.00, 240.9, 241.9,
242.20, 246.2, 242.10,
242.11, 242.21, 242.30,
242.90, 242.40, 245.9,
242.31, 246.1

246.9, 246.8, 237.4, 239.7

Thyroid malignancy
Benign thyroid disease

Other thyroid disease
Procedure codes

Total thyroidectomy 62
Thyroid lobectomy 64
Lymphadenectomy 403, 404.0, 404.1, 404.2,

405.0, 402.1

Complications codes
Hypocalcemia
Postoperative infection
Postoperative hemorrhage
Other procedural
complication

275.41, 275.49

998.5, 998.51, 998.59

998.1, 998.11, 998.12, 998.13
998.8, 998.81, 998.89, 998.9
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regression analysis. This protocol was exempt from review by
the Institutional Review Board of the University of California,
Davis.

Cost was examined as our dependent variable. Hospital-
related charges for each index admission were converted to
the organizational cost per index case of providing care using
cost-to-charge ratios provided by AHRQ for individual hos-
pitals (16). Costs were then adjusted to 2011 U.S. dollars
using data from the U.S. Bureau of Labor Statistics (17).
Weighted means and confidence intervals (CIs) were calcu-
lated for inpatient hospital costs in each of the studied years.
A one-way analysis of variance (ANOVA) test was utilized to
assess the significance of differences between these means.

The independent variables included demographic factors,
diagnostic and procedural information, hospital charac-
teristics, and the occurrence of postoperative complications.
Inpatient admission in the NIS data set is defined as any ad-
mission to hospital regardless of length of stay (LOS). Patients
admitted for observational stays of less than 24 h have a LOS
of 0. For each hospital admission, a diagnosis-related group
(DRG) severity of illness classification is assigned by the
AHRQ and recorded in the NIS database. This classification
system is used by the AHRQ to stratify the extent of an indi-
vidual’s physiologic decompensation or organ system loss of
function at the time of admission. Cases with a DRG severity
of illness score of 3 or 4 were combined into a single subgroup
given their limited numbers. ICD-9 diagnostic codes for thy-
roid disease were used to categorize patients as having benign,
malignant, or other thyroid disease. Cases in which some type
of lymphadenectomy in addition to thyroid surgery were
identified using ICD-9 procedural codes for all types of con-
current lymphadenectomy (Table 1).

Hospital characteristics including size (small, medium,
large), geographic location, urban/rural location, and teach-
ing status were directly available from the NIS database.
Hospital bed-size categories are defined by the NIS with in-
tegration of region, urban—rural designation, and teaching
status. The number of beds listed for these categories varies
according to these factors and is listed at www.hcup-us
.ahrq.gov/db/vars/hosp_bedsize/nisnote.jsp. The occurrence
of postoperative surgical complications was determined by
screening for ICD-9 diagnostic codes assigned for hypocal-
cemia, postoperative wound infection, postoperative hem-
orrhage, as well as “‘other procedural complication’’ (Table
1). Weighted mean costs were then compared for different
demographic, diagnostic, procedural, and hospital charac-
teristic and postoperative complication groups. This was
done for the years 2003, 2007, and 2011 in order to explore
cost trends. One-way ANOVA and independent 7-tests were
used to assess the significance of differences between
means.

A generalized linear model (GLM) was used to identify
factors that were independently associated with high hospital
costs. A log-link was used, given that cost data were not
severely skewed. This analysis was performed for the years
2003, 2007, and 2011 in order to evaluate for persistence of
associations over the studied years. Factors were considered
relevant high-cost associated factors if they were highly
correlated (beta coefficient >1) with increased cost over two
of the three sampled years (Table 2).

Trends in the number of admissions with high-cost asso-
ciated factors were then analyzed in order to determine which
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TABLE 2. GENERALIZED LINEAR MODEL OF FACTORS
ASSOCIATED WITH HospPITAL COSTS

2003 2007 2011

Intercept 8.264 8.546 8.749
Patient characteristics beta beta beta
Male sex 0.086* 0.081°* 0.063*
Age >50 years 0.004 -0.013 -0.026
Black 0.139%* 0.078* 0.080%*
Hispanic 0.182%* 0.073* 0.045
Asian 0.082  —-0.007 0.092%*
Lower middle income 0.005 -0.018 0.022

quartile®
Upper middle income —-0.001 0.017 0.027

quartile®
Highest income quartile®  —0.001 0.045 0.036
Diagnosis/procedure
Comorbidity score 2 0.213%* 0.190%* 0.153%*
Comorbidity score 3 or 4 1.203* 1.202%* 0.855*
Malignant diagnosis 0.040% 0.046* 0.067*
Total thyroidectomy 0.111* 0.125% 0.041*
Lymphadenectomy 0.216* 0.303* 0.192*
Hospital characteristics
Bed size small -0.049 0.029 0.163%*
Bed size medium 0.069* —0.136* 0.109*
Teaching hospital 0.039 0.076* 0.005
Midwestern region 0.139%* 0.086* —0.087*
Southern region 0.171%* 0.087* —-0.097*
Western region 0.243%* 0.152% 0.093*
Rural region 0.127* 0.161%* 0.057
Complications
Hypocalcemia 0.035 0.048 0.067
Wound infection 0.353 0.611 0.299
Hemorrhage 0.374%* 0.441%* 0.499%*
Other complication 0.190* 0.131* 0.250*

Reference groups are: Female sex, age <45 years, white race/
ethnicity, lowest income quartile, comorbidity score 1, benign
disease, thyroid lobectomy, large bed size, non-teaching hospital
status, northeastern region, and urban region.

“Income quartiles. For 2003: lowest <$35,999, lower middle
$36,000-44,999, upper middle $45,000-59,999, highest> $60,000.
For 2007 and 2011: lowest <$38,999, lower middle $39,000—
47,999, upper middle $48,000-62,999, highest >$63000.

*p<0.001.

of these factors may be contributing to the observed increase
in hospital costs. In order to compare the association of each
of these high-cost associated factors with time, a simple lo-
gistic regression was performed with each of the selected
factors used as the dependent variable (0/1) and time as the
independent variable. High-cost associated factors were then
ranked according to their association with time as measured
by the size of the regression coefficient beta. Cochran—
Armitage trend tests were used to determine the significance
of these trends over the years 2003, 2007, and 2011. The
percent of admissions with each of the relevant factors with
significant trends was then plotted as a function of year.
Trends in the use of total thyroidectomy and lymphade-
nectomy were then compared between admissions with a pri-
mary diagnosis of benign versus malignant disease. A simple
logistic regression was performed with total thyroidectomy and
lymphadenectomy as the dependent variable (0/1) and time as
the independent variable. Again, Cochrane—Armitage trend
tests were used to determine the significance of these trends
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over the studied years. The percent of total admissions with
total thyroidectomy and lymphadenectomy were plotted as a
function of year.

Results

There were 47,854 hospital admissions following total
thyroidectomy or thyroid lobectomy in the years 2003-2011
identified in the NIS database. The weighted mean patient age
was 51.5 years, and the weighted mean hospital cost of ad-
mission was $7666 in 2011 inflation-adjusted U.S. dollars. The
majority of patients were female (80.1%) and white (55.5%).
A total of 71.9% of patients had a DRG severity of illness score
of 1, 25.1% had a DRG severity of illness score of 2, and 3%
had a DRG severity of illness score of 3 or 4. Patients were
well distributed across the socioeconomic spectrum. The ma-
jority of patients was treated for benign disease (61.8%) and
underwent total thyroidectomy (60.3%). A total of 8.9% of
patients underwent some type of lymphadenectomy in con-
junction with their thyroid surgery (Table 3).

The number of patients admitted following total thyroid-
ectomy or thyroid lobectomy increased by 13.7% from 2003
to 2011 (44,852 to 50,998). The aggregate national cost of all
hospital admissions following total thyroidectomy or thyroid
lobectomy increased by 88.7% from 2003 to 2011 (US$198

TABLE 3. CHARACTERISTICS OF HOSPITAL
ADMISSIONS FOLLOWING THYROID
SURGERY: 2003, 2005, 2007, 2009, aAND 2011

Weighted mean  Standard error

Age 51.5 0.07
Hospital cost $7666 $42.8
Sex N=47,854 Weighted %
Male 9534 19.9
Female 38,320 80.1
Race/ethnicity
White 27,055 55.5
Black 4881 9.9
Hispanic 3661 7.5
Asian 1726 3.6
Other 1556 33
Missing 9775 20.0
DRG severity of illness
1 34,399 71.9
2 12,017 25.1
3or4 1447 3.0
Median household income
Lowest 9755 204
Low middle 11,040 23.1
Upper middle 12,344 26.0
Highest 14,445 30.5
Diagnosis
Malignancy 17,033 36.4
Other 862 1.8
Benign 29,140 61.8
Procedure
Total thyroidectomy 29,301 60.3
Thyroid lobectomy 19,353 39.7
w/Lymphadenectomy 3475 8.9

DRG, diagnosis-related group.
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million to US$373 million). The weighted mean cost of hos-
pitalization following total thyroidectomy of thyroid lobec-
tomy increased by 45.1% from 2003 to 2011 (US$6154 to
US$8932; Fig. 1). One-way ANOVA demonstrated that the
difference in mean cost between each of the studied years was
significant (p <0.001).

A generalized linear model demonstrated a number of fac-
tors that were consistently, significantly, and highly correlated
with elevated cost (Supplementary Tables S1-S4; Supplemen-
tary Data are available online at www.liebertpub.com/thy). The
most highly associated factors were a comorbidity score of 3 or
4, performance of a lymphadenectomy, a comorbidity score
of 2, performance of a total thyroidectomy, western region,
rural region, occurrence of postoperative hemorrhage, and
occurrence of ‘‘other procedural complication.” Male sex,
black race/ethnicity, and a diagnosis of thyroid malignancy
were also associated with increased cost but not as strongly.

Analysis of trends of these high-cost associated factors over
time demonstrated that the number of admissions with many of
these factors present was increasing with time. The largest
proportional increases were seen in the number of admissions
for patients with high comorbidity scores and those undergo-
ing total thyroidectomy and lymphadenectomy. Significant but
smaller proportional increases were also seen in the number of
admissions for patients with black race/ethnicity, male sex,
and a malignant diagnosis. There were no significant trends in
occurrence of postoperative complications, or in the regional
distributions of admissions (Fig. 2).

[y
50,928

é -"”_’——\/
32
- 44,852
R
S
B jocec
% Te00e-4
s
g 100004
2

.

2‘&. ,é‘ ,*’ Fooe n'l
Calendar year
: Besdd
] $373 mition
%
=
S 19504
2
2
=
E
B ¥ sis5mition
o
8
- b
by
(-]
]
E v
:ﬁ reen ooy roar 0o nn
Calundar year
FIG. 1.

BIRON ET AL.

Further trend analysis demonstrated that total thyroidec-
tomy and lymphadenectomy are becoming more common for
the treatment of both benign and malignant disease. The
largest increase was seen in the use of total thyroidectomy for
benign disease (40.3-61% of admissions for benign disease).
Large increases were also seen in the percent of patients
receiving total thyroidectomy for malignant disease (72.5—
80.7%) and lymphadenectomy for malignant disease (16.5—
28.4%; Fig. 3).

Discussion

U.S. healthcare is under considerable economic pressure
due to concern that increases in federal spending on health-
care are outpacing increases in gross domestic product (18).
Identifying areas of rising cost and potential drivers of these
increases may help efforts to improve the financial sustain-
ability of the healthcare system. The present analysis of NIS
data suggests the total and mean cost of hospitalization fol-
lowing thyroid lobectomy and total thyroidectomy increased
dramatically from 2003 to 2011. Using multivariate analysis,
it was demonstrated that higher DRG severity of illness score,
total thyroidectomy, lymphadenectomy, western region, rural
region, and the occurrence of certain postoperative compli-
cations are highly associated with higher inpatient costs.
Socioeconomic status, age, hospital teaching status, and
hospital size did not demonstrate consistent associations with
increased cost. Of the high-cost associated factors, trend
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Factor beta a p**
co-morbidity score 3 or 4* 0.121 0.102 -0.140 < 0.001
Lymphadenectamy 0.093 0.082-0.104 <0.001
Total Thyroidectomy 0.089 0.040-0.102 <0.001
co-morbidity score 2* 0.075 0.066 - 0.081 <0.001
Black Race* 0.064 0.053-0.075 < 0.001
Malignant Dlagnosis* 0.022 0.015-0.028 <0.001
Other Complication -0.050 -0.092 - -0.008 0.028
Rural Region -0.030 -0.042 - -0.017 0.733
Post-op Hemorrhage -0.014 -0.040 - -0.012 0.372
Male Sex 0.013 0.005 - 0.020 0.001
Western Region* 0.000 -0.007 —0.007 0.98

Coefficient beta calculated from logistic regression with time as covanate / Independent vanable
*For varlables with multiple categories, reference category Is combined remaining categones.

** Significance calculated from Cochrane-Armitage Trend Test
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analysis demonstrated that increases in the proportion of
admissions with higher comorbidity score, following total
thyroidectomy, and thyroidectomy with lymphadenectomy
were likely major contributors to the observed increase in
inpatient costs. Rates of postoperative complication and
changes in the geographic distribution of thyroid surgery did
not appear to be contributing to rising costs.

These observations describe a sicker population of inpa-
tients undergoing a higher percentage of total thyroidecto-
mies and lymphadenectomies. This is likely the result of
recent trends to perform outpatient thyroid surgery on healthy
patients with benign disease. These results are similar to a
recent study by Sun et al. (5) who found a nationwide in-
crease in per capita charges for inpatient thyroidectomies
from 1996 to 2006. Their study showed that although there
was in increase in inpatient thyroidectomy, a more significant
rise in outpatient thyroidectomy has occurred over this time
frame. Consistent with the present findings, which only in-
cluded inpatient surgery, the percentage of procedures per-
formed for a diagnosis of malignant thyroid neoplasm had
markedly increased in the inpatient setting, with the inverse
trend seen with outpatient surgery.

The shift toward outpatient thyroidectomy has been dem-
onstrated to decrease overall costs associated with thyroid
surgery, and has been embraced throughout the United States
as a means of reducing healthcare costs. Multiple studies
support that this is generally safe for healthy patients with
benign disease (3,19). A recent comparison of overnight versus
same-day discharge of thyroid surgery patients has shown that
same-day discharge results in significant decreases in cost
independent of the type of procedure performed, while being
of comparable safety (6,20). The increase in inpatient costs
of thyroid surgery that were observed could be attributed to
cost savings from performing outpatient surgery on low-risk
patients.

The incidence of thyroid cancer has dramatically in-
creased over the past four decades, and the overall cost of
caring for patients with thyroid disease is expected to rise as
aresult (20). A recent study estimated the U.S. national cost
of care for well-differentiated thyroid cancer in 2013 to
exceed $1.6 billion, with 41% of this cost attributed to initial
treatment including work-up, surgery, and radioactive io-
dine, with significant increases expected in the coming years
(9). The effects of malignancy on cost are seen in the present
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Factor beta cl p*
Benign Diagnosks
Total Thyroldectomy 0.103 0.095-0.111 <0.001
Malignant Diagnosls
Total Thyroldectomy 0.061 0.048 - 0.075 <0.001
Lymphadenectomy _ 0.098 0.85-0.111 <0.001

Coefficlent beta calculated from logistic regression with time as covariate / independent

varlable

*Significance calculated from Cochrane-Armitage Trend Test
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FIG. 3. Trends in the use of total thyroidectomy and lymphadenectomy.

study through the independent association of a malignant
diagnosis with higher hospital costs and the independent
associations of total thyroidectomy with high hospital costs,
which are more often performed for malignancy. The most
dramatic increase was seen in the number of total thyroid-
ectomies performed on patients with a preoperative diag-
nosis of benign disease. Given the cost implications of these
changing practice patterns, their effect on clinical outcomes
should be further researched to determine whether they are
cost-effective.

Postoperative complications were observed to be associ-
ated with higher inpatient costs. However, the frequency of
these complications was relatively low, and these associa-
tions were not shown to be statistically significant for post-
operative hypocalcemia and wound infection. Postoperative
hemorrhage and ‘“‘other procedural complication’ were
highly associated with increased costs over the studied years.
However, trend analysis did not demonstrate that they likely
contributed to rising costs.

As with similar studies that have used hospital discharge
data from the NIS database, this study has a number of
limitations (2,4,21). Unaccounted confounders may be
present, though a large number of relevant variables have
been included from the NIS data sets. Factors relating to
surgeon and hospital volume were not included, however, as
this could not be accurately captured with the NIS data set,
but could account for the observed geographic trends in this
study. The coding of certain data points in the NIS database
may not accurately represent certain clinical scenarios. This
database does not provide details regarding central/lateral
neck dissection in thyroidectomy, preventing a detailed
analysis of the role of lymphadenectomy as a factor

influencing cost. The NIS database also lacks information
regarding hospital readmission and whether patients had
previous surgery and/or radioactive iodine treatment. This
could introduce bias in cost analyses regarding LOS, extent
of surgery, and perioperative complications. Postoperative
complications not charted at discharge may not be linked
with thyroid surgery in the data set and could be under-
reported. In addition, the severity of complications is not
accounted for in the data set.

Limitations specific to the diagnosis of thyroid nodules
could also alter the interpretation of this study. For instance,
some thyroid nodules coded as benign based on preoperative
cytological classification will have a diagnosis of thyroid
cancer following discharge. The current data set cannot ac-
count for this limitation. In addition, nodal disease in thyroid
cancer was more likely to be identified in 2011 compared
with 2003, given advancements in imaging during this pe-
riod. Lastly, this study does not have a control surgical pro-
cedure for comparison of cost trends. Therefore, rising costs
of hospitalization following thyroid surgery may represent an
overall trend in cost reporting rather than a trend specific to
thyroid surgery.

To the authors’ knowledge, this is the first study to in-
vestigate drivers of hospital cost following inpatient thyroid
surgery and to implicate certain factors as likely contributing
to an observed dramatic cost increase from 2003 to 2011.
Continued increases in the proportion of sicker patients and
the rate of malignancy are likely to continue driving hospital
costs higher. The clinical implications of the increasing use of
total thyroidectomy and lymphadenectomy should be further
examined, as this may present an opportunity to limit further
cost increases.
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