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Volume-Based Trends in Thyroid Surgery
Christine G. Gourin, MD; Ralph P. Tufano, MD; Arlene A. Forastiere, MD;
Wayne M. Koch, MD; Timothy M. Pawlik, MD, MPH; Robert E. Bristow, MD

Objective: To characterize contemporary patterns of thy-
roid surgical care and variables associated with access to
high-volume care.

Design: Cross-sectional analysis.

Setting: Maryland Health Service Cost Review Com-
mission database.

Patients: Adults who underwent surgery for thyroid dis-
ease in Maryland between January 1, 1990, and July 1,
2009.

Results: Overall, 21 270 thyroid surgical procedures were
performed by 1034 surgeons at 51 hospitals. Proce-
dures performed by high-volume surgeons increased from
15.7% in 1990-1999 to 30.9% in 2000-2009 (odds ratio
[OR], 3.69; P� .001), while procedures performed at high-
volume hospitals increased from 11.9% to 22.7% (3.46;
P� .001). High-volume surgeons were more likely to per-
form total thyroidectomy (OR, 2.50; P� .001) and neck
dissection (1.86; P� .001), had a shorter length of hos-

pitalization (0.44; P� .001), and had a lower incidence
of recurrent laryngeal nerve injury (0.46; P=.002), hy-
pocalcemia (0.62; P� .001), and thyroid cancer surgery
(0.89; P=.01). After controlling for other variables, thy-
roid surgery in 2000-2009 was associated with high-
volume surgeons (OR, 1.76; P� .001), high-volume hos-
pitals (2.93; P � .001), total thyroidectomy (2.67;
P� .001), and neck dissection (1.28; P=.02) but was less
likely to be performed for cancer (0.83; P� .001).

Conclusions: The proportion of thyroid surgical pro-
cedures performed by high-volume surgeons and in high-
volume hospitals increased significantly from 1990-
1999 to 2000-2009, with an increase in total
thyroidectomy and neck dissection. Surgeon volume was
significantly associated with complication rates. Thy-
roid cancer surgery was less likely to be performed by
high-volume surgeons and in 2000-2009 despite an in-
crease in surgical cases. Further investigation is needed
to identify factors contributing to this trend.
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P OSITIVE VOLUME-OUTCOME

relationships exist for dis-
eases treated with techni-
cally complex surgery. Most
studies1-4 investigating vol-

ume-outcome relationships have fo-
cused on the relationship between hospi-
tal volume and operative mortality from
cardiovascular, intrathoracic, and intra-
abdominal procedures and demonstrate
lower short- and long-term mortality rates
for procedures performed at high-
volume hospitals. Although less widely
studied, similar observations for volume
and outcome have been reported for sur-
geon-based care, with lower surgical mor-
tality rates for patients treated by high-
volume surgeons, and surgeon volume
accounts for a large proportion of the effect
of hospital outcome on surgical mortal-
ity.5 These observations served as the ba-
sis for the controversial adoption of hos-
pital volume standards as a surrogate
marker for quality by commercial in-

surer industry coalitions, such as the Leap-
frog Group, which requires nonrural hos-
pitals to meet volume standards for
selected surgical procedures to be eli-
gible for beneficiary referral.6,7

There is a relative scarcity of literature
regarding the relationship between vol-
ume and outcome in head and neck sur-
gery. However, similar observations re-
garding the positive effect of hospital8-12

and surgeon5,13-16 volume on outcome have
been reported for surgical treatment of pa-
rotid, larynx, pharynx, and thyroid dis-
ease and cervical metastases. The oldest
documented relationship between vol-
ume and outcome is in the field of thy-
roid surgery. As cited by Becker,17 The-
odor Kocher reported operative mortality
of 13% for his first 100 thyroid proce-
dures but by 1917 had performed 5000
thyroidectomies with operative mortality
of only 0.5%, demonstrating a strong cor-
relation between surgical experience and
clinical outcome. Despite this recogni-
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tion, limited data exist regarding volume-outcome rela-
tionships in thyroid surgery, and most thyroid surgery
in the United States is performed by low-volume (�3 cases
per year) thyroid surgeons.15,18 In light of the increasing
emphasis on positive volume-outcome relationships as
a proxy for quality of care, and the potential impact of
this relationship on referral and practice patterns, we un-
dertook the present study to characterize contemporary
patterns of thyroid surgical care through an analysis of
statewide data according to hospital and surgeon vol-
ume, and to investigate temporal changes as well as vari-
ables associated with access to high-volume care.

METHODS

A cross-sectional analysis of patients with a diagnosis of thy-
roid disease was performed using hospital discharge data from
nonfederal acute care hospitals in Maryland collected by the
Maryland Health Service Cost Review Commission (HSCRC).
The HSCRC database provides information regarding the in-
dex hospital admission (surgery) and is limited to 30 days of
follow-up. Adult patients (�18 years) who underwent an ab-
lative procedure for benign or malignant thyroid disease in Mary-
land between January 1, 1990, and July 1, 2009, comprised the
study population. International Classification of Disease, Ninth
Revision (ICD-9) codes for benign diseases (ICD-9 codes 241.0,
241.1, 241.9, 242.00, 242.01, 242.10, 242.11, 242.20, 242.21,
242.30, 242.31, 226, 237.4, 239.7, 240.9, 242.4, 246, 246.1,
246.2, 246.9, 648.1, and 874.2) and malignant diseases (ICD-9
code 193) of the thyroid were used for sorting. All cell types
were included. Surgical procedures included in this analysis were
limited to ablative procedures: excision of lesion (ICD-9 code
06.31), isthmusectomy or partial thyroidectomy (ICD-9 code
06.39), unilateral lobectomy (ICD-9 code 06.2), complete thy-
roidectomy (ICD-9 code 06.4), other (unspecified) operations
on thyroid glands (ICD-9 code 06.98), substernal thyroidec-
tomy (ICD-9 code 06.5) (including partial [ICD-9 code 06.51]
or complete [ICD-9 code 06.52] substernal thyroidectomy), and
neck dissection (ICD-9 codes 40.40, 40.41, 40.42, and 40.3).
Postoperative surgical complications were derived from codes
assigned at the time of hospital discharge for recurrent laryn-
geal nerve injury (ICD-9 codes 478.3, 478.30, 478.31, 478.32,
478.33, 478.34, and 951.8), hypoparathyroidism (ICD-9 code
252.1), and hypocalcemia (ICD-9 codes 275.4, 275.40, 275.49,
264.40, 275.41, and 275.49).

Individual surgeon and individual hospital annual thyroid sur-
gery case volumes were the primary independent variables in this
study. Surgeons and hospitals were included in the analysis if they
were involved with at least 1 thyroid surgery during the entire
study period. Surgeon and hospital volumes were modeled as cat-
egorical variables. Annual volumes were divided into quartiles,
with high volume defined as those above the 75th percentile. Uni-
variate logistic regression was performed to evaluate patterns of
care among the remaining quartiles.19 Based on analysis results,
cutoff values for annual case volume of 3 or less, 4 to 24, and greater
than 24 were used to classify surgeons by low, intermediate, and
high volume, respectively, and cutoff values of 22 or less, 23 to
100, and greater than 100 were used to classify hospitals by low,
intermediate, and high volume. These numbers were similar to
the results seen when volume cutoff points were determined by
division into tertiles and parallel those reported by other research-
ers14,18 studying thyroid surgery volumes in the Nationwide In-
patient Sample. Total surgeon and hospital volumes of more than
100 and more than 150 cases, respectively, have previously been
suggested as a cutoff values for high volume.10-13,20,21 In this se-
ries, annual volumes correlated with total volume: all surgeons

in the high-volume quartile performed more than 100 cases, and
all hospitals in the high-volume quartile performed more than
150 cases per year.

Secondary independent variables included were age, sex, race,
APR-DRG (All Patient Refined Diagnosis Related Groups) case
complexity score (1-4), APR-DRG mortality risk score (1-4),
length of stay, intensive care unit days, other specialty unit care
days, payer source (commercial, health maintenance organi-
zation [HMO], Medicare or Medicaid, or self-pay), nature of
admission (emergent/urgent or other), readmission, inpatient
death, hospital type (university, community teaching, or com-
munity), procedure, and a diagnosis of thyroid cancer. A com-
munity teaching hospital was defined as a nonuniversity hos-
pital with a residency program in general surgery or
otolaryngology–head and neck surgery. Thyroid surgery–
specific complications of recurrent laryngeal nerve injury and
hypocalcemia were included as secondary independent vari-
ables but were also analyzed separately as primary indepen-
dent variables to determine factors associated with an in-
creased risk of these complications. For statistical analysis of
temporal trends, the study period was divided into 2 time in-
tervals: 1990-1999 and 2000-2009. American Joint Commis-
sion on Cancer tumor stage, tumor grade, histologic subtype,
and outcome beyond 30 days were not available from the HSCRC
database.

Data were analyzed using a statistical software program
(STATA 10; StataCorp LP, College Station, Texas). Standard
statistical analysis, including unpaired t tests and analysis of
variance for continuous data and �2 tests for categorical data,
were used to evaluate factors associated with volume cat-
egory. Bivariate logistic regression analysis was used to deter-
mine variables that were significantly associated with the out-
come of interest. Multiple logistic regression analysis was used
to identify factors associated with high-volume surgical care,
with surgeon or hospital volume as the outcome variable of in-
terest; factors associated with complications, with recurrent la-
ryngeal nerve injury or hypocalcemia as the outcome variable
of interest; and factors associated with temporal trends, with
time interval as the outcome variable of interest. Collinearity
was checked by performing a multiple regression analysis and
by calculating the variance inflation factors and removing vari-
ables with a variance inflation factor greater than 10.0, which
suggests collinearity. Variables that were hypothesized to have
predictive value and those that were significant in bivariate analy-
sis were entered into the regression models. Models were se-
quentially built to identify variables that were significantly as-
sociated with high-volume surgeons or hospitals. A second
approach used stepwise backward variable selection to deter-
mine which subset of variables was predictive of the outcome
of interest. The Akaike information criterion was used to se-
lect models by goodness of fit. Odds ratios (ORs) are ex-
pressed relative to a reference baseline category. This protocol
was reviewed and approved by The Johns Hopkins Medical In-
stitutions institutional review board.

RESULTS

A total of 21 270 cases met the study criteria (Table 1).
The mean patient age was 49.7 years (age range, 18-95
years). The mean number of annual thyroid cases treated
surgically was 1064, with an annual mean of 943 cases
treated surgically during 1990-1999 and 1184 during
2000-2009. The majority of patients were women, were
white, had commercial or HMO insurance, received their
care at a community hospital, and underwent surgery for
benign thyroid disease. Partial thyroidectomy was the most
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common surgical procedure and was performed in 60.4%
of all patients (Figure 1). The incidence of recurrent
laryngeal nerve injury was 1.0% and was greater for pa-
tients undergoing surgery for thyroid cancer (2.0%) com-
pared with benign disease (0.5%, P� .001). Similarly, the
incidence of hypocalcemia after total thyroidectomy was
10.0% and was greater for patients treated for thyroid can-
cer (10.8%) compared with those treated for benign dis-
ease (9.3%; P=.02). The distribution of thyroid surgical
procedures differed between 1990-1999 and 2000-
2009, with a significant decrease in partial thyroidec-
tomy and a significant increase in total thyroidectomy
in 2000-2009 compared with 1990-1999 (P� .001). The
number of thyroid surgical procedures performed for an
initial diagnosis of thyroid cancer was higher in 2000-
2009 (34.4%) compared with 1990-1999 (26.5%;
P� .001).

Overall, 1034 surgeons performed thyroid surgery, al-
though not all surgeons performed surgery in every year
of the study. The mean annual number of thyroid sur-
gical procedures performed by an individual surgeon per
year of surgical activity was obtained by calculating the
mean of the number of procedures performed each year
for each individual surgeon for the years in which that
surgeon performed at least 1 thyroid surgery. Only 8 sur-
geons were categorized as high-volume surgeons (0.8%),
while 888 surgeons (85.9%) performed 3 or fewer thy-
roid surgery procedures per year on average. Fifty-one
hospitals cared for patients undergoing thyroid surgery,
with only 1 hospital (2.0%) categorized as high volume,
which was a university hospital; 36 hospitals (70.6%) per-
formed 22 thyroid surgical procedures or fewer per year
on average. The mean annual number of thyroid sur-
gery procedures performed in an individual hospital per

Table 1. Demographic Characteristics

Characteristic
All

(N=21 270)
1990-1999
(n=9430)

2000-2009
(n=11 840) P Value

Race
White 14 746 (69.3) 6738 (71.5) 8008 (67.6)

�.001

Black 5043 (23.7) 2191 (23.2) 2852 (24.1)
Asian 570 (2.7) 231 (2.4) 339 (2.9)
American Indian 33 (0.2) 8 (0.1) 25 (0.2)
Other 806 (3.8) 237 (2.5) 569 (4.8)
Unknown 6 (0.03) 0 6 (0.1)
Biracial 66 (0.3) 25 (0.3) 41 (0.3)

Sex
Male 4182 (19.7) 1842 (19.5) 2340 (19.8) .68
Female 17 088 (80.3) 7588 (80.5) 9500 (80.2)

Hospital type
Community 14 937 (70.2) 7116 (75.4) 7821 (66.0)

�.001Community teaching 1829 (8.6) 814 (8.6) 1015 (8.6)
University 4504 (21.2) 1500 (16.0) 3004 (25.4)

Payer status
Commercial 9756 (45.9) 4516 (47.9) 5240 (44.2)

�.001Health maintenance organization 6283 (29.5) 2640 (28.0) 3643 (30.8)
Medicare or Medicaid 4629 (21.8) 1962 (20.8) 2667 (22.5)
Self-pay 602 (2.8) 312 (3.3) 290 (2.5)

Case complexity scorea

1 14 932 (71.7) 6981 (77.7) 7951 (67.1)
2 5203 (25.0) 1735 (19.3) 3468 (29.3)

�.001
3 571 (2.7) 212 (2.4) 359 (3.0)
4 117 (0.6) 55 (0.6) 62 (0.6)

Mortality risk scorea

1 14 773 (86.8) 4467 (86.3) 10 306 (87.0)

.12
2 1867 (11.0) 584 (11.3) 1283 (10.9)
3 282 (1.7) 101 (2.0) 181 (1.5)
4 94 (0.5) 24 (0.4) 70 (0.6)

Hospital admission type

�.001
Emergent/urgent 2064 (9.7) 1022 (10.8) 1042 (8.8)
Other 19 206 (90.3) 8408 (89.2) 10 798 (91.2)

Readmission within 30 da

Yes 852 (4.7) 418 (6.8) 434 (3.7)
�.001

No 17 133 (95.3) 5727 (93.2) 11 406 (96.3)
30-d Mortality

Alive 21 260 (99.9) 9424 (99.9) 11 836 (99.9)
.32

Death 10 (0.1) 6 (0.1) 4 (0.1)
Pathology

Benign thyroid disease 14 704 (69.1) 6936 (73.5) 7768 (65.6)
�.001

Thyroid cancer 6566 (30.9) 2494 (26.5) 4072 (34.4)

aStatus was not known for all patients.
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year of surgical activity was obtained by calculating the
mean of the number of cases performed each year for each
individual hospital for the years in which the hospital per-
formed at least 1 thyroid surgery.

The distribution and number of surgeons and hospi-
tals providing thyroid surgical care varied by time inter-
val. Compared with 1990-1999, in 2000-2009, the num-
ber of high-volume surgeons increased from 5 to 8 and
the number of intermediate-volume surgeons increased
from 91 to 117, while the number of low-volume sur-
geons decreased from 601 to 528. The number of low-
volume hospitals decreased from 36 in 1990-1999 to 31
in 2000-2009, while the number of intermediate-
volume (n=14) and high-volume (n=1) hospitals re-
mained constant.

Similarly, the distribution of thyroid surgical cases by
hospital and surgeon volume differed by time interval.
In 1990-1999, the largest combined category was that of
intermediate-volume surgeons operating at intermediate-
volume hospitals, which accounted for 26.2% of all cases,
followed by low-volume surgeons operating at low-
volume hospitals, which comprised 21.9% of cases, while
the proportion of cases performed by high-volume sur-
geons at high-volume hospitals was 8.0% (Figure 2).
Low-volume surgeons performed 40.9% of all thyroid
surgical procedures in 1990-1999, and surgeons at low-
volume hospitals performed 36.7% of cases. High-
volume surgeons performed 15.7% of cases in 1990-

1999, and surgeons at high-volume hospitals performed
12.1% of cases. In 2000-2009, the proportion of cases per-
formed by high-volume surgeons and hospitals in-
creased, while the proportion of cases performed by low-
volume surgeons and hospitals decreased. The largest
combined category in 2000-2009 was still intermediate-
volume surgeons operating at intermediate-volume hos-
pitals, which accounted for 32.9% of all procedures, while
the proportion of procedures performed by high-
volume surgeons operating at high-volume hospitals in-
creased to 16.8% (Figure 3). Low-volume surgeons per-
formed 21.8% of all thyroid surgery in 2000-2009, and
surgeons at low-volume hospitals performed 20.4% of pro-
cedures. High-volume surgeons performed 31.0% of pro-
cedures in 2000-2009, and surgeons at high-volume hos-
pitals performed 22.7% of procedures.

Comparison of data from 2000-2009 with 1990-
1999 revealed statistically significant trends of im-
proved access to high-volume surgeons and high-
volume hospitals (Figure 4). There was a significant
increase in the proportion of procedures performed by
high-volume surgeons from 15.7% in 1990-1999 to 30.9%
in 2000-2009 (OR, 3.69; 95% confidence interval
[CI]=3.41-3.99; P� .001), while the proportion of pro-
cedures performed by low-volume surgeons decreased
from 40.9% to 21.8%. The proportion of procedures per-
formed at high-volume hospitals increased from 11.9%
in 1990-1999 to 22.7% in 2000-2009 (OR, 3.46; 95% CI,
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Figure 1. Temporal trends in thyroid surgical procedures between
1990-1999 and 2000-2009 (P� .001).
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Figure 2. Distribution of annual thyroid surgical case volume by hospital and
surgeon in the time interval of 1990-1999 (P� .001).
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Figure 3. Distribution of annual thyroid surgical case volume by hospital and
surgeon in the time interval of 2000-2009 (P� .001).
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Figure 4. Temporal trends in thyroid surgical case volume between
1990-1999 and 2000-2009 for high-volume surgeons, low-volume surgeons,
high-volume hospitals, and low-volume hospitals.
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3.17-3.77; P� .001), while the proportion of proce-
dures performed at low-volume hospitals decreased from
37.0% to 20.4%.

Thyroid cancer surgical cases accounted for 30.9% of
all thyroid surgical cases (Table 1). The incidence of thy-
roid cancer increased from 26.5% in 1990-1999 to 34.4%
in 2000-2009. High-volume surgeons performed 20.9%
of thyroid cancer surgical procedures in 1990-1999 and
36.8% in 2000-2009 (P� .001). For benign thyroid dis-
ease, high-volume surgeons performed 13.9% of proce-
dures in 1990-1999 and 28.0% in 2000-2009 (P� .001).
High-volume hospitals cared for 19.4% of thyroid can-
cer surgical cases in 1990-1999 and for 33.3% in 2000-
2009 (P� .001). Surgery for benign thyroid disease was
performed at high-volume hospitals in 9.2% of cases in
1990-1999 and in 17.1% in 2000-2009 (P� .001).

Multiple logistic regression analysis of variables as-
sociated with high-volume care showed that high-
volume surgeons were significantly associated with teach-
ing and university hospitals (Table 2). Compared with
intermediate- and low-volume surgeons, high-volume sur-
geons were significantly more likely to perform total thy-
roidectomy procedures and neck dissection. High-
volume surgeons were associated with increased case
complexity scores, reflecting the presence of advanced
comorbid disease, intensive care unit utilization, and de-
creased length of hospitalization. Self-pay and Medicare
or Medicaid patients were less likely to undergo surgery
by high-volume surgeons, and high-volume surgeons were
less likely to operate on patients admitted urgently or
emergently. The incidences of thyroid surgery–specific

complications of recurrent laryngeal nerve injury and post-
operative hypocalcemia were significantly lower for high-
volume surgeons. High-volume surgeons were less likely
to perform surgery with an initial diagnosis of thyroid
cancer compared with intermediate- and low-volume sur-
geons. High-volume hospitals were significantly associ-
ated with high-volume surgeons, urgent or emergent ad-
missions, and an initial diagnosis of thyroid cancer.
Compared with intermediate- and low-volume hospi-
tals, high-volume hospitals were associated with in-
creased case complexity scores, total thyroidectomy, other
unspecified thyroid procedures, and neck dissections. Pa-
tients with HMO and Medicare or Medicaid insurance
were less likely to be treated at a high-volume hospital,
while self-pay patients were more likely to receive care
at a high-volume hospital.

Multiple logistic regression analysis of variables asso-
ciated with thyroid surgery–specific complications re-
vealed an association with surgeon volume. Recurrent la-
ryngeal nerve injury was significantly more likely for a
diagnosis of thyroid cancer, neck dissection, and urgent or
emergent admission but was significantly less likely for high-
volume surgeons after controlling for all other variables
(Table 3). Postoperative hypocalcemia was significantly
more likely for a diagnosis of thyroid cancer, total thyroid-
ectomy or other unspecified operations on the thyroidgland,
and neck dissection but was significantly less likely for high-
volume surgeons. Hospital volume was not significantly as-
sociated with either complication.

Multiple logistic regression analysis of 2000-2009 com-
pared with the reference group of 1990-1999 showed that
surgery was significantly more likely to be performed by
high-volume surgeons and at high-volume hospitals in
2000-2009 (Table 4). Patients were less likely to un-
dergo surgery at a university hospital. There was a sig-
nificant increase in the odds of total thyroidectomy and
neck dissection and a decrease in the odds of other un-
specified thyroid procedures. Compared with 1990-
1999, thyroid surgery in 2001-2009 was more likely to
be performed in nonwhite patients and was associated
with increased case complexity scores and decreased
length of hospitalization. Thyroid surgery in 2000-2009
was more likely to be performed in patients with HMO

Table 2. Variables Associated With High-Volume
Thyroid Surgery

Variable
Odds Ratio
(95% CI)

P
Value

High-volume surgeon
Community teaching hospital 2.09 (1.84-2.39) �.001
University hospital 17.40 (15.80-19.17) �.001
Total thyroidectomy 2.50 (2.29-2.73) �.001
Neck dissection 1.86 (1.52-2.27) �.001
Intensive care unit stay 2.03 (1.77-2.33) �.001
Advanced case complexity score 1.16 (1.06-1.27) .001
Length of hospitalization 0.44 (0.41-0.47) �.001
Urgent or emergent admission 0.49 (0.42-0.58) �.001
Medicare or Medicaid 0.59 (0.53-0.66) �.001
Self-pay 0.41 (0.32-0.53) �.001
Recurrent laryngeal nerve injury 0.46 (0.28-0.75) .002
Hypocalcemia 0.62 (0.50-0.66) �.001
Cancer diagnosis 0.89 (0.81-0.98) .01

High-volume hospital
High-volume surgeon 15.87 (14.50-17.37) �.001
Total thyroidectomy 1.62 (1.48-1.78) �.001
Other unspecified procedure 1.48 (1.07-2.04) .02
Neck dissection 1.73 (1.43-2.09) �.001
Advanced case complexity score 1.40 (1.30-1.52) �.001
Urgent or emergent admission 1.56 (1.34-1.81) �.001
Health maintenance organization 0.65 (0.59-0.72) �.001
Medicare or Medicaid 0.86 (0.76-0.96) .01
Self-pay 2.15 (1.70-2.72) �.001
Cancer diagnosis 1.78 (1.61-1.96) �.001

Abbreviation: CI, confidence interval.

Table 3. Variables Associated With Thyroid
Surgery–Specific Complications

Variable
Odds Ratio
(95% CI)

P
Value

Recurrent laryngeal nerve injury
Cancer diagnosis 2.90 (2.14-3.94) �.001
High-volume surgeon 0.46 (0.32-0.69) .001
Neck dissection 1.91 (1.24-2.94) .003
Urgent or emergent admission 1.52 (1.02-2.26) .04

Hypocalcemia
Cancer diagnosis 1.28 (1.12-1.47) .001
High-volume surgeon 0.49 (0.41-0.57) �.001
Total thyroidectomy 4.32 (3.70-5.05) �.001
Other unspecified procedure 2.58 (1.70-3.91) �.001
Neck dissection 1.54 (1.23-1.93) �.001

Abbreviation: CI, confidence interval.
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and Medicare or Medicaid insurance and was less likely
to be performed in self-pay patients. Surgery was less likely
to be performed for an initial diagnosis of thyroid can-
cer in 2000-2009 after controlling for other variables.

COMMENT

The results of this analysis suggest that surgeon volume
is a significant predictor of thyroid surgery outcomes.
High-volume surgeons were more likely to perform more
extensive surgery for thyroid disease, including neck dis-
section, were more likely to care for privately insured pa-
tients, and had lower incidences of recurrent laryngeal
nerve injury and postoperative hypocalcemia and a re-
duced length of stay.13-15 However, high-volume sur-
geons were less likely to operate on patients with a di-
agnosis of thyroid cancer and on patients admitted
urgently. In contrast, high-volume hospitals, although
significantly associated with high-volume surgeons, were
more likely to treat patients admitted urgently, without
insurance, and with cancer. These findings may reflect
differences in volume-based referral patterns and limi-
tations to the use of hospital discharge data.

Birkmeyeretal5 reportedthatmuchofthefavorableeffect
ofhospitalvolumeonoutcomeisactuallyexplainedbysur-
geon volume, and the association varies according to pro-
cedure,with technical skill and intraoperativeprocessesas-
suming greater importance in procedures that required a
shorterstayandlessdependenceonhospital-basedresources.
Thyroid surgery may be the best example of such a proce-
dure, inwhichtheeffectofsurgeonexperienceonoutcomes
has been recognized for nearly a century and is less depen-
dent on hospital-based services.17 Although the relation-
shipbetweenvolumeandoutcomeseems intuitive, it isdif-
ficult to determine the direction of the causal relationship:
whether “practice makes perfect” or whether referral pat-
terns result in a subset of providers with better outcomes
selectively attractingmorepatients.7,13,22 High-volumesur-
geons receive a disproportionate volume of referrals from
endocrinologistswhohave identifiedthesesurgeonsassub-
specialists.Wefoundthathigh-volumesurgeonsweremore

likely toperformtotal thyroidectomy,hadalower incidence
ofpostoperativecomplications,hadashorter lengthofhos-
pitalization, and were more likely to operate on privately
insuredpatients.However,incontrasttopreviousstudies,13,15

we found thathigh-volumesurgeonswere less likely toop-
erate foran initialdiagnosisof thyroidcancer.Onepossible
explanation is that high-volume surgeons who receive the
bulkoftheirreferralsfromendocrinologistsperformagreater
proportionofsurgeryforbenigndiseasecomparedwithsur-
geons who have not made endocrine surgery the focus of
their practice.

The effect of hospital volume on thyroid surgery out-
comes has produced varying results in the literature, with
some researchers reporting a decreased incidence of com-
plications10,11 and an increase in case complexity,11 total
thyroidectomy,10-12 and cancer11 at high-volume hospi-
tals, whereas others have reported that hospital volume
has a negligible effect on outcomes.13,15 In this study, high-
volume hospitals were associated with an increased in-
cidence of total thyroidectomy, case complexity, and can-
cer diagnoses but were not associated with thyroid
surgery–specific complications, which were directly as-
sociated with the extent of surgery and a diagnosis of can-
cer and were inversely related to surgeon volume. Ur-
gent admissions and self-pay patients were more common
for high-volume hospitals, in contrast to high-volume sur-
geons, and this variable likely reflects differences in re-
ferral pathways by which patients arrive at surgery.2

There are several limitations to the use of hospital dis-
charge data that may affect these findings. Although case
complexity and mortality risk scores were used for risk
adjustment, the ability to adequately control for case mix
is limited when discharge diagnoses from administra-
tive databases are used, which is the case in almost all
studies investigating volume and outcome associations
to date, including the present study.1,2,6,22-24 The Mary-
land HSCRC database provides no follow-up data be-
yond the index admission and is limited to a 30-day post-
operative window and contains no information on stage
of disease, grade, subtype, or previous treatment. As a
result, the effect of treatment on survival cannot be es-
timated. There may be differences in the type of patient
or disease cared for at high-volume hospitals that are not
adequately captured. A diagnosis of thyroid cancer may
not be apparent at the time of discharge, and, as a result,
the incidence of thyroid cancer may be underestimated.
Similarly, the incidence of complications may be under-
reported because complications pertaining to recurrent
laryngeal nerve injury and hypoparathyroidism may not
be evident until after discharge,13-15,18 particularly be-
cause many surgeons do not routinely evaluate vocal cord
function with laryngoscopy25 and many routinely send
patients home with prophylactic calcium supplementa-
tion.26 The prevalence of these practices cannot be de-
termined from the HSCRC database. Finally, an increas-
ing proportion of thyroid surgery is performed on an
outpatient basis, which is not captured in this inpatient
database limited to hospital admissions, which may re-
sult in underreporting of cases and complications.15

Nevertheless, these data show a significant relation-
ship between surgeon volume and surgical morbidity and
demonstrate a favorable trend of increased market share

Table 4. Variables Associated With Significant Differences
in Thyroid Surgery in 2000-2009 Compared With 1990-1999
(Reference Population)

Variable
Odds Ratio
(95% CI)

P
Value

High-volume surgeon 1.76 (1.61-1.92) �.001
High-volume hospital 2.93 (2.40-3.58) �.001
Total thyroidectomy 2.67 (2.49-2.87) �.001
Other unspecified procedure 0.63 (0.50-0.79) �.001
Neck dissection 1.28 (1.04-1.56) .02
Length of hospitalization 0.78 (0.76-0.79) �.001
Advanced case complexity score 1.37 (1.28-1.47) �.001
Health maintenance organization 1.07 (1.00-1.15) .049
Medicare or Medicaid 1.35 (1.24-1.46) �.001
Self-pay 0.82 (0.68-0.99) .03
Nonwhite race 1.12 (1.08-1.16) �.001
Cancer diagnosis 0.83 (0.77-0.89) �.001

Abbreviation: CI, confidence interval.
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by high-volume surgeons and hospitals in the past de-
cade, suggesting a trend toward greater centralization of
thyroid surgical care. Despite this trend, the majority of thy-
roid surgery in Maryland is not performed by high-
volume providers. Although the number of high-volume
surgeons has increased, high-volume thyroid surgeons rep-
resent only 1% of all surgeons who perform thyroid sur-
gery in Maryland. In addition, while the incidence of thy-
roid cancer has increased, the overall number of thyroid
surgical procedures being performed has also increased, pos-
sibly as a result of improved imaging resulting in earlier
detection of thyroid abnormalities, variations in fine-
needle aspiration cytologic diagnostic criteria for suspi-
cious lesions, or increased sensitivity to the possibility of
a missed cancer diagnosis. As a result, thyroid surgery in
2000-2009 was associated with a decreased likelihood of
a cancer diagnosis. These findings have important impli-
cations for the future of our specialty and for efforts to im-
prove quality and quality measurements.

It has been argued that volume is an unvalidated and
poor proxy measure of quality.24,27-29 The late Avedis Dona-
bedian30 defined quality care as consisting of 3 compo-
nents: structure, including the adequacy of facilities, ad-
ministration, staff, and volume; process; and outcome.
In the absence of valid comparative quality measure-
ment systems, volume-based standards are used as a sur-
rogate of quality by the Leapfrog Group, a coalition of
large employers, including General Motors, General Elec-
tric, Verizon, and other Fortune 500 companies, and the
federal government, as one of several health care pur-
chasing standards aimed at promoting safety, quality, and
value.7 In actuality, surgical outcomes are more likely a
result of the processes of care that providers adopt, in-
cluding patient selection, preoperative evaluation and
preparation, the use of evidence-based medicine, surgi-
cal judgment and skill, and postoperative care.14,29 The
American College of Surgeons recognizes that surgeons
need to provide quality outcomes data and that commit-
ment and investment of resources is required to im-
prove systemic efforts to measure quality and generate
defensible data.27 Volume serves as a crude measure of
quality because it is a structural characteristic that is easy
to calculate, but volume-based initiatives are limited in
their potential to improve patient outcomes by empha-
sizing structure over process and do not predict perfor-
mance for individual hospitals or surgeons. On a prac-
tical level, volume-based initiatives will never result in
concentration of all care at high-volume centers be-
cause of patient preferences, geography, and provider in-
centives, and strategies for improving care by all provid-
ers, including low-volume providers, are needed.2

These data suggest that given the observed relation-
ship between volume and outcome, the temporal trend
of fewer surgical procedures performed by low-volume
providers seems appropriate. However, a significant pro-
portion of surgical procedures are still performed at low-
volume facilities and by low-volume surgeons, and, thus,
increased efforts by professional societies to export the
surgical excellence of high-volume surgeons through edu-
cational efforts and adoption of best practices may im-
prove outcomes for low-volume providers.14,31 It has been
reported that the success of New York State in reducing

mortality rates for coronary artery bypass graft surgery
was not because a greater proportion of procedures were
performed by high-volume surgeons but rather because
the gap in outcomes between high- and low-volume sur-
geons narrowed, and mortality rates for both groups de-
creased substantially.29 Finally, the increase in thyroid
surgery numbers has not been matched by a parallel in-
crease in surgical procedures performed by graduating
chief residents,18,32,33 lending credence to the call for in-
creased training of endocrine surgery specialists either
through enhanced exposure during training or through
an increased number of fellowships in endocrine surgery
to minimize the number of low-volume surgeons engaged
in the performance of thyroid surgery in the future.
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