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Abstract
Objective—To evaluate the impact of surgeon and hospital case volume and other related
variables on short-term outcomes after surgery for oropharyngeal cancer.

Methods—The Maryland Health Service Cost Review Commission database was queried for
oropharyngeal cancer surgical case volumes from 1990 to 2009. Multivariable regression models
were used to identify significant associations between surgeon and hospital case volume, as well
as independent variables predictive of in-hospital death, postoperative wound complications,
length of hospitalization, and hospital-related cost of care.

Results—Overall, 1,534 oropharyngeal cancer surgeries were performed during the study period.
Complete financial data was available for 1,482 oropharyngeal cancer surgeries, performed by 233
surgeons at 36 hospitals. The only independently significant factors associated with the risk of in-
hospital death were an APR-DRG mortality risk score of 4 (odds ratio [OR] = 14.0, P < .001) and
total glossectomy (OR = 5.6, P = .020). Wound fistula or dehiscence was associated with an
increased mortality risk score (OR = 5.9, P < .001), total glossectomy (OR = 6.9, P < .001),
mandibulectomy (OR = 3.4, P < .001), and flap reconstruction (OR = 2.1, P = .038). Increased
mortality risk score, total glossectomy, pharyngectomy, mandibulectomy, flap reconstruction,
neck dissection, and Black race were associated with an increased length of stay and hospital-
related costs. After controlling for all other variables, a statistically significant negative correlation
was observed between surgery at a high-volume hospital and length of hospitalization and
hospital-related costs.

Conclusions—After controlling for other factors, high-volume hospital care is associated with a
shorter length of hospitalization and lower hospital-related cost of care for oropharyngeal cancer
surgery.
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INTRODUCTION
Positive volume–outcome relationships have been reported in a number of population-based
studies that demonstrate lower short- and long-term mortality for cardiovascular,
intrathoracic, and intraabdominal procedures performed at high-volume hospitals.1–4 High-
volume surgeons have been reported to have lower surgical mortality rates, which may
account for a large proportion of the favorable effect of hospital outcome on surgical
mortality.5 These observations have resulted in an increasing emphasis on volume–outcome
relationships, as evidenced by the adoption of hospital volume standards as a surrogate
marker for quality care by healthcare purchasing coalitions such as the Leapfrog Group.6,7

Although limited data exists regarding the relationship between volume and outcome in
head and neck surgery, similar observations regarding the positive effect of hospital8–12 and
surgeon5,13–16 volume on outcome have been reported for surgical treatment of parotid,
larynx, pharynx, thyroid disease, and cervical metastases, with improved long-term survival
demonstrated for patients with laryngeal cancer who are treated at high-volume centers.9

There is a lack of data on important short-term outcomes of volume-based care, such as
postoperative morbidity and mortality and cost of care, as measures of healthcare quality or
value for head and neck cancer surgical care. We have previously reported that high-volume
surgeons and hospitals are significantly more likely to perform more extensive
oropharyngeal cancer operations, including total glossectomy, flap reconstruction, and neck
dissection, and are more likely to treat patients with prior radiation, which suggests that
there are meaningful differences in the type of surgical care provided by high volume
providers.17 The objective of this study was to evaluate the impact of surgeon and hospital
volume as well as other related variables on the in-hospital mortality rate, development of
postoperative wound complications, length of hospital stay, and hospital-related cost of care
after surgery for oropharyngeal cancer.

METHODS
A cross-sectional analysis of patients with a diagnosis of oropharyngeal cancer 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 index hospital admission (surgery) and is
limited to 30 days of follow-up. Adult patients (≥18 years of age) who underwent an
ablative procedure for a malignant oropharyngeal neoplasm in Maryland between January 1,
1990 and July 1, 2009 comprised the study population. The International Classification of
Disease, 9th revision (ICD-9) codes for malignant neoplasm of the oropharynx (141.0,
141.5, 141.6, 141.8, 145.3, 145.4, 146.0, 146.1, 146.2, 146.3, 146.6, 146.7, 146.8, 146.9,
149.0, and 149.1) were used for sorting. All cell types were included. Surgical procedures
included in this analysis were limited to ablative procedures: destruction of tongue lesion
(25.1), partial or total glossectomy (25.2, 25.3, 25.4), tonsillectomy (28.2), excision of
lingual tonsil (28.5), excision of tonsil lesion (28.91), pharyngotomy (29.0), pharyngectomy
(29.33), excision/destruction of lesion of pharynx (29.39), partial or total mandibulectomy
(76.31, 76.41, 76.42), or partial or total laryngectomy (30.29, 30.3, 30.4), with or without
neck dissection (40.40, 40.41, 40.42, 40.3). Patients undergoing biopsy (25.02) were
included if neck dissection was the index admission procedure. Reconstructive procedures
were obtained from codes for pedicled or free flap reconstruction (86.7, 86.70, 86.71, 86.72,
86.73, 86.74, 86.75, 86.8, 86.89). Postoperative wound complications were derived from
codes for complications directly resulting from surgical procedures assigned at the time of
hospital discharge including wound dehiscence (998.3) or fistula (998.6).
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Individual surgeon annual oropharyngeal cancer case volume and individual hospital annual
oropharyngeal cancer case volume were the primary independent variables in this study.
Surgeons and hospitals were included in the analysis if they were involved with at least one
oropharyngeal cancer surgery during the entire study period. The average annual number of
oropharyngeal cancer surgery cases performed per year of surgical activity was obtained by
calculating the mean of the number of cases performed each year for each individual
provider, for the years in which that surgeon or hospital performed at least one
oropharyngeal cancer surgery. Surgeon and hospital volume were modeled as categorical
variables. Annual volumes were divided into quartiles and univariate logistic regression was
performed to evaluate patterns of care among those quartiles. Based on analysis results,
surgeons performing more than 6 cases/year and hospitals with more than 30 cases/year
were categorized as high-volume providers.17

Secondary independent variables available from the HSCRC database included age, sex,
race, APR-DRG mortality risk score, payer source (commercial, health maintenance
organization [HMO], Medicare or Medicaid, or self-pay), nature of admission (emergent/
urgent, or other), readmission, and hospital type (university, community teaching, or
community). The APR-DRG mortality risk score reflects the likelihood of dying (1–4) and
incorporates the impact and interaction of multiple secondary diagnoses. A community
teaching hospital was defined as a nonuniversity hospital with a residency program in
Otolaryngology—Head and Neck Surgery. American Joint Commission on Cancer (AJCC)
tumor stage, tumor grade, histologic subtype, and outcome beyond 30 days were not
available from the HSCRC database.

The primary clinical statistical endpoints (dependent variable) of the study were in-hospital
death during the index admission for primary oropharyngeal cancer surgical procedures
exclusive of biopsy or staging procedures. Postoperative wound complications, length of
hospital stay, and total hospital costs for the index admission were also examined as
dependent variables. Hospital-related charges for each index admission were converted to
the organizational cost of providing care using cost to charge ratios for individual hospitals.
Cost to charge ratios were calculated from data from the HSCRC by dividing the average
inpatient expense by the average inpatient revenue of each hospital during each year of the
study interval.18 This ratio was then multiplied by each patient’s charge to obtain the cost
per admission.19 All costs were adjusted for inflation based on U.S. Bureau of Labor
Statistics indices, with results converted to 2009 USD.20 Cases with incomplete financial
data were excluded from analysis.

Data were analyzed using Stata 10 (StataCorp, College Station, TX). Standard statistical
analysis, including the unpaired t-test for continuous data, and chi-square tests for
categorical data were used to evaluate factors associated with volume category. Age
categories were created based on the results of Lowess smoothed regression analysis.
Associations between dependent variables and the endpoints of in-hospital death and
postoperative wound complications were analyzed using crosstabulations and multivariate
logistic regression modeling. Crosstabulations were analyzed using chi-square tests.
Multiple linear regression models were used to compare associations between dependent
variables and hospital length of stay and total hospital costs. Collinearity was checked by
performing a multiple regression analysis and calculating the variance inflation factors (VIF)
and removing variables with a VIF greater than 10.0, which suggests collinearity. Variables
that were hypothesized to have predictive value as well as those that were significant in
bivariate analysis were entered into the regression models. Models were sequentially built to
identify significantly associated variables. A second approach used stepwise backward
variable selection to determine which subset of variables were predictive of the outcome of
interest. Akaike’s information criterion was used to select models by goodness of fit. Log-
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transformed costs and length of stay were modeled because these variables were not
normally distributed. Odds ratios (OR) are expressed relative to a reference baseline
category. This protocol was reviewed and approved by the Johns Hopkins Medical
Institutions institutional review board.

RESULTS
A total of 1,534 cases were performed during the study period and 1,482 cases had complete
financial data (Table I). During the study interval, there were 3 high-volume surgeons, 230
low-volume surgeons, 1 high-volume hospital, and 35 low-volume hospitals. The mean
patient age at diagnosis was 58.3 years (range: 21–97 years). The majority of patients were
male, White, had commercial or Medicare or Medicaid payer status and received their care
at a university hospital. Neck dissection was the most common surgical procedure and was
performed in 65.3% of all patients, whereas partial glossectomy was the most common
ablative procedure and was performed in 32.4% of all patients. Postoperative wound
complications occurred in 7.4% of cases and inhospital death occurred in 1.0% of cases. The
distribution of subjects according to surgeon and hospital volume, as well as additional
demographic characteristics related to crude in-hospital mortality rates and other short term
outcomes are shown in Table II.

Multiple logistic regression analysis of independent variables associated with the risk of in-
hospital death and postoperative wound complications are shown in Table III. After
controlling for the effects of all variables, the only statistically and independently significant
factors associated with the risk of in-hospital death were a mortality risk score of 4 and total
glossectomy. The development of a postoperative wound fistula or dehiscence was
associated with an increased mortality risk score, partial or total glossectomy,
mandibulectomy, and pedicled or free flap reconstruction. Surgery performed by a high-
volume surgeon was a statistically significant and independent predictor of surgery
performed at a high-volume hospital (OR = 55.79, 95% confidence interval [CI] = 32.42–
95.96, P < .001).

The results of multiple linear regression analyses of independent variables predictive of
length of hospital stay and hospital-related costs are shown in Table IV. Mortality risk score,
urgent or emergent admission, excision or destruction, partial or total glossectomy,
pharyngectomy, mandibulectomy, flap reconstruction, neck dissection, and Black race were
significantly associated with greater length of hospitalization and increased hospital costs. A
statistically significant negative correlation was observed between surgery at a high-volume
hospital and both length of hospital stay and hospital-related cost.

DISCUSSION
Most population-based studies in the literature report a positive association between volume
and outcomes in cancer surgical care, with improved perioperative and long-term survival
for patients treated at high-volume hospitals.1–4,8,9,21,22 The relationship between hospital
volume and outcome varies by procedure and is influenced by surgeon volume, suggesting
that hospital volume is a surrogate for processes of care that directly influence patient
outcomes.5,23,24 These observations have resulted in an increasing emphasis on volume–
outcome relationships and serve as the basis for the controversial adoption of hospital
volume standards as a surrogate for quality and a requirement for reimbursement by
healthcare purchasing coalitions such as the Leapfrog Group. 6,7 Increasingly, the medical
community is focused on quantifying the potential impact of such measures on patient
outcomes.
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High-volume hospital care has been shown to be inversely related to in-hospital mortality,
length of stay, and total charges after radical prostatectomy and ovarian cancer surgery.25,26

There is little data regarding the volume–outcome relationship in head and neck cancer
surgical care. Improved long-term survival has been demonstrated for patients with
laryngeal and oropharyngeal cancer who are treated at high-volume centers.8,9 We have
found that high-volume surgeons and high-volume hospitals are more likely to perform
more extensive primary site ablative operations for laryngeal and oropharyngeal cancer as
well as neck dissection, and high-volume centers are more likely to perform free flap
reconstruction and treat patients with a history of prior radiation.17,27 These findings suggest
that there are differences in the type of surgical care provided between high and low-volume
providers. In addition, we have found a temporal trend of increasing concentration of
laryngeal and oropharyngeal cancer surgical care, with a greater proportion of surgical cases
treated by high-volume surgeons and high-volume hospitals.17 This trend parallels an
observed decrease in the use of primary site ablative procedures and an increase in the
proportion of patients with prior radiation, that is likely a result of the observed national
increase in organ preservation with chemoradiation.28,29 These data suggest that not only are
fewer primary site ablative procedures being performed, but that an increasing proportion
are being performed at high-volume hospitals and for salvage following failed
chemoradiation. The influence of volume-based differences on short-term outcomes and the
resulting costs of oropharyngeal cancer surgical care have not been investigated to date.

Our data suggest that both short-term mortality and oropharyngeal–cancer-specific
complication rates are not associated with hospital or surgeon volume. Short-term mortality
for oropharyngeal cancer surgery was low in this study, which may limit our analysis of the
effect of volume on mortality given small numbers compared to previously published
studies on volume–outcome relationships. Ghaferi et al.30,31 reported that relationships
between volume, complications, and mortality disappear with risk adjustment, suggesting
that postoperative complications are related more to patient factors than to quality of care.
However, the management of complications separated high- from low-volume hospitals,
with improved mortality rates reported for the cohort of patients with postoperative
complications treated at high-volume centers. We were unable to detect volume-based
differences in outcome in patients with postoperative complications, but this is likely a result
of small numbers in our cohort. However, there are significant differences in length of stay
and hospital-related costs for high-volume hospitals that persist after controlling for the
effects of other variables including mortality risk and procedures associated with a higher
incidence of postoperative complications. These data suggest that oropharyngeal cancer
surgery at a high-volume hospital is a significant predictor of shorter length of stay and
lower hospital-related costs, despite a greater likelihood of performing more extensive
surgery on a more high-risk patient population, as we have previously reported.17

There are several limitations to the use of hospital discharge data that may influence our
findings. The Maryland HSCRC database provides no follow-up data beyond the index
admission and is limited to a 30-day postoperative window, and contains no information on
stage of disease, grade, subtype, human papilloma virus (HPV) status, or survival. Thus, a
meaningful analysis of long-term outcomes is not possible from the available data. The
HSCRC database does not contain information regarding the use of previous surgical
procedures or prior chemotherapy, which could potentially affect results with regard to the
extent of surgery, length of hospital stay, or perioperative morbidity. There may be
differences in the type of patient or disease cared for at high-volume hospitals that are not
adequately captured. Although morrtality risk scores were used for risk adjustment, the
ability to adequately control for case mix is limited when discharge diagnoses from
administrative databases are used, which is the case in almost all studies investigating
volume and outcome associations to date, including the present study.1,2,6,21,22
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Postoperative complications may not be apparent at the time of discharge, and as a result the
incidence of complications may be underreported. Another potential limitation is that the
cost analysis was based on hospital-related charges, adjusted for institutional expense-to-
revenue ratios, and did not include physician-related costs, as these data are not contained in
the HSCRC database.

Despite these limitations, these data suggest that oropharyngeal cancer surgery at a high-
volume hospital is a significant predictor of shorter length of stay and lower hospital-related
cost of care for oropharyngeal cancer surgery, after controlling for the effects of other
variables including mortality risk and type of procedure. The costs associated with a given
surgical procedure have been defined as the product of two variables: the unit cost of
resources required for one operation, and the total number of procedures performed.32 The
total number of procedures performed may be a more important determinant of total costs
than unit costs, as high volumes may be associated with higher quality diagnostic practices
or patient selection, both of which are process measures. Surgical volumes are influenced by
experience and judgment, and it has been shown that fellowship training correlates with
increased volumes.14 High-volume providers are more likely to present patients at
multidisciplinary conferences and adhere to national care guidelines.33 Given the temporal
trend toward fewer primary oropharyngeal cancer surgical procedures in the era of
chemoradiation,29 volume-based initiatives for oropharyngeal cancer surgical care appear to
be an appropriate measure to reduce costs and improve the quality of care provided.

CONCLUSIONS
High-volume hospital care is associated with a shorter length of hospitalization and lower
hospital-related cost of care for oropharyngeal cancer surgery, after controlling for the
effects of other variables including mortality risk and postoperative complications. These
data suggest that volume-based referral strategies that concentrate oropharyngeal cancer
surgical care at high-volume centers may be cost effective, particularly in an era of
decreasing use of primary surgery for oropharyngeal cancer.
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TABLE III

Multivariate Logistic Regression Analysis of Variables Associated with Risk of In-Hospital Death and
Postoperative Wound Complications.

Variable Odds Ratio 95% CI P-Value

In-hospital death

 Mortality risk score 4 13.99 3.18–61.53 <.001

 Total glossectomy 5.63 1.30–24.25 .020

Wound fistula/dehiscence

 Mortality risk score 4 5.85 2.30–14.90 <.001

 Partial glossectomy 2.40 1.39–4.11 .002

 Total glossectomy 6.92 3.38–14.17 <.001

 Mandibulectomy 3.36 1.88–5.98 <.001

 Pedicle or flap reconstruction 2.09 1.04–4.19 .038

CI = confidence interval.
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TABLE IV

Multiple Linear Regression Analysis of Length of Stay and Hospital Costs.

Variable Estimate 95% CI P-Value Geometric mean (days)

Length of stay (days)

 Intercept 0.7112 0.5893–0.8330 <0.001 2.0

 High-volume hospital −0.1613 −0.2535–−0.691 0.001 1.7

 Black race 0.3659 0.2435–0.4884 <0.001 2.9

 Mortality risk score 3 0.5124 0.3468–0.6780 <0.001 3.3

 Mortality risk score 4 0.7534 0.4493–1.0576 <0.001 4.2

 Urgent/emergent admission 0.3869 0.2602–0.5136 <0.001 2.9

 Partial glossectomy 0.3952 0.2435–0.4884 <0.001 3.0

 Total glossectomy 1.0314 0.8431–1.2198 <0.001 5.6

 Pharyngectomy 0.5971 0.4429–0.7513 <0.001 3.6

 Mandibulectomy 0.6154 0.4594–0.7713 <0.001 3.7

 Neck dissection 0.5948 0.4894–0.7002 <0.001 3.6

 Pedicled or free flap reconstruction 0.3487 0.1539–0.5436 <0.001 2.8

Geometric mean (2009 USD)

Hospital costs

 Intercept 8.8880 8.7959–8.9802 <0.001 $7,245

 High-volume hospital −0.0785 −0.1551–−0.0019 0.044 $6,698

 Black race 0.2449 0.1431–0.3466 <0.001 $9,255

 Mortality risk score 3 0.6074 0.4700–0.7448 <0.001 $13,299

 Mortality risk score 4 0.8578 0.6049–1.1106 <0.001 $17,084

 Urgent/emergent admission 0.1454 0.0399–0.2508 0.007 $8,379

 Partial glossectomy 0.3386 0.2571–0.4202 <0.001 $10,165

 Total glossectomy 0.9506 0.7940–1.1073 <0.001 $18,745

 Pharyngectomy 0.5430 0.4148–0.6713 <0.001 $12,470

 Mandibulectomy 0.5332 0.4034–0.6629 <0.001 $12,348

 Neck dissection 0.5279 0.4410–0.6148 <0.001 $12,283

 Pedicled or free flap reconstruction 0.3611 0.1992–0.5231 <0.001 $10,396
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