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A B S T R A C T

Objective: We examined associations between pre-, post-, and peri-operative variables and health resource use in
head and neck cancer patients.
Methods: Patients (N=183) who were seen for a pre-surgical consult between January 2012 and December
2014 completed surveys that assessed medical history, a patient-reported outcome measure (PROM) of dys-
phagia, and quality of life (QOL). After surgery, peri-operative (e.g., tracheostomy, feeding tube) and post-
operative (e.g., complications) variables were abstracted from patients’ medical records.
Results: Multivariate regression models using backward elimination showed that pre-surgical University of
Washington Quality of Life (UW-QOL) Inventory and M.D. Anderson Dysphagia Inventory (MDADI) composite
scores, documented surgical complications, and having a tracheostomy, were all significant predictors of hos-
pital length of stay, explaining 57% of the total variance (F(5, 160)=18.71, p < .001). Male gender, psy-
chiatric history, and lower pre-surgical MDADI scores significantly predicted thirty-day unplanned readmissions
(30dUR). Pre-surgical MDADI composite scores also significantly predicted emergencey department (ED) visits
within 30 days of initial hospital discharge (p= .02).
Conclusions: Assessment of PROMs and QOL in the pre-surgical setting may assist providers in identifying pa-
tients at risk for prolonged LOS and increased health resource use after hospital discharge.

Introduction

Head and neck cancer (HNC) is the sixth most common malignancy
in the world, and its incidence is rising rapidly worldwide [1]. Most
HNC tumors (90%) are squamous cell carcinomas occurring in the oral
cavity, pharynx, and larynx [1]. Treatments for HNC have changed
dramatically over the past few decades, owing largely to the advance-
ments in multimodality therapy and improvements in radiotherapeutic
and surgical techniques [2]. For HNC patients diagnosed with early
stage disease, surgical excision is considered a standard treatment [3].
For locally advanced disease (stages III, IVA, IVB), which makes up
more than 50% of HNC cases, patients typically undergo surgery either
before or after chemoradiation (or radiation) [2]. However, patients
undergoing surgery are at increased risk for significant complications

and health resource use [4,5]. Measures of health resource use such as
hospital length of stay (LOS), readmissions, and emergency department
(ED) visits, are considered markers of surgical quality of care, and are
increasingly tied to hospital reimbursements in the age of affordable
care [6–9]. In HNC, the average LOS after surgery is 5–9 days [10,11],
rates of hospital readmission after initial discharge range from 3.1% to
16% [12–16], and almost one-third of patients have at least one visit to
the ED [17]. These high rates of health resource utilization make HNC
one of the most costly cancers to treat [18,19], and contribute to in-
creased patient morbidity and mortality [10,14,20,21]. A clearer un-
derstanding of factors that contribute to increased health resource use
could help clinicians identify “at risk” patients and identify appropriate
benchmarks and targets for future quality improvement efforts.

Previous research has identified a number of pre-, post-, and peri-
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operative variables that are associated with increased health resource
use in HNC. For example, pre-operative variables such as older age,
poor functional status, comorbidities, and substance use (e.g., tobacco,
alcohol) have been associated with prolonged LOS and hospital read-
missions [21–23]. A medical history including hypertension, a normal/
underweight BMI, and depressive symptoms have been associated with
increased risk for ED presentation [17]. With regard to peri-operative
factors, prophylactic percutaneous gastronomy tube (PEG) placement
has been associated with lower rates of hospital readmissions [24,25],
and airway management with tracheostomy has been associated with
prolonged LOS [26]. Finally, in terms of post-operative factors, med-
ical/surgical complications (e.g., pneumonia, wound infection, he-
morrhage) have been associated with prolonged LOS and readmissions
[12,16,22,27]. In fact, in a study of 1058 patients undergoing HNC
surgery, Graboyes [12] found that patients who experienced a com-
plication during or after their index hospitalization were 11.9 times
more likely than patients without complications to be readmitted to the
hospital within 30 days of discharge.

Although a variety of factors have been identified as predicting
health resource use in HNC surgical patients, the utility of these find-
ings in guiding processes of care has been limited. One possibility is that
researchers may not have identified all the variables needed to develop
patient risk profiles for increased health resource use. For example,
QOL is a multi-dimensional construct of an individual's subjective as-
sessment of the impact of an illness or treatment on his or her physical,
psychological, social, and somatic functioning and general well-being
[28,29]. It represents the gap between one’s functional status and ideal
standard [30]. Self-report measures of QOL are patient-centered and
have been shown to be consistent predictors of hospitalizations and
mortality rates in a variety of chronic diseases (e.g., COPD, heart and
kidney disease), even after adjustment for clinically relevant factors
[31–33]. QOL is also a critical consideration in the management of
HNC, but studies have largely examined it as an outcome of treatment
as opposed to a predictor of clinical outcome [34].

Another factor that may be important for the assessment of risk
profiles for increased health resource use in HNC is dysphagia.
Dysphagia is a common side effect of HNC and its treatment. Measures
of dysphagia include instrumental examinations of swallowing phy-
siology and bolus transport, most commonly videofluoroscopy, and
patient-reported outcome measures (PROMs). While clinical assessment
of dysphagia is valuable in determining extent of mechanical disability,
PROMs have gained in popularity among HNC clinicians because they
standardize patient reporting of perceived dysphagia and provide in-
sights into the impact of swallowing dysfunction on patient QOL [35].
Research in other cancers has shown that routine functional and
symptom assessment with PROs may confer clinical benefits including
increased rates of symptom discussions between patients and clinicians
[36–38], intensified symptom management by clinicians in response to
patient reports [38,39], and fewer ER visits and hospitalizations [40].
However, such linkages have yet to be established specifically in HNC.
Given the above and the finding that perceptions of both QOL and
dysphagia prior to treatment have been associated with survival in HNC
[41], it may be useful to explore the role that pre-surgical QOL and
dysphagia could play in predicting post-surgical resource use among
patients with HNC.

Another issue that could be affecting the translation of research
findings is that insufficient attention has been paid to factors across the
entire clinical care pathway when looking at predictors of health re-
source use. Instead, studies have largely examined pre-operative or
post-operative factors in isolation. Taking a more holistic approach that
considers pre-, post-, and intra-operative factors as predictors of dif-
ferent types of outcomes (e.g., LOS, ED visits, and readmissions) would
be more consistent with the realities of clinical care and could highlight
potential targets for quality improvement across the care continuum
ranging from treatment planning to hospital discharge. Since assessing
and identifying modifiable risk factors on quality metrics may reduce

overall cost and burden on limited hospital resources, this study ex-
amined whether pre-, peri-, and post-operative factors predict hospital
LOS, thirty-day unplanned hospital readmissions (30dUR), and ED
visits in HNC surgical patients.

Methods

Procedures

This retrospective medical record review was approved by the Icahn
School of Medicine at Mount Sinai Institutional Review Board
(IF1718786). As part of their routine initial surgical consult visit, new
HNC patients are asked to complete the “Patient First” Questionnaire,
which includes a pre-operative medical assessment, and questions
about the patient’s medical history, QOL, and dysphagia. Completed
questionnaires were scanned into the electronic health record (EHR) as
part of a larger quality improvement data collection project.

For this study, patient eligibility criteria included: (1) being newly
diagnosed with squamous cell carcinoma (SCC) of the head and neck or
a salivary gland tumor, (2) having a surgical consult in the Department
of Otolaryngology-Head and Neck Surgery between January 2012 and
December 2014, (3) completing the “Patient First” questionnaire, and,
(4) undergoing surgery at Mount Sinai Hospital for HNC. There were no
exclusion criteria. Research staff abstracted data from the Patient First
questionnaire into a secure database along with clinical and demo-
graphic data from the EHR for eligible patients. This data was then
linked to health resource use data obtained from the Mount Sinai Data
Warehouse (MSDW), which has clinical and operational data derived
from patient care at the Mount Sinai Hospital and Mount Sinai Faculty
Practice Associates.

Data collection

Outcome variables
Data abstracted from the MSDW included LOS (defined as number

of days from surgery to hospital discharge, and categorized as
low=≤4 days, medium=5–9 days, or high= >9 days, based on
national averages for LOS after HNC surgery) [10,11], presence/ab-
sence of a 30-day unplanned readmission (30dUR) to Mount Sinai
Hospital for a postoperative occurrence likely related to the principal
surgical procedure [42,43], and presence/absence of an ED visit within
30 days of initial hospital discharge.

Predictor variables
Sociodemographics. Age, gender, marital status, and ethnicity

(Hispanic vs non-Hispanic) were abstracted. Race is not routinely en-
tered into the medical record at Mount Sinai, so this data was not
available.

Disease characteristics. Tumor site (i.e., oral cavity, oropharynx,
hypopharynx, and larynx) and clinical stage at diagnosis.

Medical history and comorbidities. History of prior cancer (yes/no),
psychiatric illness (yes/no), smoking (never, former, or current
smoker), alcohol use (never, former, active-social drinker, active-
abuse), and illicit drug use (yes/no) were abstracted from the EHR, in
addition to completion of neo-adjuvant/adjuvant treatment (e.g., che-
motherapy, chemoradiation), and HPV status (P16 positive, P16 nega-
tive, or not tested). Food intake changes in the past month were cate-
gorized as either unchanged/eating more than usual or eating less than
usual. Presence or absence of the following relevant comorbidities was
also assessed: chronic pulmonary disease (i.e., chronic obstructive
pulmonary disease, pulmonary fibrosis, and severe asthma with at least
1 previous hospital admission because of an asthma exacerbation),
chronic artery disease (CAD; i.e., prior myocardial infarction or having
a coronary stent/bypass graft), hypertension (i.e., carrying a diagnosis
of hypertension and being on antihypertensive medication), hepatic
disease (i.e., known chronic hepatitis, elevated liver enzymes on at least
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2 occasions over the year before surgery, or known cirrhosis), vascular
disease (i.e., known peripheral vascular disease or a history of a cere-
brovascular accident), hypothyroidism (i.e., known diagnosis of hy-
pothyroidism and being on thyroid hormone supplementation or an
elevated preoperative thyroid-stimulating hormone), diabetes, GI pro-
blems, renal disease, and neurological disorders.

Peri- and post-operative variables. Operative procedures were classi-
fied as either lower (e.g., laryngoscopy, tracheostomy, skin grafts or
local flaps, parotidectomy, and neck dissection with or without partial
glossectomy) or higher risk (e.g., laryngopharyngectomies, any major
skull base surgery, or operations needing a free-flap). Perioperative
variables included type of surgery (i.e., open or transoral robotic sur-
gery; TORS), management of airway via tracheostomy (yes/no), and
PEG placement during surgery (yes/no). Post-operative variables in-
cluded medical complications related to the index procedure occurring
during the index hospital admission [15,27], or surgical complications
occurring either during the index admission or within 30 days of hos-
pital discharge. Medical complications included cardiovascular (e.g.,
myocardial ischemia), pulmonary, neurologic, infectious (e.g., sepsis),
and miscellaneous complications (e.g., deep venous thrombosis, renal
insufficiency). Surgical complications included wound infection, fistula
formation, flap donor and recipient site complications, hematomas,
dehydration, anemia, tracheostomy complications, and bleeding at the
surgical site, and performance of additional or unexpected surgical
procedures.

QOL. Patients completed the University of Washington Quality of
Life (UW-QOL) v4 survey [22], prior to surgery, as part of the Patient
First Questionnaire. The UW-QOL is a validated head and neck cancer-
specific health-related survey that consists of 12 domain-specific items
(i.e., pain, appearance, activity, recreation, swallowing, chewing,
speech, shoulder function, taste, saliva, mood, and anxiety) [44,45].
Each domain item is scored from 0 to 100, with 100 being the best
possible response. An overall QOL score was determined by averaging
across all 12 domains (Cronbach’s alpha=0.82).

Dysphagia. Patients completed the M.D. Anderson Dysphagia
Inventory (MDADI) prior to surgery, as part of the Patient First
Questionnaire. The MDADI is a 20-item self-administered questionnaire
that describes a patient’s perception of their swallowing abilities and
their swallowing-related quality of life [46]. Given widespread adop-
tion in clinical research over the past two decades, the MDADI is ar-
guably the principal PROM of perceived dysphagia in HNC research.
[35] Items are scored on a 5 point Likert-type scale (1= strongly dis-
agree to 5= strongly agree). A composite score summarizes overall
performance in the physical, emotional, and functional subscale do-
mains. Scores are normalized to range from 20 (extremely low func-
tioning) to 100 (high functioning). Although a standardized cut-off has
yet to be established, a study of 1136 HN patients found that composite
scores< 57 are indicative of significant deficits in swallowing function
(e.g., aspiration, non-oral diet, feeding tube dependence). Cronbach’s
alpha was 0.96 in this study, suggesting strong internal consistency.

Data analysis

Data were analyzed using SPSS version 24 (SPSS Inc, Chicago, IL).
Demographic, clinical, and QOL data were summarized via descriptive
statistics. Differences between patients who were either readmitted or
visited the ED and those who did not were analyzed using Chi-Square
tests. Univariate comparisons of UW-QOL and MDADI composite scores
based on disease stage were conducted using one-way Analysis of
Variance (ANOVA) and adjusted for multiple comparisons using Tukey's
HSD (honestly significant difference) test. Univariate ANOVAs were
also conducted to compare pre-surgical MDADI composite scores based
on LOS. Independent t-tests were used to compare pre-surgical scores
on the MDADI based on 30dUR and ED visit status.

To identify independent predictors of each of the study outcomes
(i.e., LOS, ED visits, and 30dURs), univariate analyses were conducted.

Demographic, clinical, and QOL variables were independently assessed
based on a criterion of p≤ .05. Variables meeting this threshold were
then entered into multivariate regression (for LOS, a continuous out-
come) and logistic models (for ED visits and 30dURs, which are di-
chotomous outcomes) with backward selection to eliminate non-sig-
nificant parameters. For the logistic regressions, odds ratios (ORs) and
corresponding 95% confidence intervals (CIs) were estimated. Two-
tailed tests of significance and confidence intervals were based on the
p≤ .05 level.

Results

Two-hundred eighty-seven medical charts were reviewed; 17 were
excluded because the patient did not have SCC or a salivary gland
tumor, and 104 (39%) were excluded due to there being no record of
the patient completing the Patient-First questionnaire. No significant
differences between survey responders and non-responders were found
based on available medical and sociodemographic data in the EHR.
Although reasons for non-completion are unknown, it is possible that
surveys were either not administered by clinic staff, not completed by
the patient, or never scanned into the EHR. Average patient age was
64 years (range=28–95 years; SD=11.29). Other demographic and
medical characteristics of the remaining 166 eligible patients are pre-
sented in Table 1. Twenty-three percent of patients underwent low risk
surgical procedures and 77% underwent high risk procedures. Average
LOS was 4.90 days (SD=4.7 days); 55% of patients had a LOS of< 4
days (short), 32% had a LOS of 5–9 days (medium), and 12% had a LOS
of> 9 days (long). Airway was managed during surgery with a tra-
cheostomy for 61 patients (N=37%); average time to decannulation
was 7 days (SD=7; Range=0–41 days). Twelve patients experienced
medical complications prior to discharge. These included infections
(N= 4 of 12; 33%), cardiovascular (25%), pulmonary (25%), and
miscellaneous events (17%). In addition, 25 surgical complications
were noted. Seven of these required return to the operating room
during the index hospitalization. The remaining surgical complications
noted prior to discharge (N=18) included wound problems (N=5),
fistulas (5), hematoma (4), and donor or flap recipient site complica-
tions (4).

Eleven patients (of 166; N= 6%) visited the ED and 18 (11%) had a
30dUR. No patients visited the ED or were readmitted more than once.
Average length of time from hospital discharge to an ED visit was
6.70 days (SD=25.8; Range= 1–151 days), and average length of
time from hospital discharge to a 30dUR was 11.89 days (SD=7.01;
Range=3–23 days). Reasons for ED visits included surgical site
bleeding (27%), fever (27%), swelling (18%), pain (18%), and dys-
phagia (10%). Reasons for 30dUR were: surgical site bleeding (33%),
wound infection (17%), fistula (17%), dehydration (11%), anemia
(11%), and tracheostomy complications (11%). Chi-square comparisons
showed that patients who received a PEG (X2= 13.10, p < .001) or
had a history of psychiatric illness (X2= 3.62, p < .05) were sig-
nificantly more likely to visit the ED. Patients with a tracheostomy
(X2= 3.70, p < .05) were more likely to have a 30dUR.

Overall, patients reported good QOL regardless of disease stage.
Average UW Composite scores ranged from 88.93(SD=10.49) to
84.11(SD=17.37). Average MDADI composite scores ranged from
88.11(SD=15.01) to 80.04(SD=18.26); only 9 patients (5%) scored
below 57. No significant differences in either pre-surgical MDADI or
UW-QOL composite scores based on disease stage were found.
Univariate ANOVA revealed significant differences on the MDADI by
LOS (short, medium, or long) F=4.96, p= .01. Namely, patients who
had the longest hospital LOS (> 9 days) had significantly (p < .05)
lower pre-surgical MDADI composite scores (M=69.30, SD=22.10),
than patients who had either medium (M=80.94, SD=17.68) or
short (M=85.24, SD=13.70) hospital LOS. Patients who visited the
ED had significantly lower pre-surgical MDADI composite scores
(M=63.03, SD=17.86) relative to those who did not (M=85.01,
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SD=14.55; t=−4.91, p < .001). There was also a trend for patients
with a 30dUR to have lower pre-surgical MDADI composite scores
(M=75.72, SD=15.07) compared with those who were not read-
mitted (M=83.60, SD=16.85), but it was not statistically significant
(t=−1.90, p= .07).

LOs

Univariate regressions showed that type of HNC (specifically, lar-
yngeal cancer), experiencing reduced food intake in the month prior to
surgery, having lower MDADI and UW-QOL composite scores at the
surgical consult visit, having a prior smoking history and/or history of
cancer, undergoing open as opposed to robotic (TORS) surgery, ex-
periencing a surgical complication (inpatient or outpatient), and having
a PEG or tracheostomy were all independently significantly associated
with increased LOS (p≤ .05). A stepwise multiple regression analysis
was then performed to predict LOS from these eight variables. After a
backward elimination process, the final model revealed that MDADI
and UW-QOL composite scores, documented surgical complications,
and having a tracheostomy significantly predicted LOS, F(5,
160)= 18.71 p < .001, R2=0.57 (see Table 2).

Given that surgical site infections in HNC microvascular construc-
tion remain a significant postoperative complication and could possibly
confound findings for LOS, we combed through the EHR and identified
4 patients who underwent microvascular construction. LOS ranged
from 11 to 29 days, which is significantly higher than the average LOS
for the overall sample. Based on this, analyses were re-run with these
cases removed, but the overall findings did not significantly change.

Readmissions

Of all the predictor variables that were examined, univariate

regressions showed that only male gender, having a documented psy-
chiatric history, lower MDADI composite scores prior to surgery, and
having a PEG were independently significantly associated with 30dURs
(p≤ .05). When these variables were collectively entered in a multi-
variate logistic regression model using backward stepwise elimination
(see Table 3), findings showed that 30dURs were only significantly

Table 1
Sample descriptives (N=166 patients).

Sex % % %

Male 75 Prior cancer history 9 Neo-adjuvant treatment
Female 25 Chemotherapy < 1

History of psychiatric illness 11 Chemoradiation 3
Ethnicity None 96
Hispanic 4 Smoking history
Non-Hispanic 75 Never smoked 41 Prophylactic PEG Placement 11
Unknown 21 Former smoker 46

Current smoker 13 Prophylactic NG tube placement 2
Marital status
Married 73 Alcohol history PEG placed prior to hospital discharge 30
Not married 27 Never 37

Active drinker – social 52 PEG placed after hospital discharge 13
Type of HNC Active drinker – abuse 10
Oral cavity 36 Former Drinker 4 Tracheostomy 37
Oropharynx 41
Hypopharynx 2 History of illicit drug use 6 TORS 18
Larynx 14
Paranasal Sinus and Nasal Cavity 2 Food intake in past month Adjuvant treatment
Salivary gland 5 Unchanged or more than usual 74 Radiation 26

Less than usual 26 Chemoradiation 20
Stage at Diagnosis None 54
I 22 Comorbidities
II 17 Chronic Pulmonary Disease 5
III 19 Chronic Artery Disease 12
IV 42 Hypertension 51

Hepatic disease 4
HPV Status Vascular disease < 1
Not tested 61 Hypothyroidism 12
P16 Positive 27 Diabetes 14
P16 Negative 12 GI problems 15

Renal disease < 1
Neurological disorder 8

Note: x2= Chi-Square; HNC=Head and Neck Cancer; PEG=percutaneous endoscopic gastrostomy tube; TORS=Transoral Robotic Surgery, EMR= elec.
Hospital readmissions and ED visits are within 30 days of initial discharge following HNC surgery.

Table 2
Final multivariate linear regression model for LOS.

95% Confidence
interval

B SE t Lower Upper Adjusted R2

.57
Constant 15.54 2.78
Type of HNC – – – – –
Food Intake Decrease

in past month
– – – – –

MDADI Composite −.08 .02 −2.83** −.13 −.02
UW QOL Composite −.08 .03 −2.50* −.14 −.02
Hx of Cancer – – – – –
Hx of Smoking – – – – –
Surgical

Complication
3.77 .97 3.90** 1.85 5.68

PEG – – – – –
Tracheostomy 4.33 .84 5.15** 2.66 6.01
TORS – – – – –

Note: Hx=History HNC=Head and Neck Cancer; MDADI=M D Anderson
Dysphagia Inventory; UWQOL=University of Washington Quality of Life
survey; PEG=percutaneous endoscopic gastrostomy Tube; TORS=Transoral
Robotic Surgery.
* p < .01,
** p < .001
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predicted by male gender (OR 9.32; 95% CI 1.14–76.15; p= .04),
psychiatric history (OR 4.57; 95% CI 1.29–16.12; p=02), and lower
pre-surgical MDADI scores (OR 0.95; 95% CI 0.92–0.99; p= .006).

ED visits

Univariate regressions showed that lower pre-surgical MDADI
scores, having more advanced stage disease, requiring a tracheostomy,
and experiencing surgical complications were significantly in-
dependently associated with ED visits (p≤ .05). When these variables
were collectively entered in a multivariate logistic regression model
with backward stepwise elimination (see Table 3), the only significant
predictor of ED visits was MDADI composite scores (OR 0.94; 95% CI
0.88–0.92; p= .02).

Discussion

To our knowledge, this is the first study to demonstrate that pre-
surgical dysphagia and QOL is associated with post-surgical health
service use including LOS, 30dURs, and ED visits in HNC patients.
Notably, dysphagia was predictive of increased health service use
across study outcomes. Overall, findings suggest that preoperative QOL
and PROM assessment can provide significant information that could be
used along with other oncological parameters to refine evaluation of
prospective patients’ tolerance of surgery and post-surgical recovery.

A major strength of this study was its inclusion of variables, in-
cluding QOL measures and PROMs, from the entire hospital course to
predict multiple hospital outcome variables. Previous studies have ex-
amined predictors of LOS, readmission, or ED visits separately, or pre-
or post-surgical factors separately, and have generally used QOL mea-
sures and PROMs as outcomes rather than predictors. The current study
identified variables before, during, and after surgery that may predict
health service use, such as pre-surgical QOL and dysphagia scores,
complications, or tracheostomy placement. The fact that the MDADI
was associated with health service use outcomes across a variety of
HNC tumor types is not surprising given that all the different HN tumor
locations are complicit in swallowing issues, albeit in different ways
[47–49]. However, even though the presence of dysphagia has been
associated with malnutrition, dehydration, and poor healthcare out-
comes, including high healthcare expenditure in HNC [50–53], self-
report measures like the MDADI are rarely administered in clinical care
as part of routine pre-surgical assessment. While it is true that the
MDADI assesses subjective reports of swallowing difficulty and there-
fore cannot discriminate between the dysphagia of patients with spe-
cific types of HNC (e.g., laryngeal cancer vs. oral cancer) [35], many
patients may have baseline dysphagia that might not be severe enough

to be recognized by a clinician or considered immediately relevant
when formulating the plan of care. Although this study was exploratory
in nature, our findings suggest that implementation of validated dys-
phagia screening tools like the MDADI in the pre-surgical setting is
feasible and may allow for the early identification of dysphagia and
development of clear procedures to optimize healthcare resources and
improve clinical pathways.

Although some variables that we identified as significant predictors
of health service use (e.g., surgical complications, having a PEG tube)
were consistent with findings from other published studies [12,15,54],
there were some differences. For example, studies have identified
marital status as a significant predictor of health service use [11,54]. It
is possible that our sample may have been too small to detect significant
differences. Differences in the way certain variables were measured
may have also led to differences in findings. For example, Dziegielewski
[15] measured whether patients had a tracheostomy at discharge,
whereas we examined whether or not a tracheostomy was used to
manage airway during surgery. Patients who have a tracheostomy at
discharge may have had more advanced cancers, which may in turn
increase their odds of readmission. In our study, relatively healthy
patients could have had a brief tracheostomy placed and were perhaps
decannulated prior to discharge.

Limitations

This study had various limitations. First, the study has the limita-
tions inherent to all retrospective medical record reviews [55]. Second,
there were a small number of events (n=18 readmissions and 11 ED
visits). This could have contributed to the wide confidence intervals for
the reported risk factors. Larger scale studies with more events are
needed to fully test the explanatory power of the multivariable models.
Third, patients may have sought care for postoperative problems else-
where, resulting in an underestimation of the rate of unplanned read-
missions and ED visits. Supporting this idea, using data collected from a
nationally representative sample, Chen et al found that one-fifth of all
readmissions following HNC in the US did not occur at the index hos-
pital [16]. This is especially relevant in the New York metro area, where
transportation issues and a large number of medical centers may result
in patients seeking care at a variety of facilities. Fourth, although our
otolaryngology surgical oncology practice is diverse, our findings are
based on a single academic medical center and might not reflect all
otolaryngology practices. Fifth, owing to the nature of the study, we
cannot completely rule out the possibility that lower QOL and dys-
phagia scores may reflect other hidden predictors of poor prognosis.
Nevertheless, we found no relationship between disease stage and ei-
ther UW-QOL or MDADI scores. Although the small sample size could

Table 3
Final multivariate logistic regression models for unplanned readmissions and ED visits.

Unplanned Readmission 95% Confidence Interval

B P-value OR Lower Upper Adjusted R2

.19
Constant −.30 –
Gender 2.23 .04 9.32 1.14 76.15
PEG – – – – –
Psychiatric History 1.52 .02 4.57 1.29 16.13
MDADI Composite −.05 .01 .95 .92 .99

ED visits .16
Constant −16.76 –
Dx Stage – – – – –
MDADI Composite −.07 .02 .94 .88 .99
Surgical Complications – – – – –
Tracheostomy – – – – –

Note: Hx=History HNC=Head and Neck Cancer; MDADI=M D Anderson Dysphagia Inventory; PEG=percutaneous endoscopic gastrostomy Tube,
Dx= diagnosis.
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have been a factor, this finding was likely due to the fact that patients
reported relatively good average pre-surgical QOL and swallowing
function regardless of disease stage (Range= 84.11–88.93 out of 100
on the UWQOL , with higher scores indicating better QOL, and
80.04–88.11 out of 100 on the MDADI , with higher scores indicating
better swallowing function). Future prospective investigations using
larger and possibly more homogenous samples are needed to better
clarify associations between QOL, dysphagia, and health service use in
this population.

Clinical implications

Our findings suggest that QOL measures and PROMs, which are
inexpensive and often quickly and easily administered, may be useful in
predicting post-surgical health resource use. This underscores the im-
portance of routinely collecting QOL and PROM data in clinical practice
as they could complement other prognostic factors in the pre-operative
setting. For example, pre-operative counseling with a speech-language
pathologist (SLP) may lead to shorter hospital LOS and lower rates of
hospital readmission after total laryngectomy. In addition to preparing
patients to cope with the physiological and anatomical changes and
possibly reducing anxiety, pre-operative visits with an SLP can also
provide prophylactic intervention as appropriate and address current
swallowing complaints that may or may not be resolved with surgery.
These visits could also help set up a good rapport for post-operative
therapeutic intervention and help the patient prepare for an earlier
discharge by beginning the educational process of how to engage in
post-operative self-management. In this sense, improved patient edu-
cation in the pre-op setting could contribute to the reduced likelihood
of ED visits and hospital readmissions that are related to patient self-
care issues.

Integration of QOL measures and PROMs in routine clinical care
may also help identify which patients would benefit most from different
treatment programs. Despite the fact that patients' subjective reports of
their dysphagic symptoms do not always reflect the actual physiology of
the swallow [56–58], patients who indicate that their swallowing
function is compromised prior to surgery may benefit from more up
front intervention. For example, based on this information the SLP
could suggest possible behavioral interventions or compensatory stra-
tegies to deal with the patient’s dysphagic symptoms while they wait for
surgery. QOL measures and PROMs could also be used to identify pa-
tients who are at risk for increased health service use so they can be
targeted to improve discharge planning and coordination of hospital
care. This information is valuable to clinicians who often place the
focus of increased resource utilization on social, patient, and disease
related factors despite data, which indicates that a large number of
barriers to quality improvement initiatives for surgical patients center
around institutional resources and providers themselves [59–61].
Therefore, inexpensive strategies are needed to identify patients at risk
for increased health resource utilization, such as routine QOL and
PROM evaluations. Such strategies have the potential to be accepted by
providers, do not require significant institutional resources, and could
potentially reduce health resource use in the HNC setting.

Conflict of interest

None of the authors have any actual or potential conflicts of interest
including any financial, personal, or other relationships with other
people or organizations within that could inappropriately influence
their work.

Acknowledgements

This study was supported in part by a grant from the National
Cancer Institute R21CA178478 (PI: Hoda Badr, PhD.) as well as use of
facilities and resources at the Houston HSR&D Center for Innovations in

Quality, Effectiveness, and Safety (CIN 13-413).

References

[1] American Cancer Society. Cancer Facts and Figures; 2019. <https://www.cancer.
org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-
facts-and-figures/2019/cancer-facts-and-figures-2019.pdf> [accessed January 30,
2019].

[2] Seiwert T, Cohen E. State-of-the-art management of locally advanced head and neck
cancer. Brit J Cancer 2005;92(8):1341.

[3] Marur S, Forastiere AA. Head and neck cancer: changing epidemiology, diagnosis,
and treatment. Paper presented at: Mayo Clinic Proceedings; 2008.

[4] Paydarfar JA, Birkmeyer NJ. Complications in head and neck surgery: a meta-
analysis of postlaryngectomy pharyngocutaneous fistula. Arch Otolaryngol Head
Neck Surg 2006;132(1):67–72.

[5] Huber GF, Dort JC. Reducing morbidity and complications after major head and
neck cancer surgery: the (future) role of enhanced recovery after surgery protocols.
Curr Opin Otolaryngol Head Neck Surg 2018;26(2):71–7.

[6] Schneider EB, Hyder O, Brooke BS, et al. Patient readmission and mortality after
colorectal surgery for colon cancer: impact of length of stay relative to other clinical
factors. J Am College Surg 2012;214(4):390–8.

[7] Wick EC, Shore AD, Hirose K, et al. Readmission rates and cost following colorectal
surgery. Dis Colon Rectum 2011;54(12):1475–9.

[8] Rau J. Medicare's Readmission Penalties Hit New High. Kaiser Health News; 2016.
<https://khn.org/news/more-than-half-of-hospitals-to-be-penalized-for-excess-
readmissions/> [accessed March 18, 2018].

[9] Kassin MT, Owen RM, Perez SD, et al. Risk factors for 30-day hospital readmission
among general surgery patients. J Am Coll Surg 2012;215(3):322–30.

[10] Bhattacharyya N, Fried MP. Benchmarks for mortality, morbidity, and length of stay
for head and neck surgical procedures. Arch Otolaryngol Head Neck Surg
2001;127(2):127–32.

[11] McDevitt J, de Camargo Cancela M, Kelly M, Comber H, Sharp L. Tracheostomy and
infection prolong length of stay in hospital after surgery for head and neck cancer: a
population based study. Oral Surg Oral Med Oral Pathol Oral Radiol
2016;121(1):22–8. e21.

[12] Graboyes EM, Liou T-N, Kallogjeri D, Nussenbaum B, Diaz JA. Risk factors for
unplanned hospital readmission in otolaryngology patients. Otolaryngol Head Neck
Surg 2013;149(4):562–71.

[13] Danino J, Taylor T, Metcalfe C, Muzaffar S, Sinha A. Readmission rates and fi-
nancial penalties after ear, nose and throat surgery: how can we improve? Br J Hosp
Med 2015;76(11):655–7.

[14] Luryi AL, Chen MM, Mehra S, Roman SA, Sosa JA, Judson BL. Hospital readmission
and 30-day mortality after surgery for oral cavity cancer: analysis of 21,681 cases.
Head Neck 2016;38(S1).

[15] Dziegielewski PT, Boyce B, Manning A, et al. Predictors and costs of readmissions at
an academic head and neck surgery service. Head Neck 2016;38(S1):E502–10.

[16] Chen MM, Orosco RK, Harris JP, et al. Predictors of readmissions after head and
neck cancer surgery: a national perspective. Oral Oncol 2017;71:106–12.

[17] Reyes-Gibby CC, Melkonian SC, Hanna EY, et al. Cohort study of oncologic emer-
gencies in patients with head and neck cancer. Head Neck 2017;39(6):1195–204.

[18] Lang K, Menzin J, Earle CC, Jacobson J, Hsu M. The economic cost of squamous cell
cancer of the head and neck: findings from linked seer-medicare data. Arch
Otolaryngol Head Neck Surg 2004;130(11):1269–75.

[19] Wissinger E, Griebsch I, Lungershausen J, Foster T, Pashos CL. The economic
burden of head and neck cancer: a systematic literature review.
Pharmacoeconomics 2014;32(9):865–82.

[20] Graboyes EM, Kallogjeri D, Saeed MJ, Olsen MA, Nussenbaum B. Postoperative care
fragmentation and thirty-day unplanned readmissions after head and neck cancer
surgery. Laryngoscope 2017;127(4):868–74.

[21] Bur AM, Brant JA, Mulvey CL, et al. Association of clinical risk factors and post-
operative complications with unplanned hospital readmission after head and neck
cancer surgery. JAMA Otolaryngol Head Neck Surg 2016;142(12):1184–90.

[22] BuSaba NY, Schaumberg DA. Predictors of prolonged length of stay after major
elective head and neck surgery. Laryngoscope 2007;117(10):1756–63.

[23] Helman SN, Brant JA, Moubayed SP, Newman JG, Cannady SB, Chai RL. Predictors
of length of stay, reoperation, and readmission following total laryngectomy.
Laryngoscope 2017;127(6):1339–44.

[24] Baschnagel AM, Yadav S, Marina O, et al. Toxicities and costs of placing prophy-
lactic and reactive percutaneous gastrostomy tubes in patients with locally ad-
vanced head and neck cancers treated with chemoradiotherapy. Head Neck
2014;36(8):1155–61.

[25] Mays AC, Bartels HG, Wistermayer PR, et al. Potential for health care cost savings
with preoperative gastrostomy tube placement in the head and neck cancer popu-
lation. Head Neck 2018;40(1):111–9.

[26] Siddiqui AS, Dogar SA, Lal S, Akhtar S, Khan FA. Airway management and post-
operative length of hospital stay in patients undergoing head and neck cancer
surgery. J Anaesthesiol Clin Pharmacol 2016;32(1):49–53.

[27] Farwell D, Reilly DF, Weymuller, et al. Predictors of perioperative complications in
head and neck patients. Arch Otolaryngol Head Neck Surg 2002;128(5):505–11.

[28] Rogers S, Ahad S, Murphy A. A structured review and theme analysis of papers
published on ‘quality of life’in head and neck cancer: 2000–2005. Oral Oncol
2007;43(9):843–68.

[29] Murphy BA, Ridner S, Wells N, Dietrich M. Quality of life research in head and neck
cancer: a review of the current state of the science. Crit Rev Oncol/Hematol
2007;62(3):251–67.

H. Badr et al. Oral Oncology 90 (2019) 102–108

107

https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2019/cancer-facts-and-figures-2019.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2019/cancer-facts-and-figures-2019.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2019/cancer-facts-and-figures-2019.pdf
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0010
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0010
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0020
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0020
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0020
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0025
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0025
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0025
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0030
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0030
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0030
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0035
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0035
https://khn.org/news/more-than-half-of-hospitals-to-be-penalized-for-excess-readmissions/
https://khn.org/news/more-than-half-of-hospitals-to-be-penalized-for-excess-readmissions/
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0045
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0045
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0050
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0050
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0050
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0055
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0055
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0055
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0055
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0060
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0060
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0060
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0065
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0065
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0065
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0070
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0070
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0070
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0075
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0075
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0080
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0080
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0085
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0085
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0090
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0090
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0090
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0095
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0095
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0095
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0100
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0100
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0100
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0105
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0105
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0105
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0110
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0110
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0115
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0115
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0115
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0120
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0120
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0120
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0120
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0125
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0125
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0125
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0130
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0130
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0130
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0135
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0135
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0140
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0140
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0140
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0145
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0145
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0145


[30] Cella DF, Tulsky DS. Quality of life in cancer: definition, purpose, and method of
measurement. Cancer Invest 1993;11(3):327–36.

[31] Fan VS, Curtis JR, Tu S-P, McDonell MB, Fihn SD. Using quality of life to predict
hospitalization and mortality in patients with obstructive lung diseases. Chest
2002;122(2):429–36.

[32] Lowrie EG, Curtin RB, LePain N, Schatell D. Medical outcomes study short form-36:
a consistent and powerful predictor of morbidity and mortality in dialysis patients.
Am J Kidney Dis 2003;41(6):1286–92.

[33] Konstam V, Salem D, Pouleur H, et al. Baseline quality of life as a predictor of
mortality and hospitalization in 5,025 patients with congestive heart failure. Am J
Cardiol 1996;78(8):890–5.

[34] Ojo B, Genden EM, Teng MS, Milbury K, Misiukiewicz KJ, Badr H. A systematic
review of head and neck cancer quality of life assessment instruments. Oral Oncol
2012.

[35] Hutcheson KA, Barrow MP, Lisec A, Barringer DA, Gries K, Lewin JS. What is a
clinically relevant difference in MDADI scores between groups of head and neck
cancer patients? Laryngoscope 2016;126(5):1108–13.

[36] Seow H, Sussman J, Martelli-Reid L, Pond G, Bainbridge D. Do high symptom scores
trigger clinical actions? An audit after implementing electronic symptom screening.
J Oncol Pract 2012;8(6):e142–8.

[37] Kotronoulas G, Kearney N, Maguire R, et al. What is the value of the routine use of
patient-reported outcome measures toward improvement of patient outcomes,
processes of care, and health service outcomes in cancer care? A systematic review
of controlled trials. J Clin Oncol 2014;32(14):1480–510.

[38] Detmar SB, Muller MJ, Schornagel JH, Wever LD, Aaronson NK. Health-related
quality-of-life assessments and patient-physician communication: a randomized
controlled trial. JAMA 2002;288(23):3027–34.

[39] Kroenke K, Krebs EE, Wu J, Yu Z, Chumbler NR, Bair MJ. Telecare collaborative
management of chronic pain in primary care: a randomized clinical trial. JAMA
2014;312(3):240–8.

[40] Basch E, Deal AM, Kris MG, et al. Symptom monitoring with patient-reported
outcomes during routine cancer treatment: a randomized controlled trial. J Clin
Oncol 2016;34(6):557.

[41] Lango MN, Egleston B, Fang C, et al. Baseline health perceptions, dysphagia, and
survival in patients with head and neck cancer. Cancer 2014;120(6):840–7.

[42] American College of Surgeons. User guide for the 2014 American College of
Surgeons National Surgical Quality Improvement Program participant use data file;
2015. <https://www.facs.org/~/media/files/quality%20programs/nsqip/nsqip_
puf_userguide_2014.ashx>.

[43] Graboyes EM, Liou T-N, Kallogjeri D, Nussenbaum B, Diaz JA. Risk factors for
unplanned hospital readmission in otolaryngology patients. Otolaryngol Head Neck
Surg 2013;149(4):562–71.

[44] D'cruz A, Yueh B, Das A, McDowell J, Chaukar D, Ernest A. Validation of the
University of Washington quality of life questionnaires for head and neck cancer
patients in India. Indian J Cancer 2007;44(4):147.

[45] Rogers SN, Gwanne S, Lowe D, Humphris G, Yueh B, Weymuller EA. The addition of
mood and anxiety domains to the University of Washington quality of life scale.
Head Neck 2002;24(6):521–9.

[46] Chen AY, Frankowski R, Bishop-Leone J, et al. The development and validation of a
dysphagia-specific quality-of-life questionnaire for patients with head and neck
cancer: the MD Anderson dysphagia inventory. Arch Otolaryngol Head Neck Surg
2001;127(7):870–6.

[47] Wall LR, Ward EC, Cartmill B, Hill AJ. Physiological changes to the swallowing
mechanism following (chemo) radiotherapy for head and neck cancer: a systematic
review. Dysphagia 2013;28(4):481–93.

[48] Raber-Durlacher JE, Brennan MT, Verdonck-de Leeuw IM, et al. Swallowing dys-
function in cancer patients. Support Care Cancer 2012;20(3):433–43.

[49] Van der Molen L, van Rossum MA, Burkhead LM, Smeele LE, Hilgers FJ. Functional
outcomes and rehabilitation strategies in patients treated with chemoradiotherapy
for advanced head and neck cancer: a systematic review. Eur Arch Otorhinolaryngol
2009;266(6):889–900.

[50] Altman KW, Yu G-P, Schaefer SD. Consequence of dysphagia in the hospitalized
patient: impact on prognosis and hospital resources. Arch Otolaryngol Head Neck
Surg 2010;136(8):784–9.

[51] Genther DJ, Gourin CG. Effect of comorbidity on short-term outcomes and cost of
care after head and neck cancer surgery in the elderly. Head Neck
2015;37(5):685–93.

[52] Gourin CG, Starmer HM, Herbert RJ, et al. Quality of care and short-and long-term
outcomes of laryngeal cancer care in the elderly. Laryngoscope
2015;125(10):2323–9.

[53] Attrill S, White S, Murray J, Hammond S, Doeltgen S. Impact of oropharyngeal
dysphagia on healthcare cost and length of stay in hospital: a systematic review.
BMC Health Serv Res 2018;18(1):594.

[54] Hamad C, Matthew SC, Kimberly W, et al. Readmission following primary surgery
for larynx and oropharynx cancer in the elderly. Laryngoscope
2017;127(3):631–41.

[55] Kaji AH, Schriger D, Green S. Looking through the retrospectoscope: reducing bias
in emergency medicine chart review studies. Ann Emerg Med 2014;64(3):292–8.

[56] Pauloski BR, Rademaker AW, Logemann JA, et al. Swallow function and perception
of dysphagia in patients with head and neck cancer. Head Neck 2002;24(6):555–65.

[57] Logemann JA, Pauloski BR, Rademaker AW, et al. Xerostomia: 12-Month changes in
saliva production and its relationship to perception and performance of swallow
function, oral intake, and diet after chemoradiation. Head Neck 2003;25(6):432–7.

[58] Hughes PJ, Scott PM, Kew J, et al. Dysphagia in treated nasopharyngeal cancer.
Head Neck 2000;22(4):393–7.

[59] Herbert G, Sutton E, Burden S, et al. Healthcare professionals’ views of the en-
hanced recovery after surgery programme: a qualitative investigation. BMC Health
Serv Res 2017;17:617.

[60] Kahokehr A, Robertson P, Sammour T, Soop M, Hill AG. Perioperative care: a survey
of New Zealand and Australian colorectal surgeons. Colorectal Dis
2011;13(11):1308–13.

[61] Roberts N, Hooper G, Lorencatto F, Storr W, Spivey M. Barriers and facilitators
towards implementing the Sepsis Six care bundle (BLISS-1): a mixed methods in-
vestigation using the theoretical domains framework. Scand J Trauma Resuscitation
Emerg Med 2017;25:96.

H. Badr et al. Oral Oncology 90 (2019) 102–108

108

http://refhub.elsevier.com/S1368-8375(19)30039-9/h0150
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0150
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0155
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0155
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0155
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0160
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0160
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0160
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0165
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0165
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0165
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0170
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0170
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0170
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0175
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0175
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0175
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0180
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0180
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0180
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0185
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0185
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0185
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0185
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0190
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0190
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0190
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0195
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0195
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0195
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0200
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0200
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0200
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0205
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0205
https://www.facs.org/~/media/files/quality%20programs/nsqip/nsqip_puf_userguide_2014.ashx
https://www.facs.org/~/media/files/quality%20programs/nsqip/nsqip_puf_userguide_2014.ashx
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0215
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0215
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0215
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0220
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0220
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0220
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0225
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0225
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0225
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0230
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0230
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0230
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0230
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0235
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0235
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0235
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0240
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0240
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0245
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0245
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0245
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0245
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0250
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0250
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0250
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0255
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0255
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0255
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0260
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0260
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0260
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0265
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0265
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0265
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0270
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0270
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0270
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0275
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0275
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0280
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0280
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0285
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0285
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0285
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0290
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0290
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0295
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0295
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0295
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0300
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0300
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0300
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0305
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0305
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0305
http://refhub.elsevier.com/S1368-8375(19)30039-9/h0305

	Associations between pre-, post-, and peri-operative variables and health resource use following surgery for head and neck cancer
	Introduction
	Methods
	Procedures
	Data collection
	Outcome variables
	Predictor variables

	Data analysis

	Results
	LOs
	Readmissions
	ED visits

	Discussion
	Limitations
	Clinical implications

	Conflict of interest
	Acknowledgements
	References




