
Inpatient Pediatric Tonsillectomy: Does Hospital Type Affect 
Cost and Outcomes of Care?

Nikhila Raol, MD, MPH1,2, Cheryl K. Zogg, MSPH, MHS1, Emily F. Boss, MD, MPH3,4, Joel S. 
Weissman, PhD1

1Center for Surgery and Public Health, Harvard Medical School and Harvard T. H. Chan School of 
Public Health, Department of Surgery, Brigham & Women’s Hospital, Boston, Massachusetts, 
USA

2Massachusetts Eye and Ear Infirmary, Department of Otolaryngology, Harvard Medical School, 
Boston, Massachusetts, USA

3Department of Otolaryngology–Head and Neck Surgery, Johns Hopkins University School of 
Medicine, Baltimore, Maryland, USA

4Armstrong Institute for Patient Safety and Quality, Johns Hopkins Medicine, Baltimore, Maryland, 
USA

Abstract

Objective.—To ascertain whether hospital type is associated with differences in total cost and 

outcomes for inpatient tonsillectomy.

Study Design.—Cross-sectional analysis of the 2006, 2009, and 2012 Kids’ Inpatient Database 

(KID).

Subjects and Methods.—Children ≤18 years of age undergoing tonsillectomy with/without 

adenoidectomy were included. Risk-adjusted generalized linear models assessed for differences in 

hospital cost and length of stay (LOS) among children managed by (1) non–children’s teaching 

hospitals (NCTHs), (2) children’s teaching hospitals (CTHs), and (3) nonteaching hospitals 

(NTHs). Risk-adjusted logistic regression compared the odds of major perioperative complications 

(hemorrhage, respiratory failure, death). Models accounted for clustering of patients within 

hospitals, were weighted to provide national estimates, and controlled for comorbidities.

Results.—The 25,685 tonsillectomies recorded in the KID yielded a national estimate of 40,591 

inpatient tonsillectomies performed in 2006, 2009, and 2012. The CTHs had significantly higher 

risk-adjusted total cost and LOS per tonsillectomy compared with NCTHs and NTHs 
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($9423.34/2.8 days, $6250.78/2.11 days, and $5905.10/2.08 days, respectively; P < .001). The 

CTHs had higher odds of complications compared with NCTHs (odds ratio [OR], 1.48; 95% CI, 

1.15–1.91; P = .002) but not when compared with NTHs (OR, 1.19; 95% CI, 0.89–1.59; P = .23). 

The CTHs were significantly more likely to care for patients with comorbidities (P <.001).

Conclusion.—Significant differences in costs, outcomes, and patient factors exist for inpatient 

tonsillectomy based on hospital type. Although reasons for these differences are not discernable 

using isolated claims data, findings provide a foundation to further evaluate patient, institutional, 

and system-level factors that may reduce cost of care and improve value for inpatient 

tonsillectomy.
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cost of care; cost variation; tonsillectomy; children’s hospitals; academic medical centers; teaching 
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With over half million cases performed annually, tonsillectomy, ± adenoidectomy, is one of 

the most common pediatric surgical procedures in the United States.1 Great variation in 

tonsillectomy rates across geographic regions, as well as variation in cost among surgeons, 

has been described.2 Variation in cost of tonsillectomy at the facility level has also been 

shown.3,4 In a cohort of 4824 same-day adenotonsillectomies performed at a tertiary 

children’s hospital, average facility cost by surgeon ranged from $1156 to $1828/case, 

primarily due to supply cost variation related to tonsillectomy technique.3 For the same 

hospital network, variation in average same-day cost of adenotonsillectomies ranged, 

between hospitals, from $1029 to $2385/case.4

Variation also exists among perioperative practices for tonsillectomy. Studies using the 

Pediatric Health Information System (PHIS) database have revealed for patients ages 2 to 3 

years old, admission rates vary from 10% to 90%,5 as does use of perioperative steroids, 

ranging from 0.3% to 98.8%, and antibiotics, ranging from 2.7% to 92.6%.6

Despite the frequency of tonsillectomies performed at both teaching and nonteaching 

hospitals, as well as freestanding children’s hospitals or adult and child facilities, cost 

variation and outcomes by hospital type and teaching status have not been previously 

explored. The objective of this study was to ascertain whether differences in hospital type 

are associated with differences in total hospital cost and outcomes following inpatient 

tonsillectomy care.

Methods

Data on patient encounters were analyzed from the Agency for Healthcare Research and 

Quality (AHRQ)–sponsored Healthcare Cost and Utilization Project Kids’ Inpatient 

Database (KID) from 2006, 2009, and 2012.7 The KID is an administrative data set of 

patients, age ≤20 years, and contains data on >10 million hospitalizations from 44 states 

(2012). The KID uses a sampling of pediatric discharges. To obtain national estimates, 

discharge weights were created according to an AHRQ protocol based on poststratification 

of hospitals attributed to 6 characteristics found in the American Hospital Association 
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(AHA) hospital files: ownership or control, bed size, teaching status, rural or urban location, 

US region, and freestanding children’s hospital, and various outcomes of interest, such as 

charges/cost and length of stay (LOS), have been used to compare children’s teaching 

hospitals (CTHs) with other institutions.8–11 The KID is limited to inpatient hospitalization 

and contains discharge summary level of data.

Patients who underwent overnight hospital admission following tonsillectomy ± 

adenoidectomy were identified in the KID using the International Classification of Diseases, 
Ninth Revision, Clinical Modification (ICD-9-CM) principle procedures codes: 28.2 and 

28.3.12 Patients were limited to those ≤18 years of age at the time of admission after surgery. 

Outcomes were grouped relative to the type of hospital from which patients received care: 

(1) CTH, (2) non–children’s teaching hospital (NCTH), or (3) nonteaching hospital (NTH). 

To maintain consistency across all 3 databases, a CTH designation was assigned for those 

hospitals with a KID_STRATUM variable (4-digit stratum used to poststratify hospital) 

value of 9999 and a HOSP_TEACH value of 1 (2006, 2009; 0 = nonteaching, 1 = teaching) 

or HOSP_LOCTEACH variable value of 3 (2012; 1 = rural, 2 = urban nonteaching, 3 = 

urban teaching). An NCTH designation was given if KID_STRATUM ≠ 9999 and 

HOSP_TEACH = 1 or HOSP_LOCTEACH = 3. An NTH designation was given if 

KID_STRATUM ≠ 9999 and HOSP_TEACH = 0 or HOSP_LOCTEACH = 1 or 2. The 

Partners Human Research Committee deemed the study exempt from ethical review.

Outcome Measures

The primary outcome measure was total hospital cost for tonsillectomy-related inpatient care 

in 2015 US dollars. Hospital costs were calculated from total hospital charges by 

multiplying charges by hospital-specific cost-to-charge ratios (CCRs, created by dividing the 

inpatient costs by the inpatient charges; does not include professional fees) for the 

corresponding year.7 Costs were converted to 2015 US dollars using annual Hospital 

Consumer Price Indices.

Secondary outcome measures included LOS in days and the occurrence of at least 1 of 3 

major perioperative complications of tonsillectomy during the same admission. Major 

complications included immediate posttonsillectomy hemorrhage (secondary ICD-9-CM 
procedure code 28.7), respiratory failure requiring invasive mechanical ventilation 

(secondary ICD-9-CM procedure codes 96.70, 96.71, and 96.72), and in-hospital mortality. 

Use of mechanical ventilation was chosen as a proxy for respiratory complications due to its 

use in other studies investigating complications following tonsillectomy6,13 and its frequent 

use in the treatment of postoperative pulmonary edema.

Demographic Characteristics

Additional covariate information was abstracted on patient age (categorized as 1–3, 4–6, 7–

12, and 13–18 years), sex, race/ethnicity (categorized as non-Hispanic White, non-Hispanic 

Black, Hispanic, Asian/Pacific Islander, non-Hispanic other, or misreported/unreported), 

primary payer (categorized as private, Medicaid, self-pay, or other), median income quartile, 

year, and indication for tonsillectomy (categorized as obstructive sleep apnea [OSA, ICD-9-
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CM codes 320.20 327.23, 474.10, 474.11, and 786.09], infectious [463, 474.00, 474.02, and 

475], both, or other).

To characterize the burden of comorbidity for each individual patient, a multispecialty 

pediatric surgical risk score, created and validated in 2013 by Rhee et al14 for use in 

pediatric surgical populations, was used. Sixty-nine clinical categories, sex, and age <2 years 

were used to generate this risk score. In their training data set, a risk score of 0 was 

associated with a <0.001% mortality rate, and a score of ≥6 was associated with a 33.5% 

mortality rate. Further details regarding generation of this score can be found in the cited 

work by Rhee et al.14 Obesity (278.00, 278.01) was not accounted for and was therefore 

added as a separate risk factor.

Institutional factors extracted included geographical region of the hospital (Northeast, 

Midwest, South, West), teaching status, and children’s hospital designation.

Statistical Analyses

Statistical analyses were performed using Stata software, version 13.1 (StataCorp LP, 

College Station, Texas). All tests of significance were 2-sided (P < .05). Generalized linear 

models (family gamma, link log) followed by postestimation of average marginal effects 

were used to attain risk-adjusted predicted mean differences and standard errors for 

nonnormally distributed continuous total hospital cost and LOS. Multivariable logistic 

regression was used to attain risk-adjusted odds ratios (ORs) and corresponding 95% 

confidence intervals (95% CIs) for the binary outcome of complication. Multivariable linear 

regression was used to attain the absolute percentage point difference in complications 

attributable to each covariate. For example, linear regression resulting in a coefficient of 0.1 

represents an absolute percentage point increase of 10 points compared with the reference 

value. All models were risk-adjusted, using included covariates. Multilevel models with 

robust standard errors accounted for clustering of patients within hospitals. Models were 

further weighted using KID-provided design weights to attain nationally representative 

effects. Akaike’s information criterion was used to determine appropriateness of model fit.

Results

Patient Characteristics

An unweighted total of 25,685 pediatric discharges following overnight admission for 

tonsillectomy were included: 8914 in 2006, 9172 in 2009, and 8808 discharges in 2012. The 

weighted national sample consisted of a total of 40,591 pediatric tonsillectomy patients for 

all 3 years combined. Table 1 presents differences in patient demographic characteristics by 

hospital type: CTH, NCTH, or NTH. Of inpatient tonsillectomies, 53.8% were performed at 

826 NCTHs (weighted 20,176 pediatric discharges), 24.6% (n = 10,220) at 80 CTHs, and 

21.6% (n = 8235) at 1368 NTHs. Within each geographical region, CTHs made up 2% to 

4.5% of all hospitals in that region.

Figure 1 shows patient characteristics by hospital designation. The CTHs had the highest 

proportion of patients 3 years of age and younger (56%, P < .001). Children managed by 

NTHs were significantly more likely to be non-Hispanic white with lower percentages of 
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non-Hispanic black and Hispanic patients relative to CTHs and NCTHs. Both CTHs and 

NCTHs had a higher percentage of obese patients (6.61% and 6.1%, respectively) compared 

with NTHs (3.36%, P < .001). Sex, median income quartile, and pediatric surgical risk score 

were comparable among hospital types. However, the percentage of patients with a risk 

score of 1 or greater was highest at CTHs (26.24%) compared with NCTHs (20.89%) and 

NTHs (13.82%, P < .001). The proportion of Medicaid patients significantly increased going 

from NTHs to NCTHs to CTHs; the converse trend was seen among privately insured 

patients.

The most common indication for inpatient tonsillectomy varied. Of patients admitted to 

CTHs, 84.6% underwent tonsillectomies for OSA relative to 75.8% at NCTHs and 50.5% at 

NTHs (P < .001). In contrast, 38.9% of patients at NTHs underwent tonsillectomy for 

infectious indications (8.59% at CTHs and 12.4% at NCTHs, P < .001). Supplemental 

Tables S1 and S2 (available online at www.oto-journal.org) present unadjusted and risk-

adjusted results comparing differences in demographic covariates, respectively.

Unadjusted Cost and Outcome Results

Unadjusted total hospital costs, LOS, and major postoperative complications by hospital 

type are presented in Table 2. Weighted differences in 2015 US dollars reveal costs were 

highest for patients admitted at CTHs with total median hospital costs of $6000 

(interquartile range [IQR], $4200–$9300). Patients treated at NCTHs and NTHs had similar 

median costs of $4200 (IQR, $3100–$5800) and $3800 (IQR, $2800–$5400), respectively. 

CTHs were associated with a longer median LOS of 2 days (IQR, 1–3 days), compared with 

both NCTHs and NTHs, which had a median LOS of 1 day (IQR, 1–2 days). (Note: One day 

indicates 23-hour admissions.) CTHs had a higher percentage of major postoperative 

complications during the admission (2.94%) compared with NCTHs (1.9%) or NTHs 

(1.91%, P < .001).

Univariate regression revealed that, relative to NCTHs, children managed at CTHs 

experienced an unadjusted predicted mean difference (mean increase or decrease compared 

with the reference category—in this case, NCTHs) in total hospital costs that was $4700 

higher per patient (95% CI, $3200–$6300). Relative to NTHs, the unadjusted predicted 

mean difference in total hospital cost per patient was nearly $5700 (95% CI, $4100–$7240) 

higher at CTHs. Relative to NCTHs, children managed at CTHs experienced an unadjusted 

predicted mean difference in LOS that was longer by an average of 0.95 days (95% CI, 

0.58–1.32), with an average LOS at CTHs, NCTHs, and NTHs of 3.04, 2.09, and 1.88 days, 

respectively. CTHs had a 56% higher unadjusted odds of major postoperative complications 

(OR, 1.56; 95% CI, 1.22–1.99) compared with NCTHs. NTHs exhibited marginally shorter 

LOS (−0.213; 95% CI, −0.42 to −0.009 days) and no difference in the unadjusted odds of a 

major complication compared with NCTHs (Table 3).

Multivariable Cost and Outcomes Results

Risk-adjusted total hospital cost and outcomes by hospital type are presented in Table 4 

(NCTH reference group) and Table 5 (NTH reference group). Average adjusted cost per 

patient for inpatient tonsillectomy using regression analysis was $9403.65, $6247.78, and 
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$5919.63 for CTHs, NCTHs, and NTHs, respectively. Pediatric tonsillectomy patients 

managed by CTHs cost a risk-adjusted average of $3156 more per patient (95% CI, $2170–

$4142) compared with NCTHs; compared with patients admitted at NTHs, patients admitted 

to CTHs cost a risk-adjusted average of $3484 more per patient (95% CI, $2504–$4463). 

Differences between NCTHs and NTHs were not significant. Risk-adjusted covariate results 

presented in Supplemental Table S2 (available online) reveal significant increases in 

predicted mean cost associated with decreasing age, male sex, non-Hispanic black or Asian 

race/ethnicity, Medicaid insurance coverage, and year. Each point increase in pediatric 

surgical risk score resulted in an increase in total hospital cost of $4500 (95% CI, $4100–

$5000). Presence of obesity led to an increase in total hospital costs by $1030 (95% CI, 

$467–$1593).

Average risk-adjusted LOS were 2.11, 2.80, and 2.08 days for NCTHs, CTHs, and NTHs, 

respectively. Adjusted differences in LOS suggested that, relative to NCTHs and NTHs, 

children admitted to CTHs stayed in the hospital 0.69 (95% CI, 0.45–0.93) and 0.72 (95% 

CI, 0.47–0.97) additional days, respectively (Tables 4 and 5). NTHs did not demonstrate a 

significant difference in LOS compared with NCTHs. Age younger than 13 years was 

correlated with significantly shorter LOS, while non-Hispanic black race and Medicaid 

insurance were associated with marginally significant increase in LOS (Suppl. Table S2, 

available online). Increasing income quartile was significantly associated with progressively 

shorter LOS. A 1-point increase in pediatric surgical risk score corresponded to a significant 

increase in LOS of 1.43 additional days (95% CI, 1.30–1.57), and the presence of obesity 

was associated with a 0.23-day increase in LOS (95% CI, 0.022–0.434).

Inpatient tonsillectomy at a CTH was associated with 1.48 times higher risk-adjusted odds 

of experiencing a tonsillectomy-related major postoperative complication (95% CI, 1.15–

1.91) relative to patients admitted at NCTHs (Table 4). In terms of absolute percentage point 

difference in rate of major complications, CTHs saw a 0.54% (95% CI, 0.13%−0.95%) 

increase in posttonsillectomy hemorrhage and a 0.84% (95% CI, 0.28%−1.39%) increase in 

overall major complication rate (Table 6). No significant differences were found comparing 

patients managed at NCTHs vs NTHs or CTHs vs NTHs (Tables 4 and 5).

Significant covariate differences in the risk-adjusted odds of complications were found 

comparing patients aged 0 to 3 years vs patients aged 13 to 18 years, as well as by sex, 

income, and year (Suppl. Table S2, available online). Non-Hispanic black patients had 37% 

higher odds of major complications (95% CI, 1.05–1.77) relative to non-Hispanic white 

patients. Each point in the surgical risk score corresponded to 2.87-times odds of major 

complications (95% CI, 2.55–3.23). Obesity was not associated with increased odds of 

complications.

Discussion

Although the steadily increasing cost of health care in the United States has recently begun 

to slow its ascent,15 the United States continues to be one of the most expensive countries in 

which to receive care.16 Therefore, the high cost of care at teaching hospitals without 

obvious improvement in outcomes is still debated.17 The results of this study demonstrate 
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significant differences in hospital type associated with cost and outcomes of inpatient 

tonsillectomy care, with the adjusted cost at CTHs $3500 to $4700 higher per patient. This 

represents a 30% to 40% increase in cost in this subset of patients. By conservatively 

estimating that 500,000 pediatric tonsillectomies are performed annually, inpatient 

tonsillectomies represent ~3% of all tonsillectomies.

CTHs offer increased availability of subspecialists and advanced treatment technology 

thought to be beneficial in severe surgical cases.18–21 These resources undeniably benefit 

certain patients, including children with severe disease, complex or uncommon medical 

conditions, and children who undergo surgeries requiring specialized training.8,9,22,23 

Results of our study suggest cost is higher at CTHs for tonsillectomy. This finding may be 

due to the complexity of patients treated at CTHs, inclusive of OSA severity, age, and 

comorbidities. Perhaps healthier patients treated at CTHs are more likely to undergo 

outpatient tonsillectomy, as opposed to those treated at NCTHs or NTHs. In that case, it is 

possible that overall cost/tonsillectomy may be lower when all tonsillectomies are included.

Previous studies in both the adult and pediatric literature have found differences in the cost 

of care at teaching vs nonteaching and at children’s vs non–children’s teaching hospitals.
8,9,22–25 Whether claiming clear benefit24 or calling for better implementation of lessons 

learned,8,9,22,23,25 differences in the cost of pediatric care by hospital type appear to play a 

considerable role. One study looking at medical conditions requiring admission at children’s 

vs non–children’s hospitals demonstrated no significant difference in median LOS between 

the 2 groups despite an overall increase in charges associated with admission to a CTH.8 In 

the pediatric surgery literature, studies looking at cost and outcomes of care for various 

surgeries/surgical conditions, including appendicitis,26,27 pyloromyotomy,9 congenital 

cardiac surgery,28,29 and intussusception,30 have shown significant variation between costs 

and outcomes both between children’s and non–children’s hospitals and within freestanding 

children’s hospitals. For example, pyloromyotomy at CTHs resulted in increased cost of care 

but statistically shorter LOS and lower complication rate (although clinically, these were low 

at all hospitals).9 For appendicitis, cost was again higher at CTHs, but the odds of 

complications were half that of non–children’s hospitals.26 Like our study, these studies 

have all determined that reasons for these differences should be explored, and best practices 

should be identified to improve value-based care for our patients.

Strengths of this study include a large sample size and professional coding used by the 

AHRQ in the KID. Administrative databases have the ability to support a well-powered 

study, provide patient-level data, use weights to provide a nationally representative sample, 

and show variation between hospitals, as opposed to single-institution retrospective studies.
31 Given the consistency of the findings, the degree of significance of the findings, and this 

large sample size, we feel the results accurately represent important differences in costs seen 

between the different types of hospitals.

There are limitations to this analysis. First, other factors might have contributed to increased 

cost despite risk adjustment. Moreover, the surgical risk scores cannot account for severity 

of OSA. Due to the lack of patient-level clinical data available, it is possible there is an 

underlying difference in the populations of children treated at each type of hospital, such as 
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severity of OSA (ie, severity of OSA may correlate with increased LOS and cost in obese 

patients). Use of an administrative database is limited by lack of potentially important 

clinical data that may be able to explain some of these observed differences. Facility-level 

factors, such as case mix index, were not assessed using this database and could represent an 

unaccounted for selection bias. Use of data coded by ICD-9-CM codes does have limitations 

on the analysis, as the data set includes missing data, miscoded diagnoses, and miscoded 

procedures. Last, because long-term outcomes cannot be assessed with this database, 

clinically relevant measures, such as quality of life and improvement of OSA, cannot be 

reported.

Future patient-oriented research should ascertain whether children who are otherwise 

healthy accrue the same costs as children with severe OSA, very young age, and 

comorbidities at a CTH after tonsillectomy. In addition, gathering data on patient-reported 

outcomes, including shared decision making and patient/family experience in a CTH setting, 

which might directly translate to improved quality at a higher cost, could provide further 

insight.32 Assessment of costs and outcomes for outpatient tonsillectomy based on hospital 

type should be determined in the same manner. Differences in admission criteria at different 

types of hospitals may drive disparities in cost and outcomes, and generation of a more 

uniform recommendation for admission after tonsillectomy may lead to a decrease in 

admissions and overall savings to the health care system.

Conclusion

Significant differences in cost of care and outcomes exist for inpatient tonsillectomy based 

on hospital type. Further studies evaluating patient- and facility-level factors that contribute 

to this variation will help determine why differences exist. Current existing national 

databases do not appear to provide the level of data necessary to carry out this analysis. 

Creation of a registry, such as that proposed by the American Academy of Otolaryngology-

Head and Neck Surgery or expansion of the pediatric National Surgical Quality 

Improvement Program to include tonsillectomy, may allow this question to be answered in 

the future. This increased knowledge regarding value-based care can help reduce overall 

costs to the health care system.
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Figure 1. 
Patient characteristics by hospital designation demonstrate a significant difference in the 

demographics of patients seen at each hospital type. *P <.001.
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