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Abstract

Background A positive relationship between an individual surgeon’s operative volume and clinical outcomes after

pediatric and adult thyroidectomy is well-established. The impact of a hospital’s pediatric operative volume on

surgical outcomes and healthcare utilization, however, are infrequently reported. We investigated associations

between hospital volume and healthcare utilization outcomes following pediatric thyroidectomy in Canada’s largest

province, Ontario.

Methods Retrospective analysis of administrative and health-related population-level data from 1993 to 2017. A

cohort of 1908 pediatric (\18 years) index thyroidectomies was established. Hospital volume was defined per-case as

thyroidectomies performed in the preceding year. Healthcare utilization outcomes: length of stay (LOS), same day

surgery (SDS), readmission, and emergency department (ED) visits were measured. Multivariate analysis adjusted

for patient-level, disease and hospital-level co-variates.

Results Hospitals with the lowest volume of pediatric thyroidectomies, accounted for 30% of thyroidectomies

province-wide and performed 0–1 thyroidectomies/year. The highest-volume hospitals performed 19–60 cases/year.

LOS was 0.64 days longer in the highest, versus the lowest quartile. SDS was 83% less likely at the highest, versus

the lowest quartile. Hospital volume was not associated with rate of readmission or ED visits. Increased ED visits

were, however, associated with male sex, increased material deprivation, and rurality.

Conclusions Increased hospital pediatric surgical volume was associated with increased LOS and lower likelihood of

SDS. This may reflect patient complexity at such centers. In this cohort, low-volume hospitals were not associated

with poorer healthcare utilization outcomes. Further study of groups disproportionately accessing the ED post-

operatively may help direct resources to these populations.
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Introduction

Surgical complications following thyroidectomy are more

frequent in the pediatric population when compared to

adults [1]. Thyroidectomy performed by a high-volume

surgeon has been associated with improved clinical out-

comes in adults and children [2–10] and, although less

frequently reported, reduced healthcare utilization

[2, 3, 5–8]. Current management guidelines advocate thy-

roidectomy by a high-volume thyroid surgeon—defined as

more than 30 cervical endocrine procedures annually

[11, 12]. Nevertheless, pediatric thyroidectomy volumes

are typically lower than those for adult surgeons and often

do not achieve these targets [1, 8].

A hospital’s overall surgical volume is distinct from an

individual surgeon’s operative volume. Hospital volume

has been associated with clinical outcomes; however, there

are few pediatric studies investigating healthcare utilization

outcomes [1, 5, 6, 9, 13–15]. We were interested in the

impact of a hospital’s surgical volume on post-thyroidec-

tomy healthcare utilization in children.

We describe the patterns of surgical care for children

undergoing thyroidectomy in Ontario, Canada (a single-

payor, publicly funded healthcare system). We investigate

the relationship between hospital volume and healthcare

utilization using population-level data, which are primarily

collected for the purposes of billing and provincial

healthcare resource allocation. In Ontario, access to linked

administrative and healthcare-related provincial databases

provides a unique opportunity to address these aims.

Methods

Data source and study population

We established a population-based cohort of provincially-

insured Ontario residents, who underwent first thyroidec-

tomy before age 18, between April 1, 1993 and March 31,

2017 (Fig. 1) via ICES. ICES is an independent, non-profit
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research institute whose legal status under Ontario’s health

information privacy law allows it to collect and analyze

healthcare and demographic data, without consent, for

health system evaluation and improvement.

Ontario is divided into 14 administrative health regions

(AHRs, also known as local health integration networks

(LHINs)). Supplementary Table 1 shows each region’s

population and the number of hospitals performing pedi-

atric thyroidectomy in each region. Demographics and

healthcare episode related data (including surgical data)

were collected through several databases (Supplementary

Appendix 1). Information on cancer diagnosis was derived

from the Ontario Cancer Registry (OCR). Unique encoded

identifiers link these datasets. For privacy, outputs were

suppressed for event counts B 5. Authorization under

Sect. 45 of Ontario’s Personal Health Information Protec-

tion Act, which does not require Research Ethics Board

review, permitted the use of these data.

Defining surgical volume

Hospital thyroidectomy volume was defined as the number

of pediatric thyroidectomies completed within the preced-

ing year, as has been described previously [9, 13]. This

definition accounted for hospital mergers and closures, and

changes in hospital volume over time.

A sensitivity analysis evaluated other definitions of

hospital volume—thyroidectomies in patients aged\12

years, or all ages (adult and pediatric). The findings were

consistent with our primary analysis and not further

reported.

Outcome variables

Readmission and emergency department (ED) visits were

measured within 30 days of the index surgery. Same day

surgery (SDS) was defined as the same date of admission

and discharge.

Secondary variables included the Johns Hopkins

Aggregated Diagnosis Group (ADG; a co-morbidity index,

divided by quintile, predictive of future healthcare
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utilization, and which was determined by data collected in

the 5 years preceding surgery [16–18]) and material

deprivation quintile (this equates to the marginalization

index for an individual’s dissemination area—the smallest

geographical unit in which they reside at the time of sur-

gery—which is related to poverty and an individual or

community’s ability to access basic material needs [19]).

Statistical analysis

The Chi-squared and one-way ANOVA tests were used, as

appropriate, for univariate analysis. Statistical significance

was defined by p\ 0.05. Variables meeting statistical

significance were included in multivariate regression

analysis for each primary outcome; variables not meeting

statistical significance were included a priori for improving

face validity. Where there existed multi-collinearity—de-

fined as two variables showing significance on univariate

analysis and a variable inflation factor above 2.5—only one

variable was chosen for multivariate analysis. For read-

mission and ED visit outcomes, a time-to-event multi-level

Cox proportional hazard regression was performed to

model the time to first event while accounting for cluster-

ing of patients around hospitals in the model [20]. LOS was

modeled by linear regression analysis and SDS by logistic

regression analysis. Variables for the multivariable model

were based on a priori selection of known confounders.

Fig. 1 Selection of final

pediatric cohort from population

sample of all thyroidectomies in

Ontario between April 1, 1993

and March 31, 2017. aprior to

April 1, 1993; bprior to Sept 30,

1992
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Statistical calculations were performed using SAS version

9.4 (SAS Institute, Cary, NC).

Results

Overall, 1908 patients aged\18 years were included.

Table 1 shows the hospital volume by quartile, cohort

characteristics and univariate analysis. The lowest volume

hospitals (which comprised 30% of index thyroidectomies)

performed one or fewer thyroidectomies per year. The

highest volume hospitals performed a median 38 thy-

roidectomies per year (range 19 to 60). Three of five ter-

tiary pediatric hospitals in the province constituted the

highest quartile.

The mean age was 10.4 ± 5.4 years (range 0–17), most

were female (61.1%), a minority were from rural areas

(6.0%) and 7.5% were immigrants. Half of patients

underwent primary total thyroidectomy. Cancer was diag-

nosed in 19.7% and within this group 50% were treated by

primary total thyroidectomy and RAI; a further 17%

underwent primary total thyroidectomy without RAI; and

25% underwent two-stage thyroidectomy ± RAI. Cancer

disproportionately affected those in the older age cate-

gories (Supplementary Table 2). Surgery at a high-volume

hospital was associated with younger age, urban residence,

increased co-morbidity, and total thyroidectomy.

Four (of 14) AHRs accounted for the majority (66.3%)

of pediatric thyroidectomies, while one region accounted

for 36.4% of thyroidectomies (Supplementary Fig. 1). The

remaining regions each accounted for less than 6% of

thyroidectomies. Supplementary Table 1 and Supplemen-

tary Fig. 1 show the thyroidectomy rate, hospital number

and pediatric population within each AHR.

Patients’ administrative health region of residence

determined the location of thyroidectomy

Figure 2 (and Supplementary Fig. 1 and Supplementary

Table 3) summarize the pattern of thyroidectomy location

based on patients’ AHR of residence at the time of surgery.

Ninety-two percent of individuals living in an AHR with a

high-volume hospital (these were situated in AHRs with

higher population levels and the provinces’ major cities)

remained in their local AHR for surgery, while 48% of

those living in an AHR in quartiles 1–3 underwent surgery

locally and 52% migrated out-of-region for surgery.

Among AHR in quartiles 1–3, there was, however, varia-

tion with respect to referral patterns to high-volume AHR

(Supplementary Fig. 1).

Higher hospital volume is associated with increased

LOS, while discrete patient characteristics were

associated with post-discharge emergency

department visits

Mean LOS rose from 1.35 ± 1.72 days to

1.95 ± 2.27 days between the lowest and highest volume

quartiles (p = 0.01; Table 2). Multivariate analysis

(Table 3) also demonstrated that LOS increased by

0.6 days in the highest, compared with the lowest quartile

(95% CI 0.20, 1.08; p\ 0.01). Total thyroidectomy (ver-

sus hemi-thyroidectomy) was independently associated

with an increased LOS by 0.5 days (95% CI 0.20, 0.79;

p\ 0.01); cancer diagnosis increased LOS by 0.6 days

(95% CI 0.45, 1.03; p\ 0.01); and higher co-morbidity

score increased LOS by 0.8 days (95% CI 0.38, 1.28;

p\ 0.01). Younger age (0–8 years) was independently

associated with shorter LOS by 0.5 days (95% CI - 0.81,

- 0.09; p = 0.01).

Overall, 17% of thyroidectomies province-wide were

performed as SDS. SDS was 83% less likely in the highest

quartile compared with the lowest quartile hospital volume

(OR 0.17; 95% CI 0.07, 0.42; p\ 0.01). Total thyroidec-

tomy, cancer diagnosis, and older age (13–17 years) were

less likely to be associated with SDS (Tables 2 and 3).

ED visits within 30 days of discharge occurred in 8.2%

of patients (136/1658). There was a 4% absolute decrease

in ED visits in the highest quartile compared to the lowest

(p = 0.02; Table 2), although this did not remain significant

in multivariate analysis (Table 3). Discrete patient char-

acteristics were independently associated with the rate of

ED visits: male sex increased the rate by 1.68 (95% CI

1.16, 2.43; p\ 0.01); the highest material deprivation

quintile by 1.89 (95% CI 1.10, 2.37; p = 0.02) compared to

the lowest quintile; and rurality by 2.48 (95% CI 1.38,

4.46; p\ 0.01).

The overall 30-day readmission rate was 1.9% (37/

1908), which was not different across quartiles (Tables 2

and 3). The highest co-morbidity group was associated

with a 4.65-fold increased rate of readmission when com-

pared to the lowest co-morbidity group (95% CI 1.31,

16.54; p = 0.02; Table 3).

Discussion

We present the healthcare utilization outcomes after pedi-

atric thyroidectomy over 24 years across a large popula-

tion, using health administrative data with high capture

rate, and describe their association with hospital surgical

case volume. To our knowledge, only two other studies

have related outcomes to hospital surgical thyroidectomy
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Table 1 Patient cohort characteristics and univariate analysis with hospital volume quartile

Variable Total (n = 1908) Hospital Volume Quartile

1 (n = 589) 2 (n = 364) 3 (n = 479) 4 (n = 476) p

Thyroidectomies/yeara

(median, range)

N/A 0

[0–1]

3

[2–4]

11

[5–18]

38

[19–60]

Hospitalsb 82 81 44 14 3

Age (years) 10.4 ± 5.4 12.3 ± 5.2 11.1 ± 5.4 8.9 ± 5.2 9.1 ± 5.1 \0.01

0–8 years (n, %) 757 (39.7%) 161 (27.3%) 130 (35.7%) 241 (50.3%) 225 (47.3%) \0.01

9–12 years (n, %) 249 (13.1%) 49 (8.3%) 38 (10.4%) 70 (14.6%) 92 (19.3%)

13–17 years (n, %) 902 (47.3%) 379 (64.3%) 196 (53.8%) 168 (35.1%) 159 (33.4%)

Female (n, %) 1165 (61.1%) 351 (59.6%) 232 (63.7%) 303 (63.3%) 279 (58.6%) 0.28

Immigrant (n, %) 144 (7.5%) 48 (8.1%) 34 (9.3%) 26 (5.4%) 36 (7.6%) 0.17

Rurality (n, %)c

Rural 114 (6.0%) 43 (7.4%) 16 (4.5%) 34 (7.1%) 21 (4.4%) \0.01

Urban—small 419 (22.0%) 169 (29.0%) 78 (21.9%) 102 (21.3%) 70 (14.8%)

Urban—large 1357 (71.1%) 370 (63.6%) 262 (73.6%) 342 (71.5%) 383 (80.8%)

Deprivation Quintile (n, %)d

1 (lowest) 397 (20.8%) 112 (19.2%) 83 (23.1%) 124 (25.9%) 78 (16.4%) 0.01

2 377 (19.8%) 99 (17.0%) 71 (19.7%) 106 (22.2%) 101 (21.2%)

3 368 (19.3%) 128 (22.0%) 56 (15.6%) 88 (18.4%) 96 (20.2%)

4 339 (17.8%) 102 (17.5%) 65 (18.1%) 73 (15.3%) 99 (20.8%)

5 (highest) 415 (21.8%) 141 (24.2%) 85 (23.6%) 87 (18.2%) 102 (21.4%)

Distance to hospital (km) 40.16 ± 84.95 26.28 ± 65.20 40.93 ± 93.59 41.84 ± 74.25 54.66 ± 104.68 \0.01

Year of surgery (n, %)

1993–1997 155 (8.1%) 82 (13.9%) 41 (11.3%) 32 (6.7%) 0 (0.0%) \0.01

1998–2002 280 (14.7%) 129 (21.9%) 70 (19.2%) 64 (13.4%) 17 (3.6%)

2003–2007 630 (33.0%) 161 (27.3%) 123 (33.8%) 173 (36.1%) 173 (36.3%)

2008–2012 618 (32.4%) 152 (25.8%) 89 (24.5%) 163 (34.0%) 214 (45.0%)

2013–2017 225 (11.8%) 65 (11.0%) 41 (11.3%) 47 (9.8%) 72 (15.1%)

Surgery extent (n, %)

Hemi 929 (48.7%) 330 (56.0%) 176 (48.4%) 202 (42.2%) 221 (46.4%) \0.01

Total 979 (51.3%) 259 (44.0%) 188 (51.6%) 277 (57.8%) 255 (53.6%)

ADG Group (n, %)

0 (lowest) 341 (17.9%) 138 (23.4%) 78 (21.4%) 77 (16.1%) 48 (10.1%) \0.01

1 432 (22.6%) 134 (22.8%) 96 (26.4%) 109 (22.8%) 93 (19.5%)

2 480 (25.2%) 137 (23.3%) 82 (22.5%) 126 (26.3%) 135 (28.4%)

3 208 (10.9%) 76 (12.9%) 31 (8.5%) 42 (8.8%) 59 (12.4%)

4 (highest) 447 (23.4%) 104 (17.7%) 77 (21.2%) 125 (26.1%) 141 (29.6%)

Cancer diagnosis (n, %) 375 (19.7%) 143 (24.3%) 75 (20.6%) 73 (15.2%) 84 (17.6%) \0.01

Treatment of cancer (n, %)e

Hemi 26–30 10–15 B 5 6 (8.2%) B 5 0.19

Completion 23–27 10–15 B 5 B 5 B 5

Completion & RAI 69 (18.4%) 25 (17.5%) 19 (25.3%) 8 (11.0%) 17 (20.2%)

Total 64 (17.1%) 25 (17.5%) 7 (9.3%) 20 (27.4%) 12 (14.3%)

Total & RAI 186 (49.6%) 65 (45.5%) 40 (53.3%) 35 (47.9%) 46 (54.8%)

Other B 5 B 5 B 5 B 5 B 5

Histology of cancer (n, %)e

Papillary 327 (87.2%) 131 (91.6%) 67 (89.3%) 58 (79.5%) 71 (84.5%) 0.02

Follicular 10 (2.7%) 6 (4.2%) B 5 B 5 B 5

Medullary 24 (6.4%) B 5 B 5 9 (12.3%) 6 (7.1%)
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volume in children. Herein, we show a comparable rate of

cancer to these studies [1, 15].

Defining a hospital’s surgical volume

Definitions of hospital surgical volume are inconsistent

among existing studies. We defined hospital volume as the

annual rate of pediatric thyroidectomy in the year preced-

ing a thyroidectomy. Prior pediatric studies describing

thyroidectomy outcomes defined ‘‘high hospital volume’’

variably as: the top 10% of hospital pediatric thyroidec-

tomy volumes ([51/year) [1]; the top 10% of overall thy-

roid cancer admissions—adult and pediatric ([199/year)

[8]; the top patient-level tertile (C 22/year) [9]; or a value

statistically modelled by hospital volume and the proba-

bility of readmission ([39/year) [15]. The surgical volume

of our highest quartile (mean 38, range 19–60) is compa-

rable to these previous pre-defined cut-offs despite their

adopting different methodologies. In this series, by

methodological design, 25% of thyroidectomies were

Table 1 continued

Variable Total (n = 1908) Hospital Volume Quartile

1 (n = 589) 2 (n = 364) 3 (n = 479) 4 (n = 476) p

Other 14 (3.7%) B 5 B 5 B 5 B 5

ADG John Hopkins Aggregated Diagnosis Group (a co-morbidity index), Completion completion thyroidectomy after hemi-thyroidectomy, Hemi
hemi-thyroidectomy, Total total thyroidectomy, RAI radioactive iodine therapy
aNumber of thyroidectomies in the year preceding the patient’s thyroidectomy
bOver time, a hospital’s surgical volume can change therefore maybe represented in more than one quartile
cMissing data n = 18 (0.9%)
dMissing data n = 12 (0.6%)
ePercentages are of total cancer diagnoses in column

Fig. 2 Pattern of referrals for

thyroidectomy based on

provincial administrative health

region (AHR) of residence.

Percentages in ovals reflect the

proportion of patients living in

an AHR (above) categorized by

hospital volume that underwent

thyroidectomy in a AHR

(below) categorized by hospital

volume. For instance, 2–6% of

individuals living in an AHR

with a high-volume hospital

underwent surgery in an AHR

with exclusively low volume

hospitals. A patient was more

likely to have a thyroidectomy

in a high-volume hospital if they

resided in an AHR with a high-

volume hospital. The lower

boxes provide broad context

(based on our results) to these

patterns. Ranges are provided to

protect confidentiality, where

small numbers would

potentially lead to identifiability
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performed at the highest-volume hospitals, whereas this

differs between 9 and 42% in other pediatric cohorts

[1, 8, 15]. In contrast, 30% of thyroidectomies were per-

formed at the lowest-volume hospitals, whereas this differs

between 21 and 86% in other pediatric cohorts [1, 8, 15].

The most comparable cohort, of 644 admissions for pedi-

atric thyroid cancer, found 21% of admissions to low-

volume hospitals—defined as 1–10 admissions/year [8].

Our findings reinforce other studies that show a large

proportion of pediatric thyroid surgeries performed at low

surgical volume hospitals.

Referral patterns and healthcare utilization

High-volume hospitals were more likely to treat younger

and more medically complex children, which is consistent

with findings from other pediatric and adult cohorts

[5, 6, 12, 15]. Low-volume hospitals were not associated

with compromised healthcare utilization outcomes as

captured in this dataset. These findings may therefore

reflect referral pathways appropriate for the necessary level

of care. We propose that the current emphasis on universal

referral to high-volume centers might take into considera-

tion additional variables (patient age, diagnosis, case

complexity, burden of travel) to optimize both patient care

and healthcare resource stewardship. For example, in the

right circumstances, older, lower-risk adolescent patients

may avoid significant disruption and costly travel to distant

high-volume centres where resources can be directed to

younger, higher risk patients who would benefit most from

such expertise.

We found a longer LOS in the highest hospital volume

quartile, which remained statistically significant after

adjusting for age and co-morbidity burden and which was

consistent with the lower likelihood of SDS in the highest

quartile. The absolute difference in LOS of 0.6 days,

however, is unlikely to be clinically meaningful. Despite

higher surgeon volume consistently associated with shorter

LOS [1–3, 5–8], hospital volume has not been indepen-

dently associated with LOS in prior studies [1, 9, 15].

Hospital volume did not independently predict ED visits

and this variable has not been previously analyzed against

hospital volume. We did find, however, an increased rate of

ED visits associated with male sex, increased material

deprivation, and increased rurality. These same variables

are associated with worse thyroid cancer-specific survival

in adolescents and young adults [21]. Increased scrutiny is

thus warranted to identify those factors that underlie the

higher rates of ED visits in these groups and to address any

obstacles to care. We also found an increased readmission

rate in patients with higher co-morbidity group; however,

these data cannot distinguish whether surgical care or

inherent medical complexity explain this association.

Strengths and limitations

This is the first study to relate hospital surgical volume to

outcomes in children, outside of a United States population

[1, 15]. The strengths of this study derive from access to all

of Ontario residents’ administrative and healthcare data,

linked through ICES, because of Ontario’s single-payor

system; this created a statistically powerful dataset and,

through complete population coverage, strengthens the

generalizability of our results. By capturing the entire

provincial population’s procedure and outcome data we

were able to minimize selection biases that may influence

studies utilizing other data sets such as single-hospital,

health maintenance organizations, managed care consortia

or voluntary-reporting registries. Hospital level data are

mandated by the Canadian Institute for Health Information

(CIHI), separate from billing data, and are thus an accurate

measure of surgical volume. We accounted for changes in

Table 2 Univariate analysis of association between outcomes and hospital volume quartile

Outcome Total

(n = 1908)

Hospital volume quartile

1 (n = 589) 2 (n = 364) 3 (n = 479) 4 (n = 476) p

Length of stay (days)

Mean ± SD; 95% CI

1.60 ± 3.13 1.35 ± 1.72;

1.21–1.49

1.44 ± 1.90;

1,24–1.63

1.68 ± 5.23;

1.21–2.15

1.95 ± 2.27;

1.75–2.16

0.01

Same day surgery

n (%; 95% CI)

324 (17.0%) 142 (24.1%;

20.3–28.4)

80 (22%; 17.4–27.4) 91 (19%; 15.3–23.3) 11 (2.3%; 1.2–4.1) \0.01

Emergency department

visit

n (%; 95% CI) a

136 (8.2%) 43 (9.5%; 6.8–12.7) 22 (7.1%; 4.5–10.8) 45 (10.7%;

7.8–14.4)

26 (5.5%; 3.5–8) 0.02

Readmission to hospital

n (%; 95% CI)

37 (1.9%) 8 (1.4%; 0.6–2.7) 10 (2.7%; 1.3–5.1) 13 (2.7%; 1.5–4.6) 6 (1.3%; 0.5–2.7) 0.18

aTotal n = 1658 and for hospital volume quartiles: 1, n = 455; 2, n = 308; 3, n = 419; 4, n = 476
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Table 3 Multivariate analysis of variables associated with outcomes: length of stay; same day surgery; emergency department visit; and

readmission to hospital

LOSa Same day surgery ED visit Readmission to hospital

Mean p OR p HR p HR p
Variable [95% CI] [95% CI] [95% CI] [95% CI]

Hospital volume quartile

1 Ref Ref Ref Ref

2 0.05 0.82 0.80 0.29 0.73 0.27 1.95 0.18

[- 0.37, 0.46] [0.53, 1.21] [0.42, 1.27] [0.74, 5.14]

3 0.39 0.06 0.65 0.19 1.16 0.60 1.82 0.25

[- 0.01, 0.79] [0.34, 1.23] [0.66, 2.05] [0.65, 5.05]

4 0.64 <0.01 0.17 <0.01 0.93 0.86 1.09 0.90

[0.20, 1.08] [0.07, 0.42] [0.42, 2.06] [0.27, 4.51]

Age

0–8 - 0.45 0.01 2.49 <0.01 1.21 0.39 0.91 0.82

[- 0.81, - 0.09] [1.75, 3.54] [0.78, 1.88] [0.39, 2.16]

9–12 - 0.05 0.82 2.14 <0.01 0.40 0.03 0.60 0.43

[- 0.50, 0.40] [1.52, 3.01] [0.18, 0.91] [0.17, 2.13]

13–17 Ref Ref Ref Ref

Sexb - 0.20 0.19 1.23 0.89 1.68 0.01 0.92 0.83

[- 0.51, 0.10] [0.97, 1.55] [1.16, 2.43] [0.43, 1.96]

ADG

0 Ref Ref Ref Ref

1 0.10 0.65 1.05 0.82 1.10 0.77 2.39 0.20

[- 0.34, 0.55] [0.70, 1.56] [0.59, 2.04] [0.64, 8.98]

2 0.07 0.75 0.87 0.45 1.04 0.91 0.81 0.79

[- 0.37, 0.52] [0.62,1.24] [ 0.56, 1.91] [0.16, 4.07]

3 - 0.01 0.976 0.93 0.77 1.31 0.44 2.74 0.20

[- 0.56, 0.54] [0.60, 1.47] [0.65, 2.64] [0.60, 12.54]

4 0.83 <0.01 0.85 0.28 1.74 0.07 4.65 0.02

[0.38, 1.28] [0.63, 1.14] [0.97, 3.11] [1.31, 16.54]

Deprivation quintile

1 Ref Ref Ref Ref

2 0.30 0.18 0.95 0.71 1.17 0.60 1.46 0.49

[- 0.14, 0.74] [0.71, 1.26] [0.65, 2.09] [0.50, 4.29]

3 - 0.03 0.89 0.79 0.26 1.14 0.66 1.29 0.66

[- 0.48, 0.41] [0.52, 1.19] [0.64, 2.05] [0.41, 4.10]

4 0.24 0.31 0.63 0.02 1.50 0.17 1.24 0.72

[- 0.22, 0.70] [0.43, 0.93] [0.84, 2.67] [0.38, 3.99]

5 - 0.02 0.92 0.85 0.42 1.89 0.02 1.71 0.32

[- 0.46, 0.41] [0.58, 1.25] [1.10, 3.27] [0.59, 4.93]

Distance of patient 0.00 0.43 1.00 0.18 1.00 0.14 1.00 0.82

residence to hospital [- 0.00, 0.00] [1.00, 1.00] [1.00, 1.00] [1.00, 1.00]

Rurality

Rural - 0.20 0.54 0.84 0.48 2.48 <0.01 1.37 0.65

[- 0.85, 0.44] [0.52, 1.36] [1.38, 4.46] [0.36, 5.20]

S. Urban - 0.13 0.47 1.18 0.24 1.42 0.11 0.98 0.97

[- 0.50, 0.23] [0.90, 1.55] [0.92, 2.18] [0.40, 2.43]

L. Urban Ref Ref Ref Ref
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hospital volume over time by defining volume per thy-

roidectomy on the previous years’ surgical data. Limita-

tions of this study are inherent to the nature of this data set,

which reflects a retrospective analysis of population-level

administrative health data rather than prospective patient-

level data. While the former offers many strengths with

respect to cohort size and breadth of collected data, certain

details are unavailable, such as the indication for thy-

roidectomy (other than cancer) and some specific surgical

details (for example, extent of neck dissection). Surgeon

sub-speciality was unrecorded in 50% of cases, as a subset

of hospitals utilize a funding paradigm that does not con-

sistently capture this variable. Thus, we could not assess

clinical or healthcare resource outcomes in relation to

surgical specialty. Similarly, individual surgeon volume

was not captured; many pediatric surgeons are not reim-

bursed using a fee-for-service model and thus do not rou-

tinely bill per procedure, which limits applying this

variable in our dataset. Nonetheless, the relationship

between surgeon volume and pediatric thyroidectomy

outcomes has previously been well-established and we

sought to answer a different question, with broader policy

implications. Clinical decision-making is not captured by

administrative data therefore the reason for ED visits,

readmission, and referral out of region are unknown.

Conclusion

We present a large, population-level cohort of thyroidec-

tomies performed province-wide, with data derived from

administrative records in a single-payor universal health-

care system. We demonstrate that increased hospital

pediatric surgical volume was associated with an increased

length of stay and lower likelihood of SDS, which we

speculate is a reflection of increased case complexity at

these centres. The highest volume centers operated on the

youngest and more medically complex patients. For

younger patients and those with medical complexity (such

as metastatic carcinoma or Graves’ disease), facilitating

access to appropriate surgical expertise should be a prior-

ity. In this series, low-volume hospitals were not associated

Table 3 continued

LOSa Same day surgery ED visit Readmission to hospital

Mean p OR p HR p HR p

Variable [95% CI] [95% CI] [95% CI] [95% CI]

Year of surgery

1993–1997 Ref 0.45 <0.01 – – Ref

[0.25,0.81]

1998–2002 - 0.55 0.08 0.87 0.54 1.21 0.56 1.31 0.64

[- 1.16, 0.06] [0.56, 1.35] [0.64, 2.31] [0.43, 3.99]

2003–2007 - 0.90 <0.01 1.04 0.85 0.74 0.31 0.54 0.32

[- 1.47, - 0.33] [0.66, 1.65] [0.41, 1.32] [0.16, 1.82]

2008–2012 - 0.93 <0.01 1.8 <0.01 0.62 0.11 0.70 0.55

[- 1.51, - 0.36] [1.20, 2.72] [0.34, 1.11] [0.21, 2.28]

2013–2017 0.00 0.99 Ref Ref 0.48 0.33

[- 0.66, 0.67] [0.11, 2.11]

Immigration - 0.03 0.93 1.22 0.43 0.76 0.57 1.61 0.42

[- 0.58, 0.53] [0.75, 1.98] [0.30, 1.93] [0.51, 5.05]

Cancer 0.64 <0.01 0.3 <0.01 1.10 0.74 1.84 0.16

[0.45, 1.03] [0.20, 0.46] [0.64, 1.88] [0.80, 4.24]

Surgery extentc 0.49 <0.01 0.44 <0.01 0.87 0.45 0.96 0.91

[0.20, 0.79] [0.33, 0.58] [0.60, 1.25] [0.47, 1.96]

Bold text when p\ 0.05

ADG John Hopkins aggregated diagnosis group (a co-morbidity index), CI confidence interval, ED emergency department, HR hazard ratio, LOS
length of stay, OR odds ratio, Ref reference for multivariate analysis, S. Urban small urban, L. Urban large urban
aMean change in length of stay is reported
bReference category is female
cReference category is hemi-thyroidectomy and compared against total thyroidectomy
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with poorer healthcare utilization outcomes but may have

selected for lower-risk cases.

Male sex, rural residence and material deprivation were

associated with more frequent ED visits and might endorse

a focus on the allocation of healthcare resources and dis-

charge planning to support these patient populations.

Pediatric specialist centers are often great distances from

families’ homes, which could result in additional economic

burden and logistical challenges accessing specialist post-

operative assessment—these are important realities to

recognize even within a universal healthcare system and

may be a disadvantage of stringent, regionalization

initiatives.

These findings will help inform the future provision of

care for children requiring thyroidectomy—and may

impact approaches to care more broadly—in a region with

an extremely varied sociodemographic and geographical

landscape.

Supplementary Information The online version contains

supplementary material available at https://doi.org/10.1007/s00268-

022-06456-6.
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