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Abstract Background: The use of regional anesthesia
(RA) in pediatric patients remains understudied, al-
though evidence suggests benefits over general anes-
thesia. Questions/Purposes: We sought to identify
factors associated with RA use in patients under the
age of 21 years undergoing ambulatory orthopedic

surgery. Methods: Patients under the age of 21 who
underwent anterior cruciate ligament (ACL) repair or
reconstruction, knee arthroscopy (KA), or shoulder ar-
throscopy (SA) were identified from the NY Statewide
Planning and Research Cooperative System (SPARCS)
database (2005–2015). Frequencies of RA use (defined
by femoral nerve block, spinal, epidural, caudal, or
brachial plexus anesthesia) were calculated. Multivari-
able regression analysis identified patient- and
healthcare system–related factors associated with the
use of RA. Odds ratios (OR) and 95% confidence
intervals (CI) were reported. Results: We identified
87,273 patients who underwent the procedures of in-
terest (ACL n = 28,226; SA n = 18,155; KA n =
40,892). In our primary analysis, 14.4% (n = 1404)
had RA as their primary anesthetic; this percentage
increased for patients who had ACL or KA. When
adjusting for covariates, Hispanic ethnicity (OR 0.78;
CI 0.65–0.94) and Medicaid insurance (OR 0.75; CI
0.65–0.87) were associated with decreased odds for the
provision of RA. Further, we identified increasing age
(OR 1.10; CI 1.08–1.11), ACL versus SA (OR 1.91;
CI 1.74–2.10), and sports injuries (OR 1.20; CI 1.10–
1.31) as factors associated with increased odds of RA
use. Conclusion: In this analysis, RA was used in a
minority of patients under the age of 21 undergoing
ambulatory orthopedic surgery. Older age was associ-
ated with increased use while Hispanic ethnicity and
lower socioeconomic status were associated with lower
use.
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Introduction

A number of studies have suggested that regional anes-
thesia (RA) may benefit patients undergoing orthopedic
surgery [3, 5, 11]. However, data is rare on its use
among pediatric and adolescent patients. With sport-
related injuries increasing in this patient demographic,
an increasing number of patients present for diagnostic
and therapeutic surgery [4, 18]. In this population, for
example, anterior cruciate ligament (ACL) injury has
been shown to be more common than previously
thought [4, 14, 18]. ACL injuries account for 6.3% of
all sports injuries between the ages of 5 and 12 years
and 10.3% between 13 and 17 years [14]. Dodwell et al.
estimate that 50 per 100,000 pediatric patients ages 10
to 19 years old undergo ACL reconstruction per year
[4]. Similar increases in shoulder procedures have been
reported.

It has been suggested that the use of regional tech-
niques, including peripheral nerve blocks, may be asso-
ciated with more effective pain control and improved
early recovery [17]. In pediatric patients undergoing
ACL repair, benefits attributed to the use of peripheral
nerve blocks include a reduction in opioid consumption,
decreased post-operative pain scores, decreased hospital
length of stay, and a reduction in post-operative admis-
sion rates [9, 13]. Therefore, experts recommend RA
techniques to be used as part of a multimodal regimen
[17]. With publications by the Pediatric Regional Anal-
gesia Network suggesting that complications are ex-
tremely rare, RA techniques should be used routinely
in pediatric anesthesia [12, 16].

Despite these suggested benefits, there are few stud-
ies exploring the use of RA on a population level. We
therefore sought to analyze a state-wide cohort to ex-
plore trends and identify factors associated with the use
of regional anesthesia in patients below the age of
21 years undergoing ambulatory orthopedic procedures
over a 10-year period. We hypothesized that RA use
would increase over time and that patient and healthcare
system factors associated with its use could be
identified.

Methods

Approval for this retrospective study was obtained from
the Institutional Review Board, which waived the re-
quirement for informed consent. Data collected for the
NY Statewide Planning and Research Cooperative Sys-
tem (SPARCS) database was accessed for the years
between 2005 and 2015. We identified patients from
the ages of 3 to 21 years who had undergone the
following events: shoulder arthroscopy, shoulder frac-
ture, humerus/elbow arthroscopy, humerus/elbow frac-
ture, forearm/wrist arthroscopy, forearm/wrist fracture,
hand/fingers fracture, hip arthroscopy, pelvis/hip frac-
ture, knee arthroscopy, anterior cruciate ligament repair,

femur/knee fracture, leg/ankle arthroscopy, and leg/ankle
fracture. Subsequently, the population of 144,965 proce-
dures was narrowed to patients who had undergone
ACL repair, knee arthroscopy (KA), and shoulder ar-
throscopy (SA) as our main cohort for further analysis
(n = 87,273). Those who reported both ACL and KA
were categorized as ACL. All were defined by the
Current Procedural Terminology (CPT) diagnosis codes
(see Appendix I for detailed definitions).

Patient-related variables included age, sex, race
(Asian, black, white, other, and unknown), Hispanic
ethnicity, NY state residency, type of insurance (Medic-
aid, private, other, and unknown), and whether the in-
jury was a sports injury. Hospital-related variables
included location (urban, rural), procedure type, and
year of procedure. Anesthesia type is a SPARCS-
defined variable derived from patient anesthesia records.
If more than one anesthesia type was administered,
primary anesthesia was defined by the database in hier-
archical order: general, regional, other, and local. Those
without anesthesia information were categorized as
“unknown.”

Use of RA was the main outcome of interest. It was
defined as including spinal anesthesia, epidural anesthesia,
caudal anesthesia, brachial plexus anesthesia (including ax-
illary block, interscalene block, and supraclavicular block),
and femoral nerve block.

Statistical Analysis

First, overall trends of major orthopedic ambulatory
procedures were assessed over time by the Cochran-
Armitage tests. Then, individual trends of ACL, KA,
and SA by sports injury and year, as well as anesthesia
type by year, were obtained. Use of RA over time was
also assessed by the Cochran-Armitage test and explored
by patient, hospital, and procedure characteristics. χ-
squared tests evaluated group differences. Standardized
differences, in addition to p values, were included to
further measure relationships due to our large sample
size [1, 20]. Multilevel multivariable regression analysis
was subsequently performed to identify factors associat-
ed with the use of RA, which accounted for the corre-
lation of patients within hospitals.

Due to a large number of individuals with missing anes-
thesia information, those with “unknown” anesthesia type
were excluded from the initial model. To further examine
the effect this had on our initial results, two models were
run: unknown coded as “RA = no” and unknown coded as
“RA = yes.” Subsequently, evaluating hospital-specific per-
centage of RA use allowed us to identify a potential issue
with zero-inflation. Additional sensitivity analysis was then
performed where hospitals with 0% RA use were excluded
from the model.

All analyses were conducted using SAS version 9.4
(SAS Institute, Cary, NC, USA), and statistical significance
was defined as a 2-sided p value of < 0.05.
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Results

A total of 159,629 pediatric patients were identified
who underwent ambulatory orthopedic surgeries be-
tween 2005 and 2015. Table 1 provides information
on surgeries and total sports injuries by year. The
incidence of surgeries increased within the decade ob-
served, although the proportion of sports injuries de-
creased over time.

Our primary cohort consisted of 28,226 ACL,
18,155 KA, and 40,892 SA patients. The Cochran-
Armitage tests found significant trends within the
three procedures over time. When further assessing
the trends, ACL frequencies increased the most
(Fig. 1a, b), SA increased modestly, and KA did
not appear to follow a trend until decreasing after
2013. While the percentage of cases related to sports
injuries declined among those undergoing KA and
SA, those related to ACL increased over time.
Trends of anesthesia type are shown in Fig. 2 a–c.
General anesthesia was used most often throughout
the years across all three procedures. Patients who
underwent KA received local anesthesia more often
than patients who had ACL or SA. After conducting
a Cochran-Armitage test on RA use, significant
trends were identified among ACL and KA cohorts
(p values < 0.05).

Table 2 presents patient-, healthcare-, and procedure-
related variables by RA use. Of the 79,190 patients
undergoing ACL, KA, and SA surgeries with informa-
tion on types of anesthesia, 11,404 (14.4%) had RA as
the primary anesthetic. Higher frequencies of RA use
were observed among those who were non-Hispanic,
living in an urban location, and residents of the NY

state. Those on Medicaid, having sports injury, or hav-
ing an ACL received RA more frequently. The inci-
dence of RA use appeared to increase annually,
starting at 12.6% in 2005 and reaching 17.0% in 2015.

Results of the multivariable regression model are
presented in Table 3. When adjusting for covariates,
Hispanic ethnicity (OR 0.78; CI 0.65–0.94) and Med-
icaid insurance status (OR 0.75; CI 0.65–0.87) were
associated with decreased odds for the provision of
RA. In addition, we identified increasing age (OR
1.10; CI 1.08–1.11), ACL versus shoulder surgery
(OR 1.91; CI 1.74–2.10), and surgery for sports in-
juries (OR 1.20; CI 1.19; 1.31) as factors for in-
creased use of RA. The C-statistic for the model
was > 0.9.

There were 8083 (10.2%) records removed from the
primary analysis because anesthesia technique was
listed as “unknown.” Online resource 1 presents the
results of including missing data. When unknown an-
esthesia technique was included as RA = no, in-state
status became significant. NY state residents were
more likely to have RA administered (OR 1.11; CI
1.00–1.22) than those from other states. While Hispan-
ic status was statistically significant in our original
model at a p value of 0.01, including the missing
cases as RA = no caused the variable to lose effect,
and the p value changed to 0.051. When unknown
anesthesia technique was included as RA = yes, sports
injury was no longer found to be a significant
predictor.

Hospital-level RA use was also explored (Fig. 3),
where the number of hospitals were presented by
percentage of use (categorized) for ACL, KA, and
SA. Across the three procedures, hospitals with 0%

Table 1 Pediatric orthopedic ambulatory surgeries identified in SPARCS (2005–2015)

Procedure 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Shoulder arthroscopy 1167 1433 1530 1644 1768 1867 1792 1840 1792 1677 1685
Shoulder fracture 52 70 124 133 150 187 232 260 279 287 343
Humerus/elbow arthroscopy 69 95 85 98 93 100 91 101 106 111 85
Humerus/elbow fracture 315 396 389 444 445 449 475 604 627 695 737
Forearm/wrist arthroscopy 123 157 144 200 163 150 121 160 120 125 147
Forearm/wrist fracture 210 233 543 645 638 727 697 741 733 750 702
Hand/fingers fracture 968 1067 1156 1246 1297 1310 1242 1317 1314 1409 1397
Pelvis/hip arthroscopy 63 103 121 164 241 274 342 373 438 485 478
Pelvis/hip fracture 8 4 5 7 6 8 4 13 8 10 6
Femur/knee arthroscopy 4130 4691 4591 4928 5046 5351 5105 5323 5314 5186 4910
ACL repair 1690 1996 2104 2224 2569 2764 2687 2941 3002 3156 3119
Femur/knee fracture 64 81 75 88 76 114 103 109 125 142 134
Leg/ankle arthroscopy 164 223 244 241 262 293 264 271 313 277 310
Leg/ankle fracture 453 448 486 475 533 554 613 593 641 648 686

Total 9476 10,997 11,597 12,537 13,287 14,148 13,768 14,646 14,812 14,958 14,739
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Sports injury 1496 1679 1758 1841 1885 2067 1917 2028 2032 2053 1985
% (accidents of total procedures) 15.8 15.3 15.2 14.7 14.2 14.6 13.9 13.9 13.7 13.7 13.5
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RA use were most common (197, 184, and 199,
respectively). The percentage of use appeared to
decrease exponentially by category. For ACL and
KA, two hospitals used RA in the range of 41 to
60%, and two in range of 81 to 100%, respectively.
For SA, three hospitals showed 61 to 80% use, and
only one had 81 to 100% use, respectively. Results
were validated by identifying our own hospital’s
percentage of RA use in the database and comparing
it with that found in the SPARCS database. Supple-
mentary Table 1 presents the results after excluding

procedures done at hospitals with 0% RA use (n =
46,171; 58.3% of original cohort). Here, sex and race
lost effect, but in-state status was significant (OR 1.12;
CI 1.0–1.23).

Discussion

In this study of population-based data collected in the NY
state between 2005 and 2015, we found that despite previ-
ously reported benefits associated with RA and low related

Fig. 1. Pediatric surgical procedures identified by year (2005–2015), by a frequency and b percent
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complication rates, these techniques were performed for a
minority of patients.

Although, a trend toward increased use of RA was found
over time, it remained well below 25%. After adjusting for
covariates, Hispanic ethnicity and Medicaid insurance status
were associated with decreased odds for the provision of
RA, while increasing age, ACL versus SA, and surgery for
sports injuries were factors associated with increased use of
RA.

Recent literature has suggested an increase in the use of
ambulatory pediatric orthopedic surgery in the USA [4, 15].
Using the SPARCS database, we found an increase in fre-
quencies across multiple pediatric orthopedic procedures
from 2005 to 2015. The percentage of these procedures that

were ACL repairs increased, especially in comparison with
KA and SA. We also observed an increase in ACL repairs
categorized as sports injury cases, which supports the spec-
ulation that increased ACL repairs may be a result of higher
sports participation at a younger age and earlier specializa-
tion in sports [2, 4, 6]. The rise of this particular procedure
within young athletes may also be a result of the changing
attitude from non-operative injury management to interven-
tional approaches [7].

Across the three surgeries of interest, we found that
general anesthesia was the main technique used. However,
an upward trend of RA use in ACL and KA cohorts was
observed. A lack of significant use in in shoulder procedures
may be related to proximity to sensitive structures in the

Fig. 2. a, b Trends of primary anesthesia type (2005–2015), by procedure type
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neck, making precise needle placement necessary. Many
practitioners may believe this procedure requires ultrasound
guidance, as suggested by Veneziano et al. [19]. However,
the lower use of RA might also be explained by the fact that
practitioners may not be as familiar with its use.

In our main multivariable model, variables signifi-
cantly associated with the provision of RA included
race, Hispanic status, and insurance type. Race and
socioeconomic factors are known to be important com-
ponents in determining patient outcomes, and previous
research indicates that related variables influence peri-
operative management of patients. In a prospective study

by Ochroch et al., the authors reported that willingness
to accept a different analgesic method as part of care for
elective surgery was strongly affected by these factors
[10]. Patient preferences could be a result of cultural
considerations, and access to education on treatment can
cause a nonmedical bias with negative perceptions to
unfamiliar practices. Language barriers can also affect
communication between patient and clinicians, causing
difficulties especially when explaining complex treat-
ment options that require patient participation. Finally,
unconscious bias introduced by physicians (anesthesiol-
ogists and surgeons) may affect the choice of anesthesia,

Table 2 Regional anesthesia use in pediatric anterior cruciate ligament reconstruction, knee arthroplasty, and shoulder arthroplasty procedures
(n = 11,404)

Characteristics n % p value Standardized difference

Age group 0.006 0.035
3–10 101 16.7
11–14 1376 14.7
15–18 6821 14.1
19–20 3106 15.0

Sex 0.002 0.031
Female 4888 14.9
Male 6516 14.1

Race < 0.001 0.235
Asian 89 9.8
Black 575 9.7
Other 1289 10.8
Unknown 1007 23.5
White 8444 15.0

Hispanic status < 0.001 − 0.138
No 11,117 14.7
Yes 287 7.6

Procedure year < 0.001 0.203
2005 791 12.6
2006 801 11.2
2007 897 13.8
2008 708 10.7
2009 944 13.1
2010 1068 13.9
2011 927 12.8
2012 1230 16.2
2013 1366 17.9
2014 1389 18.1
2015 1283 17.0

Location < 0.001 − 0.318
Rural 120 2.1
Urban 11,284 13.8

In-state < 0.001 − 0.717
No 3374 53.8
Yes 8030 11.0

Insurance < 0.001 0.391
Medicaid 390 5.7
Other 142 6.2
Private 6717 19.0
Unknown 4155 12.0

Sports injury < 0.001 0.481
No 7515 11.4
Yes 3889 28.9

Procedure type < 0.001 0.298
ACL repair 4919 19.2
Knee arthroscopy 4071 10.9
Shoulder arthroscopy 2414 15.0

*8083 missing anesthesia variable not included
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as has been previously suggested in patients undergoing
joint arthroplasty [8].

While there are benefits to large-scale observational stud-
ies, one of the limitations in using an administrative database
includes the lack of clinical details. No causalities can be
established and no mechanisms behind trends can be deter-
mined. However, observed associations allow for the forma-
tion of hypotheses for future research. Variable accuracy and
classification may also differ when reported by various cen-
ters. Errors in data collection and uncertain compliance are
further factors, despite rigorous quality checks put in place to
minimize such bias. In addition, because the data was collect-
ed in the NY state, our results may not be generalizable to a
wider population, including other US states. The results of our
study are also limited by missing data.

To address this issue, we performed sensitivity anal-
yses. Interestingly, “unknown” anesthesia type caused
effects of a number of study variables to change signif-
icance, and thus, related results need to be interpreted
with caution. Exploring how demographic variables dif-
fer within this subset of patients may be of interest.

In conclusion, our analysis found that RA, despite
reported benefits and low complication rates, is used in
a minority of pediatric patients undergoing ambulatory
orthopedic surgery, although the rate is increasing with
time. The factors associated with increased use were
older age and type of surgery. Lower rates of use were
associated with minority race and lower socioeconomic
status. Reasons for the low utilization and for observed
disparities require further evaluation and research.

Table 3 Multivariable multilevel regression results for regional anesthesia use

Characteristics OR [95% CI] p value

Age, continuous 1.10 [1.08, 1.11] < 0.001
Sex

Female 0.99 [0.92, 1.06] 0.742
Male Reference

Race
Asian 0.76 [0.54, 1.09] < 0.001
Black 0.93 [0.81, 1.07]
Other 1.11 [0.99, 1.24]
Unknown 1.39 [1.19, 1.63]
White Reference

Hispanic status
Yes 0.78 [0.65, 0.94] 0.009
No Reference

Procedure year
2006 0.76 [0.65, 0.89] < 0.001
2007 0.92 [0.78, 1.08]
2008 0.51 [0.43, 0.60]
2009 0.63 [0.54, 0.75]
2010 0.68 [0.53, 0.87]
2011 0.45 [0.34, 0.58]
2012 0.60 [0.46, 0.77]
2013 0.81 [0.63, 1.05]
2014 1.04 [0.80, 1.35]
2015 0.96 [0.74, 1.24]
2005 Reference

Provider volume 1.02 [0.81, 1.30] 0.854
Location

Rural 0.66 [0.25, 1.75] 0.400
Urban Reference

In-state
No 1.10 [1.00, 1.21] 0.052
Yes Reference

Insurance
Medicaid 0.75 [0.65, 0.87] < 0.001
Other 0.95 [0.75, 1.22]
Unknown 0.81 [0.66, 0.99]
Private Reference

Sports injury
Yes 1.20 [1.19, 1.31] < 0.001
No Reference

Procedure type
ACL repair 1.91 [1.74, 2.10] < 0.001
Knee arthroscopy 1.19 [1.09, 1.30]
Shoulder arthroscopy Reference

C-statistic, 0.967
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Fig. 3. a–c Hospital-level percentage of regional anesthesia use, by procedure
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Appendix I Procedure cohort definitions based on Common Procedural Terminology (CPT) codes

Procedure Cohort CPT
Codes

Shoulder Arthroscopy 29805, 29806, 29807, 29819, 29820, 29821, 29822, 29823, 29824, 29825, 29826, 28927, 29828
Shoulder Fracture 23515, 23585, 23615, 23616, 23630, 23670, 23680
Humerus/Elbow
Arthroscopy

29830, 29834, 29835, 29836, 29837, 29838

Humerus/Elbow Fracture 24515, 24516, 24538, 24545, 24546, 24560, 24566, 24575, 24579, 24582, 24586, 24587, 24615, 24635, 24665,
24666, 24685

Forearm/Wrist Arthroscopy 29840, 29843, 29844, 29845, 29846, 29847, 29900, 29901, 29902
Forearm/Wrist Fracture 25515, 25525, 25526, 25545, 25574, 25575, 25606, 25607, 25607, 25608, 25609, 25628, 25645, 25651, 25652
Hand/Fingers Fracture 26608, 26615, 26650, 26665, 26727, 26735, 26746, 26756, 26765
Pelvis/Hip Arthroscopy 29860, 29861, 29862, 29863, 29914, 29915, 29916
Pelvis/Hip Fracture 27215, 27216, 27217, 27218, 27220, 27226, 27227,27228, 27235, 27236, 27244, 27245, 27248
Femur/Knee Arthroscopy 29850, 29851, 29855, 29856, 29870, 29871, 29873, 29874, 29875, 29876, 29877, 29879, 29880, 29881, 29882,
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