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Background: Prior studies have demonstrated an increase in the performance of outpatient anterior cervical 

surgery. The degree to which this increase is due to volume increase per individual surgeon versus increase in 

individual surgeons performing outpatient cervical surgery is unknown. 

Methods: Patients undergoing anterior cervical discectomy and fusion (ACDF) or cervical disk arthroplasty (CDA) 

between 2010 and 2018 in NY state were identified. As a comparison we also evaluated trends for inpatient ACDF 

and CDA. Annual outpatient case volumes were calculated and defined as being high ( > 20/year), intermediate 

( > 5 and ≤ 20/year) or low ( > 1 and ≤ 5/year). Descriptive statistics were used to report temporal trends and 

Poisson regression was used to test for statistical significance. We also analyzed trends in various operative 

metrics by surgeon volume. 

Results: In 2010, there were 96 surgeons who performed outpatient ACDF or CDA on a total of 1,855 patients. 

In 2018, this increased to 253 surgeons performing outpatient ACDF or CDA on a total of 3,372 patients. In 

comparison, there were 350 surgeons performing 6,783 inpatient cases in 2010 and 376 surgeons performing 

6,796 inpatient cases in 2018. The average annual outpatient case volume decreased from 18.8 (95% CI, 13.5 –

24.1) to 12.2 (95% CI, 10.0 – 14.3) surgeries per surgeon. The percentage of surgeons with a high case volume 

also decreased from 30.2% in 2010 to 10.7% in 2018, whereas the percentage with a low case volume increased 

(32.3% to 49.8%). Differences between high and low volume surgeons in operative time, length of stay and total 

charges widened over time. 

Conclusion: The increase in outpatient anterior cervical surgery appears to be primarily driven by a greater 

number of surgeons performing ACDF and CDA on an outpatient basis, as opposed to increased case volumes for 

each surgeon. In contrast, trends for inpatient anterior cervical surgery were stable. 
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ntroduction 

There has been a gradual movement towards anterior cervical spine

urgery being performed in outpatient settings as opposed to inpatient

ettings [1–5] . This trend has been observed for a number of orthopedic

rocedures, as outpatient surgery is associated with significant cost re-

uction relative to inpatient surgery due to lower length of in-hospital

tay and less perioperative morbidity [6–8] . However, the transition to

he outpatient setting for anterior cervical spine surgery is controver-

ial due to concern regarding complications, particularly airway com-

romise or spinal cord compression following postoperative hematoma
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ormation [9–11] . These complications can be life threatening if not

ecognized and treated promptly [ 12 , 13 ]. A criticism of the outpatient

etting has been its low level of postoperative monitoring and limited

ccess to emergency resources, both of which could compromise the

anagement of such complications if they arise [ 12 , 13 ]. Nonetheless,

ecent studies show that utilization rates for outpatient anterior cervical

urgery continue to increase [14–16] . 

A number of studies conducted over the past decade have demon-

trated that following careful patient selection, outpatient anterior cer-

ical surgery can be performed with similar outcomes and morbidity

elative to the inpatient setting [17–23] . Thus, the observed increase in

utpatient volume may stem from more surgeons performing this pro-
rk, NY 10021, United States 
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edure in the outpatient setting after being convinced by the findings

f these studies. On the other hand, surgeon productivity is known to

e one of the primary drivers shifting more surgical interventions to the

utpatient setting [24] . Outpatient surgery facilities, which include both

ospital-based and freestanding ambulatory surgery centers (ASCs), are

ften more specialized and have staff that are better trained and experi-

nced regarding the nuances of certain procedures [25] . This has been

hown to correlate with lower operative times, shorter wait times and

verall greater efficiency [ 26 , 27 ]. Data on the characteristics and vol-

mes of spine surgeons are limited, and the extent to which surgeon

olume and operative efficiency has played a role in the increasing rate

f outpatient anterior cervical spine surgery is uncertain. 

The purpose of the present study was to perform an analysis of how

he characteristics and volumes of surgeons performing outpatient an-

erior cervical surgery have changed over time. We aimed to better un-

erstand temporal trends in the number of surgeons performing these

rocedures relative to the volume of surgeries per surgeon. 

ethods 

ata source 

The New York Statewide Planning and Research Cooperative Sys-

em (SPARCS) is an administrative database of all emergency depart-

ent (ED), inpatient and ambulatory surgery records in New York State

28] . Data elements include patient demographics, diagnoses and sur-

ical procedures. SPARCS data are deidentified to maintain patient

nonymity, but unique patient identification numbers allow for longitu-

inal tracking of patients over time throughout various facilities in NY

tate. For this study we retrospectively reviewed cases in the SPARCS

atabase that occurred between 2010 through 2018. We also acquired

nnual NY state population estimates from the US Census to calculate

opulation-based rates [29] . 

urgeon characteristics 

Python software was used to query the National Provider Identifier

NPI) [30] and NY State Office of Professions [31] registries to iden-

ify surgeons associated with the NPI or NY state license numbers that

ppeared on claims. Using these registries, we were able to extract vari-

us surgeon characteristics, including specialty designation and year of

icensure. 

nclusion and exclusion criteria 

We identified all adult patients (at least 18 years of age) who un-

erwent ambulatory anterior cervical discectomy and fusion (ACDF)

r cervical disk arthroplasty (CDA) using Current Procedural Terminol-

gy (CPT) codes. ACDF was identified using CPT codes 22551, 22554

nd 63075 [18] , while CDA was identified using CPT codes 22556 and

2558 [32] . Multilevel procedures were differentiated using the CPT

ode 22552. Patients with codes indicating primary or concurrent pos-

erior cervical arthrodesis, revision fusion, or a diagnosis of trauma or

umor were also excluded. Finally, we excluded patients with missing

hysician license identifiers due to the inability to identify surgeons per-

orming their procedures. 

As a comparison we also identified all adult patients who underwent

npatient ACDF or CDA using the International Classification of Diseases ,

th (ICD-9) and 10th (ICD-10) revision procedural coding system (PCS).

CDF was identified using ICD-9 procedure code 81.02 and ICD-10 pro-

edure codes 0RG10A0 and 0RG20A0, while CDA was identified using

CD-9 procedure code 84.62 and ICD-10 procedure code 0RR30JZ [33] .

utcomes 

Our primary outcome was the annual number of surgeons perform-

ng outpatient ACDF or CDA per capita. Our secondary outcome was the
2 
nnual volume of outpatient ACDF or CDA for each surgeon. Average

nnual outpatient case volumes were calculated by dividing the total

umber of outpatient cases for each surgeon by the number of years

uring which each surgeon’s license appeared on ambulatory claims.

e subsequently defined these outpatient case volumes as being high

 > 20 per year), intermediate ( > 5 and ≤ 20 per year) or low ( > 1 and

 5 per year). Trends in various surgeon characteristics, including spe-

ialty designation and year of licensure were also evaluated. We also

erformed subgroup analyses in which we analyzed trends in various

perative metrics, including operative time, length of stay, 30-day read-

ission rates and 1-year reoperation rates stratified by surgeon volume.

auses of 30-day readmissions were reviewed using International Classi-

cation of Diseases (ICD) 9th and 10th revision principal diagnosis codes

nd further categorized into those that were surgical site related, such as

ostoperative hematoma, site-infection, implant failure, or wound dis-

uption, and non-surgical site related. 

tatistical analysis 

Differences in baseline characteristics were compared using the Chi-

quared test for categorical data. The Student’s t -test was used for com-

arisons of continuous variables between 2 groups, while analysis of

ariance tests were used for comparing continuous variables across more

han 2 groups. Descriptive statistics were used to report temporal trends

or the number of surgeons performing outpatient ACDF or CDA and an-

ual surgeon volume. Average annual percent changes were calculated

or each trend, and Poisson regression was used to test for the statistical

ignificance of trends. The Cochran-Armitage test was used to test for

rends in proportions of surgeons in each annual volume category over

ime. In subgroup analyses, we assessed for interactions between time

nd surgeon volume using linear regression models that included the

ear of discharge as a covariate. P -values < 0.05 were considered sta-

istically significant. All analyses were two-tailed and conducted using

tata MP software version 17.0 (StataCorp, TX, USA). 

thics 

The institutional review board and ethical committee at Weill Cor-

ell Medicine gave approval to conduct this study. The study was con-

ucted and reported in accordance with the STrengthening the Report-

ng of OBservational studies in Epidemiology (STROBE) checklist and

tudy guidelines. 

esults 

Between 2010 – 2018, a total of 588 unique surgeons performed ei-

her outpatient or inpatient ACDF or CDA on 88,544 patients. Of these,

64 surgeons (79%) performed outpatient ACDF or CDA on 19,467

atients (22%). Among surgeons performing outpatient surgery, there

ere 34 (7.3%), 124 (26.7%) and 306 (65.9%) who had a high, inter-

ediate and low average annual outpatient case volume, respectively

 Table 1 ). High volume surgeons performed more than half (10,011,

51.4%]) of all outpatient ACDF or CDA during the study period, com-

ared to 6786 (34.9%) and 2670 (13.7%) cases for intermediate and

ow volume surgeons, respectively. Most surgeons were trained in neu-

osurgery (263, 56.7%) and had less than 10 years of experience since

icensure (228, 49.1%). There were no differences in specialty training

r years since licensure by average annual case volume. 

High volume surgeons were more likely to have patients who were

omen ( Table 2 ; 53.3% vs. 49.6%; P < 0.001) with higher comorbidity

urden (mean Charlson score 0.28 [95% CI, 0.27–0.29] vs. 0.24 [95%

I, 0.23–0.25]; P < 0.001) compared to intermediate or low volume sur-

eons. High volume surgeons also had a higher frequency of performing

rocedures with more operative levels (34.3% vs. 27.9% for > 2-levels;

 < 0.001) and performed more ACDFs relative to CDAs (97.1% vs.
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Table 1 

Baseline Characteristics of Surgeons Performing Outpatient Anterior Cervical Surgery by Volume a . 

High Volume ( n = 34) Intermediate Volume ( n = 124) Low Volume ( n = 306) P -value 

Surgeon 

experience 

> 20 years 8 (23.5) 30 (24.2) 96 (31.4) 0.26 

> 10 years and < = 20 years 11 (32.4) 26 (21.0) 65 (21.2) 0.32 

< = 10 years 15 (44.1) 68 (54.8) 145 (47.4) 0.31 

surgeon 

specialty 

orthopedic surgery 15 (44.1) 51 (41.1) 135 (44.1) 0.85 

Neurological surgery 19 (55.9) 73 (58.9) 171 (55.9) 0.85 

All values are represented as No. (%) unless otherwise specified. 
a Refers to average annual case volume. Abbreviations: None. 

Table 2 

Baseline Characteristics of Patients Undergoing Outpatient Anterior Cervical Surgery by Surgeon Volume. 

High Volume Intermediate Volume Low Volume P -value 

Number of patients 10,011 6786 2670 

Age, years 0.11 

18–44 3092 (30.9) 2176 (32.1) 895 (33.5) 

45–54 3863 (38.6) 2534 (37.3) 954 (35.7) 

55–64 2457 (24.6) 1621 (23.9) 627 (23.5) 

65 + 597 (6.0) 455 (6.7) 193 (7.2) 

Sex < 0.001 

Women 5338 (53.3) 3351 (49.4) 1341 (50.2) 

Men 4673 (46.7) 3435 (50.6) 1329 (49.8) 

Charlson comorbidity score, mean (95% CI) 0.28 (0.27, 0.29) 0.24 (0.23, 0.26) 0.25 (0.22, 0.27) < 0.001 

Indications for surgery 

disk herniation 7439 (74.3) 5091 (75.0) 2030 (76.0) 0.17 

Stenosis 1619 (16.2) 1434 (21.1) 670 (25.1) < 0.001 

Myelopathy 1303 (13.0) 1144 (16.9) 483 (18.1) < 0.001 

Number of operative levels < 0.001 

1 6570 (65.6) 4816 (71.0) 1996 (74.8) 

2 2973 (29.7) 1804 (26.6) 647 (24.2) 

3 + 468 (4.7) 166 (2.4) 27 (1.0) 

Type of surgery 

ACDF 9721 (97.1) 6108 (90.0) 2479 (92.9) < 0.001 

CDA 309 (3.1) 742 (10.9) 198 (7.4) < 0.001 

All values are represented as No. (%) unless otherwise specified. 

Abbreviations: CI, confidence interval; ACDF, anterior cervical discectomy and fusion; CDA, cervical disk arthroplasty. 
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0.8%; P < 0.001). Compared to the inpatient setting, patients under-

oing surgery in the outpatient setting were younger (mean age, 49.2

95% CI, 49.1–49.3] vs. 52.5 [95% CI, 52.4–52.6]; P < 0.001) and had

ower comorbidity burden (mean Charlson score, 0.26 [95% CI, 0.25–

.27] vs. 0.58 [95% CI, 0.57–0.59]; P < 0.001). The largest differences

n comorbidity burden were seen in the prevalence of diabetes mellitus

8.8% [95% CI, 8.4–9.2%] vs. 15.0% [95% CI, 14.8–15.3%]; P < 0.001),

ardiac conditions (1.5% [95% CI, 1.3–1.6%] vs. 4.5% [95% CI, 4.3 –

.7%]; P < 0.001), and cancer (0.1% [95% CI, 0.05–0.1%] vs. 1.3%

95% CI, 1.2–1.4%]; P < 0.001). 

In 2010, there were 96 surgeons who performed outpatient ACDF

r CDA on a total of 1855 patients ( Fig. 1 ). In 2018, this increased to

53 surgeons performing outpatient ACDF or CDA on a total of 3372

atients. The annual number of surgeons performing outpatient surgery

er capita increased from 4.9 to 13.0 surgeons per million person-years

average annual percent change of 13.3%; P < 0.001), while the annual

ate of patients undergoing outpatient ACDF or CDA per capita increased

rom 98.2 to 157.6 per million person-years (average annual percent

hange of 8.1%; P < 0.001). Over the same time period the average

nnual anterior cervical outpatient case volume decreased from 18.8

95% CI, 13.5 – 24.1) to 12.2 (95% CI, 10.0 – 14.3) surgeries per surgeon

 P < 0.001). 

In comparison, from 2010 to 2018 the number of surgeons perform-

ng inpatient ACDF or CDA increased from 350 to 376, and the number

f patients undergoing inpatient surgery increased from 6783 to 6796.

his corresponded to a marginal increase in the number of surgeons

oing inpatient surgery per capita (18.0 to 19.3 surgeons per million

erson-years [average annual percent change of 0.9%; P < 0.001]). The
3 
verage annual percent change for the number of surgeons doing inpa-

ient surgery was lower compared to outpatient surgery ( P < 0.001).

here was also no change in the average annual inpatient case volume

er surgeon over time (19.4 [95% CI, 17.2 – 21.5] to 18.1 [95% CI, 15.7

20.4] surgeries per surgeon; P = 0.76). 

There was a shift in the distribution of outpatient case volumes over

ime, as the percentage of surgeons that had a high outpatient case

olume decreased from 30.2% in 2010 to 10.7% in 2018 ( Table 3 ; P

 0.001), whereas the percentage with a low case volume increased

32.3% to 49.8%; P < 0.001). The percentage with an intermediate

ase volume did not change (37.5% to 39.5%; P = 0.52). There were

o changes in the experience level of surgeons throughout the study pe-

iod. However, the proportion of surgeons trained in orthopedic surgery

ncreased from 33.3% in 2010 to 43.9% in 2018 ( P = 0.02). 

Surgeons with high average annual outpatient case volumes had

ower operative times, length of stay and total charges ( Table 4 ). There

ere no differences in 30-day readmission rates or 1-year reoperation

ates. Causes of 30-day readmissions were similar among high and low

r intermediate volume surgeons, as there were no differences in the

eadmission rate for surgical site related causes (0.86% [95% CI, 0.68–

.0%] for high volume vs. 0.91% [95% CI, 0.72–1.1%] for low or inter-

ediate volume; P = 0.94) and non-surgical site related causes (0.99%

95% CI, 0.80–1.19%] for high volume vs 1.01% [95% CI, 0.81–1.21%]

or low or intermediate volume; P = 0.93). 

Average operative time, length of stay and total charges increased for

ll surgeons during the study period ( Table 5 ). The gaps between high

olume and low or intermediate volume surgeons widened over time

or these three metrics, as each had a statistically significant interaction
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Fig. 1. Temporal trends in the number of surgeons performing anterior cervical spine surgery and annual case volumes per surgeon, Temporal trends are demonstrated 

for the (A) outpatient setting and (B) inpatient setting. Error bars for average surgeon case volume per year indicate 95% confidence intervals and are included to 

demonstrate the variation in case volume each year. 

Table 3 

Temporal Trends in Outpatient Surgeon Volume and Characteristics. 

2010 2011 2012 2013 2014 2015 2016 2017 2018 P -value 

Total surgeons 96 100 113 144 177 176 201 215 253 

Surgeon 

vol- 

ume 
a 

> 1 & ≤ 5 31 (32.3) 26 (26) 29 (25.7) 48 (33.3) 76 (42.9) 71 (40.3) 87 (43.3) 100 (46.5) 126 (49.8) < 0.001 

> 5 & ≤ 20 36 (37.5) 44 (44) 53 (46.9) 65 (45.1) 71 (40.1) 78 (44.3) 86 (42.8) 88 (40.9) 100 (39.5) 0.52 

> 20 29 (30.2) 30 (30) 31 (27.4) 31 (21.5) 30 (16.9) 27 (15.3) 28 (13.9) 27 (12.6) 27 (10.7) < 0.001 

Surgeon 

specialty 

Neurological surgery 64 (66.7) 65 (65) 66 (58.4) 75 (52.1) 94 (53.1) 100 (56.8) 101 (50.2) 111 (51.6) 142 (56.1) 0.02 

Orthopedic surgery 32 (33.3) 35 (35) 47 (41.6) 69 (47.9) 83 (46.9) 76 (43.2) 100 (49.8) 104 (48.4) 111 (43.9) 0.02 

Surgeon 

experience 

≤ 10 years 36 (37.5) 33 (33) 38 (33.6) 51 (35.4) 61 (34.5) 57 (32.4) 67 (33.3) 74 (34.4) 79 (31.2) 0.40 

> 10 years & ≤ 20 years 27 (28.1) 27 (27) 28 (24.8) 40 (27.8) 50 (28.2) 56 (31.8) 61 (30.3) 66 (30.7) 85 (33.6) 0.07 

> 20 years 33 (34.4) 40 (40) 47 (41.6) 53 (36.8) 66 (37.3) 63 (35.8) 73 (36.3) 75 (34.9) 89 (35.2) 0.38 

All values are represented as No. (%) unless otherwise specified. 
a Refers to number of surgeries performed each year, as opposed to average annual case volume. 

Table 4 

Operative Metrics for Outpatient Anterior Cervical Spine Surgery Patients by Surgeon Volume. 

High Volume Intermediate Volume Low Volume P -value 

Operative time, minutes 172 (0.9) 234 (1.6) 261 (3.4) < 0.001 

Length of stay, hours 19.1 (0.1) 23.8 (0.2) 24.1 (0.3) < 0.001 

Total charges, USD $26,423 (169) $43,057 (404) $46,193 (701) < 0.001 

30-day readmission rate, (%) 1.9% (0.1) 1.7% (0.2) 2.2% (0.3) 0.21 

1-year reoperation rate, (%) 2.6% (0.2) 1.9% (0.2) 2.8% (0.3) 0.09 

All values are represented as mean (SD) unless otherwise specified. 

All values are represented as: mean (SD) unless otherwise specified. 
∗ Indicates statistically significant interaction between year of discharge and surgeon volume 

(dichotomized into high volume vs. low/intermediate volume). 
∗ Osperative time was not documented in 2018 SPARCS records. 
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 Table 5 ). There was no interaction observed for 30-day readmission

ates or 1-year reoperation rates. 

iscussion 

From 2010 to 2018, we observed an increase in the number of sur-

eons performing outpatient anterior cervical spine surgery in New York

tate. The increase in the number of surgeons per capita outpaced the

ncrease in the utilization rate for patients undergoing outpatient ACDF

r CDA, leading to a downward shift in the distribution of case volumes

er surgeon and a decline in mean case volumes over time. This was in
4 
ontrast to the relatively stable trends observed for inpatient ACDF or

DA. 

The transition to the outpatient setting for anterior cervical surgery

as been slower and remains low relative to other orthopedic proce-

ures, most likely due to concerns that are unique to anterior cervical

xposure [17] . However, over the past decade multiple studies have doc-

mented a sharp increase in the volume of outpatient ACDF and CDA,

onsistent with the findings of the present study [ 15 , 16 ]. Idowu et al.

sed the Truven Health MarketScan database to show that the percent-

ge of ACDF cases that were being performed outpatient increased from

5% to 33% between 2011 and 2014. Moreover, Lopez et al. found a

80% increase in ambulatory ACDF in the Medicare population between

015 and 2017. 
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5 
Several reasons for the increase in outpatient anterior cervical

urgery have been hypothesized, including improvements in anesthe-

ia care and surgical techniques, the cost-effective nature of performing

urgery on an outpatient basis, and an overall increase in demand for

pine surgery due to an aging population [34] . However, few studies

ave evaluated whether trends in the characteristics of surgeons per-

orming these procedures are associated with the increase in outpatient

tilization rates. The study of such trends is important as a consensus on

pecific approaches in elective spine surgery is often lacking, leading to

ndividual surgeon preferences and characteristics frequently outweigh-

ng patient and disease characteristics in influencing each surgeon’s de-

ision making [35] . Our study sheds new light on these trends by char-

cterizing the changing dynamics of surgeon training, experience, and

ase volumes over time in relation to overall utilization for outpatient

nterior cervical surgery. 

Surgeons that are advocates for the transition to the outpatient set-

ing argue that it allows for cases to be completed more efficiently and

ost-effectively, while also allowing for reduced risk of nosocomial com-

lications [ 36 , 37 ]. In particular, the ability to conduct cases in a more

ime-efficient manner may be appealing to surgeons. Multiple studies

ave demonstrated that outpatient surgery leads to significantly shorter

perative times and wait times, which may lead to an increase in the

umber of cases that can be performed in a standard workday [ 24 , 25 ].

owever, the results of our study show that the growth in the supply

f surgeons performing outpatient anterior cervical spine surgery has

ncreased faster than the demand for these procedures. This result is in

ontrast to the findings of Bederman et al. and Kobayashi et al. [ 38 , 39 ],

hich studied trends regarding spine surgeon characteristics and prac-

ice patterns in Canada and Japan, respectively. Although neither study

ocused exclusively on cervical spine surgery, both found an increase

n case volume per surgeon over time. Our findings are also contrary

o trends observed for other orthopedic procedures – a recent study ex-

mining temporal trends in surgeon volumes for hip arthroscopy in New

ork state found an increase in both the number of surgeons performing

he procedure and an upward shift in the distribution of case volumes

or each surgeon [40] . The authors interpreted these trends as signs of

ncreasing specialization. 

An explanation for the trend observed in the present study is that

lthough there are an increasing number of spine surgeons willing to

erform outpatient ACDF or CDA, the need for more careful patient

election due to the risk of complications specific to anterior cervical

urgery likely precludes surgeons from rapidly identifying new surgical

andidates and expanding this aspect of their practice. Consistent with

rior studies [17–23] , the present study also found significant differ-

nces in the age and comorbidity burden between patients undergoing

urgery in the inpatient and outpatient setting, with cardiac conditions,

iabetes mellitus, and cancer all being significantly higher among pa-

ients receiving inpatient surgery. Patients with these comorbidities are

ore likely to have a higher score on the American Society of Anes-

hesiology (ASA) Physical Status Classification score, which has been

hown to be a risk factor for postoperative hematoma formation [10] .

his complication may be devastating in the outpatient setting, where

ccess to emergency resources may be limited. Other less risky spine

urgeries or other orthopedic procedures may not have the same patient

election constraints as ACDF or CDA, allowing surgeons to more easily

dentify new surgical candidates, transition inpatient cases to the out-

atient setting and expand their case volumes. However, further studies

valuating more granular metrics are likely required to gain a better

nderstanding of these trends. For example, the present study did not

xamine the geographic distribution of high volume surgeons; how this

eographic distribution has changed over time would likely shed more

ight on specific areas where surgeons transitioning to the outpatient

etting may face greater competition. This topic should be the focus of

uture studies. 

The present study also evaluated the relationship between surgeon

olume and important operative metrics. Our results were consistent



A. Chatterjee, N. Rbil, M. Yancey et al. North American Spine Society Journal (NASSJ) 11 (2022) 100132 

w  

a  

l  

h  

a  

s  

fi  

l  

a  

i  

h  

a  

i  

r  

c

 

o  

s  

t  

a  

f  

c  

o  

o  

t  

c  

a  

a

 

t  

o  

t  

a  

p  

t  

m  

m  

m  

u

C

 

p  

T  

i  

l  

c  

i  

l  

u  

o

S

 

i  

t  

w

D

 

i  

t

A

S

 

t

R

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[  

 

 

[  

 

[  

 

[  

[  

 

[  

 

[  

 

[  

 

 

[  

 

 

[  

 

 

[  

 

 

[  

 

[  

 

ith estimates of prior studies on this topic, as we found that a higher

verage annual case volume was associated with lower operative time,

ength of stay, and total charges [ 41 , 42 ]. Although some prior studies

ave found higher 30-day readmission rates and 1-year reoperation rates

mong low volume surgeons, other studies focusing on cervical spine

urgery were not able to confirm this association [41] . Importantly, our

ndings suggest that there is a widening gap between high volume and

ow or intermediate volume surgeons in operative time, length of stay

nd total charges over time. This finding may reflect widening inequities

n access to high quality care. It is known that access to high volume

ospital centers and thus high volume surgeons tends to be restricted to

reas with greater socioeconomic resources [ 43 , 44 ], and multiple stud-

es have found widening disparities in quality of care between these

egions [45] . More studies are thus needed to assess how changes in

ase volumes over time may be affecting quality of care. 

The strengths of this study include the fact that it evaluates one

f the largest longitudinal cohorts of outpatient anterior cervical spine

urgery patients to date. Moreover, another strength is our analysis of

he SPARCS dataset, which is unique in its inclusion of all ambulatory

nd inpatient surgery in New York State over the last decade. There-

ore, our study evaluates a heterogeneous group of surgeons and surgery

enters, which allows for more generalizable results than studies using

ther registries or samples that include findings from a limited number

f centers. Finally, our work also adds to the discussion about ambula-

ory anterior cervical surgery due to its focus on surgeon volume and

haracteristics. Despite their importance in influencing utilization rates

nd outcomes after surgery, few studies have evaluated how these vari-

bles have changed over time. 

This study also has a number of limitations. Primarily, all observa-

ions in this study are limited to New York State, and thus, our findings

f decreasing case volumes per surgeon over time may not generalize

o other regions. Another limitation is the fact that our study relied on

dministrative data which have several shortcomings, including unre-

orted or misreported data, the use of ICD-9 and ICD-10 codes to iden-

ify patients of interest, the retrospective nature of the study and lack of

ore granular clinical data such as each patient’s imaging findings and

edication use. However, prior reports have validated that missing or

isreported data only affect < 5% of data entries in SPARCS, and we

sed validated code algorithms from prior studies whenever possible. 

onclusion 

From 2010 to 2018, there was an increase in the number of surgeons

erforming outpatient anterior cervical spine surgery in New York state.

he increase in the number of surgeons per capita outpaced the increase

n the utilization rate for patients undergoing outpatient ACDF or CDA,

eading to a decline in mean case volumes per surgeon over time. In

ontrast, trends for inpatient ACDF or CDA were relatively stable dur-

ng this time period. High volume surgeons had lower operative time,

ength of stay and total charges compared to low or intermediate vol-

me surgeons, and there was a widening gap for these three metrics

bserved over time. 

ummary sentence 

From 2010 to 2018, the increase in the number of surgeons perform-

ng outpatient anterior cervical spine surgery outpaced the increase in

he utilization rate for patients undergoing outpatient ACDF or CDA,

hile trends for inpatient ACDF or CDA remained relatively stable. 
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