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Abstract
Introduction
Growth of surgical caseload among specialties with a large contribution margin is an important financial
objective for hospitals. In this study, we examined the diversity of referral patterns to a neurosurgeon over
an eight-year interval and examined practice attributes related to surgical growth.

Methods
The electronic records of all patients undergoing an intracranial surgical procedure between August 2011
and August 2019 by an academic neurosurgeon were reviewed retrospectively. The Herfindahl-Hirschman
index (HHI) was used to assess the distribution of referrals among community physicians who referred such
patients; a value of HHI <0.15 indicates diversity. The yearly HHI trend was evaluated using meta-
regression.

Results
The neurosurgeon’s brain surgery caseload progressively increased on an annual basis from 1.4 to 12.5 cases
per week between 2012 and 2018. Among the 1540 cases referred by 1775 different physicians, 78% were from
three counties in southeast Florida and 8.1% from two counties in southwest Florida. The HHI declined
between 2013 and 2018 by 0.023 per year (0.0046 standard error [SE], p = 0.0073) with the estimated value
0.0063 (0.0014 SE) < 0.15 in 2018 (p < 0.0001). The findings indicate that the base of referring physicians was
highly diverse and that growth in caseload was accompanied by significantly less concentration of referrals.

Conclusion
Surgical growth in the neurosurgeon’s practice resulted from a small number of referrals from many
physicians, not from many referrals from a small number of physicians. Few physicians referred a sufficient
number of patients to warrant attribution of the referral itself to personal knowledge of their patients'
eventual outcomes. Rather, factors promoting timely access to patient care appear to have been the driving
force for growth.

Categories: Neurosurgery
Keywords: brain neoplasms, neurosurgeons, neurosurgery, operating rooms, referral and consultation, appointments
and schedules

Introduction
Overall growth in caseload at hospitals mostly occurs from many different surgeons doing a small number of
cases each week [1] and is unrelated to the extent of diversification of physiologically complex surgical
procedures [2,3]. For hospitals looking to increase their net income, growing surgical volume for service
lines with a large contribution margin per hour of operating room (OR) time is a strategic objective [4,5].
There is substantial heterogeneity in relative hospital margin per OR hour (>20-fold) among surgical
specialties [2], and among surgeons (100-fold) [6]. Approaches such as recruiting surgeons with national
reputations and launching a marketing campaign to attract patients are sometimes followed. However, this
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tactic is constrained by the limited number of such individuals, high recruiting costs, considerable expenses
to meet the physician's clinical and research requirements, and risk to the marketing plan from competing
hospitals’ countermeasures. Thus, typically, in metropolitan areas with many patients, the key question for
substantive practice growth by a relatively unknown surgeon is how to generate community referrals most
efficiently.

In this study, we examined the referral patterns for a neurosurgeon (RJK) specializing in brain tumors who
greatly expanded his practice over an 8-year interval. Because our main interest was growth in brain surgery,
we focused on his new patients who underwent such procedures. Understanding the factors contributing to
the successful expansion of his surgical practice may provide insight to other surgeons and hospital
administrators who desire similar growth in surgical volume.

We assessed the diversity of the referring physicians for each year by calculating the Herfindahl-Hirschman
index (HHI). The HHI is used to assess the diversity of species in ecology (where it is known as Simpsons
index) [7], to assess market competition in business [8], and to evaluate growth in surgery [2,9,10]. An HHI
between 0.15 and 0.25 represents a moderately concentrated market, and above 0.25, a highly concentrated
market when the United States Department of Justice assesses potential anti-competitive effects of mergers
[11]. Analogously, an HHI <0.15 among physicians referring patients to the neurosurgeon would represent a
lack of concentration (i.e., diversity).

Our hypothesis was that the growth in the neurosurgeon’s surgical practice occurred from a few patients
referred by each of many physicians, as opposed to many patients referred by a few physicians.

The implication of high diversity among referring physicians would be that focusing on a few individual
physicians would not have been sufficient to achieve growth. Because high diversity implies a low volume of
patients per referring physician, assessment of outcomes in their patients could not have been a driver of
referrals. Rather, growth was based on accessibility to care.

Materials And Methods
The University of Miami Institutional Review Board approved this retrospective study (IRB #20160437) with
a waiver of consent. The Strengthening the Reporting of Cohort Studies in Surgery guidelines (STROCSS
2019) were followed [12].

Data sources
We relied on an Excel worksheet (Microsoft, Redmond, WA) maintained by the neurosurgeon (RJK) for all his
patients who underwent brain surgery between January 1, 2012, and August 1, 2019, at the University of
Miami Hospital. The patient’s name, date of surgery, the procedure performed, referring physician, and
referring physician’s postal code were reviewed. All patients had diagnostic imaging demonstrating an
intracranial lesion before neurosurgical evaluation. The yearly number of new patients referred by each
physician was tabulated. Surgical logs from the electronic health system (Epic Systems, Verona, WI) were
examined to determine if a new patient underwent brain surgery within 365 days of the initial evaluation.
Travel times were estimated using the Google Distance Matrix application programming interface (Google,
Mountain View, CA) [13,14].

Attributes of the neurosurgeon’s practice
The various attributes the neurosurgeon implemented to encourage the growth of his surgical practice are
described in Table 1.
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Attribute of Neurosurgeon's Practice Rationale

Frequent talks are given by the neurosurgeon at
local medical society meetings and grand rounds
at hospitals in the surrounding counties

Allows presentation of the scope of the neurosurgeon’s practice and his patients’
outcomes. Provides medical knowledge on the current treatment and management of
patients with brain tumors.

Referring physicians are given information
regarding the neurosurgeon's outcomes for the
relevant brain tumor and are sent his relevant
published papers.

Provides evidence of the neurosurgeon's ongoing scholarly activity and specific
references may assist the referring physicians in subsequent discussions with their
patients.

The neurosurgeon’s cell phone number is given to
physicians, who were encouraged to call him if
they desired assistance with a patient with an
intracranial lesion.

Intracranial lesions represent urgent conditions that require immediate expert
management. Direct contact facilitates the rapid evaluation of these patients and the
transmittal of diagnostic imaging.

All new patients must have diagnostic imaging
showing an intracranial lesion before scheduling.

Workup is initiated by the referring physician, and thus patients without an intracranial
lesion are screened out ahead of time.

Patient contact information is obtained by the
neurosurgeon and forwarded to his outpatient
scheduler. The scheduler then contacted the
patient and booked the clinic appointment.

University hospital scheduling phone lines can be frustrating to patients due to delays
in answering, waiting for callbacks, and undesired constraints imposed related to the
presence of “open” appointment slots.

All new patients are offered an outpatient
appointment within 48 hours.

Patients are seen even on days when the neurosurgeon has scheduled operating
room time (3-4 days a week). Patients are seen in between cases or at the end of the
day and in fewer than 48 hours if clinically indicated. If the patient prefers a longer
interval to the appointment, that is accommodated.

Personal follow-up is made by the neurosurgeon
with the referring physician.

The referring physician is up to date on their patient’s medical treatment and able to
provide better continuity of care

Patients are sent back to their referring physician
for subsequent care.

Ensures continuity of care and continued collaboration in the future.

TABLE 1: Attributes of the studied neurosurgeon’s practice related to surgical growth

Statistics
The HHI was calculated as the sum of the squares of the proportions of cases from each referring physician.
The inverse of the HHI is the effective number of items measured (e.g., species, businesses, physicians)
[9,15]. As a simple example, consider four physicians referring 4, 3, 2, and 1 cases, N=10 cases; HHI = (0.42 +
0.32 + 0.22 + 0.12) = 0.31. The effective number of referring physicians = 3.23 (1/0.31). 

The binomial lower 95% confidence intervals for proportions of cases were calculated using the method of
Clopper-Pearson. The fraction of new patients who had surgery within 365 days of their initial evaluation
was calculated by batching among 4-week periods and reported as the mean (95% confidence interval [CI]).
The standard errors of the HHI and the inverse of the HHI were estimated asymptomatically for each year
with full data [9]; all years had at least 67 cases referred by physicians. The trend in the HHI was assessed by
testing the slope of the regression line, using the corresponding t-distribution, with the STATA function
meta regress (STATA, College Station, TX). Values for the HHI and the effective number of referring
physicians are presented as the mean (standard error). As this was a descriptive study, and all patients were
included, no a priori power analysis was performed.

Results
Between August 1, 2011, when the neurosurgeon began operating at the hospital, and December 31, 2018,
the total number of his brain surgery cases increased from 1.4 to 12.5 per week (Figure 1). The cases included
both intracranial procedures and radiosurgery. Among patients referred to the neurosurgeon between
January 1, 2018, and December 31, 2018, he performed an operative procedure in 54.1% (95% CI 50.3% to
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57.9%) within the next 365 days (median 6 days, interquartile range 3 to 12 days).

FIGURE 1: Annual caseload of brain tumor surgery by the studied
neurosurgeon between January 1, 2012, and December 31, 2018.
Cases from 2011 are not shown because the neurosurgeon started operating in August 2011. Cases from 2019
are not shown because the data analyzed only included cases through July 2019.

Approximately 75% of the neurosurgeon’s operative practice was from outside referrals, highlighting this
source’s importance (Figure 2).
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FIGURE 2: Sources of referrals to the neurosurgeon’s practice for
patients who underwent a surgical procedure, January 1, 2012, to
August 1, 2019.

Of cases referred by an outside physician, 78% were from three counties in southeast Florida (Miami-Dade,
Broward, and Palm Beach), and 8.1% from two nearby counties in southwest Florida (Collier and Lee) (Figure
3). There is high-speed interstate highway access from these counties, located within a 2.25 hour driving
time from the hospital (Figure 3).
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FIGURE 3: Geographic location, by county, of community physicians
referring surgical patients to the studied neurosurgeon, and the
approximate position of the relevant interstate highways.
Referrals from inside the hospital where the neurosurgeon practiced were excluded. The map of southern Florida
is overlaid on the graph, with the gold star indicating the approximate position of the University of Miami Hospital,
the practice location of the studied neurosurgeon. Interstate-95 passes within 1 mile of the hospital and follows the
eastern coast of Florida north through Broward, Palm Beach, Martin, St. Lucie, and Indian River Counties.
Interstate-75 runs north to south through Lee and Collier counties, then east through the middle of Broward
County, where it connects with Interstate-95.

For each year with 12-months data (2012-2018), the HHI for referring physicians was < 0.03 and declined
each year (Figure 4). These findings indicate a highly diverse base and no referring physician responsible for
a substantive proportion of referrals. In 2018, the effective number of referring physicians was 202.4 (19.6),
also showing the absence of market concentration. Each year was associated with a decline in the HHI by
0.0033 (0.00055) units (p = .0019). Treating the year 2018 as the intercept, the estimate of the HHI was
0.0056 (0.0019), significantly less than 0.15 (p < 0.00001). The decreasing value of the HHI over time shows
that the growth in caseload was accompanied progressively by significantly less concentration of referrals
among physicians.
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FIGURE 4: Market concentration of physicians referring patients
requiring surgery to the neurosurgeon.
The Herfindahl-Hirschman index (HHI) is a measure of the diversity of the referring base of physicians (see
Methods), and the effective number of referring physicians is calculated as 1/HHI. The lower the HHI, the greater
the diversity in the number of referring physicians. Markets are considered to be diverse if the HHI is less than
0.15, 30-times larger than the neurosurgeon’s referral base of physicians in 2018 (0.0049 ± 0.00048 SE).

Among the neurosurgeon’s cases between January 1, 2018, and August 1, 2019, 91% (87.5% lower confidence
limit) of the cases were referred by a physician who had only referred 0 or 1 patients in the preceding 365
days (Figure 5).
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FIGURE 5: Referrals to the neurosurgeon within the previous year for
patients undergoing surgery.
For each case, the number of patients previously referred within 365 days by the referring physician for the
current case was determined. For 71.1% of cases, the referring physician had not referred any previous patients,
and for 13.6%, only one case had been referred. The 95% lower confidence limit for the percentage with zero or
one referral within the previous 365 days was 87.5%.

Discussion
Our results show that the neurosurgeon’s increase in surgical caseload was not a function of a small number
of physicians referring many patients but rather from many physicians each referring a few patients. The
vast majority of physicians only referred zero or one patient who had had surgery within the previous 365
days. Our finding implies that few physicians could have had a sufficient sample to use their own patients’
surgical outcomes to influence their decision to refer patients to the neurosurgeon.

There are substantive OR management issues related to providing rapid patient access to neurosurgical
evaluation. First, committing to seeing patients within 48 hours means that time must be carved out during
surgical days. A small delay in starting the next case because the surgeon is evaluating a new patient with a
brain mass should be balanced by the high percentage who will need surgery. The variable cost of several
additional minutes of turnover-time [16] is small compared to the hospital’s contribution margin from a
brain surgery case. Anesthesiologists and OR managers should accommodate the surgeon to facilitate
expedient patient evaluations. Second, seeing new patients within 48 hours did not increase the number of
add-on cases. Rather, three-quarters of cases were scheduled over the ensuing 3 to 12 days.

Our finding of infrequent referral of patients by individual physicians is consistent with the study of Mandl
et al., who showed that collaboration of patient care among all types of providers for outpatient clinic
appointments was uncommon [17]. Our focus on the referring physician in the context of the treatment of a
brain tumor seems appropriate based on the study of Charlton et al., who demonstrated that most rectal
cancer patients relied on the advice of their own physician, and few attempted to assess either surgeon
volume or experience in deciding where to seek definitive treatment [18]. Our finding that a substantive
number of patients (e.g., from Miami-Dade, Palm Beach, and Broward counties) drove past many other
hospitals offering brain surgery or traveled to Miami (e.g., from Collier and Lee counties) rather than to
closer hospitals in the opposite direction is consistent with the study of Dexter et al., who showed that
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absolute distance rather than relative distance was the important travel consideration [19]. Based on
previous survey studies indicating that patients focus more on the reputation of the surgeon than on that of
the hospital [20-22], it is likely that the neurosurgeon’s practice growth was more related to his personal
marketing efforts (e.g., hospital and medical society speaking engagements, dissemination of his personal
cell-phone number) rather than the hospital’s general marketing campaigns. The extremely short waiting
period (within 48 hours) for evaluation by the neurosurgeon (Table 1) likely played a major role in the
expansion of his practice [23]. We do not have data related to the influence on referrals from the
neurosurgeon sending his relevant outcomes publications [24-29] to referring physicians (Table 1), but we
suspect that this also had a positive impact. In addition, the neurosurgeon is a deputy editor for the Cureus
academic channel of the Department of Neurological Surgery at the University of Miami
(https://www.cureus.com/channels/umiamineurosurg).

Our study has several implications for hospitals looking to increase surgical service line volume from
neurosurgery or other subspecialty practices. First, adequate OR and clinic time must be allocated, with
resources provided for efficient care. If the surgeon needs to evaluate a new patient between cases, the OR
manager should focus on increasing the surgeon’s overall productivity rather than fixating on daily
operational objectives. Such a perspective will also increase the overall productivity of the OR. Second, there
needs to be flexibility in new patient appointment scheduling. Rigid systems requiring that patients go
through central scheduling are not conducive to expeditious access, especially when all immediate
appointments are booked or the surgeon is not scheduled for the clinic on a particular day but nonetheless is
available to see new patients [30]. Marketing efforts to promote the surgeon’s practice largely should be
focused within the distance that patients are willing to travel for care and should concentrate primarily on
the expertise and outcomes of the surgeon, not on general attributes of the hospital.

Strengths and limitations
First, this study is from a single neurosurgeon’s practice involving a pathologic condition (i.e., brain tumor)
that requires evaluation within a short time frame due to the risk of clinical deterioration. Thus, the window
to see new patients probably can be extended for less urgent conditions. Nevertheless, patients do not want
to wait very long for surgical evaluation, especially when dealing with possible or known malignancy.
Second, all new patients seen had a brain mass on imaging before being scheduled, increasing the likelihood
of surgical treatment (at least 50.3% in the studied neurosurgeon’s practice). Thus, making time to see
patients even during busy days in the OR had a high yield. This strategy may differ for other subspecialties
where surgery results less frequently following consultation. Third, referral records were not available for
patients in whom a surgical intervention did not occur. However, we were primarily interested in growth in
the neurosurgeon’s surgical practice.

Conclusions
Expansion in the surgical practice of a neurosurgeon over an eight-year period was the result primarily of a
small number of referrals from many physicians rather than many referrals from a small number of
physicians. Physicians referring patients who required surgical intervention seldom had referred another
such patient within the previous year. Timely access to care (seeing new patients within 48 hours), direct
communication with referring physicians, and the ability to see new patients on any day, even when
operating, appeared to be key factors associated with growth.

Additional Information
Disclosures
Human subjects: Consent was obtained by all participants in this study. The University of Miami
Institutional Review Board issued approval IRB #20160437. The institutional review board of the University
of Miami approved this study with waiver of informed consent. Animal subjects: All authors have
confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In compliance
with the ICMJE uniform disclosure form, all authors declare the following: Payment/services info: All
authors have declared that no financial support was received from any organization for the submitted work.
Financial relationships: All authors have declared that they have no financial relationships at present or
within the previous three years with any organizations that might have an interest in the submitted work.
Other relationships: Dr. Eichberg is supported by a grant from the National Cancer Institute (NCI; T32 CA
211034). No federal funds or funds from nongovernmental sources were used to fund the project. The
content is solely the responsibility of the authors and does not necessarily represent the official views of the
National Institutes of Health.

2020 Eichberg et al. Cureus 12(9): e10416. DOI 10.7759/cureus.10416 9 of 11



Acknowledgements
We would like to acknowledge the assistance of Maggy Perez-Dickens, MBA, and Nancha Auguste, who
obtained some of the data used in this study

References
1. Dexter F, Jarvie C, Epstein RH: Lack of generalizability of observational studies' findings for turnover time

reduction and growth in surgery based on the State of Iowa, where from one year to the next, most growth
was attributed to surgeons performing only a few cases per week. J Clin Anesth. 2018, 44:107-113.
10.1016/j.jclinane.2017.11.002

2. Dexter F, Park S-H, Epstein RH, Sun E, O'Neill L: Hospitals with greater diversities of physiologically
complex procedures do not achieve greater production of such inpatient surgical procedures. Perioper Care
Oper Room Manag. 2019, 17:100079. 10.1016/j.pcorm.2019.100079

3. Dexter F, Epstein RH, Lubarsky DA: Hospitals with greater diversities of physiologically complex procedures
do not achieve greater surgical growth in a market with stable numbers of such procedures. J Clin Anesth.
2018, 46:67-73. 10.1016/j.jclinane.2018.01.005

4. Resnick AS, Corrigan D, Mullen JL, Kaiser LR: Surgeon contribution to hospital bottom line: not all are
created equal. Ann Surg. 2005, 242:530-539. 10.1097/01.sla.0000184693.61680.24

5. Dexter F, Ledolter J, Wachtel RE: Tactical decision making for selective expansion of operating room
resources incorporating financial criteria and uncertainty in subspecialties' future workloads. Anesth Analg.
2005, 100:1425-1432. 10.1213/01.ane.0000149898.45044.3d

6. Dexter F, Blake JT, Penning DH, Lubarsky DA: Calculating a potential increase in hospital margin for
elective surgery by changing operating room time allocations or increasing nursing staffing to permit
completion of more cases: a case study. Anesth Analg. 2002, 94:138-142. 10.1097/00000539-200201000-
00026

7. Diversity index. (2020). Accessed: August 25, 2020:
http://l.academicdirect.org/Horticulture/GAs/Refs/Diversity_index_Wikipedia.pdf.

8. Diversity index. (2020). Accessed: August 25, 2020: https://en.wikipedia.org/wiki/Diversity_index.
9. Dexter F, Ledolter J, Hindman BJ: Quantifying the diversity and similarity of surgical procedures among

hospitals and anesthesia providers. Anesth Analg. 2016, 122:251-263. 10.1213/ane.0000000000000998
10. Dexter F, Epstein RH, Thenuwara L, Lubarsky DA: Large variability in the diversity of physiologically

complex surgical procedures exists nationwide among all hospitals including among large teaching
hospitals. Anesth Analg. 2018, 127:190-197. 10.1213/ane.0000000000002634

11. Hirfindahl-Hirschman Index. (2020). Accessed: August 25, 2020: https://www.justice.gov/atr/herfindahl-
hirschman-index.

12. Agha R, Abdall-Razak A, Crossley E, Dowlut N, Iosifidis C, Mathew G: STROCSS 2019 Guideline:
strengthening the reporting of cohort studies in surgery. Int J Surg. 2019, 72:156-165.
10.1016/j.ijsu.2019.11.002

13. Epstein RH, Dexter F, Diez C, Potnuru P: Determination of geolocations for anesthesia specialty coverage
and standby call allowing return to the hospital within a specified amount of time. Anesth Analg. 2019,
129:1265-1272. 10.1213/ane.0000000000003320

14. Epstein RH, Dexter F, Smaka TJ: Obtaining and modeling variability in travel times From off-site satellite
clinics to hospitals and surgery centers for surgeons and proceduralists seeing office patients in the morning
and performing a to-follow list of cases in the afternoon. Anesth Analg. 2020, 131:228-238.
10.1213/ane.0000000000004148

15. Effective number of species. (2020). Accessed: August 25, 2020:
http://www.loujost.com/Statistics%20and%20Physics/Diversity%20and%20Similarity/EffectiveNumberOfSpecies.htm

16. Epstein, RH, Dexter F: Management implications for the perioperative surgical home related to inpatient
case cancellations and add-on case scheduling on the day of surgery. Anesth Analg. 2015, 121:206-218.
10.1213/ane.0000000000000789

17. Mandl KD, Olson KL, Mines D, Liu C, Tian F: Provider collaboration: cohesion, constellations, and shared
patients. J Gen Intern Med. 2014, 29:1499-1505. 10.1007/s11606-014-2964-0

18. Charlton ME, Shahnazi AF, Gribovskaja-Rupp I, et al.: Determinants of rectal cancer patients' decisions on
where to receive surgery: a qualitative analysis. J Gastrointest Surg. 2019, 23:1461-1473. 10.1007/s11605-
018-3830-x

19. Dexter F, Wachtel RE, Sohn MW, Ledolter J, Dexter EU, Macario A: Quantifying effect of a hospital's
caseload for a surgical specialty on that of another hospital using multi-attribute market segments. Health
Care Manag Sci. 2005, 8:121-131. 10.1007/s10729-005-0395-5

20. Schwartz LM, Woloshin S, Birkmeyer JD: How do elderly patients decide where to go for major surgery?
Telephone interview survey. BMJ. 2005, 331:821. 10.1136/bmj.38614.449016.de

21. Wilson CT, Woloshin S, Schwartz LM: Choosing where to have major surgery: who makes the decision? .
Arch Surg. 2007, 142:242-246. 10.1001/archsurg.142.3.242

22. Zwijnenberg NC, Hendriks M, Bloemendal E, et al.: Patients' need for tailored comparative health care
information: a qualitative study on choosing a hospital. J Med Internet Res. 2016, 18:e297.
10.2196%2Fjmir.4436

23. Dexter F: Factors substantively influencing numbers of surgical cases performed at a research hospital . J Res

2020 Eichberg et al. Cureus 12(9): e10416. DOI 10.7759/cureus.10416 10 of 11

https://dx.doi.org/10.1016/j.jclinane.2017.11.002
https://dx.doi.org/10.1016/j.jclinane.2017.11.002
https://dx.doi.org/10.1016/j.pcorm.2019.100079
https://dx.doi.org/10.1016/j.pcorm.2019.100079
https://dx.doi.org/10.1016/j.jclinane.2018.01.005
https://dx.doi.org/10.1016/j.jclinane.2018.01.005
https://dx.doi.org/10.1097/01.sla.0000184693.61680.24
https://dx.doi.org/10.1097/01.sla.0000184693.61680.24
https://dx.doi.org/10.1213/01.ane.0000149898.45044.3d
https://dx.doi.org/10.1213/01.ane.0000149898.45044.3d
https://dx.doi.org/10.1097/00000539-200201000-00026
https://dx.doi.org/10.1097/00000539-200201000-00026
http://l.academicdirect.org/Horticulture/GAs/Refs/Diversity_index_Wikipedia.pdf
http://l.academicdirect.org/Horticulture/GAs/Refs/Diversity_index_Wikipedia.pdf
https://en.wikipedia.org/wiki/Diversity_index
https://en.wikipedia.org/wiki/Diversity_index
https://dx.doi.org/10.1213/ane.0000000000000998
https://dx.doi.org/10.1213/ane.0000000000000998
https://dx.doi.org/10.1213/ane.0000000000002634
https://dx.doi.org/10.1213/ane.0000000000002634
https://www.justice.gov/atr/herfindahl-hirschman-index
https://www.justice.gov/atr/herfindahl-hirschman-index
https://dx.doi.org/10.1016/j.ijsu.2019.11.002
https://dx.doi.org/10.1016/j.ijsu.2019.11.002
https://dx.doi.org/10.1213/ane.0000000000003320
https://dx.doi.org/10.1213/ane.0000000000003320
https://dx.doi.org/10.1213/ane.0000000000004148
https://dx.doi.org/10.1213/ane.0000000000004148
http://www.loujost.com/Statistics and Physics/Diversity and Similarity/EffectiveNumberOfSpecies.htm
http://www.loujost.com/Statistics and Physics/Diversity and Similarity/EffectiveNumberOfSpecies.htm
https://dx.doi.org/10.1213/ane.0000000000000789
https://dx.doi.org/10.1213/ane.0000000000000789
https://dx.doi.org/10.1007/s11606-014-2964-0
https://dx.doi.org/10.1007/s11606-014-2964-0
https://dx.doi.org/10.1007/s11605-018-3830-x
https://dx.doi.org/10.1007/s11605-018-3830-x
https://dx.doi.org/10.1007/s10729-005-0395-5
https://dx.doi.org/10.1007/s10729-005-0395-5
https://dx.doi.org/10.1136/bmj.38614.449016.de
https://dx.doi.org/10.1136/bmj.38614.449016.de
https://dx.doi.org/10.1001/archsurg.142.3.242
https://dx.doi.org/10.1001/archsurg.142.3.242
https://dx.doi.org/10.2196%2Fjmir.4436
https://dx.doi.org/10.2196%2Fjmir.4436
https://dx.doi.org/10.21037/arh.2017.04.13


Hosp. 2017, 1:13. 10.21037/arh.2017.04.13
24. Eichberg DG, Di L, Shah AH, et al.: Brain tumor surgery is safe in octogenarians and nonagenarians: a

single-surgeon 741 patient series. World Neurosurg. 2019, 132:e185-e192. 10.1016/j.wneu.2019.08.219
25. Komotar RJ, Starke RM, Raper DM, Anand VK, Schwartz TH: Endoscopic endonasal compared with

microscopic transsphenoidal and open transcranial resection of craniopharyngiomas. World Neurosurg.
2011, 77:329-341. 10.1016/j.wneu.2011.07.011

26. Komotar RJ, Starke RM, Raper DM, Anand VK, Schwartz TH: Endoscopic endonasal compared with anterior
craniofacial and combined cranionasal resection of esthesioneuroblastomas. World Neurosurg. 2013,
80:148-159. 10.1016/j.wneu.2012.12.003

27. Komotar RJ, Starke RM, Raper DM, Anand VK, Schwartz TH: Endoscopic endonasal versus open transcranial
resection of anterior midline skull base meningiomas. World Neurosurg. 2012, 77:713-724.
10.1016/j.wneu.2011.08.025

28. Shah AH, Burks JD, Buttrick SS, Debs L, Ivan ME, Komotar RJ: Laser interstitial thermal therapy as a primary
treatment for deep inaccessible gliomas. Neurosurgery. 2019, 84:768-777. doi: 10.1093/neuros/nyy238

29. Shah AH, Semonche A, Eichberg DG, et al.: The role of laser interstitial thermal therapy in surgical neuro-
oncology: series of 100 consecutive patients. Neurosurgery. 2020, 87:265-275. 10.1093/neuros/nyz424

30. O’Neill L, Dexter F, Wachtel RE: Should anesthesia groups advocate funding of clinics and scheduling
systems to increase operating room workload?. Anesthesiology. 2009, 111:1016-1024.
10.1097/aln.0b013e3181b8f6aa

2020 Eichberg et al. Cureus 12(9): e10416. DOI 10.7759/cureus.10416 11 of 11

https://dx.doi.org/10.21037/arh.2017.04.13
https://dx.doi.org/10.1016/j.wneu.2019.08.219
https://dx.doi.org/10.1016/j.wneu.2019.08.219
https://dx.doi.org/10.1016/j.wneu.2011.07.011
https://dx.doi.org/10.1016/j.wneu.2011.07.011
https://dx.doi.org/10.1016/j.wneu.2012.12.003
https://dx.doi.org/10.1016/j.wneu.2012.12.003
https://dx.doi.org/10.1016/j.wneu.2011.08.025
https://dx.doi.org/10.1016/j.wneu.2011.08.025
https://dx.doi.org/doi: 10.1093/neuros/nyy238
https://dx.doi.org/doi: 10.1093/neuros/nyy238
https://dx.doi.org/10.1093/neuros/nyz424
https://dx.doi.org/10.1093/neuros/nyz424
https://dx.doi.org/10.1097/aln.0b013e3181b8f6aa
https://dx.doi.org/10.1097/aln.0b013e3181b8f6aa

	Building a Brain Tumor Practice: Objective Analysis of Referral Patterns and Implications for the Growth of a Subspecialty Surgical Program
	Abstract
	Introduction
	Methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	Data sources
	Attributes of the neurosurgeon’s practice
	TABLE 1: Attributes of the studied neurosurgeon’s practice related to surgical growth

	Statistics

	Results
	FIGURE 1: Annual caseload of brain tumor surgery by the studied neurosurgeon between January 1, 2012, and December 31, 2018.
	FIGURE 2: Sources of referrals to the neurosurgeon’s practice for patients who underwent a surgical procedure, January 1, 2012, to August 1, 2019.
	FIGURE 3: Geographic location, by county, of community physicians referring surgical patients to the studied neurosurgeon, and the approximate position of the relevant interstate highways.
	FIGURE 4: Market concentration of physicians referring patients requiring surgery to the neurosurgeon.
	FIGURE 5: Referrals to the neurosurgeon within the previous year for patients undergoing surgery.

	Discussion
	Strengths and limitations

	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


