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National Trends in Lumbar Puncture from 2010 to 2018: A
Shift Reversal from the Emergency Department to the

Hospital Setting for Radiologists and
Advanced Practice Providers

L.M. Trunz, A.V. Gandhi, A.D. Karambelkar, S.M. Lange, V.M. Rao, and A.E. Flanders

ABSTRACT

BACKGROUND AND PURPOSE: Prior research has shown substantial shifts in procedure shares between specialty groups providing
lumbar punctures. Our aim was to analyze national trends in lumbar punctures among the Medicare population from 2010 to 2018.

MATERIALS AND METHODS: Medicare Part B Physician/Supplier Procedure Summary Master Files from 2010 to 2018 were analyzed
for all Current Procedural Terminology, Version 4 codes related to lumbar punctures (62270 and 62272). Lumbar puncture proce-
dure volume and utilization rates were assessed and stratified by place of service and specialty background of the providers.

RESULTS: From 2010 to 2018, the overall number of lumbar puncture procedures essentially has not changed (92,579 versus 92,533).
Radiologists hold the largest and an increasing procedure share of diagnostic and overall lumbar punctures (overall share, 45.7% in
2010 [n¼ 42,296] versus 52.3% in 2018 [n¼ 48,414]). Advanced practice providers have increased their procedure share (3.7% in 2010
[n¼ 3388] versus 8.4% in 2018 [n¼ 7785], 1 129.8% procedure volume). Emergency medicine physicians and neurologists have a
decreasing procedure share (21.8% versus 15.3% and 12.5% versus 8.8%, respectively). The inpatient hospital setting remains the larg-
est place of service for lumbar punctures, recording a 5.3% increase in procedure share. The emergency department lumbar punc-
ture volume has declined, with a 7.4% decrease in the overall procedure share. Similarly, the hospital outpatient department
procedure volume has increased (14%), while the private office volume has decreased (–1.7%).

CONCLUSIONS: During the past decade, lumbar puncture procedures among the Medicare population have remained stable, with
a shift in procedure volume from the emergency department and private offices to the hospital setting, which has mainly affected
radiologists and advanced practice providers.

ABBREVIATIONS: APP ¼ advanced practice provider; ED ¼ emergency department; LP ¼ lumbar puncture

During the past decades, lumbar punctures (LPs) have been
progressively performed with image guidance, and associated

with this trend were an increased responsibility and involvement
of radiologists.1 For image guidance, fluoroscopy and CT perform
equally well with low effective radiation dosages.2 Additionally,
sonographic guidance can improve LP success rates, especially in a
well-selected patient population.3

LPs are an essential part of the diagnostic work-up in various
neurologic diseases and are divided into diagnostic and thera-
peutic. Primary indications for diagnostic LPs are suspected
CNS infection and measurement of the CSF opening pressure;

indications also include subarachnoid hemorrhage, CNS auto-

immune disease, neoplastic meningeal disease, and dementia.

Therapeutic LPs can be used to either lower the intracranial

pressure, for example in the setting of cryptococcal meningitis

or idiopathic intracranial hypertension; to administer medica-

tions intrathecally (eg, chemotherapy); or as a “shunt trial” in

the context of normal pressure hydrocephalus.4

Compared with bedside/non-image-guided LPs, image guid-

ance offers several advantages, and multiple factors may contrib-

ute to an increasing demand for service. Prior studies have

demonstrated fewer traumatic LPs when using fluoroscopic guid-

ance,5 which improves diagnostic work-up and patient comfort.

The increasing prevalence of obesity in the general population6

resulted in further use of image guidance.7 Other factors favoring

the use of image guidance are in the postoperative setting with

hardware and/or osseous fusion or with extensive degenerative

changes or scoliosis present.7 This shift led to radiologists becom-

ing the dominant overall provider of LP procedures between
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1991 and 2011.1 The purpose of this study was to determine

whether radiologists have continued to be the dominant provider

of LP procedures stratified by place of service.

MATERIALS AND METHODS
Data were obtained from the Centers for Medicare & Medicaid
Services Physician/Supplier Procedure Summary Master Files from
2010 to 2018. These files contain summary tables for all beneficia-
ries of the nationwide Medicare Part B Fee-for-Service Compliance
program (38.7 million in 2018). Data are available for each code in
the Current Procedural Terminology, Fourth Edition (CTP-4) and
include information such as procedure volume, provider specialty,
location of services, and payments approved. Provider specialties
were determined from the Physician Specialty Classification Codes
used by Medicare. Locations at which examinations were per-
formed were determined using Medicare Place-of-Service Codes.

For this study, we determined the
number of lumbar punctures per-
formed in hospital outpatient, inpatient,
emergency department (ED), and office
settings by analyzing the CPT-4 codes
contained in the billing claims filed by
physicians. We reviewed all CPT-4
codes that represented lumbar punctu-
res (62270 and 62272). For each cate-
gory, we determined the total number
of procedure claims from 2010 to 2018.
We also calculated the utilization rate
per 1000 Medicare Fee-for-Service bene-
ficiaries for each year. Data analysis was
performed using Excel 2015 (Microsoft).
These aggregated public use files contain
no patient or physician identifiers and
are, therefore, exempt from review by an
institutional review board.

RESULTS
The overall number of LP procedures
essentially has not changed between
2010 and 2018 (92,579 in 2010 and
92,533 in 2018). A minimal decrease in
diagnostic LPs (86,347 versus 85,665)
and a slight increase in therapeutic LPs
(6232 versus 6868) were noted.

For diagnostic LPs, the procedure
rate per 1000 Medicare Fee-for-Service
enrollees increased from 2.45 in 2010 to
a peak of 2.56 in 2012, then gradually
declined to 2.21 in 2018 (�13% versus
peak). For therapeutic LPs, the proce-
dure rate per 1000 Medicare Fee-for-
Service enrollees varied minimally dur-
ing the decade, from 0.177 in 2010 to a
peak of 0.187 in 2016, before it gradu-
ally declined back to 0.177 in 2018. For
diagnostic and therapeutic LPs com-

bined, the procedure rate per 1000 Medicare Fee-for-Service enroll-
ees increased from 2.63 in 2010 to a peak of 2.73 in 2012, before it
steadily declined to 2.39 in 2018. This change corresponds to a 9%
decrease in the overall procedure rate during the past decade
(Fig 1).

Figure 2 shows the LP share by provider specialty. Overall,
radiologists performed 42,296 LP procedures in 2010 versus
48,414 in 2018, representing a 45.7% versus 52.3% procedure
share, respectively. These numbers combine diagnostic and inter-
ventional radiologists. If evaluated separately, there is a striking
increase in the number of cases performed by interventional radi-
ologists: 2167 LPs in 2010 compared with 4459 LPs in 2018
(1105.8% procedure volume). This represents an increase in the
overall procedure share from 5.1% to 9.2% within the radiology
subgroup and from 2.4% to 4.8% in the overall procedure share.
Likewise, advanced practice providers (APPs) (mainly represent-
ing nurse practitioners and physician assistants) experienced an

FIG 1. Lumbar puncture utilization rate (diagnostic and therapeutic LPs combined) per 1000 Medicare
Fee-for-Service enrollees. After a peak in 2012, the procedure rate successively declined during the
remaining decade, corresponding to a 9% decrease of the overall procedure rate from 2010 to 2018.

FIG 2. Overall lumbar puncture procedure shares in the United States from 2010 to 2018, by pro-
vider specialty. IR indicates interventional radiology; EM, emergency medicine.

AJNR Am J Neuroradiol 42:206–10 Jan 2021 www.ajnr.org 207



increase in the overall procedure share from 3.7% in 2010 to 8.4%

in 2018 (3388 LPs in 2010 versus 7785 LPs in 2018;1129.8% pro-
cedure volume). Besides radiologists, the 2 other major physician

groups performing LPs include emergency medicine physicians

and neurologists. Emergency medicine physicians and neurolo-
gists had a decrease in total numbers and procedure share during

the past decade (21.8% versus 15.3%, and 12.5% versus 8.8%,

respectively). Besides, a substantial number of total LPs were per-
formed by various known and unknown providers, summarized

as “others.” Known specialties in this category include internal,

pulmonary, and critical care medicine, which performed 4701
LPs in 2018 combined, correlating with a 5.1% procedure share.

Neurosurgery continued to be the leading provider for thera-
peutic LPs throughout the decade (2306 LPs in 2018, procedure
share of 33.6%), followed by radiologists (1851 LPs in 2018, pro-
cedure share of 26.9%). The Table demonstrates the distribution
of diagnostic and therapeutic LP procedures performed by spe-
cialty for 2010 and 2018.

By far, most of the LP procedures were performed in the inpa-
tient hospital setting (42,685 in 2010 versus 47,533 in 2018), with a
5.3% increase in procedure share during the decade (Fig 3). The LP
procedure volume in the ED has drastically decreased, recording a
7.4% decrease in the overall procedure share (24,519 in 2010 versus

17,701 in 2018; –27.8% procedure
volume). Last, in hospital outpatient
departments, the procedure volume has
progressively increased (18,200 in 2010
versus 21,889 in 2018), while the private
office volume has steadily decreased
(6287 in 2010 versus 4672 in 2018).

Figure 4 illustrates the overall pro-
cedure share changes by specialty.
From 2010 to 2018, the market share
for radiologists/interventional radiolog-
ists and APPs has increased for diag-
nostic LPs, while it has declined the
most for emergency medicine physi-
cians and neurologists. For therapeutic
LPs, neurosurgery keeps the largest
market share (33.6% in 2018, a �1.1%
decrease), followed by radiology (26.9%
in 2018, a 11.9% increase); however,
within the radiology subgroup, inter-
ventional radiologists have increased

their procedure share for therapeutic LPs (3.9% in 2018, a 2.2%
increase), while for noninterventional radiologists, the procedure
share remained relatively stable (23.0% in 2018, a 0.3% decrease).

DISCUSSION
Kroll et al1 demonstrated that between 1991 and 2011, LP proce-
dures on Medicare beneficiaries have increased, with radiology
becoming the dominant overall provider. While this previous
study depicted a roughly 4-fold increase of the LP procedure
share for radiologists during 2 decades, the present study shows
smaller differences but a continuation of this trend and changes
in procedure shares among physician and nonphysician groups.

Although being already the dominant overall provider at the be-
ginning of the previous decade, interventional and noninterventional
radiologists combined had the largest procedure share increase dur-
ing the past 9 years of all groups. This contrasts with many other
areas of image-guided procedures in which “turf wars” continue to
emerge among different specialties, often to the disadvantage of radi-
ologists.8 Various minimally invasive procedures, originally devel-
oped and performed by radiologists, such as coronary angiography,
neurointerventional procedures, or noncardiac peripheral vascular
interventions, are now mainly performed by other specialists, includ-
ing cardiologists, neurosurgeons, and vascular surgeons.9-11

Distribution of diagnostic and therapeutic lumbar puncture procedures performed in 2010 and 2018, by specialtya

Year, Type of
Procedure Radiology

Interventional
Radiology Emergency Neurology Neurosurgery Anesthesia

Advanced
Practice
Providers Others

2010
Total (n¼ 92,579) 40,129 (43.3) 2167 (2.4) 20,170 (21.8) 11,607 (12.5) 2960 (3.2) 3416 (3.7) 3388 (3.7) 8742 (9.4)
Diagnostic (n¼ 86,347) 38,675 (44.8) 2060 (2.4) 20,124 (23.3) 10,814 (12.5) 798 (0.9) 2415 (2.8) 3289 (3.8) 8172 (9.5)
Therapeutic (n¼ 6232) 1454 (23.3) 107 (1.7) 46 (0.7) 793 (12.7) 2162 (34.7) 1001 (16.1) 99 (1.6) 570 (9.2)

2018
Total (n¼ 92,533) 43,955 (47.5) 4459 (4.8) 14,153 (15.3) 8126 (8.8) 2909 (3.2) 2228 (2.4) 7785 (8.4) 8918 (9.6)
Diagnostic (n¼ 85,665) 42,376 (49.5) 4187 (4.9) 14,063 (16.4) 7426 (8.7) 603 (0.7) 1362 (1.6) 7380 (8.6) 8268 (9.6)
Therapeutic (n¼ 6868) 1579 (23.0) 272 (3.9) 90 (1.3) 700 (10.2) 2306 (33.6) 866 (12.6) 405 (5.9) 650 (9.5)

a Data are number (%) of procedures.

FIG 3. Lumbar puncture procedures in the United States from 2010 to 2018, by place of service
performed. HOPD indicates hospital outpatient department.
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Even though there is a provider specialty shift toward radiolog-
ists, the underlying reasons leading to this development are likely
not solely attributable to the advantages of image guidance or the
growing of radiologists’ expertise. LPs are time-consuming proce-
dures with relatively low reimbursement rates. In 2018, the
national average Medicare physician payment for a diagnostic LP
performed was $64.30, and for a therapeutic LP, it was $69.55. In
contrast, the Medicare payment for reporting a brain MR imaging
with and without contrast was $128.60, and for a lumbar spine MR
imaging without contrast, it was $96.58. Additionally, to be able to
perform image-guided LPs, other resources such as a fluoroscopy/
CT system and a radiology technologist are required. A similar de-
velopment has been shown with paracentesis and thoracentesis
procedures, for which radiologists became the main provider dur-
ing the past decades,12 in part due to unfavorable economics that
are comparable with that of LP procedures. Simultaneously, the
demand for productivity and workload has increased for radiolog-
ists and clinicians alike,13-16 contributing to the relatively low-paid/
time-consuming procedures, which could further aggravate stress
in daily clinical practice, being, instead, referred to other services.

Nevertheless, this trend also offers distinct opportunities for
radiologists. While there is no doubt that radiology services
are indispensable to the care of patients, concerns about a pres-
tige problem have been raised in the past by various leaders in
the field,17 and there is broad agreement that it is crucial for the
future of radiology to have more direct patient contact. This
concept can contain different aspects of patient-centered care
and, depending on the subspecialty, may include minimally
invasive procedures, outpatient care, or better communication
with the patient.18,19 Furthermore, by reinforcing their role in
patient care, radiologists can improve their reputation and
strengthen relationships with referring providers.20

Another emerging trend demonstrated in this study is the
marked increase in procedure shares among APPs. APPs recorded
the largest rise in procedure shares among all groups when radiol-
ogists and interventional radiologists are considered separately.

Likewise, the overall procedure shares
of APPs in 2018 are only minimally
lower compared with those of neurolo-
gists, a previously dominant specialty
for LPs. This practice is concurrent
with developments described for other
procedures such as paracentesis, thora-
centesis, fine-needle aspirations and
biopsies, and reported nationwide
performances of nonvascular invasive
procedures by APPs of between
approximately 1% and 11%.21 Reasons
for this change are multifactorial, with
the progressing physician shortage cer-
tainly playing a major role.22 This trend
is likely going to continue, especially
with the growing acceptance and com-
parable procedure outcomes between
trained APPs and physicians.21,23,24

After a peak in 2012, there has
been a steady decline in the perform-

ance of LP procedures in EDs. During the previous decades,
overcrowding in EDs has become a well-known reality,25,26

and an increasing number of ED visits has likely further aggra-
vated this situation.27 Therefore, the development observed in
our study might be a reflection of increased demand for
throughput in EDs. This change represents a reversal of earlier
decade trends, which showed a marked increase of LP proce-
dures in EDs.1 A decrease in the length of a hospital stay for
many diseases/conditions may contribute to an accelerated
transfer from the ED to the inpatient setting and the observed
increase of inpatient LPs. Outpatient LPs are predominantly
performed in the hospital outpatient department setting,
which demonstrated steady growth, a development that led to
more LPs being performed in the hospital outpatient depart-
ment setting from 2016 onward than in the ED. Finally, a
decreasing number of LPs were performed in private offices
during the past decade; however, this represents a continua-
tion of earlier decade trends.1

Limitations of this study include, besides its retrospective na-
ture, that Physician/Supplier Procedure Summary Master Files
only pertain to the Medicare Part B Fee-for-Service population
and our study results are not generalizable because patients with
coverage from other federal programs, private health insurance,
or those uninsured are not included. Nevertheless, the Physician/
Supplier Procedure Summary Master Files are frequently used for
this type of study because they are the largest and most reliable
data source. Also, due to the increasing share of LPs performed
by APPs, the overall percentages for major specialties could be
affected if a different number of APPs work under the aegis of
supervising specialty groups. However, although LPs performed
by APPs are increasing, it is questionable whether they cause sig-
nificant differences among specialties yet, and they should not
account for the observed trends in this study. Further investiga-
tions are needed to determine a potential relation between LP
procedure shares and the number of APPs working under differ-
ent specialties.

FIG 4. Overall lumbar puncture procedure share changes from 2010 to 2018 by provider specialty.
IR indicates interventional radiology; EM, emergency medicine.
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CONCLUSIONS
The LP procedure volume remained stable during the past dec-
ade, with a shift in procedure volume from the ED and private
offices to the hospital setting. Radiologists continue to be the
dominant provider with a further increase in procedure shares
for both noninterventional and interventional radiologists.
Besides radiologists, APPs experienced a large increase in proce-
dure volume, which reflects nationwide trends for other nonvas-
cular invasive procedures performed by APPs.
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