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Introduction
Stereotactic brain biopsy is commonly performed to 

obtain brain tissue for histopathologic and molecular analysis. 
Diagnostic accuracy is high and complication rates are low 
[1]. Frameless neuronavigation systems align MRI spatial data 
with head and brain anatomy in the operating room using 
either: 1) Contrast-enhancing scalp markers (fiducials) seen 
on the MRI and scalp; or 2) Scalp contour seen on an MRI 
model and on a scalp surface model created by tracing the 
immobilized scalp surface. This alignment registers the brain 
and MRI coordinate spaces during surgery [2]. Images on the 
neuronavigation system are used to plan a safe trajectory to 
target the tumor, avoiding vital adjacent structures and blood 
vessels [3]. The biopsy needle is advanced through the brain 
and into the lesion. Deep lesions require especially precise 
trajectories because angular error produces greater spatial 
offset with increasing depth [4].

Some neurosurgeons prefer scalp fiducial markers over 
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Abstract
Background: Imaging workup preceding stereotactic brain biopsy differs among institutions. The novel coronavirus 
disease-2019 (COVID-19) pandemic has prompted reallocation of scarce medical resources and reduction of unnecessary 
procedures. The relevant costs and value to the health system of multiple magnetic resonance imaging (MRI) scans 
during this workup remain poorly defined. In the current review, we specifically delineate and compare the relevant costs 
and value to the health system of multiple MRI scans during workup for stereotactic brain biopsy.

Methods: A generalized total cost equation was formulated and used to analyze differential cost drivers across different 
patient scenarios from diagnosis to surgery.

Results: Each additional MRI scan performed between diagnostic MRI and stereotactic brain biopsy contributes $306 
for Medicare patients versus $870-$990 for patients with private insurance. The main driver for imaging costs before 
stereotactic brain biopsy is the number of MRI scans performed between diagnosis and surgery. Imaging costs vary 
significantly among insurance types.

Conclusion: There is little to no clinical value of repeating additional MRI scans if outside institution MRI scans are high-
quality and can be sourced to the intraoperative neuronavigation system. Cost and waste reduction is achieved through 
reducing the number of MRI scans by using high-quality outside institution MRI scans, minimizing the interval between 
scanning and surgery, avoiding dedicated MRI scans with skin fiducials for neuronavigation, and not requiring another 
diagnostic MRI scan from within the treating institution.
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scalp surface tracing for registering the MRI and head surface 
anatomy in the operating room. Digitized mapping of the 
scalp surface can supplement fiducial marker registration [5], 
but may not significantly improve real-time accuracy. Scalp 
surface-based neuronavigation can be performed using any 
recent high-resolution MRI scan, whereas fiducial marker-
based neuronavigation requires a dedicated MRI scan with 
fiducials in place [2]. Clinical MRI scans may be obtained at the 
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scan from an outside hospital. Intraoperative neuronavigation 
based on this outside MRI imaging data was used to guide 
implantation of a right frontal Ommaya reservoir and 
diagnostic stereotactic biopsy of the right parietal lesion. The 
patient tolerated the procedure well, which prompted the 
authors to investigate the differential cost drivers and clinical 
value derived from multiple imaging studies.

Methods
The purpose of this analysis was to compare different 

clinical scenarios of preoperative imaging workup for 
stereotactic brain biopsy and understand the underlying 
cost drivers. Cost variables included brain MRI scans with 
and without contrast, brain MRI scans with contrast, type 
of insurance, method of anatomic registration (fiducial 
markers or scalp tracing), and whether brain MRI scans 
required a transfer from an outside institution. These costs 
were determined based on institutional practice patterns and 
calculated using public and private cost data. For the different 
clinical scenarios, we defined each step of the process 
between diagnosis and surgery. Cost data for each step was 
then identified and included in a generalized cost formula to 
determine the overall costs for each scenario (Supplementary 

surgical institution for scalp surface-based neuronavigation 
despite the availability of recent high-resolution brain MRI 
scans suitable for surgical planning from another institution 
[6].

The process of image acquisition and effective planning 
before lesional biopsy is well documented [7-10]. However, 
the number and types of MRI scans performed between initial 
diagnosis and biopsy varies among neurosurgeons based on 
practice preferences, number of treating institutions, patient 
insurance networks, and institutional affiliations. Suspected 
pathology and time interval between scanning and surgery 
are additional factors [11-13].

In current neurosurgery practice, there are several ways 
of planning for a stereotactic brain biopsy: One MRI scan from 
an outside institution (the diagnostic scan); both an outside 
MRI scan and a repeated MRI scan at the surgical institution; 
finally, multiple MRI scans at the surgical institution alone. 
During the novel COVID-19 pandemic when medical resources 
were limited, unnecessary procedures were especially 
discouraged. Recently, at the National Institutes of Health 
(NIH), we performed a stereotactic brain biopsy for a patient 
with relapsed primary lymphoma using a previous brain MRI 

         

Figure 1: (A) Illustration detailing the process of applying fiducial markers or employing scalp tracing (B) to register the patient’s anatomy 
with the neuronavigation system.
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repeat imaging with or without fiducial markers before 
surgery (Figure 1). Standard practice and imaging workup 
for patients undergoing stereotactic brain biopsy at the NIH 
includes a high-resolution MRI scan before surgery (Figure 2). 
Factors influencing total cost include number of MRI scans 

Methods). We did not compare costs relative to patient 
outcomes.

Results
Patients without outside MRI scans typically undergo 

         

Figure 2: Process flow-chart of clinical workup for patients receiving an MRI scan for stereotactic brain biopsy.
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Table 1 characterizes stepwise costs associated 
preoperative workup. Total costs for each step depend on 
percent insurance reimbursement and maximum negotiated 
charge. Private insurance companies like Aetna reimburse 
100% of hospital charges, whereas Medicare reimburses 
only 80% of negotiated charges. As a result, hospitals receive 

between diagnosis and surgery, fiducial marker placement, 
and transferring scans between institutions. Total costs are 
correlated with the number of MRI scans performed before 
surgery. The number of scans range depending on their 
resolution and location at which they are taken.

         

Figure 3: Flow-chart of clinical workup-dependent costs for Patients A-H.

Patient Fiducial Markers, Private 
Insurance

Fiducial Markers, 
Medicare

Surface Tracing, Private 
Insurance

Surface Tracing, 
Medicare

A (base) $1,013 $329 $990 $306

B $1,883 $634 $1,860 $611

C $2,879 $946 $2,856 $923

D $2,010 $641 $1,987 $618

E $1,889 $641 $1,866 $618

F $1,020 $335 $997 $312

G $2,873 $940 $2,850 $917

H $2,003 $634 $1,980 $611

Table 1: Insurance-specific and hospital-specific associated charges for MRI for stereotactic brain biopsy.

Private Insurance (Aetna)

MRI type Percent Insurance Reimbursement Maximum Negotiated Charge Total Healthcare Costs

MRI with contrast (CPT 70552) 100% $870 $870

MRI with and without contrast 
(CPT 70553)

100% $990.12 $990.12

Public Insurance (Medicare)

MRI type Percent Insurance Reimbursement Maximum Negotiated Charge Total Healthcare Costs

MRI with contrast (CPT 70552) 80% $382 $306

MRI with and without contrast 
(CPT 70553)

80% $382 $306

Other MRI-associated charges

Transfer fee (CD) Fiducials (10/patient) Maximum Associated Charges

$6.50 $23 $29.50
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in the United States [14]. In Maryland’s population of over 
6 million people, if 25% of all MRI scans are performed on 
the brain, then there are approximately 86,850 brain MRI 
scans conducted in the state of Maryland per year [15]. The 
minimum savings for such a population could be well over 
$8.7 million per year if the number of brain MRI scans were 
reduced by 33%. While these numbers are estimates, these 
cost savings represent significant value drivers for healthcare 
systems that perform thousands of such diagnostic scans. 
Below we detail different factors that must be considered 
when determining the need for additional MRI scans.

High-resolution MRI scans
Imaging costs are reduced by minimizing the number of 

additional scans. Image guidance during surgery depends on 
high-resolution 3D MRI. Initial low-resolution diagnostic MRI 
is unsuitable for neuronavigation and necessitates further 
high-resolution MRI scanning before surgery. In most cases, 
initial diagnostic scans from outside institutions are high-
resolution and suitable if performed within two weeks of 
surgical biopsy. Ambulatory surgery centers and free-standing 
radiology clinics often charge less for imaging services than 
hospitals [16,17]. Expanding the role of these institutions in 
providing imaging studies therefore reduce costs for patients, 
insurers, and healthcare systems. Higher resolution scans 
require longer acquisition times, lead to increased patient 
discomfort and motion artifact, and do not receive higher 
reimbursement than lower resolution scans [18]. However, 
obtaining high-resolution rather than low-resolution MRI 
scans at the outset precludes additional MRI scans without 
affecting diagnostic biopsy yield.

Timing of surgery
The time interval between MRI and surgery determines 

the sufficiency of a single high-resolution scan. If the interval 
is sufficient to alter the biopsy target or lesion characteristics, 
then repeat scanning becomes necessary. Sutherland and 
colleagues reviewed 652 patients with suspected intracranial 
tumors and found that lesions disappeared between scans, 
which required cessation of biopsy in five patients [19]. 
The interval from diagnostic MRI to intraoperative MRI-
guided biopsy ranged mostly from four to five weeks. 
New or progressive symptoms or changes to neurologic 
exam also suggest the need to update scanning. For these 
reasons, increased time before surgery translates into 
increased costs. Reducing this interval eliminates additional 
scans and subsequently overall costs. High-resolution and 
available initial MRI is suitable for neuronavigation and safe 
stereotactic brain biopsy, leading to early, definitive diagnosis 
and treatment. On the other hand, repeating high-resolution 
MRI scans at the surgical institution or specifically ordering 
an MRI for neuronavigation introduces unnecessary costs and 
potentially avoidable delays.

Fiducial markers versus scalp contouring
Placing fiducial markers requires a dedicated MRI scan at 

the time of marker placement and increases overall costs. 
In contrast, scalp contouring performed in real-time in the 
operating room does not require a dedicated MRI scan. A 

between $870-$990 per patient with private insurance and 
$306 per Medicare patient. Other relevant material costs 
include transferring scans ($6.50) and placing fiducials (labor 
not included) prior to MRI scanning ($23.07).

Figure 3 delineates cost structures of each clinical 
scenario. All additional patient scenarios are referenced 
in Appendix A. Three scenarios exemplify different cost 
drivers and overall costs. Patient A (lowest cost scenario) 
demonstrates the base scenario with one high-resolution MRI 
performed at the surgical institution at the time of diagnosis 
that can be used during surgery. Surface tracing is used for 
surgical registration. Private insurance cost is $990 and 
Medicare cost is $306. Patient H (intermediate cost scenario) 
undergoes MRI scanning at an outside institution at the time 
of diagnosis. This scan is repeated before surgery. Surface 
tracing is used for surgical registration. Private insurance 
cost is $1,980 and Medicare cost is $611. Patient C (highest 
cost scenario) undergoes MRI scan at an outside institution. 
However, another MRI is performed either due to extended 
time between diagnosis and surgery or the need for a higher 
resolution scan for surgical planning. Fiducial markers are 
used instead of scalp tracing. Private insurance cost is $2,879 
and Medicare cost is $946.

Comparing the base scenario (Patient A) with other 
scenarios (Patient C, Patient H) indicates that insurance type 
and number of additional MRI scans between diagnosis and 
surgery are predominant cost drivers. Specifically, additional 
MRI scans performed between diagnosis and surgery 
contribute $306 for Medicare patients versus $870-$990 for 
patients with private insurance. The range of total costs for 
the aforementioned patient scenarios are $306-$946 and 
$990-$2,879 for Medicare and private insurance, respectively. 
Other factors, such as transfer fee and implementation of 
fiducial markers, do not significantly impact overall costs.

Discussion
Stereotactic brain biopsy is required to establish or 

confirm diagnoses on which comprehensive patient care 
is based. This essential diagnostic procedure is performed 
routinely at most medical centers. We questioned if some 
pre-surgical MRI scans could be avoided without altering the 
quality of intraoperative neuronavigation.

Savings in context
Our analysis identified that imaging costs for stereotactic 

biopsy varied because of the variability in the number of MRI 
scans performed. For a patient with Medicare, an additional 
MRI scan costs $306, whereas an additional scan for a patient 
with private insurance costs $870-$990. Since other variables 
such as transfer fees and cost of fiducials do not significantly 
impact the total cost of an imaging workup, the cost of a 
scan itself is the major factor contributing to overall cost. 
As a result, one additional MRI scan effectively doubles the 
overall cost, and two additional MRI scans effectively triples 
the overall cost. Eliminating one MRI scan from a two-scan 
or three-scan workup reduces overall costs by approximately 
33% and 50%, respectively. It is estimated that 57.9 MRI 
exams were performed per 1,000 inhabitants in hospitals 

https://www.scholars.direct/Articles/neurosurgery/jnrr-5-018-appendix-file.doc
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more coordinated care for patients and encourage prevention 
and community health planning [24].

Similar approaches can be applied on a micro level to more 
specialized fields such as neurosurgery. Rather than focusing 
on costs of individual procedures like MRI or stereotactic 
biopsy, broader patient plans of care should be considered, 
examining the entire process of care for redundancy and 
waste. Physicians ordering MRI scans influence the type and 
timing of brain imaging which can significantly influence costs 
and procedural burdens for patients. Neurosurgeons ordering 
diagnostic imaging before surgery bear an understandably 
heightened concern with outcome over cost. Despite this, 
literature has broadly detailed how physicians often neglect 
the out-of-pocket costs to patients [25] or overall healthcare 
costs when ordering diagnostic imaging [26]. Knowledge of 
these costs can reduce the average number of diagnostic 
[27] and laboratory tests [28]. Some health systems, such as 
Maryland’s unique all-payer system, incentivize physicians to 
work with community health providers in order to improve 
patient outcomes, rather than performing diagnostic or 
treating procedures in a fee for service model. These behaviors 
can be applied to protocolized preoperative imaging models 
and reduce the number of MRI scans before surgery without 
compromising patient care quality.

Value of clinical decisions
Another key takeaway of procedural costs before surgery 

relates to value. Although this report details specific costs 
of procedures for insurers and institutions, healthcare 
must also fundamentally be considered in terms of value 
to patients. Value in this system can be defined in terms 
of meaningful therapeutic value to patients, changes in 
cost, quality or predictability for health providers, and off-
setting risks of payers [29]. Additional MRI scanning does 
not inherently lead to better outcomes and instead causes 
inconvenience and wasted time. Since healthcare costs 
can be highly unpredictable, establishing standard imaging 
protocols before biopsy reduces this uncertainty for both 
the patient and the health provider. The goal of providing 
any clinically meaningful and cost-effective care model 
rests on understanding underlying costs and benefits of 
each step along the way. Protocolized medical care accepts 
necessary procedures and their costs and rejects unnecessary 
procedures that waste resources.

Frameless stereotactic brain biopsy depends on the digital 
data of outside MRI scans, neuronavigation models, and 
patient-specific 3D scalp contouring. The Findable, Accessible, 
Interoperable, and Reusable (FAIR) Guiding Principles [30] for 
scientific data management and stewardship aim to extract 
maximum benefit from research and clinical investments 
producing digital data. The clinical value of raw MRI data also 
depends on these underlying principles. Overall, the costs of 
these imaging processes must be considered systemically and 
in context, not merely as idiosyncratic and non-generalizable 
dollar amounts. Understanding how this process fits into a 
larger system will match the utilization of scarce resources 
with sophisticated contemporary treatment modalities [31-
33].

high-resolution MRI scan from any facility can be used to 
create the 3D imaging model used for neuronavigation.

The clinical advantages of fiducial-guided biopsy compared 
to contour tracing are controversial. Barnett and colleagues 
reported 96% diagnostic success (tissue diagnosis consistent 
with location and pre-operative MRI characteristics of the 
biopsied lesion) in 218 patients using image-guided surgical 
navigation systems with scalp-applied fiducial markers.5 
Frameless stereotactic biopsy using fiducial markers 
demonstrated low rates of morbidity similar to traditional 
frame-based stereotactic biopsies. Georgiopoulos and 
colleagues reported similar safety and diagnostic accuracy 
of frameless surgery compared to frame-based stereotactic 
biopsy in 28 patients [20]. Amin and colleagues performed 
stereotactic biopsy in 48 patients using scalp contour 
tracing without fiducials for registration and reported a 98% 
diagnostic success rate with their initial biopsy attempt [21]. 
Since fiducial and scalp contour methods are both highly 
accurate, prospective study powered to determine superiority 
are unlikely to be performed. These studies do not justify the 
marginal costs and patient inconvenience of fiducial markers. 
Using scalp tracing instead of fiducial marker placement 
reduces patient inconvenience, the number of MRI scans, and 
overall imaging costs required before stereotactic biopsy with 
comparable quality of care and outcomes.

Private versus public reimbursement
Traditionally, insurers reimburse institutions set amounts 

for established procedures. Reimbursement rates, which vary 
based on patient insurance (private versus national health 
insurance), represent proportionally the amount hospitals 
collect for their services. Private insurance options can pay up 
to the whole amount billed for certain medical procedures. 
For example, standard Aetna private insurance includes a 
$100 copay and reimbursement of 100% of billed charges 
for all brain MRI scans. However, the Centers for Medicare 
& Medicaid Services (CMS) maintains negotiating power of 
these fees with hospitals and provides lower reimbursement 
compared to private insurance for the same procedures. 
Medicare reimburses 80% of the negotiated maximum cost 
of these procedures [16]. The costs for procedures at some 
institutions exceed the reimbursement provided by Medicare. 
In our patient scenarios, the cost differential between 
private and public reimbursement was approximately $685, 
$1,300, and $1,900 for one, two, and three brain MRI scans, 
respectively. These losses are compounded for healthcare 
systems performing hundreds of stereotactic brain biopsies 
annually [22].

Healthcare systems and reimbursement
Costs included in the current analysis represent only one 

public health system. Since 2014, the state of Maryland has 
standardized rates for both public and private payers. In 
return, Maryland hospitals must achieve significant quality 
improvements such as reducing 30-day readmissions rates 
and lowering annual Medicare per capital hospital cost 
growth. These changes will save Medicare over $330 million 
over five years [23]. Overall, this incentive structure yields 
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Limitations
This review has several limitations that preclude 

generalization to other care models. A chief limitation of this 
review is the lack of patient-specific data and outcomes. Data 
included in analysis did not include all costs associated with 
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fees, or MRI suite fees. In addition, the analysis was conducted 
using public hospital system data from one state (Maryland) 
and a single private insurance company (Aetna) as a proxy 
for all private insurance companies. Clinical workup was only 
considered in the case of stereotactic biopsy for brain tumors. 
Other pathologies result in different timing of diagnosis and 
management altogether. Finally, stereotactic biopsy was 
considered an endpoint in a process to deduce procedural 
costs. In reality, biopsy should be considered merely a starting 
point for more definitive and longer-lasting treatments that 
often draw upon multiple disciplines, including oncology, 
radiology and neurology. To address these limitations, 
further inquiry using specific patient data and case series is 
planned across institutions. This will further clarify tangible 
costs associated with different processes and understand the 
relationship between costs and patient outcomes.

Conclusion
With an increasing shift to cost-conscious resource 

utilization, particularly during the current COVID-19 
pandemic, linking unnecessary procedures to their 
marginal costs remains an important endeavor. The most 
significant cost drivers of workup for stereotactic brain 
biopsy include insurance type and number of additional 
scans performed between diagnosis and surgery. Cost 
and waste reductions are achieved through optimizing the 
timing of high-resolution scans, minimizing the interval 
between diagnosis and surgery, and disconnecting the 
placement of fiducial markers with dedicated MRI scans by 
using the scalp contour method. A cost savings “time-out” 
when ordering MRI studies before stereotactic brain biopsy 
reduces unnecessary patient cost and inconvenience. More 
broadly, modes of healthcare delivery that encourage early 
and essential procedural steps help to ensure the long-term 
viability of these practices. These actions can reduce waste 
without compromising the standard of care for patients 
with undiagnosed brain lesions.
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