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gery procedures that has occurred over the same time pe-
riod (Fig. 2). Radiosurgery has grown from being a clini-
cal oddity to a common procedure in centers around the 
world.

Challenges and Limitations
The maintenance of good-quality data is not a simple 

task. We have the infrastructure to keep our records in 
house and we use a trained clinician to collect and enter 
the information and to manage the database. The space 
and personnel constraints may be a limiting factor for less 
productive institutions.

To make the collection of large quantities of informa-
tion feasible and useful, simplicity has been a key element 
in structuring the database. We have maintained broad 
and straightforward definitions of disease and conditions 
to limit the number of possible variables. We try to mini-
mize data input that is difficult to classify. For example, 
we do not use free-text entries because search engines for 
such data are usually inadequate.

Failure to enter the data in a timely and continuous 
fashion would negatively impact the registry value. We 
use a trained clinician to input the data to have high-
quality information. Nonetheless, it is difficult to collect 

FIG. 2. Upper: Bar graph showing the number of GKS publications from data in the Pittsburgh registry over time. Lower: Bar 
graph showing the number of GKS procedures performed in Pittsburgh over time.
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more extensive information on each patient such as each 
follow-up, subjective symptoms, medical history, medi-
cations, allergies, family and social history, and physical 
examination. Although these are often very important re-
search points, they usually need to be obtained through 
subsequent chart review and patient contact. This re-
quires a specific patient medical record review and filling 
out required data points on Microsoft Excel spreadsheets 
created for a specific clinical outcome study.

Quality control needs constant vigilance. So-called 
fat-finger data entry errors are common and need to be 
cleared. Despite the regular data check made using built-
in tools (as discussed above) the researcher needs to go 
through the spreadsheet and check for errors before per-
forming any analysis.

Clinical research begins with a registry query but al-
ways requires a systematic review of the patients’ medi-
cal records sequestered in our clinical center. In selected 
cases we need to follow up with direct patient contact to 
update information. Although it is possible to build a sci-
entific abstract based on data accessible via the registry, 
an in-depth clinical article requires more detailed infor-
mation obtained from the individual medical records and 
supplemented by review of medical images. The medical 
images were stored as hard-copy films between 1987 and 
2003, but more recently they have been stored using digi-
tized computer images.

General Usefulness
A physician-led database facilitates many aspects of 

clinical and academic life. Most physicians are required 
to track and log procedure statistics for various creden-
tialing and board certifications. In our current era of 
evidence-based medicine and quality improvement, it is 
important for clinicians to take an initiative in improv-
ing their own practice as well as contributing to the over-
all knowledge of outcomes and disease. Clinicians can 
use their own data as a pilot for larger studies and grant 
proposals. Databases can be shared and sample sizes can 
swell when individual departments and clinicians merge 
their work. The analysis of rare problems can reach ad-
equate sample sizes, and disparities in knowledge can be 
answered definitively when large, multicenter initiatives 
are taken. An example of this has been the creation of the 
North American Gamma Knife Consortium, a union of 
18 academic medical centers that are interested in merg-
ing information about outcomes after GKS for rare condi-
tions or participating in prospective clinical trials (Table 
1).1,2,7 

The Future
As databases evolve, our current system requires 

continual reevaluation. Some of the ideas that we are de-
veloping for the future include a comprehensive HIPAA-
compliant registry for use by one or more centers. Such a 
system will have more complex reporting tools and ana-
lytics. We believe this kind of data collection system will 
be more appropriate for multicenter use and have a broad-
er application across different practice settings. This stan-
dard type of registry can be distributed to other centers, 
and it will streamline collaboration between multiple 
practices and specialties. Ideally, our future system will 
pull information from different sources and bring them 
together in a single research registry. We could avoid 
many of the roadblocks to good data collection, including 
the time constraint that it places on clinicians. We an-
ticipate a single-server system that can pull demographic 
data from electronic medical records and pull procedure 
details directly from the already existing GKS software. 
It would even be possible to pull data from various col-
laborating institutions to facilitate multicenter research. 
In a time when technological devices are getting better 
at talking to each other, the amount of useful information 
that we can obtain by connecting various systems should 
be exploited.

Conclusions
We have successfully maintained a prospective elec-

tronic registry of more than 11,738 GKS procedures that 
were performed since August 1987. This has allowed us 
to analyze our outcomes, publish hundreds of scientific 
articles, and propel an innovative but disruptive technol-
ogy into a primary role in modern neurosurgical care. 
The production of good-quality information is increas-
ingly important in an era of evidence-based medicine 
and results-driven evaluation. We are entering an envi-
ronment where the quality of a medical practice will be 
based on the results that its members provide. It is in-
creasingly important that practices maintain databases of 
their own. The future of big-data research will rely on the 
integration of new database technology that can pool data 
from various sources and arrive at consensus results that 
sample from multiple institutions.
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TABLE 1: Publications and studies from the North American Gamma Knife Consortium

Authors & Year Article Title Journal

Kano et al., 2011 Stereotactic radiosurgery for chordoma: a report from the North American  
 Gamma Knife Consortium

Neurosurgery

Kano et al., 2011 Stereotactic radiosurgery for intractable cluster headache: an initial report  
 from the North American Gamma Knife Consortium

Journal of Neurosurgery

Sheehan et al., 2012 Gamma Knife surgery for the management of glomus tumors: a multicenter  
 study

Journal of Neurosurgery
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include the following. Conception and design: Lunsford, Berkowitz, 
Kondziolka, Bissonette. Acquisition of data: Lunsford, Berkowitz, 
Bissonette. Analysis and interpretation of data: Lunsford, Berkowitz, 
Niranjan. Drafting the article: Lunsford, Berkowitz, Kondziolka. 
Critically revising the article: Lunsford, Berkowitz, Kondziolka, 
Bissonette, Kano. Reviewed submitted version of manuscript: all 
authors. Approved the final version of the manuscript on behalf of all 
authors: Lunsford. Statistical analysis: Berkowitz. Administrative/
technical/material support: Lunsford, Kondziolka, Bissonette, Ni  ran-
jan. Study supervision: Lunsford, Berkowitz, Kondziolka.
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