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To assess whether a formal collaboration between a non-surgical, community epilepsy center and a sur-
gical, tertiary-care epilepsy center can improve patient progress throughout the pre-surgical referral pro-
cess, and to elucidate predictors of referral completion among inter-center referrals.
The inter-center referral process was tracked, and the number of patients completing surgical confer-

ence (primary outcome) and epilepsy surgery at the tertiary center were collected and compared in the
45-month immediate pre/post-collaboration periods. Demographic and clinical variables were collected
on post-collaboration inter-center patient referrals to explore factors associated with completion of the
referral process.
Compared to the pre-collaboration period, the proportion of tertiary center epilepsy surgery conference

patients referred from the community epilepsy center increased from 3/88 to 14/113 (263% increase,
p = .01) during the post-collaboration period. The proportion of patients completing surgery via the com-
munity to tertiary referral process increased from 2/63 pre-collaboration to 8/71 post-collaboration
(254% increase, p = .04). Referral completion was associated with higher seizure frequency, shorter travel
distance, private insurance status and positive employment status (p < 0.05).
Collaboration agreements between community and tertiary-care epilepsy centers may improve patient

completion of the epilepsy surgery referral process. Implementation of similar programs at other centers
may be beneficial in reducing the epilepsy surgery gap.
� 2020 The Authors. Published by Elsevier Inc. This is an open access article under theCCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Epilepsy surgery is effective and early referral is recommended
for drug resistant epilepsy, yet despite data showing better out-
comes from earlier surgery, a persistent 20-year delay from diag-
nosis to surgical referral exists [1–5]. Socioeconomic, clinical and
systems-level factors contribute to delays in referral for surgical
evaluation [6–10]. Further, patients themselves described the epi-
lepsy surgery referral process as arduous and associated with vul-
nerability and loneliness [11].

The National Association of Epilepsy Centers (NAEC) 2010
guidelines require patients with drug-resistant epilepsy be
referred to expert, interdisciplinary, level III or level IV epilepsy
centers for evaluation and management recommendations and
that community centers (Level III) have a formal referral relation-
ship with a tertiary center (Level IV). The guidelines recommend
collaborating centers work together to maintain open communica-
tion and establish formal data sharing agreements [12]. Thus, it is
important to assess the outcomes of collaborations and dissemi-
nate information on processes created during successful
collaborations.

The objective of this study was to characterize the surgical
referral process developed in a new formal collaboration agree-
ment between a community and tertiary epilepsy center and
assess its influence on referral volumes between the centers.
Specifically, we examined impact of the collaboration by compar-
ing proportions of community center origin pre-and post-
collaboration surgical conference presentations and completed
surgeries. Additionally, we explored clinical and sociodemographic
variables that were associated with referral completion in the con-
text of the collaboration.
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2. Methods

A formal collaboration agreement was established between
the community-based, non-surgical epilepsy center (Level III)
and the tertiary-care, surgical epilepsy center (Level IV) on Octo-
ber 1st, 2015. The collaboration agreement was initiated in order
to increase the proportion of referrals completing the referral
process from the community to tertiary epilepsy center, as
defined by completion of surgical conference and/or the comple-
tion of epilepsy surgery. The formal agreement was signed by
both centers and was developed in accordance with NAEC guide-
lines for level III epilepsy center accreditation [12]. The collabo-
ration was a one to one relationship between the two centers
with the goal of creating and improving a standardized referral
process. Patient flow through the inter-center referral process
was mapped and analyzed, and key decision points in the pro-
cess were elucidated for process improvement and
dissemination.

To assess the effect of this collaboration on inter-center sur-
gical referral volume, institutional review board approval was
obtained and the population of individuals undergoing pre-
surgical evaluation at the surgical, tertiary care epilepsy center
from January 2012 to May 2019 was retrospectively identified
from the institutional epilepsy database. Data collection and
analysis for this study took place from June 2019 to December
2019. The patients were separated into pre- and post-
collaboration groups based on date of surgical workup initiation
within two equivalent consecutive 45-month timeframes before
and following the center collaboration agreement (pre-
collaboration: January 2012–September 2015; post-collaboration
October 2015–June 2019). Clinical and sociodemographic vari-
ables were collected on post-collaboration patients from the
community, non-surgical center to explore factors associated
with referral completion (primary and secondary outcomes
defined below) in the post-collaboration period. Sociodemo-
graphic variables collected included race/ethnicity, marital sta-
tus, insurance status, driving status, employment status, and
zip code of primary residence. Clinical variables included epi-
lepsy duration, seizure frequency, number of lifetime anti-
seizure medications, history of prior epilepsy surgery, and his-
tory of psychiatric disease. For all patients, the primary outcome
was defined as the final decision rendered following epilepsy
surgical conference presentation at the tertiary care/surgical cen-
ter. The secondary outcome measure was defined as completion
of epilepsy surgery, including those patients who received neu-
romodulation. For both the pre- and post-collaboration time-
frames, final outcome collection was locked from data analysis
6 months after the end of the period.
2.1. Data analysis

The two-proportion z-test was used to compare proportions of
total inter-center referrals completing epilepsy surgical conference
(primary outcome) or surgery (secondary outcome) in the pre-
collaboration and post-collaboration timeframes. To explore fac-
tors associated with completion of surgical conference or surgery
among those referred by the community center in the post-
collaboration period, Fisher’s exact test was used to compare cate-
gorical variables, and continuous variables were analyzed using
Student’s t-test. A p value less than 0.05 was considered significant.
Analysis was not adjusted for multiple comparisons, as the analysis
of factors associated with completion of surgery or surgical confer-
ence was hypothesis-generating.
2

3. Results

3.1. Process analysis

Patient flow through the referral process is shown in Fig. 1.
Medical records, scalp video EEG monitoring data and neuroimag-
ing (3T MRI) were sent from the community center to the tertiary
center’s epilepsy coordinator, who ensured raw data from prior
testing was uploaded to the tertiary center imaging and EEG sys-
tems. The epilepsy coordinator also discussed the patient with
the community and tertiary center epileptologists to decide
whether an early formal tertiary consultation was needed. If early
consultation was not required, the patient proceeded through the
streamlined workup pathway (Fig. 1). This expedited workup
was facilitated by the epilepsy coordinator, who streamlined
appointments for referred patients, allowing them to see multiple
providers and have multiple tests performed in one day to reduce
travel burden. For example, during initial workup at the tertiary
center, patients may have had a PET scan, an epileptologist consult
and a neuropsychological visit on the same day. Closer to surgery,
packaging of visits with the epileptologist, neurosurgeon and anes-
thesia teams on the same day further reduced travel burden.
Finally, when a community/non-surgical center patient reached
surgical conference presentation at the tertiary center, the refer-
ring epileptologist was present via video conferencing to maintain
ongoing care collaboration. At the tertiary care center, surgical con-
ference occurred weekly with 1–3 patients discussed.
3.2. Pre/post-collaboration referral volume analysis

A total of 201 patients were presented at surgical conference
from all referral sources at the tertiary center during the study per-
iod: 88 pre-collaboration and 113 post-collaboration. The propor-
tion of patients presented at surgical conference referred from
the community epilepsy center increased from 3 out of 88 (3.4%)
pre-collaboration to 14 out of 113 (12.4%) post-collaboration – rep-
resenting a 263% increase (p = .01, Z = 2.27). Post-collaboration,
there was an increase in the geographical distribution of patients
completing the referral process from the 17-county catchment
served by the community epilepsy center (Fig. 2). The proportion
of community/nonsurgical epilepsy center patients that completed
surgery at the tertiary center increased from 2 out of 63 (3.2%) pre-
collaboration to 8 out of 71 (11.3%) post-collaboration – a 254%
increase, (p = .04, Z = 1.78).
3.3. Post-collaboration factors associated with referral completion

Demographic and clinical data for post-collaboration inter-
center referral patients is presented in Table 1. In the period
post-collaboration, a total of 21 patients were referred from the
community epilepsy center to the tertiary center for pre-surgical
evaluation, with 14 presented in surgical conference and 8 of those
completing surgical intervention by the time of final outcome col-
lection. Of the 14 patients presented in surgical conference only 5
required repeat video-EEG monitoring at the tertiary center. Of the
6 surgical conference patients that had not completed surgery by
the post-collaboration data collection cutoff of December 31,
2019, only 2 rejected surgeries outright, with the remaining 4 still
engaged at various stages of the pre-surgical evaluation process.
Only 1 patient required intracranial stereo-EEG placement of elec-
trodes. Of the 8 surgeries completed, there were 4 vagal nerve
stimulator implants, 3 laser ablations (1 after a stereo-EEG evalua-
tion) and 1 temporal lobectomy. All surgical patients returned to



Fig. 2. Geographical distribution of patients referred from the community center completing surgical conference pre/post-collaboration. Geographical distribution of patients
completing surgical conference at the tertiary center from the 17-county catchment served by the community center.

Fig. 1. Referral process flowchart (Interactive Process Diagram). Community to tertiary center referral process for epilepsy surgery evaluation. (Figure 1 is available in online
interactive format. Please click hyperlink above, and use the ‘present’ feature to view the process diagram interactively)
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their primary epilepsy care service at the community center after
post-operative follow-up at the tertiary center. Surgical conference
completion among post-collaboration referrals was associated
with higher seizure frequency, shorter travel distance, private
insurance rather than government (Medicare/Medicaid insurance)
and active employment (Table 2). The other variables collected
were not associated with completion of surgical conference or
surgery.

4. Discussion

Current epilepsy surgery referral processes have been described
as slow, arduous, and lacking continuity due to disrupted care tran-
sitions between centers [11,13]. Pre-surgical evaluations are
3

underutilized by patients and some epileptologists [14]. The
results of this study demonstrate that an organized collaboration
between community/tertiary epilepsy centers can increase refer-
rals and completion of pre-surgical evaluation among patients
with drug-resistant epilepsy, and ultimately increase surgical
treatments. The results also suggest that, within the context of this
collaboration, increased severity of disease at time of referral, tra-
vel distance and socioeconomic status may influence patient deci-
sions to pursue further pre-surgical workup and complete the
referral process.

Epilepsy centers may use both internal and external methods to
enhance the pre-surgical referral process. Internal improvements
such as increasing surgical conference frequency, adding a dedi-
cated epilepsy surgery nurse navigator, and scheduling diagnostic

https://app.lucidchart.com/documents/view/feee2480-778c-41d9-a622-171903a6c24e


Table 1
Demographic and clinical data for post-collaboration inter-
center referral patients (n = 21).

Variable Mean (SD) or % (n)

Age (years) 35.5 (±15.2)
Gender 67% male
Insurance Status
– Private
– Medicare
– Medicaid
– Self-Pay

38% (8)
9% (2)
48% (10)
5% (1)

Marital Status
– Single
– Married
– Divorced

62% (13)
28% (6)
10% (2)

Employment Status
– Employed
– Unemployed*

52% (11)
48% (10)

Epilepsy Duration (years) 12.3 (±8.7)
Seizure Frequency (months) 19.6 (±23.2)
Travel Distance (miles) 150.8 (±24.8)
Lifetime AEDs 5.5 (±3.0)

* Includes disabled.

Table 2
Factors significantly associated with completed surgical conference in post-collabo-
ration referral cohort (n = 21).

Surgical Conference
Complete (n = 14)

Surgical Conference
Incomplete (n = 7)

p-value

Mean Seizure
Frequency
(months)

26.9 (±25.1) 2.4 (±2.8) p = .001^

Mean Travel
Distance (miles)

123.5 (±10.8) 157.1 (±22.5) p = .003^

Employment
Status

– Employed
– Unemployed*

91% (10/11)
40% (4/10)

9% (1/11)
60% (6/10)

p = .02#

Insurance Status
– Private
– Other (Medi-

caid, Medicare,
Self)

100% (8/8)
46% (6/13)

0% (0/8)
54% (7/13)

p = .02#

^ Student’s t-test, two-tailed.
# Fisher’s exact test.
* Includes disabled patients.
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tests more quickly, have been shown to reduce time to surgery and
improve patient throughput [15,16]. External process improve-
ments could address issues of continuity of care when transition-
ing patients from community to surgical epilepsy centers.
Examples of external process improvements, such as collaboration
agreements between independent surgical centers, are surprisingly
absent in the literature.

Studies from other disciplines reveal that specialized centers
with well-developed relationships and connections to
community-level referring centers are able to maintain high refer-
ral rates of service completion with minimal patient attrition [17].
Conversely, failures of inter-communication between specialty and
community centers can directly lead to missed patient appoint-
ments and delays in needed assessment and treatment [18]. Fur-
ther, smooth inter-center referral practices can influence patient
satisfaction [19], a known obstacle in epilepsy surgical referral
pathways [11]. NAEC guidelines exist regarding when to refer
patients to level III (community) or level IV (tertiary) epilepsy cen-
ters, based on the specialized resources available at these facilities
and the patient’s clinical course [12]. However, little instruction
exists on when or how to facilitate a coordinated referral between
the specialized centers, nor the benefits a coordinated referral pro-
cess may yield.
4

The referral process implemented in our collaboration offered
several points of synergism between the two centers, some that
parallel single-center process improvements and others unique
to this inter-center collaboration. The value of a community epi-
lepsy center as the origin for these patients may relate to both
the experience provided by an epileptologist as the referring provi-
der, as well as the ability to begin the surgical evaluation process
closer to home. Patients receiving information about their epilepsy
from specialized epilepsy centers were demonstrated to feel more
connected to their personal disease state and have more positive
perceptions about epilepsy surgery [6,13]. Further, beginning the
surgical evaluation close to home at a regional, community-based
facility may encourage patient engagement from those who would
not otherwise travel to a distant tertiary epilepsy center for evalu-
ation. Finally, the presence of the referring community center
epileptologist at the tertiary center surgical conference provides
improved continuity of patient care by providing expertise and
clarity on the patient’s clinical course that is not always effectively
captured in standard clinical documentation.

The epilepsy coordinator acts as a referral hub in our model,
allowing for centralized care coordination between referring cen-
ters, patients, and receiving epileptologists. This single point of
contact helps to streamline the referral process for patients by pro-
viding scheduling of multiple appointments across disciplines in a
single day. Patients referred to a tertiary center from a community
epilepsy center may come with more substantive epilepsy records,
including high-resolution brain MRI and completed video-EEG
monitoring sessions, compared to other referral sources. In our
model, the community center’s epilepsy coordinator collects
records and ensures transfer to the tertiary center epilepsy coordi-
nator. These records are then processed by the receiving epilepsy
coordinator, uploaded to the tertiary care center data systems for
primary review prior to epileptologist consultation, and coalesced
into a single document in preparation for surgical conference
presentation.

In our study, the collaboration agreement appears to increase
the reach of the tertiary center in the broader geographical catch-
ment of the community center. Such collaboration agreements
may allow for increased patient recruitment through the previ-
ously mentioned benefits of increasing patient knowledge of their
condition through community-center provided patient-education
and streamlined scheduling between centers which may ulti-
mately decrease travel burden for patients from more rural
communities.

Despite the improvements in patient retention that collabora-
tion networks may offer, there remain significant barriers to com-
pletion of the surgical referral process. In our population, patients
with lower seizure frequency, a longer travel distance to the
receiving center, and those of lower socioeconomic status (sug-
gested by findings on insurance/employment as proxies of socioe-
conomic status), were less likely to complete the referral process.
This may suggest that the completion of patient referrals is influ-
enced by clinical, geographic and socioeconomic level factors. Pre-
vious research supports the notion that lower socioeconomic
status and lower disease severity may prevent patients from com-
pleting the pre-surgical evaluation [6,8,20]. Whether the collabora-
tion networks have the potential to reduce the influence of these
factors remains to be elucidated and is an important area for future
research. Longer travel distance has been documented as a reason
for delayed referral completion [21], and the results of this study
further support that longer distance to the receiving center may
deter patients from pursuing pre-surgical workup. This could sug-
gest a geographical limit, in a radius around the receiving center,
where the majority of patients would not be willing to travel out-
side to pursue pre-surgical evaluation. The implications of defining
this boundary would mean that centers should focus on developing
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collaboration networks within their geographical catchment area
to maximize patient referrals.

A comprehensive pre-surgical evaluation is both beneficial for
patients and helpful in promoting patient care and clinical research
[22,23]. One benefit of inter-center collaboration agreements that
may not be immediately evident is the potential role for standard-
ized data collection. The heterogeneous pathways that patients
take prior to epilepsy surgery makes collecting data on these
patients an arduous task fraught with confounding variables and
inconsistent reporting of key outcome variables [5]. Collaboration
agreements help to standardize the patient pathway to surgery,
from initial contact at the community center through the surgical
evaluation process at the tertiary receiving center. This allows for
a more homogenous pre-surgical process that lends itself to anal-
ysis by eliminating barriers related to different referral pathways
and allow for greater confidence when analyzing and reporting fac-
tors associated with referral.

This report may help to guide the implementation of similar
formal collaboration agreements between epilepsy centers. Collab-
orating centers can address continuity of care by centralizing the
referral process through a facilitator, and including referring clini-
cians in surgical conference discussions [15,16]. Bundling appoint-
ments may improve referral attrition by reducing patient travel
burden, as has been demonstrated in cross-discipline process
improvement initiatives [24]. If possible, the referring center
should have experienced epileptologists able to funnel appropriate
surgical candidates, to improve patient education and increase
confidence in the potential for surgical intervention. Finally, con-
sideration of the referral patient population’s geographical dis-
tance, clinical severity and socioeconomic stratification should be
monitored when designing collaboration networks.

This study is limited by a retrospective design, small sample
size, and a two-center perspective, which limits generalization to
other care networks. Our study analyzing factors associated with
a referral network was exploratory in nature. Further studies are
needed to clarify important features of successful collaborations.

5. Conclusion

This report outlines one successful model of how formal collab-
oration between community and tertiary epilepsy centers may be
implemented to improve patient care and extend the geographical
network involved in the referral process. Future studies may
demonstrate alternative models of successful inter-center collabo-
ration. These models should address whether formal collaborations
can reduce delay in epilepsy surgery and improve the patient expe-
rience in the referral process.
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