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Abstract
Background—In order to maximize organ donation opportunities, the American College of
Surgeons (ACS) requires verified trauma centers to have: 1) a relationship with an organ
procurement organization (OPO), 2) a policy for notification of the OPO, 3) a process to review
organ donation rates, and 4) a protocol for declaring neurologic death. We hypothesized that
meeting the ACS requirements will be associated with improved donation outcomes.

Study Design—24ACS-verified Level I and II trauma centers were surveyed for the following
registry data points from 2004-2008: admissions, ICU admissions, patients with a head
abbreviated injury score ≥ 5, deaths, and organ donors. Centers were also queried for the presence
of the ACS requirements as well as other process measures and characteristics. The main outcome
measure was the number of organ donors per center normalized for patient volume and injury
severity. The relationship between center characteristics and outcomes was determined.

Results—21 centers (88%) completed the survey and referred 2,626 trauma patients to the OPO
during the study period, 1008 were eligible to donate, and 699 became organ donors. Compliance
with the 4 ACS requirements was not associated with increased organ donation outcomes.
However, having catastrophic brain injury guidelines (CBIGs) and the presence of a trauma
surgeon on a donor council were associated with significantly more organ donors per 1000 trauma
admissions (6.3 vs. 4.2 and 6.0 vs. 4.2, respectively, p<0.05).

Conclusions—While the ACS trauma center organ donation-related requirements were not
associated with improved organ donor outcomes, involvement of trauma surgeons on donor
councils and CBIGs were and should be encouraged. Additionally, the incorporation of
quantitative organ donation measures into the verification process should be considered.
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Introduction
The shortage of organs available for transplantation continues to be a public health crisis. As
of November 2011, there were over 112,000 patients on the Organ Procurement and
Transplantation Network (OPTN)/United Network for Organ Sharing (UNOS) waiting list
and only 28,000 transplants performed in the last year(1). One of the contributing factors to
this gap between needed and available organs is a static number of deceased organ donors
over the past several years(1). However, when one considers that over 75% of families
consent to organ donation when approached by an appropriate requestor (Organ and
Procurement Transplantation Network data January 2008–June 2010) and that
approximately 41% of the adult population in the United States is currently registered to be
an organ donor on a state registry(2), it is evident that the desire to donate organs is
prevalent in both our patients and their families.

In order to respect and carry out these wishes as well as to help alleviate the shortage of
organs available for transplantation, the Revised Uniform Anatomical Gift Act requires
organ procurement organizations (OPOs) and donor hospitals to have the necessary policies
and procedures in place to preserve the option of donation for every patient and their
family(3). Furthermore, given that the majority of organs procured for transplantation are
obtained from donors after neurologic determination of death (DNDD, revised terminology
for “brain death”), trauma patients with catastrophic brain injuries represent an important
group of potential donors. In an effort to maximize donation opportunities, the American
College of Surgeons (ACS) qualitatively evaluates each hospitals organ donation practices
during the trauma center verification process(4). Specifically, the American College of
Surgeons requires verified trauma centers to(4): 1) establish a relationship with an OPO 2)
develop policies and clinical triggers for notification of the OPO about patients with the
potential for neurologic death, 3) have a formal process to review organ donation rates, and
4) implement protocols for the declaration of neurologic death. No study to date has
evaluated the impact of meeting these requirements on outcomes.

Given this, the objectives of this study were to 1) evaluate the impact of these current
qualitative requirements on organ donation-related outcomes in order to ascertain if they
should be considered sufficient for trauma center verification, 2) to determine if there are
other trauma center process measures and characteristics that are associated with improved
outcomes, and 3) to identify quantitative, as opposed to qualitative, measures of trauma
center performance that may be more appropriate in evaluating each trauma center’s
performance related to preserving the option of donation for their patients and families.

Methods
A survey study of all Level I and Level II trauma centers in the seven-county greater Los
Angeles donation service area was conducted and respondents were sent a check for $50 for
their time and effort. These centers were surveyed for data from 2004-2008. Specifically,
these trauma centers were queried for their number of trauma admissions, as well as how
many of these trauma admissions were admitted to the intensive care unit, how many had a
head abbreviated injury score (AIS) ≥ 5, how many died, and the number who became organ
donors. This data was used to normalize the number of trauma organ donors per center
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based on patient volume and injury severity.Additionally, the trauma centers were surveyed
on the presence of the four qualitative ACS requirements, the presence of other organ
donation-related process measures (catastrophic brain injury guidelines [CBIGs, see Figure
1 for an example] and the capacity for conducting donation after circulatory determination
of death [DCDD, synonymous with “donation after cardiac death” or “DCD”]), as well as
the following institutional characteristics: the presence of an organ donor council and if
there was a trauma surgeon present on the council, the presence of a transplant program, the
presence of a surgery residency program, the level of trauma center, and whether there was
an academic affiliation. In regards to CBIGs, it is important to note that they come in many
forms (order sets, clinical pathways, treatment algorithms, etc.) and contain
recommendations for assessing and managing the physiologic derangements that accompany
severe brain injuries or neurologic death. They are useful in management of patients who
have been deemed to have “non-survivable” neurologic injuries by a neurosurgery/
neurology consulting service and typically contain treatments that are aimed at achieving
hemodynamic stability as well as standard critical care endpoints of resuscitation, but do not
involve efforts to monitor or treat intracranial pressure (ICP). By so doing, they enable
providers to maintain hemodynamic stability and perfusion to the entire body. This affords
the opportunity to observe a patient’s true clinical trajectory, allowing for clinical
improvement and not eliminating any end-of-life care options at the same time. In regards to
capacity for DCDD, this was defined as hospitals with the policies and procedures in place
to conduct DCDD.

Survey results from each trauma center were combined with an existing database containing
all referrals for donation and their outcomes in the seven county greater Los Angeles
donation service area covered by the OneLegacy OPO. Normalized donation related
outcomes (e.g. the number of organ donors per 1000 trauma admissions, donors per 1000
ICU admissions, etc.) as well as the Health Resources and Services Administration (HRSA)
collaborative conversion rate were compared in trauma centers with and without the
following characteristics: compliance with the four qualitative ACS requirements, presence
of CBIGs, capacity for DCDD, presence of an organ donor council, presence of a trauma
surgeon on the organ donor council, presence of a transplant program, presence of surgery
residents, level of trauma center, and academic affiliation. According to HRSA guidelines,
the collaborative conversion rate was defined as the sum of eligible donors and noneligble
donors divided by the sum of eligible deaths and noneligible donors. Eligible deaths were
defined as those patients who were declared dead by neurologic criteria, were less than 70
years old, and did not have medical contraindications for transplantation. Noneligible donors
were defined as either DNDDs who were greater than 70 years of age or those who were
DCDDs.

Analyses of categorical variables were conducted using either the Pearson’s chi-square or
Fisher’s Exact test, and analyses of continuous variables were performed using the Mann
Whitney U test. A p value < 0.05 was considered significant and values in the text and tables
are reported as median (interquartile range). Statistical analysis was performed with SPSS
version 18.0 for Windows (SPSS, Chicago, Illinois). This study was submitted to the
Institutional Review Board at the University of California Irvine and was determined to be
non-human subjects research.

Results
Of the 24 Level I and Level II trauma centers surveyed, 21 responded yielding a response
rate of 88%. In the 21 hospitals that responded, 2,262 trauma patients with imminent
neurologic death were referred to the OPO from 2004-2008. Of these, 1,008 were eligible
deaths and 699 became organ donors.
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The results of the comparison of normalized donation related outcomes and the collaborative
conversion rate between trauma centers with and without the aforementioned hospital
characteristics are presented in Tables 1-3. Across all 21 centers, the median number of
donors per 1000 trauma admission was 5.3, per 1000 ICU admissions was 19, per 1000
patients with head AIS ≥ 5 was 117, and per 1000 trauma deaths was 127. The mean
collaborative conversion rate was found to be 67%.

Regarding compliance with the ACS trauma center requirements, 67% (14/21) of the
surveyed trauma centers were compliant with all four requirements. Comparing hospitals
that were compliant to those that were not, no statistical significance difference in organ
donation related outcomes was observed (Table 1).

The results of the association between other trauma center process measures and outcomes is
presented in Table 2. Comparing hospitals with CBIGs to those without, a significant
difference in organ donation-related outcomes was noted. Specifically, hospitals with CBIGs
had significantly more median number of donors per 1000 trauma admissions (6.3 vs. 4.2, p
= 0.04) as well as a significantly higher conversion rate (70% vs. 63%, p = 0.01). However,
only 48% (10/21) of the surveyed trauma centers had CBIGs. The presence of the capacity
for DCDD was not associated with a difference in outcomes.

Table 3 contains the results of the analysis of the association between additional institutional
characteristics and organ donation-related outcomes. Hospitals with trauma surgeons on
their organ donor councils had significantly more median number of donors per 1000 trauma
admissions (6.0 vs. 4.2, p = 0.04) as well as significantly more donors per 1000 ICU
admissions (21 vs. 11, p = 0.03). Overall, however, only 67% of trauma centers had a
trauma surgeon on their organ donor council. None of the other institutional characteristics
were found to be associated with significantly different organ donation-related outcomes.

Discussion
Since 2001, over 7,000 patients have died each year while awaiting organ transplantation(1).
With the majority of donated organs coming from deceased donors and with traumatic brain
injury representing one of the most common mechanisms of neurologic death in these
patients, the American College of Surgeons has established qualitative criteria that are used
to evaluate each hospitals organ donation practices during the trauma center verification
process. Seeking to determine the impact of meeting these requirements on outcomes, this
study found that compliance with the current ACS trauma center organ donation-related
requirements was not associated with improved organ donation outcomes. However, the
presence of CBIGs and the involvement of trauma surgeons on organ donor councils were
associated with an increased number of organ donors and higher conversion rates. In
addition, quantitative organ donation measures, normalized for patient volume and severity,
were identified and a preliminary set of median values with inter-quartile ranges were
determined for the greater Los Angeles donation service area.

Currently, the American College of Surgeons qualitative evaluation process can identify a
center’s efforts as strengths, weaknesses, or deficiencies. As mentioned, centers meeting all
four the qualitative ACS requirements in this investigation were not found to have
significantly different organ donation-related outcomes and only two-thirds were actually
compliant with the requirements. In order to better evaluate such practices, a quantitative
assessment of hospital trauma-related organ donation outcomes could help determine if a
trauma center has above, at, or below expected outcomes. Such determinations could create
the opportunity to identify the best practices of high-performing centers for dissemination to
those centers that have room for improvement. Additionally, quantitative assessment allows
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for continuous evaluation of the impact of these practices on the number and quality of
organs available for transplantation. Potential quantitative organ donation measures that
should be considered and were used in this study include, the number of donors per 1000
trauma admissions, per 1000 ICU admissions, per 1000 head AIS ≥5 patients, and per 1000
trauma deaths. By their definition, these measures are normalized for patient volume and
severity. Using these measures, specific practices such as the presence of CBIGs as well as
the participation of trauma surgeons on organ donor councils were noted to be significantly
associated with increased numbers of organ donors.

Many hospitals have adopted CBIGs to assist in the management of patients with neurologic
injuries and a very poor prognosis. These guidelines contain standard critical care practices
that would be appropriate for many patients with survivable injuries and also reflect the
donor management protocols that many OPO personnel utilize after consent. With the use of
these guidelines patients who were once thought to have fatal injuries can neurologically
improve. Even for patients who regress to neurologic death and subsequently become organ
donors, these intensive care unit practices that aim to improve perfusion of the brain will
also, by their nature, improve perfusion of the other organs. In the end, optimizing the care
of patients with devastating neurologic injuries has the potential to benefit these patients as
well as the recipients of their organs for those who go on to donate. These practices also
preserve the option of donation for the families of these patients, which has the potential to
positively impact their grieving process and has been associated with less risk for
depression(5).

Although the impact that CBIGs and other similar management protocols have on organ
donation outcomes has been well documented(6-16) there still remain a larger proportion of
centers that have yet to adopt them. Specifically, in the current study, of the 21 Level I and
Level II trauma centers analyzed, 52% (11/21) of respondents stated that they did not have
protocols for managing patients with catastrophic brain injuries or potential organ donors. In
order to avoid ambiguity, the survey question stem indicated that such protocols are
sometimes referred to as CBIGs, devastating brain injury pathways, or aggressive donor
management protocols. Reasons for why these centers currently do not have CBIGs in place
could not be discerned from the survey results. There is need for further education about
their potential benefits and investigation into the current impediments in implementation.

With regards to organ donor councils, a previous investigation by Kong et. al suggests that a
multidisciplinary organ donor council consisting of surgeons, intensivists, critical care
nurses, hospital administrators, chaplains, and volunteer community members may have a
potential benefit on outcomes(17). This previous study, however, did not specifically
evaluate the impact of having certain members on the council(17). Using quantitative
measures, the current study found that involvement of a trauma surgeon on the organ donor
council, who can serve as a clinical champion, is associated with an increased number of
organ donors normalized for trauma patient severity and volume. It should be noted,
however, that the impact of having other members on the council (e.g. non clinicians) may
also have a similar benefit but it was not specifically studied in this report. Regardless,
similar to the case with CBIGs, there remains a large portion of respondent hospitals (33%)
that currently do not have a trauma surgeon on their organ donor council or do not have a
council at all. This serves as another example in which quantitative assessment measures
have helped identify a specific practice (i.e. involving a trauma surgeon on the organ donor
council) that may improve organ donation-related outcomes.

Limitations of this study should be taken into consideration. As a survey study, data
gathered was restricted to that queried at the time of request. For example, information
regarding why particular centers did not have specific process measures in place as well as
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specific details of organ donor council membership would have been beneficial in helping
interpret findings, but were not questions that were asked. Further, since this study evaluated
the impact of meeting the qualitative requirements used to assess organ donation practices
during the ACS trauma center verification process, it only eval uated trauma patient referrals
from Level I and Level II centers. Thus, while some process measures (e.g. capacity for
DCDD, presence of a transplant program, presence of surgical residents, or academic status)
did not seem to have an impact on organ donation related outcomes in this investigation,
they may have an impact when all referrals (including those that are non-trauma) are
considered. Lastly, it is important to reiterate that there are currently no objective measures
of organ donation potential normalized for patient volume or severity. Consequently, the
four measures that are suggested (the number of donors per 1000 trauma admissions, per
1000 ICU admissions, per 1000 head AIS ≥ 5 patients, and per 1000 trauma deaths) are
intended to be starting points for future evaluation and discussion. Limitations of these
measures should thus be kept in mind. For example, although donors per 1000 trauma
admissions has the advantage of being a more global measure, it may be suggested that
donors per 1000 ICU admissions is a better measure since only intubated patients with
severe neurologic injuries have the potential to become brain dead and donate their organs.

The substantial difference between the number of organs available for donation and the
expanding list of patients awaiting transplantation have encouraged efforts to increase
donation and transplantation. In order to identify best practices of high-performing centers
so that they can be disseminated to those who have room for improvement, evaluation of
each hospital’s trauma-related organ donation practices using measures that directly reflect
outcomes is imperative. Given that meeting the current qualitative measures used during the
ACS trauma verification process was not found to significantly impact organ donation-
related outcomes, quantitative measures such as those normalized for patient volume and
injury severity should be considered. Once organ donation practices can be quantitatively
assessed and benchmarks can be established, hospital policies and procedures focused on
increasing the number and quality of organs available for transplantation can be created,
implemented, and continuously evaluated. Such measures will also serve to preserve the
option of donation for patients and their families.
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Figure 1.
Example of a Catastrophic Brain Injury Guideline (CBIG) (Figure initially published in the
Western Journal of Emergency Medicine, Volume 10, Issue 1, Pages 11-7. Reprinted
courtesy of the authors.
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