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Abstract

Even with encouraging recipient outcomes, transplantation using donation after circulatory death
(DCD) is still limited. A major barrier to this type of transplantation is the consequences of warm
ischemia on graft survival; however, preservation techniques may reduce the consequences of
cardiac arrest and provide better organ conservation. Furthermore, DCD in trauma patients
could further expand organ donation. We present five cases in which organs were retrieved and
transplanted successfully using normothermic regional perfusion (NRP) in trauma patients.
Prompt critical care support and surgical treatment allowed us to overcome the acute phase.
Unfortunately, owing to the severity of their injuries, all of the donors died. However, the
advanced and continuous organ-specific supportive treatment allowed the maintenance of
general clinical stability and organ preservation. Consequently, it was possible to retrieve and
transplant the donors’ organs. Death was ascertained in accordance with cardio-circulatory
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criteria, which was followed by NRP. We consider that DCD in trauma patients may represent an

important source of organs.
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Introduction

Donation after brain death (DBD) consti-
tutes a major source of organs for trans-
plantation.! Unfortunately, a significant
gap between requests and the availability
of organs persists. Several efforts have
been made to overcome organ shortage,
namely extended criteria donors, better
donor identification, ex vivo organ perfu-
sion, and donation after cardiac arrest.>
Donation after circulatory death (DCD)
represents an additional pathway to organ
procurement. In this setting, the donation
takes place after death is declared in accor-
dance with circulatory criteria.* DCD has
the potential to improve transplantation
rates and decrease the length of waiting
lists.’ Unfortunately, DCD remains under-
used, and increasing its use could provide
substantially more organs than are current-
ly retrieved.

Concern about warm ischemia repre-
sents one of the main worries in DCD for
organ donation because of the possible con-
sequences regarding organ quality and
adverse graft survival.® However, the use
of normothermic regional perfusion
(NRP) during DCD allows organ perfusion
with a continuous flow, avoiding the reduc-
tion of cellular energy substrates and
the accumulation of waste products.’
Consequently, NRP may help reduce
warm ischemia injury and have positive

effects on graft survival.® Importantly,
DCD patients do not undergo catechol-
aminergic and cytokine storm with conse-
quent hemodynamic instability, typical of
DBD patients. However, it is important to
keep in mind that hemodynamic instability
requiring vasopressor support can be influ-
enced by the nature of the injury leading to
the donation (e.g., cardiac contusion or
hemorrhagic shock following trauma).
These systemic responses may affect organ
preservation.’

In 2015, a meta-analysis was published
comparing outcomes between donation
after DCD and DBD. The authors found
that 1-year survival was comparable
between the two groups.'® Additionally, in
2019, two systematic reviews and meta-
analyses were published on the same topic,
showing similar results.'"'? Several studies
have already underlined the positive effect
of DCD on the number of organ dona-
tions;>!* however, data regarding the use
of DCD in trauma patients are scarce.
Understandably, this particular setting
requires optimization and standardization
of donor selection and organ preservation.
Moreover, DCD requires specific knowl-
edge because medical staff must be
experienced in extracorporeal life support,
in particular venoarterial-extracorporeal
membrane oxygenation (VA-ECMO), to
avoid possible complications and pitfalls.'*
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In this case series, we report our single-
center experience in organ procurement
using NRP in trauma patients.

Case descriptions

The demographic and clinical characteris-
tics of the five patients in this series are
shown in Table 1. Data for each ECMO
run are shown in Figure 1.

Case |

A 43-year-old man was admitted to our
emergency room (ER) after a suicide
attempt with a firearm. The pre-hospital
evaluation showed that he had bilateral
mydriasis without pupillary responses and
a Glasgow coma scale (GCS) score of 3. He
was hypotensive and tachycardic. He was
intubated by the helicopter emergency med-
ical services (HEMS) team and referred to
our hospital. On admission, no response for
bilateral mydriasis to hyperosmolar saline
and hyperventilation was observed. Brain
computed tomography (CT) revealed the
presence of cranial fractures with intracra-
nial dislocation of multiple bone fragments,
intracranial hemorrhage, uncal herniation,
and cerebral lacerations and contusions. CT
also showed an extensive hypodense region
in the right hemisphere and diffuse cerebral
swelling. There was no indication for emer-
gent neurosurgery, and the patient was
transferred to our intensive care unit
(ICU). His medical history indicated
Verneuil’s disease. During the ICU stay,
continuous-infusion norepinephrine and
hormone replacement therapy (desmopres-
sin, hydrocortisone, and levothyroxine)
were started.”> Two units of red blood
cells  (RBC) were also transfused.
Terlipressin was used to reduce the norepi-
nephrine dosage, empirical antimicrobial
therapy was initiated to treat aspiration,
and airway secretion clearance was
achieved with fiberoptic bronchoscopy.

After clinical, anamnestic, and neurora-
diological evaluation, ICU staff concluded
that pursuing intensive support would be
unlikely to change the poor prognosis and
was therefore considered inappropriate.
Moreover, brain death did not seem to be
the probable outcome. Following extensive
discussion with the patient’s family, a
decision was reached to withdraw life-
sustaining treatments, and palliative seda-
tion was initiated. According to Italian
law, death was declared after 20 minutes
of the absence of electrical cardiac activity
on electrocardiography (EKG). NRP was
started, and the donor’s lungs, kidneys,
and liver were retrieved and successfully
transplanted later that day.

Case 2

A 43-year-old woman was brought in by
EMS personnel after a car accident fol-
lowed by complex extrication. The severity
of her injuries and the short distance
between the location of the accident and
our level I trauma center led the EMS
personnel to choose a “scoop and run”
pre-hospital management strategy. On
admission, the patient had a GCS of 7,
and she was dyspneic, hypotensive, and
tachycardic. Rapid sequence intubation
(RSI) and bilateral pleural decompression
were performed, and O-negative blood
were transfused. Tranexamic acid and
fibrinogen were also administered (in accor-
dance with rotation thromboelastography
(ROTEM®; Pentapharm GmbH, Munich,
Germany)) results. Primary X-ray assess-
ment showed mediastinal widening, cardiac
tamponade, and perihepatic fluid collec-
tion. The patient’s general status worsened
rapidly to pulseless electrical activity
(PEA). Adrenaline was administered, and
left resuscitative thoracotomy was per-
formed to relieve the cardiac tamponade.
Return  of  spontaneous  circulation
(ROSC) was achieved, and, in the operating
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Continued.

Table I.

Donor characteristic

Case 5

Case 4

Case 3

Case 2

Case |

4-year survival

2-year survival

| -year survival | -year survival

|-year survival for

Recipient outcomes

lung and kidney

?CytoSorbents, Monmouth Junction, NJ, USA.

ICU, intensive care unit; M, male; F, female; BMI, body mass index; BE, base excess; Hb, Hemoglobin; HCO3, bicarbonate; MAP, mean arterial pressure; bpm, beats per minute;

RBC, red blood cells; FFP, fresh-frozen plasma; PLT, platelets; AKI, acute kidney injury; CRRT, continuous renal replacement therapy; CVVHDEF, continuous veno-venous

hemodiafiltration; CVP, central venous pressure; PaO2/FiO2, arterial partial pressure of oxygen/fraction of inspired oxygen.

room (OR), the thoracic incision was
extended across the sternum and converted
into a clamshell. Internal cardiac massage
and low-energy internal defibrillation were
also required because of the sudden devel-
opment of ventricular fibrillation. Damage
to the left atrial appendage was identified
and repaired, with an estimated low-flow
time of 30 minutes. Clinicians had already
initiated massive transfusion protocols
(MTPs), and 6 units of RBC, 2 units of
fresh-frozen plasma (FFP), and 1 unit of
platelets (PLT) were transfused. Return
of sinus rhythm with diffuse cardiac hypo-
kinesia was achieved. Continuous infusion
of noradrenaline was also started.
Exploratory laparotomy and hepatic pack-
ing were then performed to address a major
hepatic laceration. Next, bilateral femoral
artery cutdowns were performed and intro-
ducers were inserted for arteriography; no
active blush was observed. Once hemody-
namic stability had been achieved, the
patient was transferred to the radiology
department for secondary total-body CT
assessment, which revealed pneumomedias-
tinum, diffuse lung contusions, multiple rib
fractures, and bilateral pleural effusion.
Abdominal CT revealed multiple hepatic
lacerations in the right hepatic lobe, with-
out signs of active bleeding, and multi-
fragmentary  fracture of the right
acetabulum with posterior coxo-femoral
dislocation. In the ICU, a Swan—Ganz cath-
eter was placed for continuous central
venous oxygen saturation (ScvO2) monitor-
ing to guide fluid resuscitation and drug
titration. After 48 hours, thoracic and
abdominal second-look surgery was per-
formed. The hepatic packing was removed,
and pericardial repair with a biological
prosthesis, and rib fixation were performed.
The patient’s ICU stay was characterized
by the following complications: septic
shock requiring antibiotics and noradrener-
gic support, and acute kidney injury with
the need for continuous renal replacement
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Figure |. Extracorporeal membrane oxygenation (ECMO) treatment for the five cases in this series.

a) Case I: kidneys, lungs, and liver retrieved; total NRP time: 146 minutes; b) Case 2: kidneys, lungs, and liver
retrieved; total NRP time: 72 minutes; c) Case 3: lungs and liver retrieved; total NRP time: 55 minutes;
d) Case 4: kidneys retrieved; total NRP time: 200 minutes; e) Case 5: kidneys and liver retrieved; total NRP

time: 158 minutes.

RPM, revolutions per minute; mL per minute, blood flow on the extracorporeal membrane oxygenation
(ECMO) machine; TIME, duration of normothermic regional perfusion (NRP).

therapy (CRRT). Clinical evaluation
showed severe neurological impairment with
a GCS of 3, and a series of neurological tests
were performed to obtain a prognostic eval-
uation (i.e., electroencephalography (EEG),
somatosensory-evoked response (SSER),
and neuron-specific enolase (NSE) mea-
surement). Finally, magnetic resonance
imaging (MRI) showed diffuse altered sig-
nals in the cerebral cortex, and caudate and
lenticular nuclei, compatible with diffuse
post-anoxic brain damage.

The patient’s clinical status and neurora-
diological and neurophysiological evalua-
tion were highly indicative of a poor
prognosis, and continuing intensive care
was considered inappropriate. Therefore,
palliative sedation was initiated. After
ascertaining death in accordance with the
cardiocirculatory criteria, procedures for
organ and tissue support with the purpose
of therapeutic transplantation were started,
according to DCD donor Maastricht cate-
gory 3. NRP was started, and the donor’s

lungs, kidneys, and liver were retrieved.
Both the kidneys and the liver were trans-
planted successfully; however, the lungs
were not transplanted owing to poor
organ quality.

Case 3

A 51-year-old woman involved in a major
road accident was admitted to our hospital.
On pre-hospital evaluation, she had bilater-
al mydriasis, a GCS of 3, and left lower
limb amputation. During air medical trans-
portation, PEA was witnessed, and
advanced life support (ALS) was promptly
initiated, which achieved ROSC. A second
cardiac arrest was witnessed during trans-
portation, and cardiopulmonary resuscita-
tion (CPR) was begun and was still in
progress on admission to the ER. Bilateral
pleural decompression was performed.
MTPs were activated, and RBCs, tranexa-
mic acid, and fibrinogen were administered.
Primary radiologic survey showed an
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open-book pelvic fracture, and preperito-
neal pelvic packing was performed. The
patient was then transferred to the OR.
Intraoperative arteriography showed splen-
ic active blush and abnormal appearance of
the hypogastric artery. Subsequently,
embolization of the splenic artery and
hypogastric artery was performed. Next,
external pelvic fixation was performed for
temporary stabilization of the unstable
pelvic fracture. RBC, FFP, PLT, and
fibrinogen were administered, and hemody-
namic stability was achieved. However,
bilateral ~mydriasis without pupillary
response to light persisted, and blood gas
analysis showed severe metabolic acidosis.
The patient was transferred to the radiology
department for total-body CT. Brain CT
scan showed a loss of differentiation
between the gray and white matter, compat-
ible with ischemic injury. Thoracic CT
revealed the presence of pneumothorax,
lung contusion, sternal fracture, multiple
rib fractures, and bilateral pleural effusion.
Finally, abdominal CT revealed an active
perisplenic blush and blood collection in
the psoas muscle. Additionally, multiple
hepatic lacerations, and pancreatic and
kidney contusions were observed. A deci-
sion was made to perform emergent sple-
nectomy after a sudden new hypotensive
event; consequently, the patient was once
again transferred in the OR. After stabiliza-
tion, she was transferred to the ICU; how-
ever, severe metabolic acidosis and slow
bleeding from the lower limb stump per-
sisted. Trauma-induced coagulopathy was
diagnosed using rotational thromboelas-
tometry, and FFP, PLT, and fibrinogen
were transfused. Furthermore,
rhabdomyolysis-induced  acute  kidney
injury led to the need for CRRT. During
the following days, neurologic evaluation
(clinical evaluation, EEG, SSER, NSE mea-

surement, MRI) showed severe brain
damage with irreversible neurological
impairment. Nevertheless, left

hemipelvectomy was indicated as treatment
for the unstable pelvic fractures. However,
according to the literature, this procedure is
associated with high morbidity and mortal-
ity risks. In light of these findings, continu-
ing intensive support was considered
inappropriate. Death was declared accord-
ing to Italian law, NRP was started, and the
donor’s lungs and liver were retrieved and
transplanted successfully.

Case 4

A 30-year-old man was admitted to the ER
after a suicide attempt. This was a complex
suicide attempt characterized by thoracic
self-stabbing followed by self-immolation.
On pre-hospital evaluation, the patient
had a GCS of 3 with hemodynamic insta-
bility. The estimated percentage of his total
body surface affected by burns was approx-
imately 50%. He was intubated by the
HEMS team, and fluid resuscitation was
started according to the Parkland formula.
On admission to our ER, hemodynamic
instability persisted. The stab wound was
in the left third intercostal space, and asym-
metrical chest wall movement was
observed. MTPs were activated, and 2
units of RBC and 2 units of PFC were
transfused. ROTEM assessment was per-
formed, and tranexamic acid was adminis-
tered. Primary trauma survey performed in
the ER’s shock room revealed massive
hemopneumothorax; therefore, left mini-
thoracotomy was performed, and a chest
drain was inserted. The patient was then
transferred to the OR. The thoracic incision
was converted into a clamshell, and lacera-
tions in the left ventricular free wall and
pericardium were repaired, and escharot-
omy was performed to relieve compartment
syndrome. Finally, the patient was trans-
ferred to the ICU. Hemodynamic instability
led clinicians to initiate VA-ECMO sup-
port; however, the patient’s clinical condi-
tion was critical and characterized by a
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poor prognosis. Therefore, a decision was
reached to withdraw life-sustaining treat-
ments, and palliative sedation was started.
After ascertaining death in accordance with
the cardiocirculatory criteria, organ and
tissue support strategies with the purpose
of therapeutic transplantation were started
according to DCD donor Maastricht cate-
gory 3. NRP was started, and both kidneys
were retrieved. Only one kidney was trans-
planted successfully; the other kidney was
not transplanted for technical reasons.
The liver was not retrieved owing to ische-
mic injury.

Case 5

A 63-year-old man was admitted to the ER
after accidentally falling off his bicycle after
hitting a pothole. During the pre-hospital
evaluation, the patient was in PEA. ALS
was initiated promptly, and ROSC was
achieved after 10 minutes. He was intu-
bated and then admitted to the ER. On
arrival, he was hypotensive with normal
sinus rhythm, and continuous noradrena-
line infusion was started. The primary
trauma survey was negative. He then under-
went radiological imaging, including full-
body CT and spine MRI, which revealed
an unstable fracture of the odontoid pro-
cess with posterior dislocation, a fracture
of the body of the eighth thoracic vertebra,
and a fracture of the lamina of the fifth
cervical vertebra. On the following day,
head CT was performed because of the per-
sistence of poor neurological status. Brain
CT showed severe hypoxic-ischemic
damage to the deep gray nuclei and to the
frontal, temporal, occipital, and parietal
cortex compatible with post-anoxic enceph-
alopathy in post-traumatic cervical spinal
cord injury. The EEG was non-reactive.
ICU physicians concluded that, owing to
the poor prognosis, intensive care supports
were to be discontinued because these were
unlikely to change the prognosis and were

considered inappropriate; palliative seda-
tion was started. Death was declared in
accordance with Italian law, NRP was
started, and both kidneys and the liver
were retrieved and transplanted
successfully.

DCD details

In all cases, an extensive and structured
family consultation was performed regard-
ing end-of-life care and the feasibility of
organ donation. After discussing each
patient’s prognosis with their families, with-
drawing life support and palliative sedation
were started in the ICU according to the
directives of our national scientific society,
the Italian Society of Anesthesia, Analgesia,
Intensive Care and Resuscitation
(SIAARTI).'® The DCD procedures were
initiated only after ascertaining death in
accordance with the cardio-circulatory cri-
teria. The femoral vessels (both artery and
vein; usually the right) were cannulated
using a percutaneous approach after the
declaration of death in accordance with
Italian law (i.e., absence of electrical cardiac
activity for 20 minutes on the EKG), at the
bedside in the ICU. An intra-aortic ER-
REBOA™ catheter (Prytime Medical
Devices, Boerne, TX, USA) was positioned
in zone 1 (i.e., supra-diaphragmatic)
through the contralateral femoral artery
(usually the left). Then, bedside control of
the catheter position was performed either
radiologically or by transesophageal echo-
cardiography (TEE). A Novalung Xlung kit
(Xenios AG, Heilbronn, Germany) for
extracorporeal treatment plus an HLS
MAQUET venous cannula (23-Fr, 38-cm;
GETINGE, Rastatt, Germany) and a
Novaport one arterial cannula (19-Fr, 15-
cm; Xenios AG) were used for NRP.
Notably, the “time to ECMO” is strictly
dependent on cannulation time.
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Recipients’ outcomes

At the time of writing, all but one of the
organ recipients in this report was still
alive. The patient receiving the liver from
case 1 died a few months after transplanta-
tion; survival after transplantation was 1
year for recipients of organs from case 1,
2, and 3; 2 years for recipients of organs
from case 4; and 4 years for recipients of
organs from case 5. In two of our cases,
lungs, liver, and kidneys were retrieved suc-
cessfully. In case 2, the lungs were not
retrieved because of poor organ quality
and, in case 4, the liver was not retrieved
owing to ischemic injury (Table 1).

Discussion

This case series showed how donations and
transplantation were successfully accom-
plished in different settings involving
trauma patients. Regarding consent for
donation, Italy uses an opt-out system.
Additionally, the national organ procure-
ment organization is responsible for the
general coordination of all of the steps
involved during organ donation.

A DCD program is an alternative way to
increase the number of organs available for
transplantation. A report from the UK
National Transplant Registry showed that
the rates of organ donation and transplan-
tation have improved owing to an increase
in DCD donation, with a higher 5-year
graft survival for kidneys and livers.'’
Similarly, the Belgian Transplant Society
reported a growing DCD donation rate,'®
and in Spain, DCD provides 24% of
donors."” Additionally, several studies and
meta-analyses have been published, show-
ing comparable results for 1-year survival
after DBD or DCD transplantation for
lung, liver, pancreas, and kidney.>''%*
Traditionally, there are specific concerns
about recipient survival, possibly reducing
the rate of DCD usage and, consequently,

DCD is not performed in many countries.
Warm ischemia represents one of the main
fears in DCD.® However, although there is
no uniform definition of warm ischemia, it
is generally considered the period of time
between circulatory arrest and initiating
graft reperfusion. Protracted warm ische-
mia time is detrimental for both graft func-
tion and long-term outcome.”> In our
center, we use NRP during DCD. In fact,
NRP through VA-ECMO may help lessen
warm ischemia injury and provide continu-
ous flow organ perfusion.”-?¢ 2%
Technically, in our cases, NRP was started
following cannulation of the femoral vessels
(i.e., artery and vein).

Trauma donors represent an important
organ source. In 2019, the US Scientific
Registry of Transplant Recipients reported
that trauma donors provided more organs
per donor compared with non-trauma
donors (3.5 vs. 2.4, respectively;
p <0.001)*° Furthermore, trauma donors
showed a lower kidney donor risk index.
Indeed, developments in trauma and critical
care management, especially in resuscita-
tion protocols and organ-specific support-
ive treatment, have decreased acute-phase
mortality, possibly leading to an increased
number of potential donors. In fact, our
patients presented with important trauma-
related injuries with a high risk of pre-
hospital and intra-hospital mortality.
However, prompt damage-control strate-
gies allowed us to overcome the acute
phase. Unfortunately, although the patients
died of their injuries, it was possible to
retrieve and transplant their organs. It
would be interesting to investigate whether
traumatic mechanisms and injury severity
scores (ISS) affect recipient outcomes after
DCD transplantation. In case 2, despite the
severity of the trauma and the presence of
multiple hepatic lacerations, the liver was
retrieved and transplanted successfully.
Similarly, in case 3, despite the prolonged
hemodynamic instability, multiple hepatic
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lacerations, lung contusions, and a sternal
fracture, the liver and lungs were recovered
and transplanted successfully.
Consequently, most critical traumatic
lesions are not considered a priori absolute
contraindications to organ donation.**
Obviously, it is important to highlight that
evaluating traumatic injuries and assessing
medical suitability for organ donation are
more challenging in trauma patients.
However, this donation pathway could rep-
resent an important method of increasing
the organ donation pool.

Finally, it is important to underline that
the organ procurement system requires a
multidisciplinary approach and, conse-
quently, this system necessitates a multidis-
ciplinary team in charge of the organ
donation process. It has previously been
demonstrated that the organization of a
multidisciplinary and dedicated team
enhances donation outcomes.’’ The key
goal of an effective team approach consists
of systematic donor identification, donor
co-ordination, and recipient identification.
In addition to clinical expertise, the organ
recovery process requires logistical coordi-
nation for organ recovery, distribution, and
transplantation as well as support for the
family’s needs.*> The team is interdisciplin-
ary, involved in both organ donation and
transplantation, and consists of clinical
transplant coordinators, transplant physi-
cians, physicians, intensive care specialists,
transplant surgeons, interventional radiol-
ogists, respiratory therapists, nurses, finan-
cial coordinators, and social workers. It is
easy to understand that such a system
requires a massive effort both clinically
and financially. Local organ procurement
coordinators, with organ procurement per-
sonnel, play a crucial role. The coordinators
have a consultative role regarding the entire
organ donation process, and they are in
charge of organizing the procurement pro-
cess between contributing institutions.
Furthermore, the coordinator guarantees

that ethical and clinical standards are
respected during the procurement process.
At the same time, bedside clinicians have
the duty to notify local procurement organ-
izations of a possible donor and to provide
the best treatments for the patients. Not to
be underestimated, it is important to
remember the great emotional and ethical
impact that characterize the donation pro-
cess.”” In fact, donation occurs in a unique
emotional stressful moment for the donor’s
family. It is vital to engage in simultaneous-
ly clear and empathetic family consultation
regarding end-of-life care and the feasibility
of organ donation as well as providing psy-
chological support. Furthermore, it is
important to remember that transplants
save lives, and donation represents an
incredible gift.

In conclusion, we consider that DCD in
trauma patients may represent an impor-
tant source of organs. However, this partic-
ular setting necessitates specific programs
led by the local procurement and transplan-
tation network to enhance donor selection,
organ allocation, and organ preservation.
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