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hstract: A d6-year-old patient supported by & biventricular as-
device (BIVAD) was transferred to our institution for evatu-
tion for heart transplant. The patient was found 1o have a large
itracranial hemorrhage with profound deterioration of neuro-
jgic status, The poor prognosis prompted the decision to with-
faw care and pursue organ donation. Because the palient did
meet brain death criteria, nonheart-beating donor organ do-
on was pursuecd. After the termination of care, the BiVAD
modified: the left side to provide organ preservative solution
nd the right side to allow drainage. Eight liters of cold Univer-

sity of Wisconsin solution were pumped systemicalty over 10
minutes, the donor was drained, and the liver was harvested.
This technique expedited donor perfusion by eliminating the
nced to cannulate, minimizing ischemic time for the liver. Al-
though the recipient outcome was poor, and retransplantation
was eventually necessary, we believe it was most likely not at-
tributable to the quality of organ preservation. This report dis-
cusses the technical aspects of this potentially benelicial proce-
dure. Keywords: ventricular assist device, nonheast-beating do-
nor, organ preservation, transplant. JECT. 2006,38:157-160

he growing disparity between the number of patients
ailing organ transplantation and the number of avail-
¢ donors continues to increase. This has prompted the
- of expanded criteria donors, including nonheart-
ting donors (NHBDs).

Currently, in the United States, the legal definition of
ith can be met by two different sets of criteria: cessation
E‘Carciiopu]monary function or cessation of whole brain
:Ction. Since the mid-1970s, when brain death became
ally accepted within the United States, cadaveric or-
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gans have been primarily obtained from brain dead do-
nors. In contrast to deceased donors, the NHBD must
sustain loss of cardiopulmonary function to be declared
dead, after which organ recovery can begin, Fn the United
States, in general, these are individuals with severe irre-
versible neurological injury who do not meet the criteria
of brain death. Next of kin have decided to withdraw care
and have also given consent for organ donation. Organ
donation may not take place until the patient undergoes
cardiopulmonary arrest, and the donor is declared dead.
The withdrawal of care is usually a planned event, typi-
cally taking place in the intensive care unit (ICU) or op-
crating room, with a surgical team nearby and ready to
recover the organs.

There is a Turther classification made between two types
of NHBDs: controlled and unconirolled. Controlied do-
nors are hemodynamically stable individuals who are ex-
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tubated in the operating room or 1CU after a decision by
the patient’s next of kin to withdraw care and provide
conscent for organ donation. This is a planned eveal in
which the donor surgical team is present to recover the
organs rapidly, theretore limiting warm ischemic time. Un-
controlled donors, as the name implies, are individualks in
whom the cessation of cardioputmonary function is an un-
planned cvent. This group consists of individuals who sus-
tain cessation of cardiopulmonary function before arrival
to a hospital, within the emergency department, or as hos-
pital inpatients (1). NHBDs potentiatly represent an im-
portant option for expanding the organ pool. By some
accounts, controlicd NFIBDs may increase the donor pool
by as much as 25% (2).

Ventricular assist devices are increasingly being used to
support the lailing heart until a cardiac transplant be-
comes available. One such device used commonly is the
Abiomed BVS 5000 (Abiomed, Inc., Danvers, MA}. Or-
gan recovery [rom donors with a ventricular assist device
has been veported (3), but to our knowledge, the device
has not been used as a means of perfusing the donor with
preservation solution, We describe the technical aspects of
an organ recovery where the donor’s biventricular assist
device (BiVAD) was used to expedite the in situ {lush.

DESCRIPTION

The patient was a 46-year-old man with a history of
hypertension, hyperlipidemia, and tobacco abuse who pre-
sented to an outside hospilal with an acute antetior wall
myocardial infarction and cardiogenic shock. The coro-
nary angiogram showed 99% occlusion of the left main
coronary artery, 95% occlusion of the left anterior de-
scending, and 80% occlusion of the right coronary artery.
The cjection fraction was 19%. The patient was intubated
for hemodynamic instability, placed on an intra-aortic bal-
loon pump, and underwent an emergent three-vessel coro-
nary artery bypass graft (CABG). His postoperative
course was marked by the need for vasopressors, the de-
vetopment of acute renal failure, and an acute but (ran-
sient elevation ol intrinsic liver enzymes as measured in
his serum. Six days alter CABG, the patient required the
placement of an Abiomed BVS 5000 BiVAD. He was
transferred to our institution for emergent heart trans-
plant evaluation.

Shortly after the patient was transferred, it was noted
that he was not moving his extremities. A computed to-
mography scan of the head was obtained, which showed a
large intracranial hemorrhage. The patient’s neurologic
examination deteriorated with the development of de-
corticate posturing. Given the poor prognosis, next of kin
chose to withdraw care and pursue organ donation. Be-
cause the patient did not meet tormal brain death criteria,
aext ol kin chose to pursue NHBD organ donation.
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NHBID organ donation took place according to oy ilx;' :
stitutional and local organ procurement organizationg -
protocols. These followed the guidelines outlined by 1.7
stitute of Medicine and Society of Critical Care Medicing g
(4). The donor had been on systemic anticoagulation fo
BiVAD support. Before the removal of BIVAD sUppore
from the patient. two separate circuils were constructeq,
The fisst circuit, the “perlusate” circuit, consisted of 4
cardiolomy reservoir connected to 3/8” tubing. This scrveq
as the holding reservoir for the University ol Wisconsip '
(UW) solution. Assembly and priming was performed yg.
ing aseptic technique. ‘The outflow from the left ateium tg
the teft ventricular assist device (LVADY) was intertupted,
The second, or “drainage” circuit, consisted of dividing the -
right atrial refurn to the right ventricular assist device
(RVAD) and using the right atrial canaula to drain the
blood and perfusate from the donor. -

When care was withdrawn, concurrent with extubation,
the BIVAD was turned off. The right and left sides of the
VAD were clamped, and a cut was made between the left:
atrial inflow cannula and the inflow to the pump. tsing = .
sterile technique, an air-free connection was made be-
tween the “perfusate” circuit and the inflow to the LVAD,
The RVAD was cut between the right atrial (RA; inflow):
cannula and the pump. Using sterile technique, the RA™
cannula side was attached to the “drainage” circuit (Figur :

1). Both of these connections required a total of approxi-
mately 2 minutes to make.

After the patient was pronounced dead, a 3-minut
waiting period was observed before initiating the organ:
recovery. This follows the recommendations of the Insti-
tute of Medicine {o ensure there is no return of spontd-
neous cardiopulmonary activity, During this period, th
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reservoir in the perfusate circuit was [lilled with cold UW
olution (3-10°C). Once 5 minutes had elapsed, the
clamps were removed from both perfusate circuits, and
W osolution was allowed to flow through the pump by
- gravity. The clamp was removed from the drainage cireuit,
nd controlied exsanguination (into waste canisters) be-
- gan. The surgical team made a midline abdominal incision
after the mandatory S-minute waiting period was com-
' pleted. The distal aorta was cross-clamped to prevent per-
fusion of the lower extremitics and unnecessary dilution of
- the perfusate solution. The inferior mesenteric vein was
cannuiated for portal perfusion. The LVAD side of the
Abiomed console was turned on in wean mode, and
pumping began at the minimum allowed {2 L/min). This
was determined to be too fast, and a partial occluding
clamp was placed on the outflow ol the pump to stow the
flow down to approximately 1 L/min. Topical cooling of
the donor organ was performed simultancously with the
perfusion. A total of 8 L of UW solution were pumped
shrough the patient in approximately 10 minutes. This was
deemed adequate, and the pumped was stopped. After
allowing the patient to completely exsanguinate, the cir-
cuit was removed. After the systemic Hush through the
BIVAD cannulas and the portal [lush were completed,
covery of the liver took place. The liver appeared to
have a good color and texture.
The recipient of this liver was a 64-year-old woman with
end-stage liver disease secondary to hepatitis C cirrhosis.
The hepatectomy portion of the recipient operation was
uneventful. The cold ischemic time was 8 hours, 52 min-
utes. and the anastomotic time was 38 minutes. However,
on portal reperfusion, the liver became swollen and con-
gested, which was suspicious for hepatic venous outllow
bstruction. The portal vein and inlerior vena cava were
clamped, and the suprahepatic anastomosis was opened.
o outflow obstruction was noted. This took only a few
inutes, and on removal of the clamps, the liver im-
roved, but was still firm and edematous. The recipient
epatic artery was evaluated and found to be only 2-3 mm
diameter, and the pulse in the native celiac artery was
oor. in addition, the donor iliac vasculature was too ath-
tosclerotic to be used for a gralt. The donor celiac artery
ith zortic cuff was therelore anastomosed to the suprace-
ac aorta. The lver failed to function, and the patient was
elisted and eventually retransplanted.

ISCUSSION

thc prowth of liver transplantation activity has been
flectacl by the shortage of organ donor supply and has
ulted in an expansion in the number of patients on the
Aiting list. This disparity between supply and demand has
Ao (he search for new donor sources such as split-liver
Nsplantation, live donation, and expanded-criteria do-
9 to help alleviate the organ shortage. The use of ex-
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panded criteria organs has become the norm in many
transplant centers. By some estimates, controtled NHBDs:
may increass the donor pool by 25%, with an even greater
potential il one considers the use of uncontrolled donors.

Several authors have reported the use of organs from
NHBDs including kidney (5), liver (1,6), and pancreas (7).
Recent data showed that kidoneys allografts from NFBDs
have gralt survival rates comparable with brain dead do-
nors (4}, Among recipients ol a hepatic allograft, the data
are not as mature, with the results in some single center
studies comparable with those with organs recovered lrom
brain dead donors (8). Other centers, however, have re-
ported inferior results (5). United Network of Organ Shar-
ing {(UUNOS) data suggest that the rate of primary non-
function is around 8%, and graft faiture is significantly
tinked to ischemic time.

Another potential problem in the use of NHBDs is the
ellect of inadequate in situ perfusion. Typicaily, our insli-
tution uses a rapid, in situ cannulation technique [the “su-
perrapid” technique previously described in the titerature
(9] for harvest in a NHBD. Theoretically, potential prob-
lems with this procedure include profongation of ischemic
time (because of cannulation) and complications arising
from the technique itself. It has been described in the
literature (10} that inadequatefineffective in situ perfusion
results in a high rate ol primary nonfunction. The tech-
nigque used in this report reduces the peried of ischemic
time {by climinating the time required for cannulation)
and the potential for complications arising from cannula-
tion.

To our knowledge, there has been one reported case of
an organ recovery from a donor on a LVAD (2). Unlike
the case reported here, the LVAD was not used to pump
the perfusate. Our report describes the technical feasibil-
ity ol using the assist device as a means ol expediting
donor perfusion by eliminating the need to cannulate, thus
minimizing warm ischemic time. While we have shown the
technical aspects of this procedure, given the poor out-
come with this graft, caution may be in order. Although
possible, we doubt that the infusion pressure of the pres-
ervation solution, achicved by the LVAD, had a negative
impact on the donor organ. Intrahepatic pressurc moni-
toring is not typically performed during the organ ftush.
Additionally, we felt that the temperature of the perfusate
solution was adequately cold, and with the rapid rate of
delivery, the cificacy ol the preservation would not have
been compromised by warming caused by the donor’s
body temperature, We surmise that the poor graft func-
tion was related to a combination of factors that include 1)
physiologic events that occurred in the donor before with-
drawal of care {(the donor had a signilicant ischemic insult
as reflected by his anuric state and clevated intrinsic liver
enzymes), 2) reclamping of the liver after reperfusion, and
3) delay in complction of the arterial anastomosis.
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While the case reported here represents a unigue clini-
cat situation in which an organ donor also happens to have
a BiVAD, it is not unreasonable to believe that this clini-
cal scenario may occur with greater frequency. The num-
ber of patients receiving VADs as a treatment modality
for either bridge to transplant, bridge to recovery, or
bridge to bridge continues to increase every year. One of
the many complications associated with these VADs is
intracranial hemorrhage (11). Many times, these patients
have salvageable organs, These controlied NHBDs could
make a small contribution toward alleviating the disparity
between the number of patients listed for organ transplant
ane the number receiving them.

REFERENCES

. Abt PL. Desat NM, Crawford MD, et al. Survival [ollowing liver
transpiantation from non-hcarl-beating denors. Ana Surg. 2004:239:
B7-92.

2. Wathan HM, Jarrell BE, Broznik B, et sl Estimation and character-
ization ol the polential renal organ transplant pool in Pennsylvania:
Report of the Pennsylvania Statewide Donor Study. Transplanta-
tion, 1991;51:142-9.

JECT. 20006;:38:157-160

0.

" 9.

10.

oL L T R

Rayhill SC, Martinez-Micr G. Katz DAL Kanchustambam gy
Y M, Successlul non-heart-bealing donor ovgan retrieval jn , patie
with a left ventricular assist device. Am J Transpiant, 2(}()4;4:E:icllm'1
Institute of Medicine, National Academy of Sciences. Nou-[[ci{)'
Bealing Donor Trangplant: Medical and Ethical Issucs in p 4
ment. Washinglon, DC: National Academy Press; 1997,
Weber M, Dindo D, Demartines N. Ambuht PV, Clavien P g5g
transplantation from denors without a heartbeat. N Engt
2002:347:248-55.

LWy

FOCkrg,

I]Cy

D" Adessandro AM, Holfmann RM, Kaechtle ST, ¢t al. Liver trang:

plant from controlled nou-hearl-beating donors. Surgery. 2000129
§79-86. o

[’ Alessandre AM, Odorico JS. Knechtie SJ, et al. \‘Eimullamcgllg :

pancreas-kidney (SPK) transplantation from controlled nen-heay
beating donors (NHBDs). Cell Transplant. 2600:9:8589-93,

Manzarbeitia CY, Ortiz JA. Jeon H, ¢t al. Long-tesm oulcome of

controlled, non-heart-beating donor liver transplantation. 1rapg.
plantation, 2004;78:211-15.

Casavilla A, Ramirez C, Shapiro R, el al. Experience with liver ang

kidney allogralts [rom nom-heart-beating, donors, Transplautation,
1995:39:197-203.
Gok MA., Bhatti AA. Asher J, el al, The elfect of inadequale i si,
perfusion in the now-heart-beating doroy, Transpt Int. 2005:18:1 14
6.

. Lazar RM, Shapiro PA, Jaski BE, el al. Neurologicat events during.

leng-term mechanical eirculatory support for heart fatture. Cireuly-
tion. 2004:109:2423-7.

I Meq:

XN
The S

Ca




