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INTRODUCTION

Organ transplantation is the optimal treatment for end-
stage organ disease. Successful organ transplantation is 
completely dependent on a well-preserved and properly 
functioning organ. In Korea, 400–500 deceased organ 
donors are noted every year, and approximately 1,800 
transplant surgeries are performed. However, like other 
countries, Korea has significantly fewer organ donors than 
patients waiting for transplantation. Although it is import-
ant to discover even one brain-dead donor, it can be said 
that maintaining the brain-dead donor in the most ideal 
state and obtaining organs through a proper technique 

should also be considered basically [1]. The surgical tech-
nique for organ procurement is based on the anatomical 
feature and has been evolving as a result of the increased 
demand for organ transplantation. In this review, we 
intended to supplement the previously published guide-
lines for deceased donor organ recovery from the Korean 
Society of Transplantation in 2018 with the addition of 
donor management. Furthermore, the surgical technique 
is described with several images inserted to facilitate the 
understanding of organ procurement. 
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RECOMMENDATIONS IN DECEASED ORGAN 
DONOR MANAGEMENT

Brain death is associated with changes in the hemody-
namic, hormonal, pulmonary, metabolic, and inflamma-
tory processing. These lead to impaired graft function 
and increased immunogenicity and are associated with 
impaired patient as well as graft survival rates in organ 
transplantation from a deceased donor [1-3]. The optimal 
management of a potential organ donor achieves not only 
a greater number of transplantable organs but also a high-
er quality of these organs to ensure their optimal function 
after transplantation. Although the progress of deceased 
donor management has been made, specific therapeutic 
approaches remain largely consensus-based because of a 
lack of substantial high-quality evidence [2,4]. This review 
presents brain death-related systemic changes and proper 
management to preserve the function of donor organs. 
The important points for each system are summarized in 
Table 1.

HIGHLIGHTS

• The optimal management of a potential organ donor 
achieves not only a greater number of transplantable 
organs but also a higher quality of these organs to en
sure their optimal function after transplantation. 

• Since the heart and lungs are adjacent organs, a car
diac and the thoracic surgeon must ensure a thorough 
discussion and cooperation before the procurement 
procedure. 

• Successful liver transplantation depends on a well
pre served functioning liver; thus, the meticulous pro
cedure is an essential step for deceased donor liver 
transplanta tion. 

• The established therapeutic modality with acceptable 
patient and graft survival during small bowel transplan
tation could be achieved through standardization in sur
gical technique. 

• Organ procurement from a deceased donor should be 
planned because the procedure affects the outcomes 
of transplantation. 

Table 1. Recommendation of deceased organ donor management
System Value Target

Cardiovascular Mean arterial pressure 60–90 mmHg
Heart rate 60–120 beats/min
Central venous pressure 4–12 mmHg

Respiratory Mechanical ventilation
Tidal volume 6–8 mL/kg
Peak pressure <35 mmHg
Peak end-expiratory pressure 5–10 cmH2O
Arterial blood gas analysis
pH 7.35–7.45
PaCO2 30–45 mmHg
PaO2 ≥80 mmHg
O2 saturation ≥95%

Diabetes insipidus with polyuria Urine output 1–3 mL/kg/hr
Plasma sodium 140–155 mEq/L

Endocrine Plasma glucose 90–180 mg/dL
Hormonal therapy and doses in adults
Triiodothyronine 4 μg IV bolus, followed by infusion of 3 μg/hr
Thyroxine 20 μg IV bolus, followed by infusion of 10 μg/hr
Hydrocortisone 50 mg IV bolus every 6 hours
Methylprednisolone 15 mg/kg single IV bolus

General Core body temperature >34°C
Hemoglobin >7 g/dL

IV, intravenous.
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Cardiovascular Management
The first step in managing a hypotensive donor is to pre-
serve an adequate intravascular volume. The choice of 
fluid and infusion rate should result from previous therapy, 
incidence of diabetes insipidus (DI), and consideration of 
the effects of excessive fluids on the respiratory system. 
To replace the intravascular volume, an isotonic crystalloid 
is recommended [1,2,5]. Either lactated ringers or 0.9% iso-
tonic saline is used. However, hyperchloremic metabolic 
acidosis may lead to favoring the lactated ringers. 

After correction of the intravenous (IV) volume, the 
persistence of hypotension requires the use of vasoactive 
drugs. Dopamine or norepinephrine is the drug recom-
mended in several other guidelines for organ donor man-
agement [1,2,5]. In a donor with severe cardiogenic shock, 
dobutamine or epinephrine can be considered. The ad-
ministration of a high dose of vasoactive drugs should be 
avoided whenever possible. The high dose of vasoactive 
drugs is deleterious to the lung and heart, especially for 
the heart, and can reduce renal and hepatic perfusion [6]. 
At that time, vasopressin administration may reduce the 
dose of other vasoactive drugs required for maintenance 
[3,6]. There are conflicts in the hemodynamic criteria de-
pending on the transplanted organ management during 
aggressive fluid replacement strategy. In more potential 
lung donors, the goal central venous pressure is not ex-
ceeding 8 mmHg without renal dysfunction [3]. Excess 
fluid replacement should be avoided to prevent pulmonary 
edema. Catecholamine storm (CS) is characterized by hy-
pertension, tachycardia, and increased cardiac output and 
myocardial oxygen consumption. CS induces a serious 
myocardial oxygen imbalance and neurogenic pulmonary 
edema [5]. It should be treated with drugs of short half-life 
such as esmolol, nitroprusside, or nicardipine [2,3,5]. 

In the assessment of the heart for donation, ventricular 
dysfunction (VD) prior to cardiac procurement is one of the 
most important factors associated with graft failure. VD in 
brain death may be potentially reversible due to the causes 
of stunned myocardium. Echocardiography should be per-
formed once hemodynamic stabilization of the donor has 
been achieved. If the first echocardiography shows VD, a 
second echocardiography can be performed hours later 
[3]. Besides the evaluation of the cardiac function before 
cardiac procurement, an initial echocardiography should 
identify significant structural heart disease, such as left 
ventricular hypertrophy (wall thickness >13 mm), regional 
wall motion abnormality, valvular dysfunction, infective en-
docarditis, and congenital heart disease.

Respiratory Management
Lung injury of deceased donors is similar to the injury seen 
in acute lung injury and acute respiratory distress syn-
drome. Protective ventilator management, including a low 
tidal volume (TV), positive end-expiratory pressure (PEEP), 
apnea test performed using continuous positive airway 
pressure, and closed circuit for airway suction, increases 
the number of potential transplantable lungs compared 
with a conventional management [4]. High inspired oxygen 
concentrations should be avoided to decrease the risk of 
bronchiolitis obliterans syndrome in lung recipients. More-
over, aerosolized α-agonists (e.g., albuterol) should not be 
used because these do not lead to improved oxygenation 
or lung utilization and induce tachycardia as a side effect 
[1,6].

Management of DI with Polyuria
DI (urine output >3 mL/kg/hr, urine specific gravity <1.005) 
caused by vasopressin deficit occurs in 80% of deceased 
donors [7]. For suspected DI with polyuria of >3 mL/kg/hr 
and/or hypernatremia, 4 μg (range, 2–6 μg) of desmopres-
sin is administered by IV bolus, and this is repeated every 
6 to 8 hours as required [1,7]. Hypovolemia and hyperna-
tremia are corrected with infusion of 5% glucose or half 
saline solution. For hypotensive DI, arginine vasopressin is 
started by infusion at a rate of 0.5–2.4 units/hr [7].

Hyperglycemia Management
Brain death may lead to insulin resistance and glucogen-
esis that result in hyperglycemia. For hyperglycemia man-
agement, 50 units of short-acting insulin is mixed with 50 
mL of normal saline, and then, it is administered at a rate 
of 2–3 mL/hr using an infusion pump. The plasma glucose 
level is checked every 6 hours [5].

Endocrine Management
Thyroid hormone treatment is based on low-level evidence. 
However, thyroid hormone administration may be justified 
in that there is little evidence that thyroid hormone causes 
harm. Thyroid hormone administration may provide benefit 
in donors who are hemodynamically unstable or potential 
heart donors who have borderline cardiac function despite 
other optimized managements [2,7]. Thyroxine may be 
administered enterally if the IV formulation is not available 
[7]. However, in Korea, there is no available IV thyroid hor-
mone. 

There is uncertainty as to the benefit in steroid replace-
ment to the deceased donors [2]. The rationales for steroid 
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administration are as follows: steroid deficiency as a result 
of hypothalamic–pituitary–adrenal dysfunction, functional 
or relative adrenal insufficiency, or immunomodulatory 
and anti-inflammatory effects of steroids [3,6]. Physiologic 
stress dose (hydrocortisone, 50 mg IV bolus every 6 hours) 
may improve the blood pressure and reduce the dose of 
vasoactive drugs. A high dose of steroid (methylpredniso-
lone, 15 mg/kg single IV bolus) may reduce the harmful ef-
fects of the inflammatory cascade in brain death [7]. Blood 
for tissue typing should be collected before high-dose 
steroid treatment because steroids may suppress human 
leukocyte antigen expression [5].

General Management
The core body temperature is maintained above 34°C. A re-
cent study shows a lower incidence of delayed graft func-
tion (DGF) in the kidneys from the deceased donors with 
hypothermia (34°C–35°C) [8]. This benefit increases in the 
kidneys from a donor with expanded criteria. With regard 
to the transfusion of blood products, optimal thresholds 
are unknown in the potential organ donor population, but 
adhering to a target of more than 7 g/dL and replacement 
with products as needed to manage coagulopathy have 
been suggested [5]. Interestingly, a prospective obser-
vational study of renal transplant recipients noted blood 
transfusion in brain-dead donors to be associated with a 
protective 23% decrease in DGF of these recipients [8].

Unnecessary drugs (e.g., anticonvulsants, osmotics) 
should be withdrawn, while other drugs such as antibiotics 
and prophylactics of deep vein thrombosis or gastrointes-
tinal bleeding are continued. Moreover, enteral nutrition 
should be withdrawn, and parenteral nutrition is main-
tained if already in place. Loss of vagal tone in brain death 
is likely to disrupt intestinal motility and nutrient absorp-
tion [1,5].

HEART AND LUNG PROCUREMENT

General Consideration and Preparation
During organ transplant surgery, transplant surgeons inev-
itably have a tendency to pay attention to the implantation 
procedure. However, successful transplantation depends 
on the safe procurement of the organs. Procurement must 
be performed in an accurate and timely manner according 
to the progress of implantation surgery. In particular, since 
the heart and lungs are adjacent organs, a cardiac and 

thoracic surgeon must ensure thorough discussion and 
cooperation prior to the procurement procedure. Organs 
harvested by a surgeon who lacks an understanding of 
the importance of procurement may result in serious post-
transplant lung or cardiac dysfunction or failure. 

Upon arrival to the operating room for procurement, 
surgeons and the team for procurement must identify 
themselves to the center coordinator and be escorted. 
Then, they should discuss the donor’s condition, fluid man-
agement, and inotropic drug use with the anesthesiologist. 
The anesthesiologist may tend to overhydrate to maintain 
the blood pressure, but a vasoactive medication is more 
recommended because overhydration may lead to pulmo-
nary edema. The ventilator must be set at a TV <10 mL/
kg and FiO2 of 0.5. PEEP should also be maintained at 5–8 
cmH2O [9]. The anesthesiologist must be asked to keep 
the ventilator on after heart procurement and stay in place 
until the end of the lung procurement.

The procurement surgeons should confirm that the pro-
curement hospital has the surgical instruments that they 
want to use prior to the operation. Instruments that are not 
commonly used must be prepared by each institute. Be-
fore the commencement of the surgery, all surgeons who 
procure each organ should discuss the order, duration, and 
procedure of procurement. Once an estimated time of pro-
curement is obtained, the implantation hospital must be 
contacted to proceed with the recipient’s surgery accord-
ingly.

Although the procedure may vary depending on the sit-
uation of both the procurement and recipient’s hospitals, 
the general procedure is as follows: the donor is transport-
ed to the operating room. Once anesthesia is complete, 
the donor is prepped and draped with the chest and ab-
domen exposed. The chin must be appropriately exposed 
during draping. 

Incision and Exposure
The abdominal surgeon first makes an incision in the ab-
domen and performs liver biopsy. While the pathologist 
analyzes the results of liver biopsy, the cardiac surgeon 
(or thoracic surgeon if there is no heart procurement) 
performs sternotomy and inspects the heart, while the tho-
racic surgeon inspects the lungs. The midline laparotomy 
incision is extended cephalad to perform mid-sternotomy. 
The skin incision must be extended sufficiently above the 
manubrium so that the sternum can be sufficiently spread 
a part and the organ can be extracted without being dam-
aged by the sharp sternal edge. When spreading the ster-
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num, the exposed liver must be covered by a surgical towel 
to prevent damage. Sternal bleeding should be controlled 
by bone wax and electrocautery. When spreading the ster-
num with a sternal retractor, the handle should be faced 
toward the head side to prevent liver damage or hindrance 
of the abdominal organ procurement.

The pericardium is opened vertically from the dia-
phragm to the reflection of the arch and ascending aorta. 
Next, 5–6 silk retention sutures are hung in the pericar-
dium to spread it apart and expose the heart sufficiently. 
The heart surgeon should observe visually whether there 
is any cardiac abnormality or contusion and palpate the 
heart to examine for chamber distension and coronary 
artery calcification. When touching or lifting the heart by 
hand, the anesthesiologist should be notified in advance, 
as vital signs can change rapidly. Usually, the thoracic sur-
geon inspects the lungs after the cardiac surgeon exam-
ines the heart, but the cardiac surgeon may proceed with 
tissue dissection for vascular cannulation upon consensus 
with the thoracic surgeon.

To inspect the lungs, the area below the sternum is dis-
sected bilaterally to locate the parietal pleura and open it. 
When opening the pleura, care must be taken to avoid lung 
injury or laceration due to electrocautery or instruments. 
The lungs are then inspected for edema, pleural adhesion, 
lung atelectasis, or contusion and palpated for any mass-
es. The anesthesiologist is requested to inflate the lungs 
sufficiently and smooth out areas of severe atelectasis 
manually [10]. Usually, atelectasis is most severe in the bi-
lateral lower lobes. When inspecting for such a case by lift-
ing the lungs, care should be taken to preserve the blood 
pressure and heart rate. After lung examination, tissue 
dissection of the heart or abdominal organs may proceed. 

Dissection and Cannulation
For the heart, dissection between the main pulmonary ar-
tery (PA) and aorta is the first step. The posterior section 
of the ascending aorta should be dissected sufficiently 
away from the right PA. Care must be taken not to dissect 
too proximally to the root of the aorta and cause damage 
to the coronary artery. The anterior portion of the aorta 
is then exposed along with the arch and great vessels. 
The exposure of the great vessels can be maximized by 
dissecting the brachiocephalic vein away from the aorta. 
After the exposure of the arch, the main PA should be 
mobilized from the bifurcation of the bilateral PA. The su-
perior vena cava (SVC) is held, instead of the periauricular 
tissue of the right atrium, and pushed laterally to prevent 

damage to the sinoatrial node. The incision is made from 
the reflection of the right PA and moved up toward the bra-
chiocephalic vein bifurcation. The azygos vein should then 
be located, and the medial and posterior tissues of the 
SVC are carefully dissected to mobilize it from the right 
atrium to the azygos vein. A suture is hung for ligation in 
the dissected SVC. A purse-string suture is performed in 
the anterior ascending aorta for cannulation as well as in 
the distal portion of the main PA (Fig. 1). Placing this too 
distally should be avoided for the cannula tip not to enter 
either the right or left PA side. The azygos vein can be li-
gated at this stage or clamped with the SVC after the aorta 
cross-clamp (ACC).

The abdominal surgeon can then proceed with dissec-
tion for procurement. It does not matter which organs are 
cannulated first, but the order can be decided through dis-
cussion with the abdominal and cardiothoracic surgeons 
preoperatively. After the dissection of all organs and prior 
to cannulation, the anesthesiologist should administer 
heparin. For an average adult donor, 20,000–25,000 IU 
is injected [11]. Aortic line is inserted into the ascending 
aorta with air removal, and the line is connected to the car-
dioplegic solution. The PA cannula is then inserted into the 
distal portion of the main PA with the purse-string suture, 
air is removed, and the cannula is fixed. The lung preserva-
tion solution line can then be connected. The abdomen is 
cannulated and checked for the preparation of perfusion. 
Upon discussion with all surgeons, the dissection site is 
marked on the right side of the left atrium (Waterston’s 
groove), which marks the border between the heart and 
lung, as well as inferior vena cava (IVC), which marks the 
border between the heart and liver, before the administra-
tion of prostaglandin E1 (PGE1). Care should be taken not 
to lift the heart up too far for visualization, as the margins 
of the left atrium and abdominal IVC can be much shorter 
than expected.

After the aforementioned preparation, PGE1 (500 μg) is 
administered. The route of administration differs between 
institutions. Some inject through a syringe in the main PA 
or via the central line by an anesthesiologist, while others 
inject half the dose on the table through the PA and the 
other half by an anesthesiologist [12]. A sudden drop in 
the blood pressure may occur during the injection, so the 
anesthesiologist must always be notified beforehand. The 
rest of the procedure should be performed as fast as pos-
sible since ischemia begins to occur at this point.
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Aorta Clamping and Perfusion
After notifying the anesthesiologist, the ACC is performed 
with the aorta clamp after PGE1 administration. If the azy-
gos vein is not ligated, the SVC and azygos vein should 
then be clamped. Some institutions ligate the SVC as well. 
Next, incision of the pre-marked area on the left atrium is 
carried out to drain the left atrial blood. Too small length of 
an incision prevents the perfusate from draining and can 
cause heart distension, so the minimum size should be 
over 2 cm. If the institution of heart procurement allows it, 
the left atrial appendage may also be partially dissected. 
Then, an incision is made on the pre-marked area of the 
IVC to drain the blood. It is recommended that the left atri-
um be opened first since dissecting the IVC first may inter-
fere with the visualization of the left atrium due to blood 
pooling in the pericardium. The histidine–tryptophan–
ketoglutarate (HTK) solution should be administered at 20 
mL/kg or more (generally 2 L) over sufficient time (gener-
ally 7 minutes). An infusion pump for constant pressure 
or gravity is used to infuse the solution. At the same time, 
the lung preservation solution is infused through a PA can-
nula. In cases where Perfadex solution (XVIVO Perfusion, 
Göteborg, Sweden) is used, which is most commonly used 
nowadays, the amount of 70 mL/kg is administered by lift-
ing the solution bag above 30 cm from the operating table 
to prevent high-pressure injury. Slush ice is then placed in 
the pericardium and thoracic cavity right after ACC. Care 

must be taken not to damage the organs with sharp ice 
chips. During cardioplegic infusion, the proximal pressure 
of the aorta should be checked with the hands to ensure 
that the solution is infused properly and the aortic valve 
function is normal. A check of whether there is any exten-
sion of the left atrium and how fast the electric activity of 
the heart dissipates should be carried out. If the electric 
activity persists, there may be coronary artery occlusion 
disease or left ventricular hypertrophy. In such cases, the 
cardioplegic solution should be administered over a longer 
duration. When injecting the lung preservation solution, 
the anesthesiologist should be asked to perform the lung 
recruitment maneuver from time to time to prevent lung 
atelectasis.

Procurement
Subsequently, after the removal of the cannula, heart pro-
curement is started. The SVC is divided below the area of 
ligation while making sure there is no injury to the right PA. 
The tissue of the leftover portions in the IVC dissection 
site should be divided completely. The aorta is then divid-
ed from all head vessels and cut around the ligamentum 
arteriosus from the descending aorta. The PA is divided in 
the site where the cannula was inserted in the distal main 
PA while ensuring the left and right PA are not separated 
(Fig. 2).

The heart should then be pushed to the left to expose 

Fig. 1. An aortic cannula is inserted in the anterior ascending aorta, and a 
pulmonary artery (PA) is in the distal portion of the main PA. Placing the 
PA cannula too distally should be avoided because the cannula tip can 
enter either the right or left PA side.

Fig. 2. The pulmonary artery (PA) is divided in the site where the cannula 
was inserted in the distal main PA while ensuring the left and right PA are 
not separated.
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Waterston’s groove that was incised for drainage (Fig. 3). 
This is a very important time for the cardiac and thoracic 
surgeon. They should always discuss about the dissec-
tion border of the left atrium while preserving sufficient 
muscular cuff around the opening of the pulmonary vein. 
This cuff is most important when implanting the lung into 
the recipient [13]. The heart is lifted toward the head and 
the left atrium incised in a transverse manner (Fig. 4). The 

heart should then be moved to the right, and the incision 
be extended to dissect the left atrium. The left pulmonary 
veins should form a whole cuff. The borders of the right and 
left incisions of the left atrium are then connected trans-
versely, and the heart procurement is completed (Fig. 5).

Next, the heart is moved to the back table and checked 
to ensure that all structures, including the valves, are ana-
tomically normal. The heart is wrapped for transportation. 
After the heart procurement, the anesthesiologist is asked 
to perform Ambu-bagging to expand the collapsed lungs. 
Using the Foley catheter, retrograde perfusion of the Per-
fadex solution through the pulmonary vein is carried out. 
Perfusion should be conducted with 500 mL per vein, total-
ing 2 L [14]. During perfusion, checks should be performed 
through the dissected PA to ensure the solution is draining 
well. The left lung is lifted from the thoracic cavity and 
pushed to the right, and then, dissection of the inferior pul-
monary ligament (IPL) can be performed. The dissection 
of the anterior esophageal tissue from the IPL upward is 
the next step, followed by the dissection of the descend-
ing aorta from the bifurcation of the left subclavian artery. 
After the left lung is placed back in the thoracic cavity, the 
right lung is lifted and pushed to the left to dissect the IPL 
with the anterior esophageal tissue to the azygos vein. 
The right lung then is put down, and all tissues around 
the upper trachea are dissected using a finger. When ma-
nipulating the trachea, it should be noted that the mem-
branous portion must not be damaged. A finger is placed 

Fig. 3. When Waterston’s groove is incised, sufficient muscular cuff of 
the left atrium should be preserved. This cuff is most important when im-
planting the lung to the recipient.

Fig. 4. After the incision of Waterston’s groove, the heart is lifted toward 
the head, and the left atrium is incised in a transverse manner. The heart 
should then be moved to the right, and the incision should be extended to 
dissect the left atrium.

Fig. 5. After left atrium division, the left pulmonary veins should form a 
whole cuff.
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in the left and right spaces next to the dissected trachea 
to dissect toward the left and right thoracic cavity. After 
this procedure, the lungs are attached to the donor only 
by the trachea. Ambu-bagging should be performed by 
the anesthesiologist until atelectasis completely resolves. 
The endotracheal tube can then be pulled out sufficiently 
so that the tube is not caught in the division area, and the 
trachea can be divided using staplers (usually transverse 
anastomosis stapler [TA] 30) [15]. During this procedure, 
the anesthesiologist should be asked to perform the Val-
salva maneuver to maintain lung inflation with the proper 
pressure, with FiO2 fixed at 0.5. With the lungs inflated, the 
trachea is divided at the highest level possible. After the 
first use of the stapler, mechanical ventilation should be 
stopped. Usually, the stapler is used three times, and the 
trachea is divided between the top and middle staples. The 
divided tracheal margin is disinfected before the extraction 
of the lungs. Care should be taken here to prevent lung lac-
eration by the sternum.

A check should then be carried out to see if there is 
anything notable in the procured lungs, such as bleeding, 
air leakage, or laceration during procurement. All parts 
(e.g., ventricular cuff) should be well dissected. Three plas-
tic bags should be used for maintaining hypothermia and 
safety. One bag is filled with cold lung preservation solu-
tion, and the other two are filled with cold normal saline 
and ice chips. The lungs are then stored in an ice box filled 

with ice, taking care not to press on the lungs.

LIVER PROCUREMENT

Liver transplantation (LT) is the optimal treatment for pa-
tients with hepatic failure or hepatocellular carcinoma. 
Successful LT depends on a well-preserved functioning 
liver; thus, meticulous procedure is an essential step for 
deceased donor liver transplantation [16]. The surgical 
technique for liver procurement is divided into warm and 
cold dissections according to the tissue perfusion time. 
Warm dissection has the advantage of perfusion after con-
firming the vascular structures. Cold dissection is able to 
reduce operative time and organ damage with rapid organ 
procurement [17].

Warm Dissection
Incision
A longitudinal incision is made from the suprasternal 
notch to the symphysis pubis. The abdominal cavity is 
entered first, and a Balfour retractor is placed to have an 
adequate exposure of the abdomen (Fig. 6). The round 
ligament of the liver is divided with tie ligation, and the fal-
ciform ligament of the liver is dissected. The exploration 

Fig. 6. An incision extending from the sternal notch to the pubis, which 
is cruciate at the level of the umbilicus, provides maximal exposure for 
multi-organ procurements.

Fig. 7. A Cattell–Braasch maneuver extending across the midline, with 
complete mobilization of the distal small bowel, right colon, and duo-
denum, allows for the identification of the distal aorta, iliac bifurcation, 
and distal inferior vena cava. Dotted line: initial dissection plane of Cat-
tell-Braasch maneuver.
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of intra-abdominal organs should be performed to exclude 
potential malignant disease. An assessment of the overall 
quality of the liver should be made at this time, and liver 
biopsy should be taken if any consideration is raised. The 
biopsy is taken by liver wedge resection from the left or 
right lobe for the frozen section for pathologic examina-
tion. Then, the soft tissue over the sternum is opened by 
electrocautery along the line for sternotomy. A long Met-
zenbaum scissors or capped suction tip is used for tunnel-
ing behind the sternum to ensure that the posterior aspect 
of the sternum is clean from soft tissue attachment. The 
sternum is divided by electric sawing with bone wax ap-
plied to the cut surface. Then, a sternal retractor is applied 
to open the chest wall. The pleura and pericardium should 
be remained intact at this stage. A surgical pack applied 
over the chest wound may allow to give the cardiothoracic 
team for clean surgical field. Now, the concentration is di-
rected to the dissection of the abdominal organs.

Identification of the distal aorta
The retroperitoneum is incised along the white line of Toldt 
from the cecum to the hepatic flexure (Fig. 7). The dissec-
tion is continued superiorly and medially along the retro-
peritoneal avascular plane to mobilize and retract the as-
cending colon medially. The right ureter is easily identified 
and preserved with the surrounding tissue. The dissection 
is continued by the Cattell–Braasch and Kocher maneu-
vers (Fig. 8). The inferior duodenal fold division allows the 

broad exposure of the IVC and aorta. This procedure leads 
to left renal vein visualization and superior mesenteric ar-
tery (SMA) palpation at its origin from the aorta. The distal 
part of the abdominal aorta is dissected, and the inferior 
mesenteric artery can be ligated to expose the aorta ad-
equately. A Dacron tie or umbilical tape is placed around 
the distal aortic bifurcation of the common iliac arteries, 
which is used for ligation of the distal aorta prior to cold 
perfusion. Another tie is placed around the aorta proximal-
ly, which is used for fixing the cannula to the aorta. The 
inferior mesenteric vein (IMV) is readily exposed along 
the edge of the dissected mesentery of the sigmoid colon 
lateral to the proximal jejunum. If portal system perfusion 
is required, then the IMV can be isolated, and a tie is encir-
cled for cannula placement [16]. 

Dissection of the liver
The left triangle ligament is divided to mobilize the left 
lobe of the liver. The hepato-gastric ligament division 
should be proceeded with checking the left accessory he-
patic artery that usually arises from the left gastric artery. 
It should be preserved if present. The common bile duct is 
dissected and transected at the level to the upper margin 
of the duodenum. The portal vein is visualized in a metic-
ulous manner. In this time, it should be checked whether 
there is accessory or replacement of the right hepatic 
artery posteriorly to the portal vein by palpating the hepa-
to-duodenal ligament via the foramen of Winslow [16,17]. 

Fig. 8. Kocherization with the mobilization of the infrahepatic inferior 
vena cava and upper margin of both renal veins.

Fig. 9. After the mobilization of the left hepatic lobe, the supraceliac 
aorta should be exposed with movement of the esophagus toward the left 
and blunt dissection of the periaortic soft tissue.
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It usually arises from the right side of the SMA. The right 
gastric artery and veins are tied and divided. The proper 
hepatic artery as well as the gastroduodenal artery (GDA) 
is dissected carefully toward the celiac trunk. As the dis-
section proceeds, the splenic and left gastric arteries are 
seen, and a short segment is dissected, respectively, for 
transection after cold perfusion. The left gastric vein may 
be encountered, which is ligated and divided. The liver dis-
section is now completed.

Dissection of the aorta around the diaphragm
The hepato-esophageal ligament is divided, and the esoph-
agus is retracted left laterally. The aorta pulse is palpated, 
and the overlayer crus is divided to expose the aorta. A 
thin fascia layer is incised, and the aorta is freed from the 
surrounding attachment (Fig. 9). A nylon type is encircled 
over this segment of the aorta that is subsequently tied 
when the cold perfusion is commenced to limit the per-
fusion to the abdominal organs. The dissection must be 
performed to prevent the injury of the aorta, especially the 
posterior part of the aorta for bringing through the nylon 
type. This procedure can be performed later with a high 
risk of bleeding. Alternatively, proximal aorta clamping 
can be used by the segment of the thoracic aorta in the 
left chest, which is dissected through the pleural cavity 
access. The gallbladder is incised open and flushed with 
room temperature normal saline until the outflow at the 
common bile duct becomes clear. This procedure could 
prevent autolysis by bile acid. The cardiothoracic team is 
informed for scrubbing and proceeds to heart–lung dis-
section.

Insertion of the perfusion cannula and perfusion
The line for perfusion should be checked for whether 
air bubbles are removed. After heart–lung dissection, 
25,000–30,000 IU of unfractionated heparin is adminis-
tered intravenously. The distal abdominal aorta is ligated 
with an umbilical tape tie at the level of the common iliac 
artery bifurcation. A vascular clamp is placed onto the 
aorta approximately 5 cm proximally to this tie to block the 
blood flow to this segment of the aorta where an arterioto-
my is made (Fig. 10). A 20–24-Fr cannula is then inserted 
via arteriotomy into the aorta and secured with a heavy tie 
or umbilical tape. The cannula should be secured, and the 
vascular clamp removed. If the surgeon chooses to use 

Fig. 11. The inferior mesenteric vein is ligated, and a 14-Fr perfusion can-
nula is placed.

Fig. 10. A vascular clamp is placed onto the 
aorta approximately 5 cm proximally to this 
tie to block the blood flow to this segment 
of the aorta where an arteriotomy is made. 
After systemic heparinization (300 units/kg) 
is performed, the distal aorta is ligated, and 
a 24-Fr aortic cannula is placed at this site. 
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the dual-perfusion technique, the IMV is exposed and used 
for venous cannulation and portal flush using a 14-Fr or 
smaller cannula (Fig. 11). At this point, cold perfusion is 
commenced simultaneously with cardiothoracic perfusion. 
The IVC is divided just below the right atrium for blood 
and perfusion fluid drainage. Attention is paid to leave 
adequate length of the IVC with the liver at the suprahe-
patic end. Alternatively, IVC incision for venting the blood 
is made usually at the lower part just proximal to the level 
of the confluence of the common iliac veins. A suction 
tube tip can be placed into the IVC for adequate perfusion 
fluid drainage. At least three sets of suction lines are used 
to properly evacuate the blood and fluid during the perfu-
sion period. At the same time, slush ice is poured into the 
abdominal cavity around the liver, pancreas, kidney, and 
intestine for immediate cooling of the organs. Usually, 
10–20 L of HTK preservation solution is used for flushing. 
The organs are checked in the meantime to ensure that 
the progression of perfusion is adequate. 

Cold Dissection
Liver procurement
In general, liver procurement is performed after heart and 
lung procurement by the cardiothoracic team, and if the 
small intestine is not for procurement, the liver is taken for 
the first time among abdominal organs. The GDA is ligated 
and divided. The portal vein division depends on whether 

the pancreas is for procurement (Fig. 12). With pancre-
atic procurement, the portal vein is divided at the level of 
1–2 cm proximal to the junction of the splenic vein and 
superior mesenteric vein (SMV) [18]. Without pancreatic 
procurement, the division may be at the level distal to the 
confluence of the splenic vein and SMV. The splenic and 
left gastric arteries are divided 0.5–1.0 cm from their ori-
gin arising from the celiac trunk. However, the left gastric 
artery is preserved on the celiac trunk if the left accessory 
hepatic artery is present arising from the left gastric artery. 
Along with celiac trunk dissection, the lymphatic tissues 
and nerve complex are divided at the left side of the aorta, 
and the aorta is exposed. The division of the celiac trunk 
is included with the aortic wall in the ostium for the aortic 
patch. The division of the SMA is included in the aortic 
patch if the right accessory or replacement hepatic artery 
is present. If the pancreas is for procurement, the SMA is 
divided just above the level where the accessory hepatic 
artery arises. The anterior wall of the IVC is divided trans-
versely above the level of the renal vein. After all, the close 
cooperation of the liver and pancreas teams enables suit-
able transplantation without jeopardizing its vasculature.

Procurement of the iliac vessels
The iliac arteries and veins are harvested as long as pos-
sible toward the distal external iliac vessels. The harvest 
of the iliac vessels is usually conducted together as one 
bundle. It should be performed carefully with caution of 
over-pulling on the vessels. The harvested vessels are 
immersed in a jar with HTK solution and packed with two 
more layers of sterile bags for transportation like procured 
organs. The iliac arteries and veins are good vascular 
conduit for artery or vein reconstruction during liver and 
pancreas transplantation [19]. Generally, one set of iliac 
vessels is taken with the liver, and another set is taken 
with the pancreas.

Organ Package and Transportation in Liver Graft
The liver is inspected in the basin. The first sterile bag is 
filled with the liver graft and 700–1,000 mL of HTK solution 
(4°C), and the bag is secured with a tie. It is then placed 
into the second sterile bag filled with 1 L of cold normal 
saline or slush ice and tied. The second bag is placed into 
the third bag and tied. The liver in the three-layered bag is 
then placed in the heat preservation container box filled 
with ice blocks for transportation [16,17].Fig. 12. The portal vein is divided at the level of 1–2 cm proximal to the 

junction of the splenic vein and superior mesenteric vein (SMV) if the 
pancreas is retrieved for transplantation. Otherwise, the division can be at 
the level of the confluence of the splenic vein and SMV.

1 2 cm

With pancreas retrieval
Without pancreas retrieval
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SMALL BOWEL PROCUREMENT

The small bowel procurement procedure consists of warm 
organ dissection with intact donor circulation, aortic perfu-
sion, and post-procurement bench surgery [20]. 

Organ Warm Dissection 
It begins with the standard techniques of abdominal organ 
procurement. A thorough abdominal exploration is quickly 
performed to identify the small bowel conditions and con-
traindications for transplant. The extension of the Cattell–
Braasch maneuver with the mobilization of the right colon 
and duodenum exposes the distal abdominal aorta and 
IVC from the iliac bifurcation up to the SMA. In isolated 
small bowel procurement, proximal intestinal dissection 
is initiated at the ligament of Treitz. The highest jejunal 
arcades are separated close to the jejunal wall, and the 
proximal jejunum is divided 5–10 cm distal to the ligament 
of Treitz with a linear stapler. The gastrocolic omentum 
is divided from the pylorus up to the splenic flexure of the 
colon, and then, the left colon is mobilized. 

The preparation of the intestinal graft continues with 
the division of the terminal ileum closely proximal the ileo-
cecal valve (Fig. 13), following the dissection laterally and 
distally along the mesocolon outside of the ileocolic SMA 
arcade. It is emphasized that careful dissection should be 
performed to avoid the disruption of any vascular arcade 
with maximal preservation of the terminal ileum. If the 
right colon retrieval is needed together, the colon resection 

line should be distal to the shedding area of the middle 
colic artery. The distal colon has been free from the splen-
ic flexure and retracted out of the surgical field. The duo-
denum should be preserved for pancreatic procurement. 
According to the medial visceral rotation, it allows that the 
tail of the pancreas with the spleen, left side of the aorta, 
and origin of the mesenteric vessels are exposed. In the 
standard simultaneous procurement of the small bowel, 
pancreas, and liver, the GDA is ligated during the retrieval 
of the liver, and the pancreas will be deprived of the su-
perior pancreaticoduodenal artery, which is the terminal 
branch of the GDA. Therefore, it is emphasized that the in-
ferior pancreaticoduodenal artery should be intact with the 
pancreas to avoid the devascularization of the pancreatic 
head and uncinate process. 

In situ flushing 
The remaining dissection is identical via abdominal solid 
organs cold perfusion. At the time of cold perfusion, the 
intestine should not be in direct contact with slush ice 
using an isolated laparotomy pad to prevent subserosal 
hematoma. Intestinal perfusion is limited to approximate-
ly 500–1,000 mL by manual compression of the SMA to 
avoid hyperperfusion [21]. In addition, the use of the IMV 
for flushing during intestinal procurement is discouraged, 
as high flow and pressure in the IMV flush decrease the 
intestinal outflow through the SMV [22]. After cold perfu-
sion, the liver is removed first, and the mesenteric root at 

Fig. 14. The surgical stapling device is placed immediately below the 
middle colic vessels.Fig. 13. Level of the transection for small bowel procurement.
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the bisected ligament of Treitz is dissected medially to 
isolate the SMA and SMV immediately below the takeoff 
of the middle colic vessels. Great care must be taken to 
maintain the vascular integrity of the pancreas through the 
preservation of the inferior pancreaticoduodenal arcades. 
Therefore, pancreas and intestine procurement should be 
performed simultaneously with discussion between the 
two teams. The intestinal allograft remains attached by its 
vascular pedicle and is separated using a TA 60 stapling 
device just distal to the middle colic vessels, followed by 
sharp transection to create an intestinal allograft vascular 
cuff (Fig. 14). Gently separating the SMA and SMV 2–3 cm 
below the uncinate process of the pancreas is safe. The 
anterior side of the mesenteric root should be marked with 
a polypropylene suture to avoid rotated implantation. The 
totally procured intestinal allograft is wrapped in a surgical 
pad before removal en bloc, leaving the pancreas free for 
isolated procurement [23]. 

Back-table procedure 
Isolated small bowel grafts require little revision during the 
bench procedure. However, in most cases, the vascular 
conduits are required to lengthen the graft arterial supply 
or venous drainage. Usually, either a short portion of the 
external iliac or superficial femoral artery and vein is of 
suitable caliber for anastomosis to the superior mesenter-
ic vessels in an end-to-end fashion. The procured donor 
isolated small bowel is ready for transplantation. 

PANCREATIC PROCUREMENT

The recovery of the pancreas from a deceased donor is a 
part of standardized multi-organ recovery [24]. The recov-
ery process starts with the observation and palpation of 
the pancreas to decide whether the pancreas is suitable 
for transplantation, and the most important method for de-
ciding the appropriateness of the pancreas for transplan-
tation is a direct visual inspection at the time of recovery. 
First, the portions of the head and body are exposed after 
the dissection of the hepatogastric ligament. Then, the 
greater omentum is separated from the transverse colon 
to open the lesser sac, and the whole pancreas is exposed 
for evaluation (Fig. 15). Most surgeons give up pancreas 
recovery in cases of significant calcification, fibrosis, fat 
infiltration, and edema in the pancreas or severe athero-
sclerosis in the feeding arteries.

When the pancreas is considered suitable for recovery, 
the dissection of the pancreas and duodenum is initiated. 
First, the pancreatic head, aorta, and IVC are exposed after 
dissection with the Kocher maneuver. The anterior and 
posterior pancreaticoduodenal arteries are ligated to apply 
the gastrointestinal anastomosis (GIA) stapler. The right 
gastric artery is ligated as well as the supraduodenal ar-
teries. Caution is needed to avoid injuring atypical right he-
patic arteries originating from the SMA. After the ligation 
of the supraduodenal arteries, the GDA from the common 

Fig. 15. The greater omentum is separated from the transverse colon to 
open the lesser sac, and the whole pancreas is exposed for evaluation.

Fig. 16. The first portion of the duodenum is circumferentially dissected, 
and a mechanical stapler is used to divide the duodenum from the stom-
ach just distal to the pylorus. The stapler is also used to divide the duode-
num just distal to the ligament of Treitz.
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hepatic artery is exposed. For tagging with 6–0 polypro-
pylene at the time of recovery, the GDA is encircled with a 
vessel loop. Dissection should progress from the GDA to 
the celiac trunk to identify the origin of the splenic artery 
that should be encircled with a vessel loop. The IMV at the 
lower border of the pancreas should be identified and en-
circled with a vessel loop. If the surgeon in charge of liver 
recovery considers carrying out portal perfusion through 
the IMV, it is important not to insert the cannula deep into 
the pancreas.

A nasogastric tube is lowered to the ligament of Treitz, 
and the proximal jejunum is clamped for duodenal irri-
gation with a mixture of antibiotics and antifungals and 
normal saline. After irrigation, the nasogastric tube is re-
positioned up to the stomach. The proximal duodenum is 
separated from the pylorus with a GIA 60 stapler (Fig. 16).

After perfusion with the HTK solution, the pancreas and 
liver is usually separated in situ. The splenic artery is sep-
arated from the celiac trunk at the origin, and the GDA is 
divided from the common hepatic artery at the origin; both 
arteries should be tagged with 6–0 polypropylene before 
separation. The portal vein should be divided at an appro-
priate point to secure a proper length. After finishing liver 
recovery, the SMA is separated at its origin from the aorta 
(Fig. 17). During the separation of the SMA, caution should 
be taken not to injure the renal arteries. The IMV is ligated 
at the lower border of the pancreas. The mesenteric root 
below the uncinate process is divided with a TA 90 stapler. 
The spleen is separated from the stomach by dividing the 
short gastric arteries. While the spleen is held in the sup-
porting hand, the distal pancreas and spleen are separated 
from adjacent tissues (Fig. 18). After recovery of both kid-
neys, the en bloc dissection of the common, external, and 
internal iliac arteries is performed for Y-graft interposition 
at the time of back-table procedures (Fig. 19) [25].

KIDNEY PROCUREMENT

There are no significant differences in the long-term al-

Fig. 19. The procurement of the common, external, and internal iliac 
arteries is performed for Y-graft interposition at the time of back-table 
procedures.

Fig. 18. While the spleen is held in the supporting hand, the distal pancre-
as and spleen are separated from adjacent tissues.

Fig. 17. The superior mesenteric artery (SMA) is separated at its origin 
from the aorta. During the separation of the SMA, caution should be taken 
not to injure the renal arteries.
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lograft function between multi-organ and kidney-only do-
nors [26]. If the pancreas is not to be recovered, the duode-
num and pancreas are mobilized to the left side to expose 
the IVC, aorta, right kidney, and right ureter [26]. When the 
pancreas is recovered, the retroperitoneal organs may 
be more easily exposed. The right ureter is visible at the 
level of the right common iliac artery and dissected and 
transected near the bladder [16]. The tip of the right ureter 
is held with mosquito forceps. In the same manner as in 
the right ureter, the left ureter is dissected after the mobi-
lization of the descending and sigmoid colons. Thereafter, 
both ureters are proximally dissected while preserving 
the peri-ureteric vessels and tissues. Of note, the lower 
polar artery should be preserved to prevent ureteric com-
plications such as stricture and leakage [27]. After ureter 
dissection, the aorta and IVC are transected at the iliac 

bifurcation level and are pulled upward with mosquito for-
ceps to separate them from the lumbar spines. Afterward, 
the proximal ends of the aorta and IVC are transected and 
separated from the lumbar spines. The en bloc kidneys are 
recovered after the dissection of the retroperitoneal neuro-
fibrous tissues (Fig. 20).

The kidneys are placed en bloc in a cold preservation 
solution and separated on the back table. The left renal 
vein is dissected at its junction with the IVC (Fig. 21). The 
aortic wall is then divided longitudinally with the inspection 
of the renal artery orifices from within the aortic lumen 
(Fig. 22). The posterior aortic wall is then divided between 
the renal artery orifices. This completes the division of the 
right and left kidneys.

Fig. 22. The aortic wall is divided longitudinally down its center aspect, 
which allows for inspection of the renal artery orifices.

Fig. 21. The left renal vein is identified and divided at its junction with the 
inferior vena cava.

A B C

Fig. 20. The two kidneys are removed en 
bloc with the cava and aorta. The lateral at-
tachments of the kidney is divided, and the 
ureters are traced caudally and transected 
distally near the bladder junction (A). The 
aorta and inferior vena cava are divided at 
their bifurcations. The ureters and these 
vessels are retracted cephalad and ante-
riorly, along with the two kidneys (B), and 
dissection proceeds along their posterior 
aspects, anterior to the surface of the verte-
bral bodies and psoas muscle (C).
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CONCLUSION

The current shortage of suitable donor organs underlines 
the need for optimization of deceased donor manage-
ment. Treatment strategies aim at reducing the detrimen-
tal effects of a cascade of hemodynamic, inflammatory, 
and immunologic events that affect the outcome of trans-
planted organs. The optimal management of the potential 
organ donor can help increase the supply of organs for 
transplantation.

Organ procurement from a deceased donor should be 
planned in advance because the procedure affects the out-
comes of transplantation. The importance of having a firm 
grasp on the surgical technique of both the harvest and 
organ transplantation cannot be overemphasized. 
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