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Background. Withdrawal of life-sustaining therapy (WLST) performed in the circulatory determination of death (DCD) 
donors leads to cardiac arrest, challenging the utilization of the myocardium for transplantation. The rapid initiation of nor-
mothermic regional perfusion or extracorporeal membrane oxygenation after death helps to optimize organs before implan-
tation. However, additional strategies to mitigate the effects of stress response during WLST, hypoxic/ischemic injury, and 
reperfusion injury are required to allow myocardium recovery. Methods. To this aim, our team routinely used a precondition-
ing protocol for each DCD donation before and during the WLST and after normothermic regional perfusion/extracorporeal 
membrane oxygenation. The protocol includes pharmacological treatments combined to reduce oxidative stress (melatonin, 
N-acetylcysteine, and ascorbic acid), improve microcirculation (statins), and mitigate organ’s ischemic injury (steroids) and 
organ ischemia/reperfusion injury (remifentanil and sevoflurane when the heart is available for transplantation). Results. This 
report presents the first case of recovery of cardiac function, with the only support of normothermic regional reperfusion, 
following 20 min of a no-touch period and 41 min of functional warm ischemic time in a DCD donor after the precondition-
ing protocol. Conclusions. Our protocol seems to be effective in abolishing the stress response during WLST and, on 
the other hand, particularly organ protective (and heart protective), giving a chance to donate organs less impaired from 
ischemia/reperfusion injury. 

(Transplantation 2024;00: 00–00).

INTRODUCTION
Controlled donation after circulatory determination of 
death (DCD) represents a key strategy to increase the 
availability of organs and address the growing demand 
for transplantation.1 However, the withdrawal of life-
sustaining therapy (WLST) performed in DCD donors 

leads to cardiac arrest, challenging the utilization of the 
ischemic myocardium for transplantation.2 The difficulty 
of using hearts for transplantation after DCD is greater in 
Italy, considering the required 20 min of “no-touch period” 
to certify death before organs can be retrieved, the longest 
among European countries performing DCD.1
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Three phases of myocardium exposure to injury can be 
defined in DCD transplantation: warm hypoxic/ischemic 
injury from WLST to death; warm ischemic injury dur-
ing the asystolic no-touch period; and ischemic/reperfu-
sion injury during normothermic regional reperfusion 
(NRP) and organ cold storage or ex vivo organ perfu-
sion, transportation, and implantation.3 The rapid ini-
tiation of NRP with aortic ballooning after death helps 
to minimize the impact of warm ischemic time and 
optimize the abdominal donor organs before implan-
tation.4 However, additional strategies to mitigate the 
effects of stress response during the WLST, hypoxic/
ischemic injuries, and reperfusion injuries could be used 
to facilitate the recovery of myocardium.4 To this aim, 
in the Department of Anesthesiology and Critical Care 
of Treviso Regional Hospital, a preconditioning proto-
col has been defined and is routinely adopted for DCD 
donation before and during the WLST and after NRP/
extracorporeal membrane oxygenation (ECMO) reperfu-
sion. The protocol includes pharmacological treatments 
combined to reduce oxidative stress (N-acetylcysteine, 
melatonin, and ascorbic acid), improve microcirculation 
(statins), and mitigate organ’s ischemic injury (steroids) 
and organ ischemia/reperfusion injury (remifentanil; 
Figure 1). These drugs have been combined for the first 
time in this clinical protocol since, according to the lit-
erature, their benefits were individually studied. No 
clinical studies have been reported about their combina-
tion. This report presents the first case of a successful 
recovery of cardiac function, with the only support of 
NRP, following 20 min of a no-touch period and 41 min 
of functional warm ischemic time in a DCD donor after 
the preconditioning protocol.

CASE PRESENTATION
In April 2023, a 62-y-old patient was admitted to the 

cardiac intensive care unit in postanoxic coma after 40 min 
of cardiac arrest caused by ventricular fibrillation for 
mitral valve prolapse and fibrosis of the papillary muscles 
with a moderate insufficiency.5

Following admission, several clinical, neurophysi-
ological (electroencephalogram, somatosensory evoked 
potentials), and neuroradiological (cerebral computed 
tomography scan and brain MRI) evaluations defined a 
severe neurological prognosis. The family refused a severe 
disability condition, in accordance with the will expressed 
in life of their relative, and understood the appropriate-
ness of starting WLST, accepting the opportunity to donate 
the patient’s organs. According to the protocol approved 
by the ethics committee, the WLST was anticipated by 
a phase sedation to prevent distress at the end of life, as 
recommended by the Italian Society of Anesthesia and 
Intensive Care Guidelines.6

The preconditioning protocol started as soon as the next 
of kin were informed about medical decisions on WLST 
and advanced the willingness to donate (for a total of 3 
d). Despite a pulmonary contusion and a previous pseu-
domonas infection successfully treated, the possibility of 
donating lungs was considered, together with liver and 
kidneys. The heart, even if the patient was younger than 65 
y, was not considered viable for transplantation because of 
the previous damage history.

The patient was subjected to a pronation cycle to 
improve the perfusion–ventilation coupling of the lung 
atelectatic area. During this maneuver, a second short 
cardiac arrest occurred because of an endotracheal tube 
obstruction. The patient was resuscitated and reposi-
tioned supine; vital signs were within the normal range, 
and the high-sensitive troponin T curve rose slightly, 
reaching 57 ng/L.

On the day of WLST, femoral vessel cannulation was 
performed, and a heparin bolus of 300 IU/kg was admin-
istered after sedation started near the agonic phase (Video 
S1). The agonic phase lasted 16 min (Video S2). After the 
declaration of death and 20 min of no-touch period, car-
diac surgeons inserted ECMO cannulas through femoral 
introducers (Figure S1 and Table S1, SDC, http://links.
lww.com/TP/C976). After NRP, a vascular complication 
in the femoral artery site occurred, preventing the cor-
rect positioning of the intra-aortic balloon. As a conse-
quence, after 12 min from the beginning of reperfusion, 

FIGURE 1. Preconditioning protocol phases and administered drugs. MAC, minimum alveolar concentration.
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we assisted in an accidental, unexpected resumption of 
cardiac function without any inotropic support (Video 
S3). Due to this unexpected condition, an emergent 
median sternotomy was performed to quickly isolate and 
exclude supra-aortic trunk circulation, according to our 
national guidelines on DCD donation. Blood chemistry 
tests showed a rapid improvement in lactic acid clearance, 
no significant increases in aspartate transaminase and 
alanine transaminase parameters, and a slight increase 
in high-sensitive troponin T (Table 1). After 30 min, the 
body was ready to be weaned off from ECMO, which was 
maintained to facilitate the removal of the lungs, liver, and 
kidneys. These organs were successfully transplanted with 
early graft and functional recovery in the recipients.

DISCUSSION
We report the first case of recovery of cardiac func-

tion without heart surgery maneuvers following 20 min 
of a no-touch period in a DCD donor. In this patient, a 
preconditioning protocol was applied to minimize the 
stress response before and during the WLST phase, giv-
ing a more dignified time of death and huge benefits for 
the organ recipient, thanks to preventing and reducing 
organ ischemia damage. Within the preconditioning pro-
tocol, the N-acetylcysteine (NAC) treatment is used along 
all 3 phases (Figure 1). NAC is a synthetic derivative of 
the amino acid l-cysteine, which has been extended to 
treat ischemia–reperfusion cardiac injury.7,8 NAC has 
been shown to potentiate the vasodilator effects of nitro-
glycerin and angiotensin-converting enzyme inhibitors 
and to reduce myocardial oxidative stress, thanks to its 

well-known antioxidant activity (glutathione replenish-
ment and reactive oxygen species scavenging).9 Moreover, 
NAC is also a potent antithrombotic drug.10 The precon-
ditioning protocol also provides the administration of sta-
tin8 to improve microcirculation and inhibit the release 
of inflammatory cytokines and mitochondrial reactive 
oxygen species,11 melatonin to reduce oxidative stress 
and myocardial apoptosis,12 and ascorbic acid to prevent 
apoptosis and inflammation.13 Before the warm ischemia, 
a steroid bolus was administered to attenuate ischemic 
injury to the organ.14 Among opioids, remifentanil is 
protective against ischemia–reperfusion injury by lower-
ing hypoxia-mediated protein carboxylation and limiting 
inflammatory reactions.15

Target-controlled infusion is a widely used computer-
controlled method for rapidly achieving and maintaining 
a stable concentration at the effect site of anesthetic drugs 
(ie, Propofol and Remifentanil) based on physiological 
parameters, such as the patient’s age, weight, height, and 
sex during total intravenous anesthesia.16,17 According to 
our protocol, the estimated concentration at the effector 
site (Ce) of Propofol was targeted to >1.5 µg/mL and that 
of remifentanil to >1.5 ng/mL, aiming to suppress the sym-
pathetic activity and guarantee a dignitary (and ethically 
approved) agonic phase.

Sevoflurane is added to the protocol when the myocar-
dium is available for transplantation based on increas-
ing evidence suggesting its role in reducing myocardial 
ischemia–reperfusion injury.18 These properties, combined 
with the safety profile, low cost, and ease of administra-
tion, make the preconditioning protocol a potential bullet 
for reducing ischemia–reperfusion damage in solid organ 

TABLE 1.

Blood chemistry test and blood gas analysis

Parameters (normal lab value) 

08:15 09:31 09:34 10:06 10:15 10:24 10:42 11:08 

Pre–agonic phase Agonic phase Asystolic no-touch period ECMO perfusion

pH (7.35–7.45) 7.57 7.46 7.44 7.17 7.07 7.45 7.54 7.6
pCO

2
 (35–45 mm Hg) 35 43 46 92 71 56 24 26

pO
2
 (80–100 mm Hg) 100 36 29 19 75 384 309 232

Na (136–145 mEq/L) 138 140 140 136 134 155 142 144
K (3.4–4.5 mEq/L) 3.5 3.3 3.6 4.1 5.1 3.3 3.6 3.5
Cl (98–107 mEq/L) 108 105 103 101 97 106 103 103
Ca (1.15–1.29 mg/dL) 1.1 1.02 1.07 0.97 1 0.8 0.89 0.82
Hct (40%–52%) 24 24 25 26 24 23 23  
Glu (74–109 mg/dL) 116 122 119 109 453 210 229 236
Lac (0.5–2.2 mmol/L) 0.9 1 1.2 2.7 9.5 9.2 8.6 8.3
Hb (14–18 g/dL) 9.3 9.4 9.6 9.4 9.1 9.2 9.3 10
O2

Hb (95%–98% Hb
tot

) 96.9 55.4 35.7 10.2 89.3 98.9 97.9 97.5
sO

2
 (40%–97%) 98.8 56 36.2 10.3 90.8 100.4 100.1 100.3

BE (0–3 mmol/L) 10.1 6.8 7 5.3 -9.5 14.9 -2 4.4
Creatinine (0.67–1.17 mg/dL) 0.53     0.37 0.51 0.41
AST (4–40 U/L) 51     42 38 35
ALT (4–41 U/L) 31     21 22 20
cTnT-hs (0–14 ng/L) 81     49 57 43
CK-MB (0–3.8 ng/L) 1.2     0.8 1.5 1.1
LDH (135–214 mU/mL) 328     264 277 242
CPK (20–180 U/L) 33     24 27 23

ALT, alanine transaminase; AST, aspartate transaminase; CK-MB, creatine kinase-myocardial band; CPK, creatinine phosphokinase; cTnT-hs, high-sensitive troponin T; ECMO, extracorporeal membrane 
oxygenation; Glu, glucose; Hb, hemoglobin; Hct, hematocrit; Lac, lactic acid; LDH, lactate dehydrogenase.
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transplantation. For instance, this patient did not donate 
a heart because of primitive damage. Notably, the same 
protocol led to the first heart transplantation in another 
patient a few weeks before, discussed elsewhere.19 In this 
patient, cardiac surgery maneuvers were adopted to resus-
citate the heart (cross-clamping of aorta, infusion with 
cardioplegic C Buckberg solution, insertion of a right pul-
monary vein vent, clamping of epiaortic vessels, and then 
removing of the aortic clamp and weaning from cardiopul-
monary bypass).19

The outstanding results described in this report suggest 
that the preconditioning protocol should be further inves-
tigated to optimize the DCD resource, in particular, to elu-
cidate which of the drugs adopted in the protocol has the 
highest clinical relevance in reducing organ damage after 
ischemia–reperfusion injury, and to define the better tim-
ing to start this protocol. Moreover, after the validation 
of this approach, the preconditioning therapy could be 
extended to patients following ischemia to protect organs 
from oxidative stress damage.
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