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Cells Mitochondria isolation
Transplantation
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Extracellular mitochondria can be used therapeutics for mitochondria related diseases 

Evidences are reported for treatment with isolated mitochondria at clinical use

1 Transplantation of Autologous Derived Mitochondria Following Ischemia

Boston Children’s Hospital (USA, 2016. 8) https://www.clinicaltrials.gov/ct2/show/NCT02851758

2 Mitochondrial-enriched Autologous CD34+ Cells for Non- inherited Mitochondrial Disorders (MNV-BLD-1)

Sheba Medical Center (Israel, 2017.12) https://www.clinicaltrials.gov/ct2/show/NCT03384420

3 Autologous Mitocondrial Transfer in ICSI to Improve Oocyte and Embryo Quality in IVF Patients. Pilot Study

IVI Valencia (Spain, 2016.10)  https://www.clinicaltrials.gov/ct2/show/NCT02586298

Mitochondrial transplantation therapy

LUCA Science Inc.

Mitochondria isolation 
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2018/12/6 Hearts get a boost from mitochondrial transplantation

https://vector.childrenshospital.org/2018/07/hearts-get-a-boost-from-mitochondrial-transplantation/ 2/6

After cardiac arrest, for instance, a child’s mortality rate jumps to above 40 percent because of ischemia’s

effects on mitochondria. If a child’s heart is too weak to function without the support of ECMO, his or her risk

of dying increases each additional day spent connected to the machine.

But what if healthy mitochondria could come to the rescue and replace the damaged ones?

In his laboratory, McCully spent years working to perfect a method to very, very quickly extract healthy

mitochondria from cells and then deliver a purified dose of mitochondria into ailing heart muscle.

“It was like putting a booster pack on a car battery,” McCully says about the effects of mitochondrial

transplantation that he documented in rabbit, pig and sheep hearts.

Now, McCully is working with heart surgeon Sitaram Emani, MD, to bring mitochondrial transplantation

to humans in a clinical trial at the Boston Children’s Heart Center. From the clinical trial data, McCully and

Emani hope to pinpoint exactly when mitochondrial transplantation should be performed to be the most

effective. So far, it appears that the sooner the better.

Against all odds

Looking after the sickest of the sick patients in the Cardiac Intensive Care Unit (CICU), Emani offers the

experimental therapy to those patients on ECMO whose hearts are failing to regain function on their own.

As they spend more time on ECMO, their chance of recovery grows more and more slim.

Mitochondrial transplantation saved Avery’s life. Read her story.

“We know this is their only chance to come off ECMO,” says Emani. “Since we use the patient’s own

mitochondria, the risks are relatively low.”

With consent from a patient’s family, Emani and McCully spring into action.

To perform mitochondrial transplantation, Emani harvests a small, pencil­eraser­sized piece of tissue from

an area of the patient’s skeletal muscle that has been unaffected by ischemia. Then, from the harvested

tissue — which can contain upwards of 100 million mitochondria — McCully works fast to purify the

mitochondria and prepare the transplant.

“Time is of the essence,” McCully explains. “The healthy mitochondria must be extracted and transplanted

quickly before they, too, become damaged by lack of blood flow.”

Boston Children's Hospital 

described in Table 1. None of the patients had arrhythmias or
bleeding related to epicardial injections. Of the 5 subjects, 4
demonstrated improvement in ventricular function and were
successfully separated from ECMO support.

DISCUSSION
This report describes the use of mitochondrial

autotransplantation for myocardial recovery in pediatric
patients who require ECMO support as a result of
ischemia-reperfusion injury. Patients did not have adverse
short-term complications related to mitochondrial injection
(arrhythmia, intramyocardial hematoma, or scarring), and
all demonstrated improvement in ventricular function
within several days after treatment. Mitochondrial therapy
is most advantageous if delivered as soon after ischemic
injury as possible, as evidenced by studies in animal
models. The patients in this series, however, were selected
because they showed no recovery of myocardial function
despite 1 to 2 days of ECMO support, and spontaneous
recovery of ventricular function did not seem likely. Future
studies investigating the optimal timing of therapy are
necessary. It is possible that ventricular function might

have improved without mitochondrial autotransplantation,
and a randomized clinical trial is therefore necessary to
demonstrate the efficacy of the strategy.
The dose of mitochondria and the method of delivery in

this study were based on previous animal experience and
extrapolated to human patient cardiac mass.2 Future dose
escalation studies are necessary to determine the optimal
dose of mitochondria necessary in human patients.
Although epicardial injection was used in this study,
alternative delivery methods, including transcoronary
delivery, are currently under investigation.
There was no detectable difference between preinjection

and postinjection markers of systemic inflammatory
response syndrome (as evidenced by stable respiratory
and renal status), in agreement with animal study data.2

Autopsy of patient 1 revealed no signs of inflammation or
rejection at the sites of injection, and white blood cell
counts had no clinically relevant change.

CONCLUSIONS
These cases demonstrate the first clinical application of a

novel technique of mitochondrial autotransplantation that
may be useful for patients with ischemia-reperfusion injury.

VIDEO 1. Ventricular function according to echocardiography of patient

2 beforemitochondrial autotransplantation. Video available at: http://www.

jtcvsonline.org/article/S0022-5223(17)30258-1/addons.

VIDEO 2. Ventricular function according to echocardiography of patient

2 after mitochondrial autotransplantation. Video available at: http://www.

jtcvsonline.org/article/S0022-5223(17)30258-1/addons.

FIGURE 1. A, Biopsy of nonischemic skeletal muscle. B, Injection of autologous mitochondria into the myocardium with an insulin syringe.

Congenital: Transplantation: Basic Research Report

The Journal of Thoracic and Cardiovascular Surgery c Volume 154, Number 1 287
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Today, 2 1/2 year-old Avery Gagnon looks perfectly healthy and happy.

For decades, cardiac researcher James McCully, PhD, has been spellbound by the idea of
using mitochondria, the “batteries” of the body’s cells, as a therapy to boost heart
function. Finally, a clinical trial at Boston Children’s Hospital is bringing his vision — a
therapy called mitochondrial transplantation — to life.
Mitochondria, small structures inside all of our cells, synthesize the essential energy that
our cells need to function. In the field of cardiac surgery, a well-known condition called
ischemia often damages mitochondria and its mitochondrial DNA inside the heart’s muscle
cells, causing the heart to weaken and pump blood less efficiently. Ischemia, a condition of
reduced or restricted blood flow, can be caused by congenital heart defects, coronary
artery disease and cardiac arrest.
For the smallest and most vulnerable patients who are born with severe heart defects, a
heart-lung bypass machine called extracorporeal membrane oxygenation (ECMO) can help
restore blood flow and oxygenation to the heart. But even after blood flow has returned,
the mitochondria and their DNA remain damaged.

A, Biopsy of nonischemic skeletal muscle B, Injection of autologous mitochondria into the myocardium with an insulin syringe

Hearts get a boost from mitochondrial transplantation

LUCA Science Inc.
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These cases demonstrate the first clinical application of a

novel technique of mitochondrial autotransplantation that
may be useful for patients with ischemia-reperfusion injury.

VIDEO 1. Ventricular function according to echocardiography of patient

2 beforemitochondrial autotransplantation. Video available at: http://www.
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VIDEO 2. Ventricular function according to echocardiography of patient

2 after mitochondrial autotransplantation. Video available at: http://www.
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FIGURE 1. A, Biopsy of nonischemic skeletal muscle. B, Injection of autologous mitochondria into the myocardium with an insulin syringe.
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Today, 2 1/2 year-old Avery Gagnon looks perfectly healthy and happy.

For decades, cardiac researcher James McCully, PhD, has been spellbound by the idea of
using mitochondria, the “batteries” of the body’s cells, as a therapy to boost heart
function. Finally, a clinical trial at Boston Children’s Hospital is bringing his vision — a
therapy called mitochondrial transplantation — to life.
Mitochondria, small structures inside all of our cells, synthesize the essential energy that
our cells need to function. In the field of cardiac surgery, a well-known condition called
ischemia often damages mitochondria and its mitochondrial DNA inside the heart’s muscle
cells, causing the heart to weaken and pump blood less efficiently. Ischemia, a condition of
reduced or restricted blood flow, can be caused by congenital heart defects, coronary
artery disease and cardiac arrest.
For the smallest and most vulnerable patients who are born with severe heart defects, a
heart-lung bypass machine called extracorporeal membrane oxygenation (ECMO) can help
restore blood flow and oxygenation to the heart. But even after blood flow has returned,
the mitochondria and their DNA remain damaged.

A, Biopsy of nonischemic skeletal muscle B, Injection of autologous mitochondria into the myocardium with an insulin syringe
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After cardiac arrest, for instance, a child’s mortality rate jumps to above 40 percent because of ischemia’s

effects on mitochondria. If a child’s heart is too weak to function without the support of ECMO, his or her risk

of dying increases each additional day spent connected to the machine.

But what if healthy mitochondria could come to the rescue and replace the damaged ones?

In his laboratory, McCully spent years working to perfect a method to very, very quickly extract healthy

mitochondria from cells and then deliver a purified dose of mitochondria into ailing heart muscle.

“It was like putting a booster pack on a car battery,” McCully says about the effects of mitochondrial

transplantation that he documented in rabbit, pig and sheep hearts.

Now, McCully is working with heart surgeon Sitaram Emani, MD, to bring mitochondrial transplantation

to humans in a clinical trial at the Boston Children’s Heart Center. From the clinical trial data, McCully and

Emani hope to pinpoint exactly when mitochondrial transplantation should be performed to be the most

effective. So far, it appears that the sooner the better.

Against all odds

Looking after the sickest of the sick patients in the Cardiac Intensive Care Unit (CICU), Emani offers the

experimental therapy to those patients on ECMO whose hearts are failing to regain function on their own.

As they spend more time on ECMO, their chance of recovery grows more and more slim.

Mitochondrial transplantation saved Avery’s life. Read her story.

“We know this is their only chance to come off ECMO,” says Emani. “Since we use the patient’s own

mitochondria, the risks are relatively low.”

With consent from a patient’s family, Emani and McCully spring into action.

To perform mitochondrial transplantation, Emani harvests a small, pencil­eraser­sized piece of tissue from

an area of the patient’s skeletal muscle that has been unaffected by ischemia. Then, from the harvested

tissue — which can contain upwards of 100 million mitochondria — McCully works fast to purify the

mitochondria and prepare the transplant.

“Time is of the essence,” McCully explains. “The healthy mitochondria must be extracted and transplanted

quickly before they, too, become damaged by lack of blood flow.”

Boston Children's Hospital 

described in Table 1. None of the patients had arrhythmias or
bleeding related to epicardial injections. Of the 5 subjects, 4
demonstrated improvement in ventricular function and were
successfully separated from ECMO support.

DISCUSSION
This report describes the use of mitochondrial

autotransplantation for myocardial recovery in pediatric
patients who require ECMO support as a result of
ischemia-reperfusion injury. Patients did not have adverse
short-term complications related to mitochondrial injection
(arrhythmia, intramyocardial hematoma, or scarring), and
all demonstrated improvement in ventricular function
within several days after treatment. Mitochondrial therapy
is most advantageous if delivered as soon after ischemic
injury as possible, as evidenced by studies in animal
models. The patients in this series, however, were selected
because they showed no recovery of myocardial function
despite 1 to 2 days of ECMO support, and spontaneous
recovery of ventricular function did not seem likely. Future
studies investigating the optimal timing of therapy are
necessary. It is possible that ventricular function might

have improved without mitochondrial autotransplantation,
and a randomized clinical trial is therefore necessary to
demonstrate the efficacy of the strategy.
The dose of mitochondria and the method of delivery in

this study were based on previous animal experience and
extrapolated to human patient cardiac mass.2 Future dose
escalation studies are necessary to determine the optimal
dose of mitochondria necessary in human patients.
Although epicardial injection was used in this study,
alternative delivery methods, including transcoronary
delivery, are currently under investigation.
There was no detectable difference between preinjection

and postinjection markers of systemic inflammatory
response syndrome (as evidenced by stable respiratory
and renal status), in agreement with animal study data.2

Autopsy of patient 1 revealed no signs of inflammation or
rejection at the sites of injection, and white blood cell
counts had no clinically relevant change.

CONCLUSIONS
These cases demonstrate the first clinical application of a

novel technique of mitochondrial autotransplantation that
may be useful for patients with ischemia-reperfusion injury.

VIDEO 1. Ventricular function according to echocardiography of patient

2 beforemitochondrial autotransplantation. Video available at: http://www.
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Today, 2 1/2 year-old Avery Gagnon looks perfectly healthy and happy.

For decades, cardiac researcher James McCully, PhD, has been spellbound by the idea of
using mitochondria, the “batteries” of the body’s cells, as a therapy to boost heart
function. Finally, a clinical trial at Boston Children’s Hospital is bringing his vision — a
therapy called mitochondrial transplantation — to life.
Mitochondria, small structures inside all of our cells, synthesize the essential energy that
our cells need to function. In the field of cardiac surgery, a well-known condition called
ischemia often damages mitochondria and its mitochondrial DNA inside the heart’s muscle
cells, causing the heart to weaken and pump blood less efficiently. Ischemia, a condition of
reduced or restricted blood flow, can be caused by congenital heart defects, coronary
artery disease and cardiac arrest.
For the smallest and most vulnerable patients who are born with severe heart defects, a
heart-lung bypass machine called extracorporeal membrane oxygenation (ECMO) can help
restore blood flow and oxygenation to the heart. But even after blood flow has returned,
the mitochondria and their DNA remain damaged.
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Mitochondrial transfer via membrane nanotube

1. Mitochondria inside MNTs, formed between cells, can exist as a connected
structure either (i) as filamentous mitochondria connected to each other via
intermitochondrial junctions, (ii) in the form of a mitochondrial network, or (iii) as
a combination of both forms.

2. The mitochondrial connection via MNTs functions as a structure conducting (i)
charges (acting as an electrical cable), and/or (ii) electromagnetic radiation in the
optical wavelength region (acting as an optical cable).

3. Both the electrical and optical energy transmitted by the mitochondria inside
MNTs allow for (i) energy as well as (ii) signal exchange between cells.

How well is the above hypothesis supported by experimental evidence?
The predicted continuous/connected mitochondria inside MNTs (part 1 of the

hypothesis) has not yet been explicitly investigated and proven. However, the exist-
ence of mitochondria inside MNTs is proven, and that the mitochondria form
cable-like structures inside MNTs can be seen in several microscopic images
published (see Fig. 1).
Concerning the predicted transfer of charges and electromagnetic radiation along mito-

chondria inside MNTs (part 2 of the hypothesis), no experiments have been performed.
That there could be an electrical coupling between cells via MNTs has been demonstrated
[8, 9, 13, 176]. However, the question of whether mitochondria can be involved in the
electrical cell-to-cell coupling has not been addressed so far. Charge transport along fila-
mentous mitochondria and networks is proven to occur and the notation that mitochon-
dria act as “electrical transmission fibers” agrees with experimental findings (see
“Mitochondria as electrical transmission fibers”). That mitochondria are also generating
electromagnetic radiation in the optical wavelength range is proven (see “Mitochondria:
sources of electrical currents and electromagnetic fields (non-radiating and radiating)”).
The ability of mitochondria to transmit this radiation (or even amplify it) has not been
demonstrated experimentally yet but was predicted theoretically (see “Mitochondria:
sources of electrical currents and electromagnetic fields (non-radiating and radiating)”).

Fig. 3 Visualization of the hypothesis that mitochondria inside MNTs enable energy and signal exchange
between cells

Scholkmann Theoretical Biology and Medical Modelling  (2016) 13:16 Page 13 of 22

Scholkmann F. Theor Biol Med Model. 2016 Jun 6;13(1):16.
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Extracellular mitochondria can be used therapeutics for mitochondria related diseases 

Evidences are reported for treatment with isolated mitochondria at clinical use

1 Transplantation of Autologous Derived Mitochondria Following Ischemia

Boston Children’s Hospital (USA, 2016. 8) https://www.clinicaltrials.gov/ct2/show/NCT02851758

2 Mitochondrial-enriched Autologous CD34+ Cells for Non- inherited Mitochondrial Disorders (MNV-BLD-1)

Sheba Medical Center (Israel, 2017.12) https://www.clinicaltrials.gov/ct2/show/NCT03384420

3 Autologous Mitocondrial Transfer in ICSI to Improve Oocyte and Embryo Quality in IVF Patients. Pilot Study

IVI Valencia (Spain, 2016.10)  https://www.clinicaltrials.gov/ct2/show/NCT02586298

Mitochondrial transplantation therapy
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Mitochondria isolation 
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After cardiac arrest, for instance, a child’s mortality rate jumps to above 40 percent because of ischemia’s

effects on mitochondria. If a child’s heart is too weak to function without the support of ECMO, his or her risk

of dying increases each additional day spent connected to the machine.

But what if healthy mitochondria could come to the rescue and replace the damaged ones?

In his laboratory, McCully spent years working to perfect a method to very, very quickly extract healthy

mitochondria from cells and then deliver a purified dose of mitochondria into ailing heart muscle.

“It was like putting a booster pack on a car battery,” McCully says about the effects of mitochondrial

transplantation that he documented in rabbit, pig and sheep hearts.

Now, McCully is working with heart surgeon Sitaram Emani, MD, to bring mitochondrial transplantation

to humans in a clinical trial at the Boston Children’s Heart Center. From the clinical trial data, McCully and

Emani hope to pinpoint exactly when mitochondrial transplantation should be performed to be the most

effective. So far, it appears that the sooner the better.

Against all odds

Looking after the sickest of the sick patients in the Cardiac Intensive Care Unit (CICU), Emani offers the

experimental therapy to those patients on ECMO whose hearts are failing to regain function on their own.

As they spend more time on ECMO, their chance of recovery grows more and more slim.

Mitochondrial transplantation saved Avery’s life. Read her story.

“We know this is their only chance to come off ECMO,” says Emani. “Since we use the patient’s own

mitochondria, the risks are relatively low.”

With consent from a patient’s family, Emani and McCully spring into action.

To perform mitochondrial transplantation, Emani harvests a small, pencil­eraser­sized piece of tissue from

an area of the patient’s skeletal muscle that has been unaffected by ischemia. Then, from the harvested

tissue — which can contain upwards of 100 million mitochondria — McCully works fast to purify the

mitochondria and prepare the transplant.

“Time is of the essence,” McCully explains. “The healthy mitochondria must be extracted and transplanted

quickly before they, too, become damaged by lack of blood flow.”

Boston Children's Hospital 

described in Table 1. None of the patients had arrhythmias or
bleeding related to epicardial injections. Of the 5 subjects, 4
demonstrated improvement in ventricular function and were
successfully separated from ECMO support.

DISCUSSION
This report describes the use of mitochondrial

autotransplantation for myocardial recovery in pediatric
patients who require ECMO support as a result of
ischemia-reperfusion injury. Patients did not have adverse
short-term complications related to mitochondrial injection
(arrhythmia, intramyocardial hematoma, or scarring), and
all demonstrated improvement in ventricular function
within several days after treatment. Mitochondrial therapy
is most advantageous if delivered as soon after ischemic
injury as possible, as evidenced by studies in animal
models. The patients in this series, however, were selected
because they showed no recovery of myocardial function
despite 1 to 2 days of ECMO support, and spontaneous
recovery of ventricular function did not seem likely. Future
studies investigating the optimal timing of therapy are
necessary. It is possible that ventricular function might

have improved without mitochondrial autotransplantation,
and a randomized clinical trial is therefore necessary to
demonstrate the efficacy of the strategy.
The dose of mitochondria and the method of delivery in

this study were based on previous animal experience and
extrapolated to human patient cardiac mass.2 Future dose
escalation studies are necessary to determine the optimal
dose of mitochondria necessary in human patients.
Although epicardial injection was used in this study,
alternative delivery methods, including transcoronary
delivery, are currently under investigation.
There was no detectable difference between preinjection

and postinjection markers of systemic inflammatory
response syndrome (as evidenced by stable respiratory
and renal status), in agreement with animal study data.2

Autopsy of patient 1 revealed no signs of inflammation or
rejection at the sites of injection, and white blood cell
counts had no clinically relevant change.

CONCLUSIONS
These cases demonstrate the first clinical application of a

novel technique of mitochondrial autotransplantation that
may be useful for patients with ischemia-reperfusion injury.

VIDEO 1. Ventricular function according to echocardiography of patient

2 beforemitochondrial autotransplantation. Video available at: http://www.

jtcvsonline.org/article/S0022-5223(17)30258-1/addons.

VIDEO 2. Ventricular function according to echocardiography of patient

2 after mitochondrial autotransplantation. Video available at: http://www.

jtcvsonline.org/article/S0022-5223(17)30258-1/addons.

FIGURE 1. A, Biopsy of nonischemic skeletal muscle. B, Injection of autologous mitochondria into the myocardium with an insulin syringe.
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described in Table 1. None of the patients had arrhythmias or
bleeding related to epicardial injections. Of the 5 subjects, 4
demonstrated improvement in ventricular function and were
successfully separated from ECMO support.

DISCUSSION
This report describes the use of mitochondrial

autotransplantation for myocardial recovery in pediatric
patients who require ECMO support as a result of
ischemia-reperfusion injury. Patients did not have adverse
short-term complications related to mitochondrial injection
(arrhythmia, intramyocardial hematoma, or scarring), and
all demonstrated improvement in ventricular function
within several days after treatment. Mitochondrial therapy
is most advantageous if delivered as soon after ischemic
injury as possible, as evidenced by studies in animal
models. The patients in this series, however, were selected
because they showed no recovery of myocardial function
despite 1 to 2 days of ECMO support, and spontaneous
recovery of ventricular function did not seem likely. Future
studies investigating the optimal timing of therapy are
necessary. It is possible that ventricular function might

have improved without mitochondrial autotransplantation,
and a randomized clinical trial is therefore necessary to
demonstrate the efficacy of the strategy.
The dose of mitochondria and the method of delivery in

this study were based on previous animal experience and
extrapolated to human patient cardiac mass.2 Future dose
escalation studies are necessary to determine the optimal
dose of mitochondria necessary in human patients.
Although epicardial injection was used in this study,
alternative delivery methods, including transcoronary
delivery, are currently under investigation.
There was no detectable difference between preinjection

and postinjection markers of systemic inflammatory
response syndrome (as evidenced by stable respiratory
and renal status), in agreement with animal study data.2

Autopsy of patient 1 revealed no signs of inflammation or
rejection at the sites of injection, and white blood cell
counts had no clinically relevant change.

CONCLUSIONS
These cases demonstrate the first clinical application of a

novel technique of mitochondrial autotransplantation that
may be useful for patients with ischemia-reperfusion injury.

VIDEO 1. Ventricular function according to echocardiography of patient

2 beforemitochondrial autotransplantation. Video available at: http://www.
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Today, 2 1/2 year-old Avery Gagnon looks perfectly healthy and happy.

For decades, cardiac researcher James McCully, PhD, has been spellbound by the idea of
using mitochondria, the “batteries” of the body’s cells, as a therapy to boost heart
function. Finally, a clinical trial at Boston Children’s Hospital is bringing his vision — a
therapy called mitochondrial transplantation — to life.
Mitochondria, small structures inside all of our cells, synthesize the essential energy that
our cells need to function. In the field of cardiac surgery, a well-known condition called
ischemia often damages mitochondria and its mitochondrial DNA inside the heart’s muscle
cells, causing the heart to weaken and pump blood less efficiently. Ischemia, a condition of
reduced or restricted blood flow, can be caused by congenital heart defects, coronary
artery disease and cardiac arrest.
For the smallest and most vulnerable patients who are born with severe heart defects, a
heart-lung bypass machine called extracorporeal membrane oxygenation (ECMO) can help
restore blood flow and oxygenation to the heart. But even after blood flow has returned,
the mitochondria and their DNA remain damaged.

A, Biopsy of nonischemic skeletal muscle B, Injection of autologous mitochondria into the myocardium with an insulin syringe
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After cardiac arrest, for instance, a child’s mortality rate jumps to above 40 percent because of ischemia’s

effects on mitochondria. If a child’s heart is too weak to function without the support of ECMO, his or her risk

of dying increases each additional day spent connected to the machine.

But what if healthy mitochondria could come to the rescue and replace the damaged ones?

In his laboratory, McCully spent years working to perfect a method to very, very quickly extract healthy

mitochondria from cells and then deliver a purified dose of mitochondria into ailing heart muscle.

“It was like putting a booster pack on a car battery,” McCully says about the effects of mitochondrial

transplantation that he documented in rabbit, pig and sheep hearts.

Now, McCully is working with heart surgeon Sitaram Emani, MD, to bring mitochondrial transplantation

to humans in a clinical trial at the Boston Children’s Heart Center. From the clinical trial data, McCully and

Emani hope to pinpoint exactly when mitochondrial transplantation should be performed to be the most

effective. So far, it appears that the sooner the better.

Against all odds

Looking after the sickest of the sick patients in the Cardiac Intensive Care Unit (CICU), Emani offers the

experimental therapy to those patients on ECMO whose hearts are failing to regain function on their own.

As they spend more time on ECMO, their chance of recovery grows more and more slim.

Mitochondrial transplantation saved Avery’s life. Read her story.

“We know this is their only chance to come off ECMO,” says Emani. “Since we use the patient’s own

mitochondria, the risks are relatively low.”

With consent from a patient’s family, Emani and McCully spring into action.

To perform mitochondrial transplantation, Emani harvests a small, pencil­eraser­sized piece of tissue from

an area of the patient’s skeletal muscle that has been unaffected by ischemia. Then, from the harvested

tissue — which can contain upwards of 100 million mitochondria — McCully works fast to purify the

mitochondria and prepare the transplant.

“Time is of the essence,” McCully explains. “The healthy mitochondria must be extracted and transplanted

quickly before they, too, become damaged by lack of blood flow.”

Boston Children's Hospital 

described in Table 1. None of the patients had arrhythmias or
bleeding related to epicardial injections. Of the 5 subjects, 4
demonstrated improvement in ventricular function and were
successfully separated from ECMO support.

DISCUSSION
This report describes the use of mitochondrial

autotransplantation for myocardial recovery in pediatric
patients who require ECMO support as a result of
ischemia-reperfusion injury. Patients did not have adverse
short-term complications related to mitochondrial injection
(arrhythmia, intramyocardial hematoma, or scarring), and
all demonstrated improvement in ventricular function
within several days after treatment. Mitochondrial therapy
is most advantageous if delivered as soon after ischemic
injury as possible, as evidenced by studies in animal
models. The patients in this series, however, were selected
because they showed no recovery of myocardial function
despite 1 to 2 days of ECMO support, and spontaneous
recovery of ventricular function did not seem likely. Future
studies investigating the optimal timing of therapy are
necessary. It is possible that ventricular function might

have improved without mitochondrial autotransplantation,
and a randomized clinical trial is therefore necessary to
demonstrate the efficacy of the strategy.
The dose of mitochondria and the method of delivery in

this study were based on previous animal experience and
extrapolated to human patient cardiac mass.2 Future dose
escalation studies are necessary to determine the optimal
dose of mitochondria necessary in human patients.
Although epicardial injection was used in this study,
alternative delivery methods, including transcoronary
delivery, are currently under investigation.
There was no detectable difference between preinjection

and postinjection markers of systemic inflammatory
response syndrome (as evidenced by stable respiratory
and renal status), in agreement with animal study data.2

Autopsy of patient 1 revealed no signs of inflammation or
rejection at the sites of injection, and white blood cell
counts had no clinically relevant change.

CONCLUSIONS
These cases demonstrate the first clinical application of a

novel technique of mitochondrial autotransplantation that
may be useful for patients with ischemia-reperfusion injury.

VIDEO 1. Ventricular function according to echocardiography of patient

2 beforemitochondrial autotransplantation. Video available at: http://www.

jtcvsonline.org/article/S0022-5223(17)30258-1/addons.

VIDEO 2. Ventricular function according to echocardiography of patient

2 after mitochondrial autotransplantation. Video available at: http://www.

jtcvsonline.org/article/S0022-5223(17)30258-1/addons.

FIGURE 1. A, Biopsy of nonischemic skeletal muscle. B, Injection of autologous mitochondria into the myocardium with an insulin syringe.
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Today, 2 1/2 year-old Avery Gagnon looks perfectly healthy and happy.

For decades, cardiac researcher James McCully, PhD, has been spellbound by the idea of
using mitochondria, the “batteries” of the body’s cells, as a therapy to boost heart
function. Finally, a clinical trial at Boston Children’s Hospital is bringing his vision — a
therapy called mitochondrial transplantation — to life.
Mitochondria, small structures inside all of our cells, synthesize the essential energy that
our cells need to function. In the field of cardiac surgery, a well-known condition called
ischemia often damages mitochondria and its mitochondrial DNA inside the heart’s muscle
cells, causing the heart to weaken and pump blood less efficiently. Ischemia, a condition of
reduced or restricted blood flow, can be caused by congenital heart defects, coronary
artery disease and cardiac arrest.
For the smallest and most vulnerable patients who are born with severe heart defects, a
heart-lung bypass machine called extracorporeal membrane oxygenation (ECMO) can help
restore blood flow and oxygenation to the heart. But even after blood flow has returned,
the mitochondria and their DNA remain damaged.

A, Biopsy of nonischemic skeletal muscle B, Injection of autologous mitochondria into the myocardium with an insulin syringe

Hearts get a boost from mitochondrial transplantation
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short-term complications related to mitochondrial injection
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all demonstrated improvement in ventricular function
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is most advantageous if delivered as soon after ischemic
injury as possible, as evidenced by studies in animal
models. The patients in this series, however, were selected
because they showed no recovery of myocardial function
despite 1 to 2 days of ECMO support, and spontaneous
recovery of ventricular function did not seem likely. Future
studies investigating the optimal timing of therapy are
necessary. It is possible that ventricular function might

have improved without mitochondrial autotransplantation,
and a randomized clinical trial is therefore necessary to
demonstrate the efficacy of the strategy.
The dose of mitochondria and the method of delivery in

this study were based on previous animal experience and
extrapolated to human patient cardiac mass.2 Future dose
escalation studies are necessary to determine the optimal
dose of mitochondria necessary in human patients.
Although epicardial injection was used in this study,
alternative delivery methods, including transcoronary
delivery, are currently under investigation.
There was no detectable difference between preinjection

and postinjection markers of systemic inflammatory
response syndrome (as evidenced by stable respiratory
and renal status), in agreement with animal study data.2

Autopsy of patient 1 revealed no signs of inflammation or
rejection at the sites of injection, and white blood cell
counts had no clinically relevant change.
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For decades, cardiac researcher James McCully, PhD, has been spellbound by the idea of
using mitochondria, the “batteries” of the body’s cells, as a therapy to boost heart
function. Finally, a clinical trial at Boston Children’s Hospital is bringing his vision — a
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Mitochondria, small structures inside all of our cells, synthesize the essential energy that
our cells need to function. In the field of cardiac surgery, a well-known condition called
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cells, causing the heart to weaken and pump blood less efficiently. Ischemia, a condition of
reduced or restricted blood flow, can be caused by congenital heart defects, coronary
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For the smallest and most vulnerable patients who are born with severe heart defects, a
heart-lung bypass machine called extracorporeal membrane oxygenation (ECMO) can help
restore blood flow and oxygenation to the heart. But even after blood flow has returned,
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Mitochondrial transfer via membrane nanotube

1. Mitochondria inside MNTs, formed between cells, can exist as a connected
structure either (i) as filamentous mitochondria connected to each other via
intermitochondrial junctions, (ii) in the form of a mitochondrial network, or (iii) as
a combination of both forms.

2. The mitochondrial connection via MNTs functions as a structure conducting (i)
charges (acting as an electrical cable), and/or (ii) electromagnetic radiation in the
optical wavelength region (acting as an optical cable).

3. Both the electrical and optical energy transmitted by the mitochondria inside
MNTs allow for (i) energy as well as (ii) signal exchange between cells.

How well is the above hypothesis supported by experimental evidence?
The predicted continuous/connected mitochondria inside MNTs (part 1 of the

hypothesis) has not yet been explicitly investigated and proven. However, the exist-
ence of mitochondria inside MNTs is proven, and that the mitochondria form
cable-like structures inside MNTs can be seen in several microscopic images
published (see Fig. 1).
Concerning the predicted transfer of charges and electromagnetic radiation along mito-

chondria inside MNTs (part 2 of the hypothesis), no experiments have been performed.
That there could be an electrical coupling between cells via MNTs has been demonstrated
[8, 9, 13, 176]. However, the question of whether mitochondria can be involved in the
electrical cell-to-cell coupling has not been addressed so far. Charge transport along fila-
mentous mitochondria and networks is proven to occur and the notation that mitochon-
dria act as “electrical transmission fibers” agrees with experimental findings (see
“Mitochondria as electrical transmission fibers”). That mitochondria are also generating
electromagnetic radiation in the optical wavelength range is proven (see “Mitochondria:
sources of electrical currents and electromagnetic fields (non-radiating and radiating)”).
The ability of mitochondria to transmit this radiation (or even amplify it) has not been
demonstrated experimentally yet but was predicted theoretically (see “Mitochondria:
sources of electrical currents and electromagnetic fields (non-radiating and radiating)”).

Fig. 3 Visualization of the hypothesis that mitochondria inside MNTs enable energy and signal exchange
between cells

Scholkmann Theoretical Biology and Medical Modelling  (2016) 13:16 Page 13 of 22
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Mitochondrial transfer via membrane nanotube 
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