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The field of medicine has seen significant advances in the ability to support or 
replace native organ function over the last several decades. Renal hemodialysis, in 
existence since the 1940s [1], has become standard treatment for patients suffering 
from end-stage kidney disease and is often used in the outpatient setting as a bridge 
to transplantation or as a destination therapy, where it permanently replaces organ 
function [2]. Likewise, continuous venovenous hemodialysis (CVVHD) may be used 
in the critical care setting for potentially reversible kidney injury, among other 
indications [3]. Ventricular assist devices (VADs) may partially or completely 
replace cardiac function; a total artificial heart (TAH) completely replaces it [4], and 
either one may be used as a bridge to heart transplantation or a destination therapy 
[5, 6]. Liver replacement alternatives, which include the extracorporeal liver assist 
device (ELAD) and the molecular adsorbent recirculating system (MARS), replaces 
the detoxification function of a failing liver [7]. 
 
Extracorporeal membrane oxygenation (ECMO) uses a pump to withdraw 
deoxygenated blood from a central vein, provide oxygen and remove carbon dioxide 
via diffusion across a semipermeable membrane, and return oxygenated blood into a 
central vein or artery, essentially functioning as an external artificial lung, heart, or 
both [8]. In cases of respiratory failure, ECMO is being used with increased 
frequency as a supplement to, or occasionally in place of, invasive mechanical 
ventilation [9-12]. While this technology has the ability to replace a patient’s native 
lung function, its use, like use of liver replacement therapies and CVVHD, requires 
ongoing attention in an intensive care unit (ICU). ECMO can serve as a bridge to 
recovery from reversible illnesses or as a bridge to transplantation for select patients, 
but not currently as a destination therapy. 
 
As organ replacement technologies become increasingly sophisticated and more 
readily available, we will have the ability to prolong organ function for longer, which 
raises significant questions about their appropriate use. 
 
Appropriate Use of Organ-Replacement Interventions in Individual Cases 
The fact that we have the ability to sustain organ function does not mean that it is 
always medically or ethically appropriate to do so. It is reasonable to base 
assessment of the medical appropriateness of a technology on the likelihood of its 
achieving reasonable goals. In the case of these sophisticated organ-replacement 
technologies, reasonable goals are not only replacing the failing organ but also 
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bridging the patient to recovery, transplantation, or destination therapy. It would be 
inappropriate to use these technologies only to prolong the dying process in critically 
ill ICU patients with low quality of life and no chance of achieving any of the 
abovementioned goals. Although the lives of patients with end-stage pulmonary 
disease with no hope for transplant or recovery might be extended by days or even 
weeks using, for example, ECMO, it would be hard to justify employing such 
resource-intensive technology, especially when ICU beds and often the machines 
themselves are in limited supply. 
 
What should be the approach in such a case when the patient or surrogate insists on 
using the technology? Is it medically or ethically appropriate to refuse a request for a 
potentially life-prolonging intervention when the chance of the patient’s surviving to 
leave the hospital is remote or nonexistent and the intervention itself may cause 
physical and emotional suffering? What should be done, then, when a sentient 
patient with multi-organ failure and minimal to no chance of survival to discharge 
from the hospital requests organ-replacement therapy in order to have more time 
with his or her family? And does that case differ significantly from one in which a 
surrogate, acting on behalf of a moribund patient without capacity, requests life-
prolonging therapies that will only prolong the dying process? 
 
Patient autonomy is a fundamental principle of contemporary Western medical 
ethics, but it is not absolute. For instance, a patient dying in an ICU with cardiogenic 
shock and irreversible multi-organ failure whose surrogate requests an aortic balloon 
pump does not have the absolute right to such technology, although it might prolong 
the patient’s life. Such an intervention would unquestionably be deemed medically 
inappropriate. There seems to be a general, if unofficial, consensus among most 
intensivists that surrogate requests for intubation, vasopressors, and antibiotics be 
granted even when patients are irreversibly ill and will not survive to discharge. A 
line is drawn, however, at more sophisticated and resource-intensive technologies 
such as ECMO and surgical procedures because the burden for the patient and the 
use of resources is far in excess of any therapeutic benefit gained. Hospital policies 
and physicians differ with regard to renal replacement therapy in irreversibly ill 
patients. Some physicians will agree to CVVHD for such patients, while others will 
refuse. 
 
In our opinion, whether or not organ-replacement therapy should be employed rests 
on how likely it is to bridge a patient to recovery or successful destination therapy 
[13]. If these goals cannot be met we would withhold such therapy, not only because 
these goals are unattainable but also because the patient would likely be harmed by 
its administration. In circumstances in which a patient who has no hope for recovery 
or destination therapy requests organ-replacement therapy to prolong life long 
enough to spend time with family or prepare for the end of his or her life, the 
decision to offer such therapy depends on the type of intervention needed. Invasive 
mechanical ventilation has generally been accepted for these purposes, but use of 
more sophisticated therapies such as ECMO and VADs is rarely considered justified 
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in these circumstances because of their significant potential for harm to the patient 
and high resource burden. 
 
More broadly, does the clinician have an ethical obligation to offer, or even disclose, 
all potential therapies, including those that would merely prolong the dying process? 
Although we feel that families need to be apprised of the fact that their loved ones 
are experiencing organ failure, we do not feel a concomitant ethical obligation to 
offer an intervention that we feel is not medically indicated because it will not be of 
any therapeutic benefit. 
 
Larger Social Questions 
As noted above, it is our impression that, many, if not most, intensivists currently 
find it difficult to refuse to grant patients’ or their surrogates’ requests for invasive 
mechanical ventilation, CVVHD, vasopressors, potent antibiotics, and other 
expensive and resource-intensive life-sustaining interventions even when the 
likelihood of the patient’s surviving to discharge is remote to nonexistent. In fact, in 
our state of New York, the law mandates resuscitation of every patient unless the 
patient or surrogate elects a do-not-resuscitate (DNR) order [14]. Absent a DNR, 
state law, or court decision, “full resuscitation” is the default treatment for all 
patients [15]. On the other hand, we know of no legal precedent to support the idea 
that physicians must perform surgical interventions against their medical judgment 
because the patients or their surrogates demand it. 
 
Will changing risk-benefit calculations influence ideas about appropriate use of 
organ-replacement therapies? Smaller circuit components and lower levels of 
anticoagulation needed to maintain function have reduced the complication rates of 
ECMO, improving its risk-to-benefit ratio [16]. As technology improves and devices 
like VADs and ECMO become simpler to deploy, will ethical and even legal 
determinations about their appropriate use change? Will ECMO ever become a 
standard accompaniment of cardiopulmonary resuscitation so that patients who 
decline a DNR order will thereby mandate the use of ECMO? We can and do keep 
dying patients alive for weeks or months in accordance with the wishes of their 
relatives with ventilators, CVVHD, vasopressors, and antibiotics. Will ECMO join 
this list of interventions as it becomes easier and less resource-intensive to employ, 
or will physicians continue to refuse this intervention? 
 
And what will the role of concerns about health care costs be in determining when to 
use organ-replacement therapies? As the tidal wave of baby boomers reaches old age 
in the coming decades, it is likely that that the competition for ICU beds will 
intensify, the cost of increasingly sophisticated technology will rise, and pressures to 
contain costs will increase. Will our society make collective determinations about 
when organ-replacement interventions should be used and when they should not 
[17]? The process of evaluating these technologies requires, in part, a societal 
judgment about whether the allocation of the associated financial and physical 
resources is acceptable. Society may decide that such resources should only be used 
when rigorously designed clinical trials demonstrate particular benefits or that the 
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benefits involved are worth a very high cost. Cost-benefit analyses, which are crucial 
to such policy decisions, should be undertaken for all of the newer life-sustaining 
technologies to inform such judgments [18, 19]. 
 
Conclusion 
Criteria for appropriately initiating organ-replacement therapy to benefit patients, 
and, of equal importance, criteria for stopping these sophisticated treatments when 
therapeutic goals can no longer be met are currently not well defined. For resource-
intensive therapies to be offered to those who are most likely to benefit well-
designed studies with a focus on clinically meaningful, patient-centered outcomes 
are of the utmost importance. When data on efficacy is lacking, the decision about 
whether to use such technology becomes more difficult. Furthermore, although there 
are laws that give patients the right to refuse or discontinue life-sustaining 
treatments, there is no societal consensus about who should have the last word when 
patients or their families and physicians disagree about the appropriateness of using 
sophisticated medical technology in situations where such treatment clearly serves 
only to prolong the dying process [20, 21]. 
 
Up to now, patients and families in the U.S. have been given considerable leeway in 
having requests for such technology granted, even against medical advice. Our 
society has been generous in this regard out of respect for family values, religious 
beliefs, and hope. Whether in the coming years, with an increase in elderly patients 
requiring ever more sophisticated and expensive medical technology, this liberal 
policy of following patient and family wishes is sustainable remains to be seen. At 
the very least, the medical community should begin to formulate guidelines that 
delineate the appropriate use of organ-replacement therapies, taking into 
consideration the resources involved and the clinical expectation of success. 
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