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ABSTRACT Management of a beating heart brain dead donor requires an anesthesiologist to incorporate deep
knowledge of the effects of brain death on various organ systems of the body. A specific peri-operative
management is required during organ harvesting procedures. An anesthesiologist should be well versed in Intensive Care Unit

(ICU) care procedures pertaining to various organ systems of the body before procurement of organs. Specific goals and
strategies need to be implemented along with the surgical team to optimize donor outcome.

INTRODUCTION

A brain dead patient is the primary source of grafts for solid
organ transplantation o Appropriate management of organ
donors from the diagnosis of brain death to the end of the
organ procurement procedure is of importance to the
anesthesiologist. This requires the anesthesiologist to
optimize the functions of potential grafts. Intensive Care Unit
(ICU) management is an additional and very important part in
the management of such patients “*?.

Brain Death and Anesthetic Implications

Nearly every organ system is affected by brain death.
Normalization of the physiology of the donor is required to
maximize the long-term viability of organs for donation . This
strategy includes ICU care for optimization of the normal
physiology before organ harvesting along with intra-
operative management of such patients. The effects of brain
death on various organ systems and their anesthetic
implications are summarized below.

The Cardiovascular system:

1. Shortly after brain death, a prolonged period of increased
sympathetic tone and cardiac output occurs as a result of
a'catecholamine storm" . This results in tachycardia and
vasoconstriction resulting in profound hypertension.

2. Myocardial Injury also arises due to an increase in the
systemic vascular resistance which may result in left
ventricular failure, decreased cardiac output, and even
mitral valve regurgitation ©.

3. Topreserve the cardiac function an anesthesiologist needs to
maintain the coronary perfusion pressure “. In the operating
roomitis managed with nitroprusside and/or esmolol.

4. Cardiac arrhythmias occur along with electrocardiogr
aphic changes indicative of ischemia ©.

5. Following this after several hours of brain death a
dramatic loss of sympathetic tone can occur and result in
hemodynamic instability in such patients .

6. Thisloss of sympathetic tone must be managed in order to
maintain the viability of the organ grafts .

7. Although organ procurement surgery is generally not alengthy
procedure, significant fluid shifts with considerable interstitial
accumulation of fluid can occur from the abdominal and/or
thoracicincision made fororgan procurement.

8. Polyuria secondary to diabetes insipidus resulting from
posterior pituitary infarction is common in brain death
and can further contribute to hypovolemia "”

9. Cardiovascular Goals should include a systolic blood
pressure of > 100 mmHg, a mean arterial pressure of > 70
mmHg, with a heart rate of 60-120 beats per minute.

10. Intravascular Volume is maintained using infusion of
crystalloids. Large volumes of 0.9% Normal Saline are
avoided due to a risk of Hyperchloremic Acidosis. Where
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colloid resuscitation (Lung Procurement) is used
HydroxyEthyl Strach (HES) is avoided.

11. Volume repletion should be guided by arterial waveform
pulse pressure variation, central venous pressure, and
urine output if diabetes insipidus is not an issue. Mixed
Venous Oxygen Saturation of >60% can also beused asa
parameter for viability.

12. Dopamine, phenylephrine, epinephrine, norepinephrine,
and vasopressin are common agents and provide
adequate hemodynamic support.

13. Vasopressin is the mostideal agent to maintain the vascular
tone as it addresses the issues arising due to both blood
pressure variation as well as the diabetes insipidus.

14. A balanced plan to maintain adequate blood pressure
thus incorporates the replacement of intravenous fluid
deficits while judiciously using vasopressors to counteract
the decrease in systemic vascular resistance that occurs in
patients after brain death.

The Respiratory System:

1. Brain death canlead to neurogenic pulmonary edema, as
the initial increase in systemic vascular resistance may
lead to increased blood volume within the venous system
and subsequent pulmonary overload ****.

2. Pulmonary edema can also result from, or be exacerbated
by, large-volume crystalloid resuscitation.

3. In addition, the release of catecholamines during the
initial hypertensive and hyperdynamic period after brain
death causes elevated cytokine levels and, thus,
pulmonary endothelial damage and capillary disruption.

4. A lung-protective ventilatory strategy should be
employed, with tidal volumes of 6-8 mLkg-1 and a positive
end-expiratory pressure (PEEP) of 8-10 cm H20, especially
iflung procurement is planned "*.

5. If lung procurement for transplantation is planned, a
minimally positive fluid balance should be maintained.

6. Keeping the central venous pressure (CVP) > 10 mmHg
increases the viability of Lung and Heart available for
transplantation “®.

The Musculoskeletal System

1. Eveninthe setting of brain death, somatic movements can
occur.

2. Skeletal muscle paralysis should be provided during
organ procurement to optimize surgical conditions.

3. Additionally, muscle relaxation will ameliorate the
somatic response to surgical stimulus mediated by spinal
cord reflexes, which may persist even in the presence of
braindeath .

The Hematological System
1. The reported incidence of coagulopathy after brain injury

68 x GJRA - GLOBAL JOURNAL FOR RESEARCH ANALYSIS



VOLUME - 11, ISSUE - 04, APRIL - 2022 ¢ PRINT ISSN No. 2277 - 8160 ¢ DOI : 10.36106/gjra

lies between10%to 80% “°.
2. Management in the ICU includes targeting a hemoglobin
concentration of 9-10 gm perdl and noless than 7 gm perdl.
3. Platelets and plasma should be given when clinically
significant bleeding is evident, but not to target a specific
coagulation testlevel or platelet count.

The Endocrine System:

1. Impairment of the hypothalamic-pituitary axis occurs in
the majority of patients with brain death and results in
decreases in serum concentrations of anterior and/or
posterior pituitary hormones.

2. There is reduction in tri-iodothyronine (T3), cortisol, and
insulin after brain death.

3. Therapy using thyroid hormone, cortisol, and insulin
improves the cardiovascular status and organ
transplantation success rates while providing improved
donor organ viability [Table 1].

Table 1: Hormone therapy for organ donors

Hormone Dose

Thyroid hormone 20 mcg iv bolus, 10 mcg/hr iv
(tetraiodothyronine) infusion

Vasopressin 1 U iv bolus, 2.4 U/hr iv infusion
Methylprednisolone 15 mg/kg iv g24hr

4. Hyperglycemia is associated with brain death. This
causes a lower rate of organ suitability for transplantation
and decreased renal graft survival. Serum glucose needs
to be optimized to < 200 mg perdl.

5. Posterior pituitary infarction in the setting of brain death
can lead to diabetes insipidus, producing large amounts
of dilute urine and resultant serum hyperosmolarity.
Arginine vasopressin (AVP) should be used to reduce
urine output and prevent a further increase in serum
osmolarity.

6. A hypotonic fluid or free water infusion may need to be
used to correct hypernatremia such as 0.45% NaCl, as a
maintenance fluid. Generally, correction should occur at a
rate of 0.5-1.0 mEq per L per hr to avoid cerebral edema
and its sequelae.

Other Anesthetic Considerations

1. Prior to the start of organ donation surgery, intravenous
catheters and Central Venous Catheters should be in
place for rapid large-volume intravascular fluid
replacement.

2. An arterial catheter should be placed so that blood
pressure can be continuously followed and managed
intraoperatively.

3. Forthe procurement of heart, cold cardioplegia is utilized.
Often Celsior solution is used for this procedure. The
abdominal harvesting University of Wisconsin (UW)
solution is used. For liver transplantation Celsior and
Custodiol HTK solutions are used.

Summary and Conclusions

Anesthesiologists play a vital role in the management of
organ donors, in the ICU as well s the operating room
improving the outcome of the procedure. To manage the heart-
beating brain dead donor, the anesthesiologist must
incorporate knowledge of the effects of brain death on each
organ system as well as the effects of the preoperative
measures that the donor required in the ICU. It is also
important to know which organs are going to be procured so
that specific goals can be established and strategies can be
implemented (e.g., lung-protective ventilation or
intraoperative glycemic control) to optimize donor outcome
[Table 2].

Table 2: Anesthetic Implications of Brain Death
| System | Effects | Management |

Cardiov|Myocardial Restore intravascular volume .
ascular |injury, Use vasopressors as necessary
System |Loss of vascular |to maintain adequate organ
tone, perfusion.

Hypovolemia. Maintain SBP > 100 mmHg,
MAP > 70, HR 60-120 beats per
min.

Lung-protective" ventilatory
strategy: TV 6-8 mLkg-1 of
predicted body weight, PEEP 8-

Respira |Increased
tory pulmonary
System |capillary

permeability, 10 cm H20.
Pulmonary Judicious intravenous fluid; CVP
edema. 4-8 (\10) mmHg.

Muscul |Reflex somatic
oskelet |movements
al mediated by
System |spinal reflexes.
Hemato| Coagulopathy,
logical |disseminated
System |intravascular
coagulation.

Skeletal muscle paralysis.

Blood Transfusion.

Correct coagulopathy with
clotting factors or platelets if
evidence of ongoing bleeding.

Endocri|Diabetes Vasopressin.

ne insipidus and Insulin infusion to maintain
System |obliteration of serum glucose < 180 mg per dl.
thyroid axis, Thyroxine or T3 infusion,
Hyperglycemia, |corticosteroids.
Hypernatremia.

Additionally, anesthesiologists help to ensure that the highest
quality and the most appropriate care is rendered to donors
by working to establish protocols that maximize the number of
available organs with the best chance of long-term graft
viability.
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