
Respiratory Management 
in the Potential Brain-Dead Organ Donor



Objectives

• Assess the appropriate lung donor
• Use recruitment maneuvers after apnea test
• Apply protective lung strategy for all brain death 

donors
• Describe the management of  neurogenic 

pulmonary edema
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Intensivists need to play a vital role in the 
management of potential organ donors through 
identification of potential donors, declaration of brain 
death, and proper medical care, all of which can 
improve the rates of graft survival 
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Acute and Critical Care 2019 February 34(1):14-29 



The lungs are the organs most often assumed to be medically unsuitable for 
transplants, with only 10%–20% of lungs eligible for transplantation 

Acute and Critical Care 2019 February 34(1):14-29 

An observational survey conducted in 13 Italian centers revealed that 
nearly half of potential lung donors had a PaO2/FiO2 ratio of < 300, 
making them ineligible for lung donation.

Mascia L, Bosma K, Pasero D et al (2006) Ventilatory and hemodynamic management of potential organ 
donors: an observational survey*. CritCare Med 34(2):321–327
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STANDARD (‘‘IDEAL’’) LUNG DONOR CRITERIA
• Age < 55 year 
• Clear serial chest X-ray 
• Normal gas exchange (PaO2 > 300 mm Hg on FIO2 = 1.0, PEEP 5 cm H2O) 
• Absence of  chest trauma 
• No evidence of  aspiration or sepsis 
• Absence of  purulent secretions at bronchoscopy 
• Absence of  organisms on sputum gram stain 
• No history of  primary pulmonary disease or active pulmonary infection 
• Tobacco history < 20 pack-years 
• ABO compatibility 
• No prior cardiopulmonary surgery 
• Appropriate size match with prospective recipient

19:01 Lung harvest rates of only 15% to 25% 11



Assessment of  Appropriate Lung Donor

19:01
B Riou, R Guesde, Y Jacquens, R Duranteau, and P Viars "Fiberoptic bronchoscopy in brain-dead organ donors." American Journal of 

Respiratory and Critical Care Medicine, Vol. 150, No. 2(1994), pp. 558-60.
12

• Normal chest X-ray
• PaO2 was > 400 mm Hg with an FIO2 of 

100%
• PaO2/FiO2 ratio of greater than 300mm Hg
• Normal bronchoscopy: 

• Abnormal findings were found in 38% 
of donors with normal CXR and PaO2
was > 400 mm Hg 

• Measurement of pulmonary shunt



Chest X-Ray

• 37% of  donors have infiltrates on the initial 
film, of  which 51% resolved completely after 
proper donor management (McCowin)

• Donors with strong unilateral abnormalities on 
chest X-ray should not be excluded for donation 
of  the contralateral lung

• Lungs should not be used if  heavy, pneumonic 
infiltrates are confirmed during organ retrieval

19:01
McCowin MJ, Hall TS, Babcock WD, Solinger LL, Hall KW, Jablons DM. Changes in radiographic abnormalities in organ donors: 

associations with lung transplantation. J Heart Lung Transplant 2005;24: 323–330
13



Does every donor need a bronch?

• Yes
• One study found that bronchoscopy was abnormal in 10 of  26 potential organ donors (38%) with normal 

radiographs and Pao2 more than 400 mm Hg. 

• Advantages:
• Remove aspirated material, blood and purulent secretions and mucus plugs
• Inspect airways for abnormalities (occult cancer)
• Best bronchs for training purposes 

Riou B, Guesde R, Jacquens Y, et al: Fiberoptic bronchoscopy in brain-dead organ donors. Am J Respir Crit Care Med 1994; 150:558–560



Bronchoscopy

19:01
B Riou, R Guesde, Y Jacquens, R Duranteau, and P Viars "Fiberoptic bronchoscopy in brain-dead organ donors." American Journal of 

Respiratory and Critical Care Medicine, Vol. 150, No. 2(1994), pp. 558-60.
15

• Total of 72 organ donors
• Normal CXR in 51%
• PaO2 was > 400 mm Hg with an FIO2 of 

100% in 47%
• Normal bronchoscopy in 33% only (24 

donors)
• In the 26 donors with normal chest X-ray and 

PaO2 > 400 mm Hg with FIO2 of 100%, 
bronchoscopy was abnormal in 10 donors 
(38%)

• Abnormal findings included:
• Inhalation of  gastric contents (n = 26) 
• Blood (n = 17)
• Pulmonary contusion (n = 5)
• Purulent bronchial secretions (n = 4
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Single Recruitment Maneuver After an
Apnea Test For The Diagnosis Of  Brain Death

19:01 Paries et al. Critical Care 2012, 16 :R116 17

• The apnea test was associated with a 
marked decrease in PaO2/FiO2 ratio

• Potential loss of  potential lung donors
• Ratio could be restored by an RM 

performed immediately after the 
reconnection to the ventilator



Single Recruitment Maneuver After An
Apnea Test For The Diagnosis Of  Brain Death

19:01 Paries et al. Critical Care 2012, 16 :R116 18



Single Recruitment Maneuver After An
Apnea Test For The Diagnosis Of  Brain Death

19:01 Paries et al. Critical Care 2012, 16 :R116 19



Recruitment Maneuvers
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Ventilatory Settings and Pulmonary Status in 34 Potential Organ Donors

Ventilatory Settings Respiratory Status
n VT/kg IBW, 

ml/kg
RR, 

beats/min
PEEP, cm H2O FiO2, % PaO2/FiO2 Abnormal CXR, 

No. of Patients

Chest trauma with 
ALI/ARDS

5 10 ± 3 12 ± 2 3 ± 3 60 ± 30 159 ± 30 5

Pulmonary infection 
or aspiration

12 9 ± 1 13 ± 2 4 ± 3 45 ± 20 279 ± 101 10

Potential organ donors 
(age of >65 yrs)

6 9 ± 1 11 ± 1 2 ± 3 45 ± 10 369 ± 137 0

Potential organ donors 
(age of <65 yrs)

11 10 ± 2 12 ± 2 3 ± 2 55 ± 20 292 ± 135 0

19:01 Crit Care Med. 2006 Feb;34(2):321-7 22



Ventilatory and Hemodynamic Parameters Before and after the Diagnosis of  Brain Death 
In 34 Potential Donor

19:01 Crit Care Med. 2006 Feb;34(2):321-7 23

Parameters Before Brain Death After Brain Death P value

VT/IBW, mL/kg 9.7 ± 1.6 9.7 ± 1.6 N/A

RR, breaths/min 12 ± 2 12 ± 2 N/A

PEEP, cm H2O 3.3 ± 2.7 3.3 ± 2.7 N/A

FIO2, % 50 ± 18 49 ± 16 NS

Crystalloids, mL/hr 187 ± 151 275 ± 158 <0.05

Colloids, mL/hr 67 ± 40 101 ± 71 N/A

Urine output, mL/hr 191 ± 114 246 ± 131 0.07

CVP, mm Hg 6 ± 3 7 ± 3 <0.05

MAP, mm Hg 90 ± 19 83 ± 16 NS

Dopamine, µg/g/min 7.5 ± 3.5 8 ± 4 NS

Noradrenaline, µg/g/min 0.5 ± 0.5 0.3 ± 0.1 NS



Flow Chart Showing Exclusion Criteria For Lung Procurement in The Total Population Of  34 
Potential Multiple-organ Donors Included in The Study.
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Can we improve the P/F ratio?

• If  initial PaO2/FiO2 <100 or CXR c/w pulm edema / atelectectasis
• Recruitment maneuver: PCV PIP 25 cm H2O / PEEP 15 cm H2O for 2 h. 
• VCV with Vt of  10 ml/kg with PEEP of  5cm H2O 

• Other strategies:
• Negative or neutral fluid balance (CVP 6-8 cm H20)
• Aspiration prevention
• Chest physiotherapy
• Bronchoscopy  

Am J Respir Crit Care Med 2006;174:710–71

Presenter Notes
Presentation Notes
Rationale: One of the limitations associated with lung transplantation is the lack of available organs.Objective: To determine whether a lung donor–management protocol could increase the number of lungs for transplantation without affecting the survival rates of the recipients.Methods: We implemented the San Antonio Lung Transplant protocol for managing potential lung donors according to modifications of standard criteria for donor selection and strategies for donor management. We then compared information gathered during a 4-yr period, during which the protocol was used with information gathered during a 4-yr period before protocol implementation. Primary outcome measures were the procurement rate of lungs and the 30-d and 1-yr survival rates of recipients.Main Results: We reviewed data from 711 potential lung donors. The mean rate of lung procurement was significantly higher (p < 0.0001) during the protocol period (25.5%) than during the pre-protocol period (11.5%), with an estimated risk ratio of 2.2 in favor of the protocol period. More patients received transplants during the protocol period (n = 121) than during the pre-protocol period (n = 53; p < 0.0001). Of 98 actual lung donors during the protocol period, 53 (54%) had initially been considered poor donors; these donors provided 64 (53%) of the 121 lung transplants. The type of donor was not associated with significant differences in recipients' 30-d and 1-yr survival rates or any clinical measures of adequate graft function.Conclusions: The protocol was associated with a significant increase in the number of lung donors and transplant procedures without compromising pulmonary function, length of stay, or survival of the recipients



Results

• Of the 98 actual lung donors during the protocol period, 53 (54%) had initially been considered poor donors; 
these donors provided 64 (53%) of  the 121 lung transplants.

Am J Respir Crit Care Med 2006;174:710–71

Pre-Protocol
phase

4 years

Protocol phase

4 years

p-value RR

Mean rate of lung 
procurement

11.5% 25.5% 0.0001 2.2

Number of transplants 53 121 0.0001

Presenter Notes
Presentation Notes
Rationale: One of the limitations associated with lung transplantation is the lack of available organs.Objective: To determine whether a lung donor–management protocol could increase the number of lungs for transplantation without affecting the survival rates of the recipients.Methods: We implemented the San Antonio Lung Transplant protocol for managing potential lung donors according to modifications of standard criteria for donor selection and strategies for donor management. We then compared information gathered during a 4-yr period, during which the protocol was used with information gathered during a 4-yr period before protocol implementation. Primary outcome measures were the procurement rate of lungs and the 30-d and 1-yr survival rates of recipients.Main Results: We reviewed data from 711 potential lung donors. The mean rate of lung procurement was significantly higher (p < 0.0001) during the protocol period (25.5%) than during the pre-protocol period (11.5%), with an estimated risk ratio of 2.2 in favor of the protocol period. More patients received transplants during the protocol period (n = 121) than during the pre-protocol period (n = 53; p < 0.0001). Of 98 actual lung donors during the protocol period, 53 (54%) had initially been considered poor donors; these donors provided 64 (53%) of the 121 lung transplants. The type of donor was not associated with significant differences in recipients' 30-d and 1-yr survival rates or any clinical measures of adequate graft function.Conclusions: The protocol was associated with a significant increase in the number of lung donors and transplant procedures without compromising pulmonary function, length of stay, or survival of the recipients



How should we ventilate lung donors?

JAMA. 2010;304(23):2620-2627

Presenter Notes
Presentation Notes
Italian Paper



How should we ventilate lung donors?

• Multicenter RCT (2004-2009)

• Conventional arm (n=59):
• Vt of  10-12 mL/kg IBW, PEEP of  3-5 cm H2O, open circuits for suctioning, apnea tests performed by disconnecting the ventilator

• Protective ventilation arm (n=59):
• Vt of  6-8 mL/kg IBW, PEEP of  6-8 cm H2O, apnea tests done on CPAP and closed circuit for suctioning

Mascia L., et al. JAMA. 2010 Dec 15;304(23):2620-7

Presenter Notes
Presentation Notes
Both arms had P/F ratios of ~400 on PEEP of 5, FiO2 of 1.0 at inclusion



Effect of a Lung Protective Strategy For Organ Donors On Eligibility and 
Availability of Lungs For Transplantation: A Randomized Controlled Trial.

Mascia L., et al. JAMA. 2010 Dec 15;304(23):2620-7

Multicenter Randomized Controlled Trial
12 European Intensive Care Units

September 2004 to May 2009

Conventional Ventilatory 
Strategy

Protective Ventilatory 
Strategy

VT 10-12 mL/kg 6-8 mL/kg

PEEP 3-5 cm H2O 8-10 cm H2O

Apnea Test Disconnect from the ventilator Continuous positive airway 
pressure

Suctioning Open circuit Closed circuit



Effect of a Lung Protective Strategy For Organ Donors On Eligibility and 
Availability of Lungs For Transplantation: A Randomized Controlled Trial.

Mascia L., et al. JAMA. 2010 Dec 15;304(23):2620-7

Multicenter Randomized Controlled Trial
12 European Intensive Care Units

September 2004 to May 2009

Conventional 
Ventilatory Strategy

Protective Ventilatory 
Strategy P value

n 59 59

Met lung donor 
eligibility criteria 32 (54%) 56 (95%) P <.001

Harvested lung 16 (27%) 32 (54%) P = .004

Survival of lung
transplant receovers 11/16 [69%] 24/32 [75%],



Effect of a Lung Protective Strategy For Organ Donors On Eligibility and 
Availability of Lungs For Transplantation: A Randomized Controlled Trial.

Mascia L., et al. JAMA. 2010 Dec 15;304(23):2620-7



Preventing Overdistention and Under-Recruitment Injury
“Lung Protective” Ventilation

V
O
L
U
M
E

Pressure

Limit Distending Pressure

Add PEEP

Limit VT
Transpulmonary Pressure= Airway 

Pressure-Pleural Pressure

6-8 mL/kg

< 28 cm H2O8-10 cm H2O





Increased ICP

Neurogenic pulmonary edema

Pulmonary 
dysfunction

Ventilator induced 
injury

Aspiration Pneumonia

Contusion

35



Management of  NPE

• Protective lung strategy and adequate PEEP
• Diuretic therapy
• Alfa adrenergic antagonists:

• Phentolamine

• Beta-adrenergic agonists: 
• Dobutamine
• Dopamine (avoid high doses)

• Narcan 8 mg IVP x1Controversial



Conclusion: Mechanical Ventilation Targets
• Tidal volume 6–8 ml/kg (lower in NPE)
• PIP <30
• Optimal PEEP to allow minimum FIO2; at least 10 cm H2O
• FiO2-adjust keeping SaO2 >96%, PaO2 >100. Keep FiO2 at lowest setting
• Recruitment maneuvers initially, and repeated after apnea testing or tracheal suction. 
• Closed circuit suctioning
• Maintain tracheal cuff  pressure at 25 cm H2O 
• Head of  the bed elevated to reduce the risk of  aspiration. 
• Avoid the administration of  excessive i.v. fluids.
• Consider diuretics if  marked fluid overload



Thank You
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