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Intraop Risk Factors for Heart 
Transplantation

• Redo

• coagulopathy

• Venous anatomy

• Endovascular wires/SVC 

• Donor/Recipient Mismatch

• Prolong donor Ischemic Time

• PVR—RV Failure/Dysfunction

• Vasoplegia

• Hyperacute rejection

• Primary Graft Dysfunction
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Intraop Risk Factors at time of 
Heart Transplantation

• Redo

– Re-entry

– LVADs

– Patent grafts

– Congenital

• Venous anatomy- anamalous LSVC/CS ; PAs; 
transposition; Fontan anatomy; atrial switch

– CorCap
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Redo Strategies
• Pre-op non-contrast CT mandatory to plan re-entry 

and avoid disasters

• Groin access/cannulation depending on risk of re-
entry

– Rarely necessary to go on CPB prior to 
sternotomy

– Cannulation strategy—aortic access; venous 
access

• Need to manage Donor XC to minimize ischemic time 
in redo

– For BTT LVAD generally plan for maximum of 2 
hours before ready to for donor heart

– Must manage XC at donor hospital; depending on 
travel time



62 yo MVR 1983; redo MVR/TV repair 2000; redo,redo MVR 2013
Transapical amplatzer closure of paravalvular leak 2015

Risk of 5th time Cardiac Operation ?





Heart transplantation for adults with congenital heart disease: Results in 

the modern era.  

Bhama JK et al. J Heart Lung Transplant 2013;32:499-504

Adult Congenital Heart Transplantation
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Adult Congenital Heart Transplantation

• Technically demanding

• Usually complex redos

• Must be familiar with Fontan anatomy; 
PA reconstruction; venous and situs
variability

• Consider partnering with congenital 
heart surgeons



Outcomes in Bicaval Versus Biatrial Techniques in Heart Transplantation:  An Analysis 

of the UNOS Database. 

Weiss ES et al.  J Heart Lung Transplant 2008;27:178-83.

Increase need for PPM and increase 
LOS with Biatrial vs Bicaval

(Biatrial for persistent LSVC to CS)

Biatrial vs Bicaval
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Coagulopathy

• Majority of heart transplant pts are anti-
coagulated coming to OR

– IV Vit K; prime pump with FFP

• Most intense in redos expecially LVAD patients

• Rx- FFP; cyroprecipitate; platelets; rarely 
factor 7
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Unique MCS Issues for Donor 
Selection

• Expect difficult dissection ( easier if covered with 
gortex)

– Time donor XC to leave up to 2 hours for 
dissection to minimize ischemic time

• Will need blood products for expected coagulopathy

– IV Vit K;FFP; Platelets; Cyro; Factor 7 rarely

• Be prepared for vasoplegia

– Vasopressin; Methylene blue
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ADULT HEART TRANSPLANTS (2007-6/2012)

Risk Factors For 1 Year Mortality

2014
JHLT. 2014 Oct; 33(10): 996-1008

N = 10,739

* Temporary circulatory support includes ECMO and 

temporary pulsatile flow devices.

Tempoarary MCS/ECMO
Highest risk factor for 
post tx death



© 2016 AST

Adult Heart Transplants
Kaplan-Meier Survival by VAD usage

(Transplants: January 2005 – June 2012)
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LVAD Pulsatile (N=1,034) LVAD Continuous (N=2,652)

LVAD+RVAD Pulsatile (N=443) ECMO (N=109)

No LVAD, No Inotropes (N=5,921) No LVAD, Inotropes (N=5,438)

All pair-wise comparisons with LVAD+RVAD Pulsatile 
and ECMO were significant at p < 0.05. No other pair-
wise comparisons were significant at p < 0.05.

2014
JHLT. 2014 Oct; 33(10): 996-1008



Reoperative Sternotomy Is Associated With Increased Mortality After Heart 

Transplantation.  

George TJ et al.  Ann Thorac Surg 2012; 94:2025-32.

Reoperative Sternotomy and Heart Transplantation
(JHH and Wash U)



Reoperative Sternotomy Is Associated With Increased Mortality After Heart 

Transplantation.  

George TJ et al.  Ann Thorac Surg 2012; 94:2025-32.

1 year mortality associated 

any prior redo
recipient Cr

recipient Bili
Donor age

ischemic time (per hour)

Reoperative Sternotomy and Heart Transplantation 



Reoperative Sternotomy Is Associated With Increased Mortality After Heart 

Transplantation.  

George TJ et al.  Ann Thorac Surg 2012; 94:2025-32.

Reoperative Sternotomy and Heart Transplantation

Reop assoc. -Increase incidence of:

LOS and ICU LOS
reoperation 

infection

renal failure
blood transfusion



Prior Sternotomy and Ventricular Assist Device Implantation Do Not Adversely 

Impact Survival or 

Allograft Function After Heart Transplantation.  Gaffey AC et al.  Ann Thorac Surg

2015;100:542-9.

Heart Transplantation for Redos/LVADs

Increased CPB and XC times for redo/LVAD

No difference in survival



Prior Sternotomy and Ventricular Assist Device Implantation Do Not Adversely 

Impact Survival or 

Allograft Function After Heart Transplantation.  Gaffey AC et al.  Ann Thorac Surg

2015;100:542-9.

Reop/LVAD vs virgin chest:

Increase blood transfusion
Increase ICU stay 
Increase intubation time

Increase reoperation for bleeding

LVAD vs Reop

NO Different from any other redo

But short and lonterm survival; allograft
function; LOS no different than 
virgin chest

Heart Transplantation for Redos/LVADs



Mechanical Circulatory Support and Heart Transplantation:  Donor and 

Recipient Factors Influencing Graft Survival.  Maltais S et al. Ann Thorac

Surg 2013;96:1252-8.

MCS and Heart Transplantation: Donor and Recipient Factors Influencing Graft Survival

Worst early mortality of TAH 

Compared to LVADs



MCS and Heart Transplantation: Donor and Recipient Factors Influencing Graft 
Survival

Donor to Recipient BMI ratio < .8

Increased early mortality

Mechanical Circulatory Support and Heart Transplantation:  Donor 

and Recipient Factors Influencing Graft Survival.  Maltais S et al. Ann 

Thorac Surg 2013;96:1252-8.



Mechanical Circulatory Support and Heart Transplantation:  Donor and 

Recipient Factors Influencing Graft Survival.  Maltais S et al. Ann Thorac

Surg 2013;96:1252-8.

MCS and Heart Transplantation: Donor and Recipient Factors Influencing Graft Survival

Decreased Survival:  TAH; high PVR; Ischemic time; female to male; 

donor/recipient BMI rati0< .8; donor age
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ADULT HEART TRANSPLANTS (2007-6/2012)

Risk Factors For 1 Year Mortality with 95% Confidence Limits 

Ischemia Time
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p < 0.0001

(N = 10,739)

2014
JHLT. 2014 Oct; 33(10): 996-1008



Outcomes of Adult Orthotopic Heart Transplantation with Extended 

Allograft Ischemic Time.  

Yeen W et al.   Transplantation Proceedings 2013;45:2399-2405.

Effect of Donor Extended Ischemic Time ( > 5 hours) 

Increased: mortality; 
inotropic support;
Increased ICU and LOS
Prolonged ventilation

Importance of being ready to  

sew of  donor arrival to OR



Development of a quantitative donor risk index to predict short-term mortality in 

orthotopic heart transplantation.. 

Weiss ES et al.  J Heart Lung Transplant 2012;31:266-73.

Effect of Ischemic time on 1 year post OHT Mortality



Risk Factors for Early Death in Patients Bridged to Transplant With Continuous-Flow 

Left Ventricular Assist Devices. 

Arnaoutakis GJ et al.  Ann Thorac Surg 2012;93-1549-55.

Risk Factors for Early Death in BTT Continuous Flow VAD Patients
(UNOS)

Increased mortality:

ischemic time  > 4 hrs

Hazard ratio 1.9



Impact of Warm Ischemia Time on Survival After Heart Transplantation.  

Marasco SF et al. 

Transplantation Proceedings, 44 (2012) 1385-1389

Effect of Warm Ischemic Time on Early Mortality

Sew heart in < 80 min



Cardiac Size and Sex Matching in Heart 

Transplantation:  Size Matters in Matters of 

Sex and the Heart.  Reed RM et al.  JACC 

Heart Fail. 2014 February 1; 2(1) 73-83.

Female donor into male 

recipient worst early survival

Effect magnified by weight 

discrepency



Pre-operative risk factors and clinical outcomes associated with vasoplegia in recipients 

of orthotopic heart transplantation in the contemporary era.  Patarroyo et al. 

J Heart Lung Transplant. 2012 Mar;31(3):282-7

Results in  Increase mortality

Increased incidence –

reop; MCS; prolonged CPB;

hepatic dysfunction

??increased with continuous flow

L VADs

Vasoplegia Syndrome



Reversal of severe vasoplegia with single-dose methylene blue after heart 

transplantation.  

Kofidis T et al. J Thorac Cardiovasc Surg. 2001 Oct;122(4):823-4

Vasoplegia Syndrome

Low dose vasopressin

Methylene blue-may need to 

be given prior to CPB
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Primary Graft Dysfunction
• Accounts for 36% of early deaths

• Inotropes-Epi; Milrinone; T4; Vaso/Neo/Levo

• NO vs Flolan

• IABP

• Temporary RVAD/LVAD/BVAD

• ECMO

– Need to ensure the LV is vented and 
decompressed

– Reverse anticoagulation

– Chest left usually left open 

– Usually cardiac function improves within 2-3 days  



Predictive risk factors for primary graft failure requiring temporary extra-corporeal 

membrane oxygenation support after cardiac transplantation in adults.  

D’Alessandro CD et al.  European Journal of Cardio-thoracic Surgery 40 (2011) 962-970

Primary Graft Dysfunction Requiring ECMO

Recipient age > 60

MCS

Donor-death due to trauma

LVEF<55%; high NorEpi;
Ischemic Time
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High PVR/RV Dysfunction

• Mortality increased if PVR > 3

– Penn exclusion to listing

• Influences Choice of Donor

– Oversize donor

– Male into male

• NO vs Flolan

• Wean inotropes slowly

• Sidenafil

• ECMO/temporary RVAD



� 256 potential OHT candidates underwent CF-LVAD implantation 
between March 2004 and December 2013 at NY-Presbyterian 
Hospital/Columbia University Medical Center.

� Pre-LVAD right heart catheterization data were available for 
227 patients.

� Low PVR group (lPVR): PVR ≤ 3 Wood units (n = 106)

� Medium PVR group (mPVR): 3 < PVR < 5 Wood units (n = 76)

� High PVR group (hPVR): PVR ≥ 5 Wood units (n = 45)

� PVR used was after optimization 

Columbia University
Medical Center Division of

Cardiothoracic Surgery

Effect of Pre-LVAD PVR on Heart Transplant Outcome
(presented AATS Seattle April 2015 --Columbia -Naka)



Changes over time in pulmonary vascular resistance

Columbia University
Medical Center Division of

Cardiothoracic Surgery
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Intra- and postoperative data for OHT

Columbia University
Medical Center Division of

Cardiothoracic Surgery

Variables All patients 

(n = 148)

lPVR

(n = 72)

mPVR 

(n = 47)

hPVR 

(n = 29)

p value

Intraoperative data

CPB time (min) 176 ± 54 175 ± 50 173 ± 43 184 ± 75 0.94

Ischemic time (min) 189 ± 51 187 ± 53 189 ± 46 195 ± 52 0.88

Postoperative data

iNO usage 49 (33.6%) 25 (35.2%) 12 (25.5%) 12 (42.9%) 0.28

In-hosp mortality 13 (8.8%) 5 (6.9%) 2 (4.3%) 6 (20.7%) 0.036

HD/CVVH 24 (16.4%) 8 (11.3%) 11 (23.9%) 5 (17.2%) 0.20

Primary graft failure 12 (8.2%) 7 (9.9%) 1 (2.2%) 4 (13.8%) 0.16



Kaplan-Meier survival curve after OHT

Columbia University
Medical Center Division of

Cardiothoracic Surgery

p=0.43



Logistic regression of 30-day post-OHT mortality

Columbia University
Medical Center Division of

Cardiothoracic Surgery

variables Univariate analysis Multivariate analysis

OR 95% CI p Value OR 95% CI p Value

Age 1.03 0.96 to 1.10 0.44

Sex (Male) 1.40 0.17 to 11.6 0.76

BSA 0.72 0.036 to 14.6 0.83

ICM 0.77 0.15 to 3.97 0.76

HTN 2.98 0.58 to 15.4 0.19 2.70 0.52 to 13.96 0.24

HM II (vs. others) 0.46 0.09 to 2.39 0.36

Pre-LVAD MCS 1.91 0.23 to 15.9 0.55

Pre-LVAD PVR > 5 5.88 1.32 to 26.3 0.02 5.53 1.23 to 24.8 0.03

Post-LVAD PVR>3 0.58 0.05 to 6.35 0.65



CONCLUSION

Columbia University
Medical Center Division of

Cardiothoracic Surgery

�LVAD therapy significantly reduced PVR even in patients 

with severely elevated PVR. 

�Early post-OHT mortality in LVAD patients with pre-
existing high PVR was high.

�However, their long-term survival appeared comparable 
to that for patients with lower PVR. 

�Need to oversize donors for VAD pts with initially HPVR ( 
> 5) even when PVR at time of Tx is <3 ?
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Intraop Risk Factors for Heart 

Transplantation-Special 
Considerations

• Importance of management of redo operation

– LVAD/adult congenital operation in efficient and 
safe fashion

– Safe entry and cannulation

• Proper matching of donor with recipent-size; 

gender; PVR; extended donor criteria 

• Minimize Ischemic Time < 4-5 hrs


