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ventricular assist devices (VRDs) are used to sustain the lives of 

patients waiting on the cardiac transplant list who would othewise die 

before a donor organ became available. This study described 

characteristics of patients bridged to cardiac transplantation on VADs, 

examined patient outcomes following transplantation, and identified 

factors that affected posttransplant outcomes. A retrospective chart 

analysis was used to study 20 adults placed on VADs between 1985 and the 

present. Seven patients received a cardiac transplant, 5 of the 7 

survived to hospital discharge, and 4 are currently alive (mean length 

of sunival = 915.71 days) . Patient demographics, donor variables, 

measures of hemodynamic and respiratory status, and the presence of a 

cardiac arrest during the transplant waiting period were significantly 

related to posttransplant morbidity and mortality. Complications of VAD 

support necessitated the removal of several patients from the transplant 

list, however, patients who did survive to cardiac transplantation had 

favorable posttransplant outcornes. 
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CHAPTER ONE 

Introduction 

Cardiac transplantation has become a widely accepted treatment 

modality for patients in end-stage cardiac failure. Quality of life 

posttransplant is excellent, as most patients are unrestricted in their 

activities and are able to perform at a capacity equal to or better than 

that achieved prior to their illness (Griffith, Hardesty, Trento, 

K O ~ O S ,  & Bahnson, 1986; Pae, Pierce, Pennock, Campbell, & Waldhausen, 

1987; Pae, 1987). The limiting factor to the number of heart transplants 

performed has always been the availability of donor organs. Each year, 

twenty to thirty percent of patients accepted for cardiac 

transplantation die while awaiting a donor heart (Ott, Mills, Eugene, 

& Gazzaniga, 1990, Pennington, McBride, Peigh, Miller, & Swartz, 1994 ; 

Pennington, McBride, Kanter, Miller, et al., 1989; OIConnell et al., 

1988; Reedy, Ruzevich, Noedel, Vitale, & Merkle, 1990; Marks et al., 

1992) . 
With recent technological advances, ventricular assist devices (VADs) 

are non being used to sustain the life of patients waiting on the 

transplant list who would have previously died before a donor organ 

became available. VADs have the ability to support the systemic and 

pulmonary circulation of patients in cardiogenic shock while they await 

an organ for transplantation. After transplantation, these patients are 

expected to live normal lives with generally excellent cardiac function 

and without long-term sequelae from the period of mechanical support 

(Kanter, Ruzevich, et al., 1988) . 
patient selection criteria and timing issues surrounding insertion of 

VADs have been identified as critical factors affecting the ultimate 

sumival of patients bridged to cardiac transplantation (Miller, Pae, 

& Pierce, 1990a; Takano, Taenaka, et al, 1989; Oaks, Pae, et al, 1991; 

Ott, Milis, Eugene, & Gazzaniga, 1990; Pennington, McBride, Swartz, 

Kanter, et al., 1989; Pennington, 1990; Pennington, McBride, Miller, 

& Swartz, 1994; Pennington, Farrar, Loisance, Pae, & Emery, 1993; Reedy, 

Swartz, et al., 1990; Noon, 1991; Farrar & Thoratec VAD Principal 

Investigators, 1994). Strict patient selection criteria are critical in 

the identification of appropriate candidates for VAD insertion and 



bridging to cardiac transplantation. In order to ensure that scarce 

donor organs are utilized appropriately, it is essential that outcomes 

of patients bridged to transplant on VADs closely approxirnate those of 

patients who are transplanted electively. 

At the ~niversity of Alberta Hospital, patients who have VADs 

inserted for treatment of cardiogenic shock postcardiotomy or post- 

acute myocardial infarction may be urgently listed for cardiac 

transplantation. The multidisciplinary transplant team has a very short 

period of time in which to evaluate the patient for transplantation, 

and the basis of this assessment is physiological in nature. Therefore. 

it is prudent to identify those factors that rnay impact posttransplant 

outcornes and to assess each patient carefully with respect to these 

variables. This ensures that precious donor organs are  transplanted 

into the most appropriate candidates and are not wasted in an attempt 

to salvage those who are not suitable for transplantation. 

Currently at the ~niversity of Alberta ~ospital, the Bio-Medicus 

centrifuga1 pump, Extracorporeal Membrane Oxygenation (ECMO), and the 

Hemopurnp are the types of VADs employed. Because of the lack of 

availability of devices capable of long-term support this 

institution, the ability to bridge patients for extended periods of 

time to allow for careful assessment of secondary organ dysfunction, 

and to detemine if other contraindications to cardiac transplantation 

exist, is limited. 

Nurses at the bedside must believe that "bridge to transplantw 

procedures will benefit patients on VADs and not cause undue pain and 

suffering in order to provide the comprehensive care that is required. 

For this reason, it is important that specific research-based criteria 

used as the basis for patient consideration and selection 

potential transplant recipients. This ensures that patients who axe 

bridged to transplant and their families have reasonable expectations 

for positive posttransplant outcomes. If bedside nurses agree that a 

bridging procedure is in the patient's best interest, they are  better 

able t o  provide support, encouragement. and reinforcement to patients 

and their families and to provide them with realistic expectations of 

the bridging procedure. 

Numerous studies conducted on the use of VADs as a bridge to cardiac 

transplantation have produced contradictory findings. Certain patient 



variables have been found to be significant in some samples for 

outcomes posttransplant, while they are nonsignificant in others. A 

study of preoperative risk factors, analysis of VAD selection and 

application, and posttransplant outcomes provides the basis by which to 

improve patient selection, provide comprehensive care to the bridged 

patient, and ultimately improve long-term survival rates after cardiac 

transplantation. In view of the decreasing availability of donor 

organs, it is important to critically analyze outcomes obtained with 

VADs to ascertain their effectiveness and to determine if the continued 

use of precious donor organs in patients bridged to transplant on these 

devices is justified (Kanter, McBride, et al., 1988). 

CY 
The purpose of this study was to examine factors present in adults 

bridged to cardiac transplantation with VADs that impacted 

posttransplant outcomes. The following questions were addressed: 

a. What were the characteristics of patients who had a VAD inserted 

as a bridge to cardiac transplantation? 

b. What were the outcomes of patients bridged to cardiac 

transplantation on VADs? 

c. What factors affected posttransplant outcomes in patients bridged 

to cardiac transplantation on VADs? 

The results attained were analyzed to provide a description of 

patients bridged to cardiac transplantation and to provide information 

regarding the effectiveness of the VADs currently used. The findings 

provide a Canadian perspective to the existing knowledge in this field 

and allow comparisons to be made with American and International data. 

In addition, the data from this patient population verifies existing 

research findings and provides impetus for further improvements in care 

of the bridged patient. 

e ri€ tbp St- 

With improved patient selection for bridging to transplant, only 

patients with a reasonable chance of survival in the perioperative 

period a r e  accepted and listed for cardiac transplantation. Other 

patients are allowed to die with dignity and without the pain and 

suffering that often accompany a slow, progressive deterioration. 



Nursing staff are knowledgeable regarding specific variables that make 

positive outcomes more likely following a bridging procedure and are 

better able to educate patients and families about expected oütcomes, 

and provide support and encouragement duxing this critical period. In 

addition, nurses have insight into the decisions that are made 

regarding patient care, and are in a better position to advocate for 

the patient and family. This has improved their ability to work closely 

with the transplant team to provide a halistic approach in caring for 

patients bridged to cardiac transplantation on VADs. In t u rn ,  the 

burden that is felt by families making decisions regarding consent for 

or termination of treatment has diminished. Transplant personnel who 

observe candidates deteriorate and die while awaiting a transplant have 

renewed confidence that donor organs are allocated ta patients who are 

most likely to benefit from the surgery and not wasted in an attempt to 

salvage inappropriate transplant candidates. 



Literature Review 

As the complement to several years of experimental animal research. 

hours of practice to perfect the surgical technique, and the 

recognition of the immunologic factors and pathologic features of 

rejection limiting sunrival, the first human cardiac transplantation 

was performed in Cape Town, South Africa by Dr. Christiaan Barnard in 

1967 (Reitz, 1990). Subsequent attempts were hampered by difficulty in 

controlling rejection and infection episodes, and not until the advent 

of the immunosuppressive drug, Cyclosporine, in 1981, did attempts at 

cardiac transplantation meet with success. As a result. the numbers of 

transplants performed worldwide increased significantly. 

The development and clinical application of circulatory support has 

closely paralleled the development of cardiac transplantation 

(~ennington, McBride, Peigh, et al., 1994). The first attempt at 

bridging to transplant was made by Dr. Denton Cooley in 1969 with the 

total artificial heart (TAHI (Cooley et al., 1969). Though tnis attempt 

was unsuccessful, the feasibility of this approach was dernonstrated and 

became the basis by which further attempts at bridging would be made. 

In 1981, Cooley and colleagues again attempted the use of the T m  as a 

bridge to transplant with no long-term survivors (Joyce, Emery, et al., 

1989). Dr. Keith Reemtsma and colleagues performed the first successful 

bridge to cardiac transplantation with the intra-aortic balloon pump in 

2978 (Reerntsma et al., 1978). 

The modem era of bridging to cardiac transplantation began in 1984 

with the first successful use of the TAH by Dr. Jack Copeland; the 

Pierce-Donachy (Thoratecl VAD by Dr. Donald Hill and coworkers; and the 

Novacor electrical VAD by Oyer, Starnes, and colleagues respectively 

(Kanter, Ruzevich, et al., 1988; Pennington, McBride, Kanter, Miller, 

et al., 1989). Successes in device implantation have been depende~t on 

patient selection, surgical skill, and the availability of a low-risk 

prosthetic blood pump (Hill, 1989) . 



-- 
An injury to the myocardium results in ineffective emptying of the 

failing left ventricle during systole. Cardiac output decreases 

resulting in a lower systemic perfusion pressure. An increase in left 

ventricular end-diastolic pressure inhibits left atrial filling causing 

an increase in pulmonary venous pressure and subsequently, pulmonary 

congestion. Pulmonary congestion reduces arterial oxygen tension and 

inhibits tissue perfusion. Severe metabolic acidosis ensues, further 

restricting cardiac function and if not reversed, vasopxessor-resistant 

hypotension, hypoxemia, arrhythmias, and death result (DeBakey, 1971). 

The goal of mechanical circulatory support is to decornpress the 

hypokinetic ventricle, decrease myocardial work, and reduce oxygen 

demand while maintaining adequate systemic perfusion and coronary blood 

flow to provide time for the metabolic recovery of the injured or 

nstunnedm myocardium (Pae, Pierce, Pennock, et al., 1987; Miller, Pae, 

& Pierce, 1990b; Takano, Taenaka, et al., 1989; Verani et al., 1989; 

Pae, Pierce, et al., 1987; Pae, 1987; Rountree, 1991; Ballantyne, 

Verani, Short, Hyatt, & Noon, 1987; Magovern, Golding, Oyer, & Cabrol, 

1989; Pae, Miller, Matthews, & Pierce, 1992; Park et al., 1986; 

Pennock, Pierce, Wisrnan, Bull, & Waldhausen, 1983). VAD implementation 

reduces preload and decreases myocardial wall tension and oxygen 

consumption (Park et al., 1986). Left ventricular end-diastolic 

pressure is decreased, strain on the myocardium is reduced, and 

pulmonary congestion is relieved with improvement in arterial oxygen 

tension. The resultant prompt increase in cardiac output and in 

coronary flow of well-oxygenated blood ta the myocardium enhances 

recuperability of the myocardium and improves left ventricular function 

(Holman, Bourge, McGiffin, & Kirklin, 1994). Ventricular assist pumping 

can support either the systemic and pulmonary circulation individually, 

or both together (Pae, Pierce, et al., 1987) . 

Sc1 ecti_on 

The insertion of a VAD is warranted when the following parameters 

(Table 2.0) are present despite maximal pharmacologie intervention with 

optimal preload and institution of an intra-aortic balloon pump 

(Norman et al., 1977; Pennington, McBride, Miller, et al., 1994; Moore, 

Dailey, Canon, & Rubin, 1992; Oaks, Wisrnan et al., 1989; Drinkwater & 



Laks, 1988; Pierce, 1983; Reedy, Ruzevich, et al., 1990; Frazier, 

Macris, Wampler, et al., 1990; Pennington, Joyce, Pae, & Burkholder, 

1989; ~akano, Nakatani, & Taenaka, 1993; Pennington & Tehmuhlen, 1989). 

Table 2 . 0  

fnr VAD TrDplaatatiPn 

1. Systemic hypotension with a mean arterial pressi;re 

(W) c 60 mmHg or systolic blood pressure c 90 m g  

2 .  Cardiac index (CI) c 2.0 L/minute/m2 

3. Pulmonary capillary wedge pressure (PCWP} or right 

atrial pressure (or both) > 20 mmHg 

4 .  Systemic vascular resistance > 2100 dynes/second/cms 

S. Urine output c 20 mls/hour 

At the University of Alberta Hospital, maximal pharmacologie support 

includes the use of two ta four inotropic agents in doses at, or 

exceeding, the maximum recommendations for each drug. Patients selected 

for bridge ta transplant procedures must also meet the criteria for 

cardiac transplantation at the time of implantation of the device. 

Patients with end-stage cardiac disease with no reasonable treatment 

alternatives are considered for transplantation. Table 2.1 documents 

criteria that patients must meet in order to become transplant 

candidates (Shinn, 1991; Ley, 1991; Copeland, Emery, Levinson, McAïeer, 

& Riley, 1985; Reedy, Swartz, et al.. 1990; Hill, Farrar, et al., 1 9 8 6 ;  

Ott, Mills, Eugene, & Gazzaniga, 1990; Joyce, Kiser, et al., 1990) . 



Table 2.1 

T- 

l. Age c 65 years 

2. Absence of uncontrollable systemic infection 

3. Absence of other chronic, systemic illness 

4 .  Lack of irreversible renal or hepatic dysfunction 

S .  Absence of fixed pulmonary hypertension 

6. Absence of massive hemorrhage or uncontrollable 

coagulopathy 

7. Absence of a recent cerebrovascular event 

8. Knowledge of a patient's psychosocial profile 

Relative contraindications to VAD insertion as a bridge to 

transplantation include recent pufmonary embolism, rccent 

gastrointestinal hemorrhage, significant peripheral vascular disease, 

severe emphysema and/or chronic obstructive pulmonary disease, dnig 

addiction, alcohol addiction, inadequate psychosocial support, or 

presence of any other condition that may limit posttransplant survival 

(Cabrol, Solis, et al., 1989; Kanter, McBride, et al.. 1988; Pennington 

& Termuhlen, 1989). The risk of complications that may preclude 

transplantation must be balanced against the potential efficacy of this 

therapeutic approach in treating patients with no other chance for 

survival (Hill, Farrar, et al., 1986) . 
Patients considered for bridge to transplant on VADs include 

patients who cannot be weaned from cardiopulmonary bypass following a 

cardiac surgical procedure; patients in cardiogenic shock following 

acute myocardial infasction; patients with end-stage cardiomyopathy who 

are deteriorating while waiting on the transplant list; and patients 

who have acute rejection or immediate donor organ failure after 

transplantation (Ley, 1991; Drinkwater & Laks, 1988; Miller, Pae, & 

Pierce. 1990b; Oaks, Pae, et al.. 1991; Pae. Miller, & Pierce, 1989; 

Keon, Koshal, & Menkis, 1986). Approxirnately 1% of postcardiotomy 

patients will require aggressive circulatory support. the majority of 



which have had isolated coronary artery by-pass grafting (Pae, 1993; 

Parascandola et al., 1988; Rutan. 1991; Smith & Cleavinger, 1991; 

Pennock. Pierce. Wisman, et al.. 1983; Adamson, Dembitsky, Reichman, 

Moreno-Cabral. L Daily, 1989; Miller. Pae. & Pierce. 1990a; Pennington, 

Merjavy, et al., 1985) . 
Patients requiring VAD insertion due to the inability to be weaned 

from cardiopulmonary bypass following cardiac surgery are less 

favourable candidates for bridging to transplantation because the 

patients are generally unknown to the transplant service. Meaningful 

evaluation is difficult, if not impossible. due to the critical nature 

of the patient's condition. Postcardiotomy patients are at higher risk 

for complications, such as bleeding and infection, due to the recent 

invasive procedure and prolonged cardiopulmonary bypass times (Bolman, 

Cox. et al.. 1989). For those patients who are not candidates for 

transplantation. the surgeon must ensure that a technically correct 

surgical repais has been perfonned prior to committing the patient to 

circulatory assist pending recovery of the native heart. - 
r R m n n  pump 

The intra-aortic balloon pump (IABP) is the most frequently used and 

least complicated means of instituting circulatory assistance. 

Clinically, the IABP is most often used for temporary support of acute 

reversible left ventricular failure after cardiac surgery and 

cardiogenic shock post-acute myocardial infarction. Most comrnonly 

inserted via percutaneous femoral puncture, the balloon is situated 

within the aorta and has been shown to increase diastolic filling of 

the coronary arteries and to decrease afterload by inflation after 

aortic valve closure and deflation just prior to systole (Smith & 

Cleavinger, 1991; Copeland, Emery. et al., 1985). Cardiac output may be 

augmented by approximately 10-15% (Reedy, Ruzevich, et al.. 1990). 

The advantages of IABP include ease of insertion and use, low cost, 

availability with experience in its use. and lack of necessity for 

anticoagulation. Disadvantages include a complication rate of 20% 

(i.e. compromise of lower extremity/renal perfusion. failure of 

insertion. infection. arterial laceration/dissection, bleeding, 

thrombosis, thrombocytopenia) ; limited increase in cardiac output; lack 



of effect on preload reduction; inability to support the right 

ventricle; and limited effectiveness with tachycardia and dysrhythmias 

(Smith & Cleavinger, 1991; Copeland, Emery, et al., 1985). - 
Roller pumps were initially used as VADs because of the ease of 

adaptation from standard heart-lung bypass machines (Ott, Mills, 

Eugene, & Gazzaniga, 1990; Koffsky, Litwak, Mitchell, & Jurado, 1978). 

The system, which consists of elastomer cannulae, an extracorporeal 

tubing loop, and rotating pump, is able to provide up to 5 litres per 

minute of nonpulsatile f low (Litwak et al., 1977) . Simplicity, 
availability, and low cost are cited as the main advantages of roller 

pump systems. Difficulties include carinula obstruction and cavitation 

with resultant air embolism, the need for anticoagulation, blood trauma 

and thromboembolism due to the shear forces generated, flow 

limitations, and nonpulsatility (Magovern, 1993; Pae, 1987; Wesolowski, 

1966) . 

CentrifuaalPum~ 
Centrifugal vortex pumps such as the Bio-Medicus and Sarns 3M are 

the most popular VADs on the market because of their simplicity, 

accessability, easy applicability to standard heart-lung circulation 

cannulae, ability to generate high flows, less blood trauma, and 

relatively low cost (Pae, 1987; Bolman, Cox, et al., 1989; Drinkwater & 

Laks, 1988; Smith & Cleavinger, 1991; Rillen, Piehler, Borkon, & Reed, 

1991; Ott, Mills, Eugene, & Gazzaniga, 1990; Curtis, et al., 1990). 

Centrifugal pumps provide nonpulsatile flow with an electrically 

powered magnetic impeller (Kanter, Ruzevich, et al., 1988; Golding, 

Stewart, Sinkewich, Smith, & Cosgrove, 1988; Pennington, Bernhard, et 

al., 1985; Pennington, 1980). Centrifugal force is used to generate 

energy which causes the blood to rise £ r o m  the pump headls base, 

forcing a return direction of flow (Quaal, 1991). mmp output is 

proportional to revolutions per minute and is capable of total 

circulatory support (Golding, Crouch, et al., 1992). Difficulties with 

centrifuga1 devices include nonpulsatile flow which leads to end-organ 

dysfunction during prolonged perfusion, the need for full 

anticoagulation to counteract thromboembolic complications and 



traumatic hemolysis, intensive monitoring requiring a perfusionist to 

be available 24 hours a day, and lack of mobility with current median 

sternotomy camulation techniques (Ott, Mills, Eugene, & Gazzaniga, 

1990; Smith & Cleavinger, 1991; Unger et al., 19841. Limited durability 

of the pump head limits long-term use (Quaal, 19911, although the 

device has been used for a period of 31 days with successful 

transplantation (Golding, Stewart, et al., 1988; Magovern, Golding, et 

al., 1989). Though nonpulsatility has been cited as a disadvantage of 

centrifuga1 devices, Golding (1984) states that the chronic depulsed 

state provided by these pumps is compatible with the maintenance of 

normal organ function provided that appropriate flows and pressures are 

maintained. 

C M e m b r a n e Q x v c r e n a t i o n  

ECMO or cardiopulmonary support (CPS) is another type of mechanical 

assist device which supports cardiac and pulmonary functions during 

heart or lung failure (Smith & Cleavinger, 1991). ECMO consists of a 

membrane oxygenator and heat exchanger in line with either a roller 

pump or centrifuga1 pump (Kanter, Ruzevich, et al., 1988; Kanter, 

Pennington, et al., 1987; Reichman et al., 1990). A percutaneous 

camulation technique is used to gain vascular access to the proximal 

and distal femoral artery and vein. Venous blood is removed from the 

central circulation, warmed, oxygenated, and then xeturned to the 

femoral artery (Bavin, 1991). Primary indications for use are 

percutaneous transluminal coronary angioplasty and emergency 

cardiopulmonary support for full or impending cardiac and/or pulmonary 

f ailure . 
Sunival rates for those patients in full-blown cardiac arrest are 

dismal at 4 %  to 27% (Bavin, 1991; Mooney et al,, 1991). Due to these 

poor sumival statistics, unwitnessed cardiac arrest and prolonged 

cardiopulmonary resuscitation are contraindications to this type of 

support (Hill, Bruhn, et al., 1992). ECMO requires continuous 

heparinization and therefore is unsuitable for postcardiotomy patients. 

Best results are achieved with institution of ECMO within thirty 

minutes of insult and use of this device is not recommended beyond 24 

hours (Moore et ai.. 1992; Bavin. 1991; Raithel et al., 1989). Reedy, 

Swartz, Raithel. Szukalski, and Pennington (1990) suggested that ECMO 



is useful for intervals of 12 to 24 hours and can be best applied to 

patients younger than 60 years of age, patients with acute events 

arnenable to surgical intervention, and candidates for cardiac 

transplantation who could be switched to a more sophisticated method of 

support within 12 to 24 hours of institution of ECMO- 

ECMO offers the advantage of simple, rapid insertion without the 

need for a thoracic incision, provides access to portable bypass 

outside of the operating room, has the potential to support both the 

pulrnonary and systemic circulations, and provides time to evaluate the 

patient's status as a transplant candidate (Pennington, Merlahn, et 

al., 1984; Smith & Cleavinger, 1991). Complications are largely related 

to the inability to gain vascular access sites in approximately 10% of 

patients (Dembitsky, Moreno-Cabral, Adamson, & Daily, 1993). 

Hemanumn 
The Hemopump consists of a high-speed rotary pump contained in a 

perfusion cannula inserted across the aortic valve into the left 

ventricle (Moritz & Wolner, 1993). The system is powered and flushed 

through an axial cable and rnay provide up to 4 litres/minute of left 

ventxicular support (Phillips, Barker, et al., 1990; Deeb et al., 

1990). Small size, ease of insertion without a çternotomy incision, 

relatively low cost, and minimal invasiveness make this device 

desirable for use (Frazier, Macris, Wampler, et al., 1990; Smith & 

Cleavinger, 1991; Rountree, 1991; Burnett, et al., 1990). Because the 

Kemopump offers only left-sided support, patients with cardiomyopathy 

and biventricular failure may not sufficiently benefit from this 

device. 

Pulsatile VADs represent the newest and most advanced forms of 

mechanical support. They portray a significant irnprovernent over 

extracorporeal devices primarily because of biocompatible blood- 

contacting surfaces which allow for extended use with minimal hemolysis 

and anticoagulation (Ott, Mills, Eugene, & Gazzaniga, 1990). With the 

expectation that patients will require longer periods of VAD support 

due to shortages in donor organs, pulsatile devices have demonstrated 

advantages, however, in comparison to the nonpulsatile support systems 

they are much more complex and costly. Pulsatile perfusion allows for 

more efficient metabolism at lower flow rates; improved capillary 



perfusion; less metabolic acidosis; increased oxygen consumption; lower 

peripheral arterial resistance; better renal, cerebral, and myocardial 

perfusion; less hepatocellular injury; and presenration of the 

endocrine balance (Mavroudis, 1978; Bregman, 19781. 

The Pierce-Donachy (Thoratec) VAD, the Symbion Acute VAD (AVAD) , and 
the Abiomed BVS 5000 are paracorporeal, pneumatically activated 

prosthetic ventricles (Xanter, McBride, et al., 1988; Kanter, Ruzevich, 

et al., 1988; Oaks, Wisman, et al., 1989; Copeland, E m e r y ,  et al., 

1985; Farrar & Thoratec VAD Principal Investigators, 1994; Ley, 1991; 

Magovern & Pierce, 1990). These devices are versatile and may be used 

for univentricular or biventricular support; camulation rnay be 

achieved by left atrial or ventricular access; the paracorporeal 

approach allows their use in a wide range of body sizes; and they rnay 

provide support pending recovery of the rnyocardiurn or as a bridge to 

transplantation (Farrar & Hill, 1993). 

The Thoratec VAD and Symbion AVAD rest on the abdominal wall with 

the inlet and outflow cannulas traversin9 the anterior abdominal wall 

via percutaneous cannulae that pump blood in paralle1 with the native 

circulation (Ott, Mills, Eugene, & Gazzaniga, 1990; Ott, Mills, & 

Eugene, 1989). The Symbionts pump output is restricted to approximately 

5 litres/minute, therefore its limitation to patients weighing 80 

kilograms or less is warranted (Lick et al., 1 9 9 3 ) .  In addition, 

thromboernbolism is of major concern with the Symbion AVAD with a 

reported incidence of 78% (Icenogle et al., 1989). 

The Abiomed BVS 5 0 0 0  VAD uses a microprocessor-controlled pulsatile 

pneumatic drive system that simulates normal physiologie mechanical 

cardiac function by external pulsatile flow (Dixon & Farris, 1991; 

Champseur et al., 1390). The pumping chambers do not lie in a 

paracorporeal position, but rather are mounted on an intravenous pole 

near the patient (Ott, Mills, Eugene, & Gazzaniga, 1990) . The major 
limitation to this device is the external alignment of the pumping 

charnber which impedes early rnobilization of the patient. 

Advantages of external pulsatile VADs include the ability to provide 

right, left, or biventricular support for extended periods of time; 

patient mobility; versatility; utility on smaller patients; feedback 



and control of device cardiac output; and simplicity of implantation 

technique (Smith & Cleavinger, 1991). Pulsatile devices reduce the need 

for systemic anticoagulation; they minimize blood trauma and the 

potential for thromboembolism; and they provide complete physiologic 

support of the systemic and pulmonary circulations, either together or 

independently (Pae, 1987) . - 
Implantable VADs are prototypes of permanently implantable devices. 

These heterotopic devices provide pulsatile flow while allowing for 

early mobilization of patients. They have the ability to provide 

support for prolonged periods of time and are capable of producing high 

cardiac outputs (Smith & Cleavinger, 1991). These devices are 

technically more complex to insert, have potential "fitu problems in 

smaller patients, and provide only left ventricular support (McCarthy 

et al., 1991). The biggest advantage of the implantable system is the 

ability to mobilize the patient (Portner, Baumgartner, Cabrol, & 

Frazier, 1993) thereby promoting wound healing; reducing the risk of 

infection; preventing loss of endurance, coordination, and strength; 

and decreasing the incidence of respiratory, gastrointestinal, 

genitourinary, and psychological complications associated with bedrest 

in bridged patients (Reedy, Swartz, Lohmam, et al., 1992; Shinn, Abou- 

Awdi, Ley, Reedy, & Rountree, 1993). With the use of implantable 

devices, improvements in quality of life may be enhanced by bridging 

patients in an outpatient setting (Dew et al., 1993). 

The Novacor left ventricular assist system (LVAS) is an electrically 

operated dual pusher plate sac type pump that is implanted in the 

abdominal wall just anterior to the posterior rectus abdominis sheath 

(Kanter, McBride, et al., 1908; Pennington, McBride, Kanter, Miller, et 

al., 1989; Copeland et al., 1985). A cable exits the abdominal wall 

through a subcutaneous tunnel and serves as a power drive line, an air 

vent, and a monitoring system. The Thermo Cardiosystems Heartmate is an 

implantable pneumatic device with an external control console (Abou- 

Awdi, 1991; Frazier, 1993; Burton et al., 1993). Xt has a textured 

blood contact surface designed to reduce the thromboembolic potential 

(Ott, Mills, Eugene, & Gazzaniga, 1990; Frazier, Duncan, et al., 1992). 

Both devices are designed for left ventricular apical implantation only 



and cannot be used with left atrial camulation or for right 

ventricular support. They have been used to provide temporary 

circulatory support to patients with potentially reversible myocardial 

dysfunction, however the primary indication for use is bridging to 

transplantation (Shim, 1991) . 
The Novacor LVAS is contraindicated in patients with mechanical 

aortic valves in situ because of the potential for thrombus development 

on the valve which rarely opens during nonal LVAÇ operation (McCarthy 

et al., 1991). The major advantage of the Novacor LVAS is the 

capability to produce high cardiac outputs (greater than 9 

litres/minute) . Disadvantages of the Thermedics Heartmate include 
difficulty in implantation; requisite dissection of the diaphragm from 

the chest wall and extensive dissection of the anterior abdominal wall 

for implantation; and the need for continuous anticoagulation with 

major potentials for bleeding and wound complications. The Thermedics 

Heartmate has been used successfully to support the failing circulation 

for greater than 30 days (McGee et al., 1989). 

The total artificial heart is a pair of pneumatically driven 

ventricles, each composed of a blood sac enclosed in a rigid housing in 

which air is introduced and withdrawn in pulses. Pneumatic drive lines 

connect the T M  to its external power source and a computerized system 

monitors the pumps (Pennington. McBride, Swartz. et al., 1989). Use of 

the TAH requires that the native ventricles be excised. The remaining 

atria are used to secure the mechanical ventricles in place 

(Pennington, Swartz, et al. , 1989) . 
The TAH provides complete control of the cardiovascular system by 

producing cardiac outputs of up to 6-10 litres/minute, allows patient 

mobility, and has the ability to reverse end-organ failure (Smith & 

Cleavinger, 1991). Limiting factors in the application of this device 

as a temporary or permanent cardiac replacement include complications 

with fit, bleeding. thromboembolism, infection, and multi-organ failure 

(Johnson, Liska. Joyce, & Emery, 1992; Kunin et al., 1988; Davis. 

Rosenberg, Snyder. & Pierce, 1989; Griffith, 1989; Levinson et al., 

1986). Patients on TAHs are limited to cardiac transplantation as their 

only surgical option, thexefore the devices must be inserted in 



candidates with no contraindications to transplantation (Barker. 5991; 

Loisance et al., 1989) . Cabrol, Gandjbakhch, et al. (1988) stated that 
the best candidates for the TAH as bridge to transplant are patients 

less than 45 years of age with recent. acute intractable heart failure, 

reversible organ dysfunction, and without any contraindications to 

transplantation. 

A greater number of options for meeting the needs of circulatory 

support in individual patients exists when considering the heterotopic 

approach to bridging to transplant (insertion of a device in series 

with the intact native heart) versus the orthotopic approach used with 

the TAH. Leaving the natural heart in situ allows for the possibility 

of cardiac function recovery or other surgical intervention. 

Heterotopic devices may be tailored to the specific needs of each 

individual and are not restricted to large patients. as are the TAHs. 

In addition, heterotopic ventricles may be inserted without the use of 

extracorporeal circulation in some circumstances (Farrar. Hill, Gray. 

Pennington, et al., 1968). However orthotopic ventricles are indicated 

in certain clinical situations. These include a ventricular septal 

defect occurring after myocardial infarction involving the septum. the 

presence of an intraventricular or intraatrial thrombus, or the 

presence of severe valvular dysfunction (Koshal, Masters, Hendry, & 

Keon. 1991) . 

Several studies concluded that the early survival rate of patients 

bridged to transplant on VADs closely approximates that of patients 

transplanted electively. provided that patients have been carefully 

selected (Farrar. Hill. Gray. Pennington, et al., 1988; Cabrol, Solis. 

et al., 1989; Marks et al., 1992; Hardesty et al., 1986; Peric, 

Frazier. Macris. & Radovancevic. 1986; Bolrnan, Cance, et al.. 1988; 

Bolman, Spray, et al.. 1987; OfConnell et al.. 1988; Reedy, Swartz, et 

al.. 1990; Adamson et al., 1989; Birovljev, et al., 1992; Farrar, 

Lawson, Litwak, & Cedemall. 1990; Farrar & Hill, 1993; Reedy, 

Pennington, et ai., 1992) . Joyce. Emery. et al. (1989) reported a 
30-day posttransplant survival rate of 91% and a long-tem survival 

rate of 82% in the group of patients who were mechanically bridged to 

cardiac transplantation. Bolrnan, Cance. et al. (1988) reported a 12 and 



24 month survival of 87% which was virtually identical to the 

nonsupported patient group. Actuarial survival of patients who were 

successfully transplanted following a bridge procedure has been 

reported as 100% at 3.6. and 12 months respectively, and 71% at 24 

months (Bolman. Cox. et al., 1989) . Farrar, Hill. Gray, Pe~ington. et 
al. (1988) cited a one year survival rate of 92%. Farrar. Hill, and the 

Thoratec VAD Principal Investigators (1995) reported that even though 

patients require biventricular support as the severity of illness 

increases, patients supported on univentricular or biventricular 

devices have posttransplant survival rates comparable to that of 

conventional cardiac transplantation. 

Other research contradicts these findings concluding that patients 

requiring pretransplant mechanical support are at higher risk for death 

posttransplant (Johnson, Prieto, Joyce. Pritzker. & Emery ,  1992; 

Stevenson, Donohue, et al.. 1987; Miller, Pae, h Pierce, 1990b). Walley 

et al. (1993) reported a 39.1% in-hospital mortality for patients 

requiring pretransplant mechanical support. Pae, Miller. and Pierce 

(1989) reported survival rates of bridged patients clearly less 

favourable overall than the routine, more elective candidates (62% 

versus 79% one yeax survival as reported in the combined ASAIO-ISHT 

Registry). In a study of 186 patients bridged to transplant on Thoratec 

VADSt Farrar and the Thoratec VAD Principal Investigators (1994) found 

the overall survival £rom VAD implantation to discharge was 52%. 

Results of this study showed that sunival to transplant with VAD 

support is in the range of 62% to 65%. 

Patient selection criteria must be applied at two critical stages: 

the time of VAD placement and the time of cardiac transplantation 

(Pe~ington. McBride, Kanter. Miller, et al.. 1989). A strict policy 

for cardiac transplantation must be applied to patients subjected to 

bridge to transplant procedures with the definitive operation delayed 

until the patient's condition appears adequate and stable (Pemington, 

Swartz. et al.. 1989). Ideally, patients to be bridged should be 

transplant candidates prior to VAD implantation since it is difficult 

to determine the suitability of a patient for transplantation once 

insertion of the device has been accomplished. Multi-system recovery 

must be complete prior to undertaking transplantation in these 

patients. Under such conditions. survival rates of those bridged to 



cardiac transplantation should be equivalent to those achieved in the 

conventional cardiac transplant population. 

Several variables have been identified in the literature as having 

an effect on posttransplant survival. Demogxaphics and physiological 

characteristics of the recipient before VAD implantation, after VAD 

implantation, prior to transplantation, and following transplantation, 

in addition to device and donor-related variables have been identified 

as important factors in the ultirnate survival of the cardiac transplant 

recipient (Bourge et al., 1993). These variables have been categorized 

as pre-VAD risk factors, device-related risk factors, complications of 

V m  support, and donor-related risk factors. 

Bqe. Significant risk factors for death in the bridged population 

include very young recipient age (less than 5 years) and advanced age 

(greater than 60 years 1 (Bourge et al., 1993) . Cabrol, Solis, et al. 
(1989) studied a population of patients who were bridged to transplant 

on a TAH. Their results showed that of younger patients (less than age 

4 0 ) ,  56% had successful transplantation as opposed to 17.6% of patients 

older than 40 years of age. In a retrospective study of predictors of 

weaning and survival post-VAD implant in 79 patients, Golding, Crouch, 

et al. (1992) also found that age had an effect on suwival but only 

when considered as greater than or equal to 50 years or less than 50 

years. Forty-two percent of patients less than 50 years were discharged 

from hospital compared to 20% in the older age group. 

In a study on the salvage of 41 cardiac surgical patients with the 

Bio-Medicus centrifuga1 VAD by Killen, et al. (1991), several 

preoperative variables were evaluated with respect to survival post-VAD 

implant. A significant improvernent in survival was reported in younger 

patients (age 39 to 63 years) when compared to the older population 

(age 64 to 83 years). As the patient's age increased, the chance that 

the patient would be successfully weaned from support and discharged 

from hospital was significantly decreased (Miller, Pae, & Pierce, 

1990a) . 
Farrar, Lawson, et al. (1990) described a significant improvement in 

survival in patients younger t h a n  42 p a r s  of age. Adamson et al. 



(1989) reported that age less than 60 years was statistically 

significant for survival, while no difference in survival based on sex 

was noted. On the other hand, Magovern (1993) and Pennington, McBride, 

Peigh, et al. (1994) found no significant differences between survivors 

and nonsurvivors post-VAD support in respect to age. 

GEtnder. In the previously described study on the salvage of 41 

cardiac surgical patients with the Bio-Medicus centrifuga1 VAD, no 

significant difference in survival was found when comparing males and 

females (Killen et al., 1991). Magovern (1993) and Pennington, McBride, 

Peigh, et al. (1994) concurred that no significant differences existed 

between survivors and nonsurvivors post-VAD support with respect to 

gender. In another series, Farrar, Lawson, et al. (1990) reported a 

significant improvernent in survival in males (77%) as compared to 

females (56%) . 

IZiaqnasis. Cabrol, Solis, et al. (1989) studied a population of 

patients who were bridged to transplant on TAHs. They discovered that 

of those patients with acute cardiac decompensation, survival rates 

posttransplant were equal to 448, as opposed to those with chronic 

disease who had a 29.4% survival rate. In this study, patients with 

cardiomyopathy as their diagnosis fared better following 

transplantation than did those with ischemic heart disease (46.2% 

versus 3 3 % ) .  Killen et al. (1991) reported no significant difference in 

survival by extent of coronary disease. Pennington, McBride, Peigh, et 

al. (1994) found no significant differences between survivors and 

nonsurvivors post-VAD support with respect to etiology of cardiac 

failure. 

s rard;Catcamy. In the study by Farrar and the Thoratec VAD 

Principal Investigators (1994), a significant history of cardiac 

surgery perfonned greater than 30 days prior to VAD insertion was 

present in the nonsurvivors. Pennington, Farrar, et al. (1993) also 

reported a decrease in survival in patients with previous cardiac 

surgeries. A survival rate to transplantation of 33% was found in the 

group with prior cardiac surgery versus 67% in the group with no prior 

surgeries. 



Killen et al. (1991) found no significant difference between 

survivors and nonsurvivors when comparing number of previous cardiac 

surgeries in 41 patients supported on the Bio-Medicus centrifuga1 pump, 

and Magovern (1993) similarly reported no significant influence on 

survival by primary cardiac surgical procedure perfonned. McCarthy, 

Srnedira, et al. (1996) reported a 90 to 94.3% one year survival rate in 

patients bridged to transplant on the Heartrnate LVAD following cardiac 

surgery. In relation to posttransplant survival, the occurrence of 

postoperative complications was similar between patients who had had 

previous cardiac surgeries and those who had not (McBride. Swartz, et 

al. , 1990) . 

~ ~ r c l c e d u r e .  A retrospective study of predictors of 

weaning and survival post-VA. implant in 79 patients conducted by 

Golding, Crouch, et al. (1992) found that when the pretransplant 

operative procedure was elective, there was a significant difference 

for weaning from VAD support. but not survival, when compared to 

emergency procedures. Killen et al. (1991) found no significant 

difference in survival by urgency of operation. 

V. Cardiac arrest necessitating cardiopulmonary 

resuscitation has been found to negatively influence survival of 

patients on VAD support (Reedy, Swartz, et al., 1990). Incidence of 

pre-VAD arrhythmias and multiple cardiac arrests is a predictor of 

subsequent development of ventricular fibrillation while on the device. 

In a study conducted by Farrar, Hill, Gray, Galbraith. et al. (1989). 
71% of patients with preimplant arrhythrnias and multiple cardiac 

arrests exhibited postimplant arrhythmias compared to 30% in patients 

without preimplant arrhythmias. Prior cardiac arrest/hemodynamic 

collapse has thus been identified as a statistically significant risk 

factor for death following mechanical circulatory support (Guyton et 

al., 1993; Joyce, Johnson, et al., 1988). 

statlis- In a study On the salvage of 41 cardiac 

surgical patients with the Bio-Medicus centrifuga1 VAD by Killen et al. 

(1991), preoperative hernodynamic status was similar in both the 

survivors and nonsurvivors posttransplant. similarly, Penniagton, 



McBride, Peigh, et al. (1994). discovered no significant differences 

between survivors and nonsurvivors post-VAD support with respect to 

predevice hemodpamics. Examination of hemodynamic data pre-VAD 

insertion showed no relationship to predictability of which patients 

would have favourable outcomes with univentricular support (Konnos, 

Borovetz, et al., 1990) . 

B ~ s s  Timely implantation of the support 
device avoiding multiple attempts to wean the patient off 

extracorporeal circulation was a positive predictor for outcome (Moritz 

h Wolner, 1993; Pennock, Pierce, Wisman, et al., 1983; Pierce, Parr, et 

al., 1981; Takano, Taenaka, et al., 1989; Anstadt et al., 1992; DeRose, 

et al., 1997). Farrar, Hill, Gray, Pennington, et al. (1988) concluded 

that poor patient selection and the late institution of circulatory 

support are major factors in the inability to reverse ischemic end- 

organ damage. The inability to wean patients £rom mechanical support 

following lengthy cardiopulmonary bypass is explained by an increased 

incidence of perioperative bleeding and disseminated intravascular 

coagulopathy (DIC) leading to subsequent rnulti-organ dysfunction 

(Parascandola, et al., 1988; Park et al., 1986). 

Killen et al. (1991) described no significant differences in 

survival by time of VAD insertion or total duration of cardiopulmonary 

bypass. Furthermore, Magovern (1993) reported no significant influence 

on survival by t h e  of aortic cross-clamp. In addition, no significant 

difference was found between the mean length of time of circulatory 

support and whether or not a patient was weaned from the device or 

subsequently dischasged from hospital (Pae, Miller, Matthews, et al., 

1992) . 

tirin. Perioperative myocar-ial 

infarction has been identified as a significant univariate determinant 

of survival (Parascandola et al., 1988; Magovern, Golding, et al., 

1989). Nonsurvivors of mechanical circulatory support had an infarction 

rate of greater than 70% (Ruzevich et al., 1988). Perioperative 

ischemia, inadequate myocardial preservation, incomplete myocardial 

revascularization, and reperfusion injury have been cited as possible 

theories for ternporary ventricular failure (Rose et al., 1983). 



Myocardial infarction within 24 to 48 hours of surgery was a strong 

deterrant to survival due to the frequent lack of myocardial recovery 

(Pemington, Joyce, et al., 1989; Pennington, McBride, Swartz, et al-, 

1989). However acute myocardial infarction does not always preclude 

improvement in ventricular function, therefore one cannot exclude 

patients £rom VAD placement based on this factor alone (Pemington, 

McBride, Kanter, Swartz, et al., 1988). 

Eailure. A significant risk factor for death 

posttransplant in bridged patients is the presence of ventilatory 

support at the tirne of cardiac transplant (Bourge et al., 1993). Swartz 

et al. (1994) found the number of days intubated to be a statistically 

significant predictor of mortality in univariate analysis. Pulmonary 

insufficiency requiring a Fi02 of greater than .70 and the need to be 

intubated for greater than 5 days are factors that can negatively 

influence survival (Reedy, Swartz, et al. , 1990) . 

Dvsfunction. Abnormal renal function has been reported to 

significantly increase the risk for poor posttransplant outcomes 

(Bourge et al., 1993). Golding, Crouch, et al. (1992) found predevice 

blood urea nitrogen (BUNI and creatinine levels to be significant in 

regards to ability to wean patients from the VAD. 

t~ Nit ro! .  An analysis of pre-VAD demographic, 

hemodynamic, and blood chemistry variables was done by Farrar and 

Thoratec VAD Principal Investigators (1994) in 186 patients before VAD 

insertion in an attempt to identify potential risk factors to patient 

survival in patients bridged to cardiac transplantation on Thoratec 

VADs. Preoperative BUN was identified as a marker of multi-organ 

pathophysiology that is of value in assessing bridge to transplant 

patients. In this study, pre-VAD BUN was significantly elevated in the 

nonsurvivors . 
Golding, Crouch, et al. (1992) conducted an analysis of several 

laboratory values and also found preoperative BUN to have a predictive 

effect on survival. Both BUN and creatinine levels were significant 

factors affecting the ability to wean patients from the VÀD (p = .OS). 

Farrar, Lawson, et al. (1990) also found BUN to be significant for poor 



post-VAD implant survival. In contraçt, Lick et al. (1993) found no 

correlation between preoperative BUN level and survival. 

- In a study by Farrar and Thoratec Principal 
lnvestigators (1994) of 186 patients bridged to cardiac transplantation 

on Thoratec VADS. predevice total bilirubin levels were generally 

higher in the patients who did not survive to transplantation, however 

this level did not reach statistical significance. In those patients 

who were transplanted, higher total bilirubin levels neared statistical 

significance (p = . O 7 1  for increased risk of death following 

transplantation. Ashton et al. (1996) reported that at the time of 

transplantation. patients supported less than 30 days on VADs had a 

significantly elevated bilimbin level compared with patients supported 

for longer periods of tirne. Yet, elevated total bilirubin was not a 

significant risk factor for death in another study by Pennington. 

Farrar, et ai. (1993) . 

Ekmaîdagi r F a r t n r s .  Pennington, McBride, Peigh. et al. (1994) 

reported predevice white blood count and platelet count to be 

statistically significant between the survivors and nonsurvivors of VAD 

support, regardless of whether or not the patient was transplanted. 

Swartz et al. (1994) also reported white blood ce11 count, as an 

indicator of infection, to be a statistically significant predictor of 

mortality in univariate analysis. 

m o d  Type. Significant risk factors for death include recipient 

and donor blood group other than type O (Bourge et al., 1993). 

Nakatani. Aida. Frazier. and Macris (1989) found that type O patients 

had a better survival rate than type A or B patients, although this was 

not statistically significant. Type A and S patients who received -0 

identical hearts had better absolute graft survival rates than those 

transplanted with nonidentical AB0 hearts. Once again this difference 

did not reach statistical significance. Patients with the type B 

antigen had significantly lower graft survival rates than type O 

patients and survived shorter periods than those without the type B 

antigen. Swartz et al. (1994) studied patients bridged to transplant 

on VADs and reported that patients with blood type O were more likely 



to require longer periods of mechanical support and therefore had a 

higher incidence of complications or death while being supported on 

these devices. 

On for mr, 'risertian- A retrospective study of predictors 
weaning and survival post-VAD implant in 79 patients was conducted by 

Golding, Crouch, et al. (1992) - They concluded that no differences 
existed between patients supported on VADs to wean from cardiopulmonary 

bypass or to treat ongoing cardiogenic shock or cardiac arrest, In 

contraçt, Saperstein, Pae, Aufiero, Boehmer, and Pierce (1995) found 

that patients with acute rnyocardial infarction had a higher risk of 

death while being supported with LVADs than did chronically il1 

recipients. Massad et al. (1996) also found that patients who required 

LVRD insertion as a bridge to cardiac transplantation were more likely 

to have an ischemic event than those who did not require device 

support. 

Other variables including body surface area (BSA), presence of other 

systemic disease, preoperative and postoperative ejection fraction, and 

New York Heart Association functional class have little relationship to 

predicting who will require postoperative VAD support or the prognosis 

of hospital survivors (Curtis, et al., 1990; Pennington, Merjavy, et 

al., 1985). Swartz et al. (1994) found that presence of an intra-aortic 

balloon pump was a statistically significant predictor of mortality in 

univariate analysis. 

Qq-. A retrospective study of predictors'of weaning and 

survival post-VAD implant in 79 patients conducted by Golding, Crouch, 

et al. (1992) found that although patients receiving biventricular 

support fared much worse, the difference in survival between patients 

supported on right ventricular assist devices ( R V A D ç ) ,  l e f t  ventricular 

a s s i s t  devices (LVADS) , or biventricular assist devices (BIVRDS) was 

not significant. Patients supported with biventricular assist devices 

exhibited a higher incidence of embolic events and hepatic 

insufficiency. however only  the number of cerebrovascular accidents was 

significantly higher in the 9IVAD groop (Golding. Crouch, et al., 



In a study of several preoperative variables evaluated with respect 

to sunival post-VAD implant, Killen et al. (1991) and Farrar, Hill, 

Pemington et al. (1997) reported no significant difference in survival 

dependent on type of VAD used (LVAD, RVAD, or BIVADI. Miller, Pae, and 

Pierce (199oa) reported that the overall hospital discharge rate was 

not dependent on the type of support used, nor was there any 

significant difference if the patient was supported on a pneumatic 

versus a centrifuga1 device. Pennington, Reedy, et al. (1991) also 

reported no difference in incidence of complications with 

univentricular versus biventricular support with the Thoratec VAD. 

Oaks, Pae, et al. (1991) found a significant difference in outcome 

dependent on the type of VAD used, with the best results occurring with 

the univentricular device and the least favourable results with the 

TAH. Magovern (1993) reported no significant influence on survival by 

type of assist, however Pae, Miller, Matthews, et al. (1992) found that 

hospital discharge rates were significantly lower in patients receiving 

biventricular support versus left or right sided support individually. 

In a study by Pennington, McBride, Peigh, et al. (19941, the best 

survival rates were found in patients requiring only left ventricular 

support. 

Lemgth af VAB Sua-. Magovern (1993) xeported no significant 

influence on survival by length of VAD assist. The current overall 

experience no longer supports the previous trend of improved survival 

with shorter periods of mechanical support, but that extended 

mechanical bridging has a positive rather than a negative impact on 

long-term survival after cardiac transplantation (Oaks, Pae, et al., 

1991; Frazier, Macris, et al., 1994). Extended LVAD support provides 

the potential for pretransplant rehabilitation by allowing the patient 

to become ambulatory, improva muscle tone, muscle mass, and nutritional 

status prior to transplantation (Nishimura, Radovancevic, Odegaard, 

Myers, Springer, & Frazier, 1996) . Ashton et al. (1996) xeported that 
patients undergoing cardiac transplantation who were supported on LVADs 

for less than 30 days were three times more likely to die in the 

perioperative period than those supported for greater than 30 days. 

These findings süggest that patients supported for longer periods of 



time have increased functional recovery leading to increased 

posttransplant survival. Contrary to the previous findings, Farrar, 

Hill, and the Thoratec VAD Principal Investigators (1994) found that 

the survival rate after transplantation does not appear to be related 

to the duration of support, and is comparable ta that of conventional 

cardiac transplantation for both short and long-term assistance. 

Complications with VAO use as a bridge to transplantation also have 

a significant rtlationship to poor outcomes posttransplant. 

Complications occur frequently with these devices, with the incidence 

reported at 7 8 %  (Bolman, Cox, et al., 1989). The highest risk of death 

occurs within the first month after transplantation. In the 

conventional cardiac transplant population, the three most common 

causes of death posttransplant are infection, acute rejection, and 

early graft failure (Bourge et al., 1993). Bleeding, renal failure, and 

infection are the most important indicators of early hospital death 

after cardiac transplantation in the bridged population (Pae, Miller, & 

Pierce, 1989; Korfer et al., 1995). 

According to Pae (1993) and Pierce, Gray, McBride, and Frazier 

(i989), bleeding, DIC, renal and biventricular failure, cyanosis 

secondary to an unrecognized patent foramen ovale, inadequate cardiac 

output, and inlet carnula obstruction leading to low cardiac output 

were associated with the inability to wean a patient from mechanical 

support. Bleeding, neurologie events, and biventricular and renal 

failure had a significant negative effect on future cardiac 

transplantation. 

Univariate analysis conducted by Miller, Pae, and Pierce (1990a) 

indicated that persistent biventricular failure, infection, inadequate 

cardiac output, and cannula obstruction accurately predicted the 

inability to wean a patient from support. The presence of renal 

failure, biventricular failure, cannula obstruction, decreased cardiac 

output, DIC, and cyanosis had a negative impact on hospital discharge 

and survival. Pennington, McBride, Peigh, et al. (1994) reported 

infection, renal failure, and respiratory failure to be significant 

predictors of nonsurvival, whereas mechanical failure, hemolysis, and 

thromboembolism were not. 



Bleediaçl. A major negative determinant of posttransplant sunival 

following VAD insertion is severe postoperative bleeding which requires 

massive transfusion of blood products (Golding, Crouch, et al., 1992). 

Patients supported on BIVADs were found to require more blood products, 

but this was not statistically significant. Reexploration of the chest 

was warranted in 22% to 73% of patients (Farrar, Lawson, et al., 1990; 

Pennington, McBride, Kanter, Swartz, et al., 1988; Kanter, McBride, et 

al., 1988; Killen et al., 1991; Magovern, 1993; Marks et al., 1992; 

Parascandola et al., 1988; Pennington, Bernhard, et al., 1985; Golding, 

Jacobs, et al., 1982; Pennington, McBride, Swartz, et al., 1989; 

Portner, Oyer, et al., 1989; Pennington, Merjavy, et al., 1985; Zumbro 

et al. , 1987) . 
Postoperative bleeding is known to be a result of the length of the 

operative procedure, associated coagulation defects, and multiple 

cannulation sites in the heart and great vessels, rather than use of 

the device itself. However, bleeding complications occur more 

frequently with the centrifuga1 pumps than with the pneumatic devices 

(Pennington, Farrar, et al., 1993). Uncontrolled bleeding disorders may 

lead to pulmonary insufficiency and multi-organ failure. Coagulopathy 

secondary to frequent blood transfusion feads to pulmonary hypertension 

and results in decreased VAD flow. 

H e m o l v ç i s .  Hernolysis should be rninimized by prompt institution of 

mechanical support and selection of appropriately sized camulae for 

arterial return (Golding, Stewart, et al., 1988; Pennington, Bernhard, 

et al., 1985). A moderate amount of hemolysis will occur in patients 

who are supported on devices long-tenn (Gray, Ganzel, Mavroudis, & 

Slater, 1989) . 

Thrambacmb6liçm. Another frequent complication of mechanical 

circulatory support is thromboembolism. Approxirnately 12% of VAD 

patients suffer a neurologie event related ta an embolic process (Pae, 

Miller, & Pierce, 1989). Turbulent flow, platefet damage, 

thrombogenicity, and design of the device put patients at r i s k  for 

thrombus formation (Henker, 1991; Didisheim et al. , 1989) . Large 

synthetic blood-contacting surfaces combined with low flow rates may 



also predispose patients to clotting which compromises the function of 

the device or produces thromboernbolic complications in other organs 

(DeVries, 1984) . Icenogle et al. (1989) reported development of thrombi 
in the Syrnbion VAD in 78% of patients. The incidence of thrombus 

formation found with the Thoratec VAD was 17% with the incidence of 

embolization 4 %  to 8% (Termuhlen et al., 1989). Thrombi were related ta 

inadequate anticoagulation, interrupted VAD flow, or sepsis, but not to 

duration of support. Adamson et al. (1989) reported an incidence of 

cerebrovascular accident of 21% post-VAD insertion. Incidence of 

thrombosis was decreased with the use of ventricular drainage cannulae 

to avoid ventricular stasis and prevent clotting and stroke. 

a1 FaiiLilre. Renal pathophysiology in cardiac assist device 

patients is related to decreased cardiac output and hernoglobinuria 

(Henker, 1991). Effects of cardiopulmonary bypass, hemodilution, 

hypothermia, prolonged aortic cross-clamp tirne, high transfusion 

requirements, and low nonpulsatile flow add to reduced renal perfusion 

(Quaal, 1991; DeVries, 1984; Reedy, Ruzevich, et al., 1990). VADs 

damage red blood cells and release hemoglobin into the plasma. Plasma- 

free hemoglobin is nephrotoxic and results in compromised renal 

function. Plasma-free hemoglobin and lactate dehydrogenase levels are 

monitored to determine the amount of hemolysis that is occurring 

(Henker, 1991). In studies of patients bridged to cardiac transplant, 

Drinkwater and Laks (1988) and Kanter, Swartz, et al. (1987) found the 

development of renal failure to be the most ominous prognostic 

indicator. Pierce, Hershon, KOmOS, Dembitsky, and Noon (1993) found 

that only 33% of patients with renal failure supported on mechnanical 

devices survived to transplantation. Of 79 patients who received 

ventricular support for postcardiotomy cardiogenic shock, 37 patients 

(46.8%) demonstrated varying degrees of renal insufficiency. Only 3 

patients (8.1%) with renal dysfunction survived despite early and 

aggressive management. This poor survival rate was statistically 

significant when compared to the overall group survival (Golding, 

Crouch, et al., 1992). When patients were supported with LVADs for 

extended periods of time, renal function normalized in two-thirds of 

patients (Burnett, Duncan, Frazier, Sweeney, Vega, & Radovancevic, 

1993) . 



. Infection is a major risk factor of prosthetic hearts, 
especially in patients who survive to cardiac transplantation and are 

chronically immunosuppressed. Greater infection related morbidity and 

mortality occur with the orthotopic approach as compared to the 

heterotopic approach (Hill, 1989; Griffith, Kormos. Hardesty, & 

Armitage, 1 9 8 8 ) .  An infection rate of 36% has been reported by 

Griffith, K o ~ O S ~  et al. (1988) in patients bridged to transplant on 

TAHs. Infection has also been significantly associated with the use of 

pneumatic devices due to the increased number of days of support 

afforded by these types of devices (Pae. Miller, Matthews, et al., 

1992; McBride, Ruzevich, et al., 1987; Pennington. McBride, Miller, et 

al., 1994; Shinn. Abou-Awdi, et al., 1993; Ashton, et al., 1996; 

Masters et al., 1996) . However. Prendergast et al. (1996) suggest that 
transplantation should not be delayed in patients with infected VADs.  

as acceptable results can be achieved in the presence of VAD infections 

£rom bacteria or fungus. 

Pneumonia. mediastinitis, and device-related infections are the most 

cornmon septic complications. The presence of indwelling devices, 

chronic debilitation due to heart failure, the presence of cavities and 

voids created by the devices. blood-borne pathogens flowing turbulently 

through the purnps. adherence of certain bacteria to polyurethane 

surfaces, and sequestration of organisms £rom the usual antibody and 

phagocytic responses, are reasons for increased susceptibility of these 

patients to infection (Didisheim et al., 1989; Lonchyna et al., 1992). 

t i -nrg ; ln    ai lu Te. Multi-organ failure is a principle cause of 

death in patients placed on VADs who become noncandidates for 

transplantation (Hill, 1989). At the t h e  of device implantation, it is 

very difficult to know if secondary organ dysfunction is reversible. 

Risk factors for multi-organ failure include ECMO or mixed devices. a 

long by-pass tirne in postcardiotomy patients, previous or multiple 

operations, and prolonged low cardiac output syndrome (Pierce. Hershon, 

et al.. 1993). Patients with multiple organ failure must be supported 

with long-tenn devices to provide sufficient tirne to allow for reversa1 

of end-organ dysfunction (Burnett et al., 1993). 

Magovern (1993) reported no significant influence on survival by the 

complications of VAD support when studying the use of the Biopump 



centrifuga1 VRD. Survival improved significantly when analyzed by 

operative era. This improvernent was attributed to increased physician 

and perfusionist expertise, more aggressive institution of VAD support, 

and improved patient selection. 

v- 
Several reports indicate that increased donor ischemic time (greater 

than 4 hours) will result in a higher early mortality following cardiac 

transplantation (Fragorneni & Kaye, 1988; English, Spratt, Wallwork, 

Cory-Pearce, h Wheeldon, 1984; Wahlers et al., 1991). A study conducted 

on 39 survivors and nonsurvivors of transplantation by Wahlers et al. 

(1991) found that the duration of donor catecholamine support was 

significantly longer for transplant recipients who died in the early 

postoperative period when compared to the survivors. Older donor age 

and donor blood group other than type O were also predictive of poorer 

sunival rates in posttransplant patients bridged on VADs (Bourge et 

al., 1993 ; Wahlers et al., 1991) . 

Summarv 
Ventricular assist devices provide circulatory support to patients 

who would have otherwise died. Several devices are available for use 

including centrifuga1 pumps, ECMO, the Kemopump, pneumatic devices, 

implantable pumps, and the TAH. However each device is limited by 

specific associated risks and complications. Pre-VAD, device-related, 

and donor-related risk factors in addition to complications of VAD 

support must be assessed and patients carefully selected as candidates 

for bridging to transplant in order to minimize these risk factors to 

ensure that precious donor organs are allocated to those patients who 

are likely to benefit £rom transplantation. 



Method 

Numerous studies conducted on the use of ventricular assist devices 

(VADs) as a bridge to cardiac transplantation have produced 

contradictory findings. Certain patient variables are statistically 

significant in some samples for outcomes post-bridging to cardiac 

transplantation, while they are nonsignificant in others. A study of 

preoperative risk factors and analysis of VAD selection and application 

to posttransplant outcomes was conducted in order to provide the basis 

by which to improve patient selection. provide comprehensive care to 

the bridged patient, and ultimately improve long-ten survival rates 

after cardiac transplantation. In view of the decreasing availability 

of donor organs, it was important to critically analyze the outcomes 

obtained with VADs to ascertain their effectiveness and to determine if 

the continued use of precious donor organs in patients bridged to 

transplant on these devices was justified (Kanter, McBride. et al., 

1988) . 
The purpose of this study was to examine factors present in adults 

bridged to cardiac transplantation with VADs that impacted 

posttransplant outcomes. The following questions were addressed: 

a. What were the characteristics of patients who had a VAD inserted 

as a bridge to cardiac transplantation? 

b. What were the outcomes of patients bridged to cardiac 

transplantation on VADs? 

c. What factors affected posttransplant outcomes in patients bridged 

to cardiac transplantation on VADs? 

The results obtained were analyzed and provide a description of the 

patients bridged to cardiac transplantation and information regarding 

the effectiveness of the VADs used at the University of Alberta 

Hospital as bridging devices. The findings provide a Canadian 

perspective to the existing knowledge in this field and allow 

cornparisons to be made with American and International data. In 



addition, the data from this patient population verified in some 

respects, and contradicted in others, existing research findings which 

will lead to further research questions and study, and ultimately 

improve the care of the bridged patient. 

Dcsi.sn 
A descriptive, retrospective, correlational design was used to 

examine the relationships among demographics, pre-VAD implant data, 

laboratory values, hemodynamic parameters, surgical data, device and 

donor-related variables, complications of VAD support, and patient 

outcornes. 

Studv Po~ulatioq 

The study population consisted of al1 adults, 18 years and older, 

placed on VADs (Bio-Medicus, Bemopump, Extracorporeal membrane 

oxygenation) with the intent to bridge to cardiac transplantation. AIL 

patients since the inception of the cardiac transplant program at the 

University of Alberta Hospital in 1985 ta the present tirne were 

included in the study. 

P 1 

A retrospective review of al1 inpatient hospital charts and 

transplant outpatient charts was conducted. Data on study variables 

were collected £rom the patient's chart through the period of VAD 

insertion and cardiac transplantation to the present, or until the time 

that death occurred. Demographic data, preimplant data, laboratory 

values, hemodynamic data, surgical data, device data, complications of 

VAD support, and patient outcorne data were obtained to identify 

variables that were predictive of posttransplant survival. Specific 

donor-related variables identified in the literature as having a 

negative impact on posttransplant survival were also obtained. 

Patient demographics were collected from the admission data base, 

patient history, and physical assessment records. Pre-VAD implant 

laboratory values, hemodynamic data, and duration of cardiogenic shock, 



and inotropic support were obtained from cardiac catheterization, 

operative, and graphic records. Post-VAD insertion daily laboratory 

values were collected while the patient was in the intensive care unit, 

at the time of hospital discharge, and at the present tirne. If the 

patient was deceased, the data was obtained as close to the t h e  of 

death as possible. 

Hernodynamic data was collected on a daily basis while the patient 

was in the intensive care unit, with a 24 hour mean (k standard 

deviation) calculated for each parameter. Heart rate and blood pressure 

wexe also documented on the hospital discharge day and at the most 

recent transplant clinic visit- Additional data were obtained £rom the 

operative record, daily graphic sheets, progress notes, and nursing 

notes. 

Patient outcomes were documented as mortality, morbidity, ability to 

wean from the VAD, and functional recovery. Mortality was assessed by 

survival to transplant, length of posttransplant survival in days, 

survival to hospital discharge, and survival following hospital 

discharge. Morbidity was assessed by the presence/absence of 

intraoperative and posttransplant complications and the type of 

complications that occurred. The number of rejection episodes and grade 

(Appendix A ) ,  the number and type of major systemic infections, and the 

number of hospital readmissions and reason for admission were 

identified. Those patients who were not transplanted were classified as 

weaned/unable to wean from VAD. Functional recovery was assessed by 

ability of the patient to return to work posttransplant or to perform 

lifestyle activities that they performed prior to illness. New York 

Heart Association functional class (Appendix BI was documented for each 

patient. 

Pata A n a h s i s  

Descriptive statistics including the nean, standard deviation, and 

range were calculated with respect to each variable to depict the 

characteristics of patients bridged to cardiac transplant on VADs.  

Correlation coefficients were calculated ta describe the relationships 



among specified study variables. Variables with statistically 

significant correlation coefficients were subjected to multiple 

regression analyses to identify trends in variables that may be 

predictive of posttransplant outcornes. Chi-square analyses and 

Fischer's exact test were conducted on nominal data to determine if 

significant group differences existed on patient outcomes. Missing data 

were handled by coding the data as such, and running the analyses using 

the missing data option in SPSS (Version 6.1). The level of 

significance was set at Q c . O S .  

Ethical Considerations 

Ethical clearance was obtained from the Faculty of Nursing and 

Special Services and Research Committee, University of Alberta Hospital 

prior to initiation of data collection. Ail patient information was 

kept strictly confidential with patients identified only by hospital 

identification number. There was no risk of harm to patients because 

the study w a s  conducted retrospectively, however future patients being 

considered for bridge to transplant procedures rnay benefit from the 

results of this study. Records were accessed through the Medical 

Records Department, University of Alberta Hospital after ethical 

approval from the institution had been obtained. 



CHAPTER FOüR 

Findings 

The purpose of this study was to examine factors that affected 

posttransplant outcomes in adults bridged to cardiac transplantation on 

ventriculas assist devices (VADs) . This study addressed the following 
questions : 

1. What were the characteristics of patients who had a VAD inserted 

as a bridge to cardiac transplantation? 

2. What were the outcomes of patients bridged to cardiac 

transplantation on VADs? 

3. What factors affected the posttransplant outcomes in patients 

bridged to cardiac transplantation on VADs? 

Descriptive statistics were used to depict the charactesistics of 

the subjects.  Correlation coefficients and multiple regression analyses 

were used to identify relationships among specified variables and 

patient outcomes. Chi-square analyses and Fischer's exact test were 

used with nominal data to determine if significant group differences 

existed on patient outcomes. 

Descri~tion of the Subi ects 

Of the 85 patients who were placed on a VAD at the University of 

Alberta Hospital from 1985 to the present tirne, 65 (76%) were placed on 

the devices with the intent to bridge to cardiac recovery, and 20 ( 2 4 % )  

with the intent to bridge to cardiac transplantation. The twenty 

patients who were bridged to cardiac transplantation were the subjects 

of this study. Of these 20 patients, there were 16 males (80%) and 4  

females (20%). Average age of the patients was 4 8 . 6  years (m = 9.53, 

range 20 to 62 years) with an average body surface area of 1.89ma 

(SD = .17, range 1.48 to 2.20ma). Coronary artery disease was diagnosed 

in 19 patients ( 9 5 % ) ,  and dilated cardiomyopathy in 1 patient ( 5 % ) .  

Mean ejection fraction (EF) of the patients was 30.19% (ÇD = 17.83, 

range 5 to 7 4 % ) .  Reasons for VAD insertion included cardiogenic shock 



post-myocardial infarction (MI) (g = 7 ,  = 3S%), post-cardiotomy 

(a = 11, f = 5 5 % ) ,  and cardiac arrest (z = 2, f = 10%). Nine patients 

(45%) had no previous cardiac surgical procedure, while 11 patients 

(55%) had a history of cardiac surgery. Eight patients (40%) had 

undergone I cardiac operative procedure, 2 patients (10%) had 2 

previous cardiac surgeries, and 1 patient ( 5 % )  had 3 previous cardiac 

surgical procedures. Of the patients who had undergone previous 

surgery, 8 patients (40%) had coronary artery bypass grafting (CABG), 1 

patient (5%) had CABG and left ventricular aneurysmectomy, 1 patient 

( 5 % )  had a cardiotomy with no CABG due to the inability to find 

suitable vessels for grafting (the same patient who had 2 previous 

cardiac surgeries), and 1 patient (5%) had CABG with repair of the 

sinus of valsalva. The mean cardiopulmonary bypass time (CPB) time for 

these 11 patients was 212.45 minutes (m = 130.68, range 65 to 525 

minutes 1 . 
Duration of cardiogenic shock for al1 patients (time of cardiac 

insult to time of transplant or death) averaged 40.75 hours 

(a = 24.59, range 6.83 to 104.02 hours) while mean number of hours on 

the VAD (£rom time of insertion to time of transplant or death) was 

40.46 hours (SD = 23.72, range 9.88 to 104.02 hours). An intra-aortic 

balloon pump ( IABP)  was used for the maintenance of pulsatile flow in 

17 patients ( 8 5 % ) ,  while the same number of patients experienced a 

cardiac arrest prior to or during the period of VAD use. Of the VADs 

used, a left ventricular assist device (LVAD) was used to support 8 

patients ( 4 0 % ) ,  a biventricular assist device (BIVADI was used for 3 

patients (15%), and extracorporeal membrane oxygenation (ECMO) was used 

for 9 patients ( 4 5 % ) .  F i f t y  percent of the patients (u = 10) were 

supported by a Biomedicus centrifuga1 pump, 5 %  (u = 1) by a Hemopump, 

and 45% (s = 9) by a CPS Bard extracorporeal system. 

Lifestyle factors assessed showed that 16 patients (80%) had a 

history of smoking, while 5 patients ( 2 5 % )  had a history of alcohol 

abuse ( >  2 drinks/day). Viral studies done during the transplant 

assessment showed that 14 patients (70%) were cytomegalovirus ( C M )  

positive, while 3 patients (15%) continued to test negative for the 



virus. Fourteen patients ( 7 0 % )  had been previously exposed to and 

tested positive for Epstein-Barr virus (EBV) , while 1 patient (5%) was 

EBV negative. Documented patient blood group showed that 6 patients 

(30%) were O positive, 9 patients (45%)  were A positive, 1 patient (5%) 

was A negative, and 4 patients (20%) were B positive. 

Of the 20 patients placed on VADs, 7 (35%) survived to cardiac 

transplantation, and 1 patient (5%) improved çignificantly ta allow 

weaning of the VAD without cardiac transplantation. Three patients 

(15%) were removed from the transplant list due to neurological 

complications including brain death; 1 patient (5%) was delisted due to 

sepsis, with subsequent withdrawal of VAD support; 1 patient ( 5 % )  was 

delisted due to renal failure; and 1 patient (5%) was delisted due to 

uncontrollable bleeding. One patient ( 5 % )  suffered from a combination 

of sepsis and uncontrollable bleeding which lead to withdrawal of VAD 

support; 1 patient ( 5 % )  had neurological and septic complications; and 

1 other ( 5 % )  had neurologic deficits in addition to uncontrollable 

bleeding. Two patients (10%) suffered from renal failure and bleeding 

disorders; while 1 patient (5%) was delisted due to a combination of 

neurological deficits, bleeding disorders, and renal failure. 

Cause of death in those patients removed from the transplant list 

was ongoing cardiogenic shock in addition to the aforementioned 

complications. Table 4.0 displays patient dernographics, VAD data, and 

patient outcornes. 



Table 4.0 

- - - - -- . - - - - -- - - - - - - 

Pt Age Sex BS A Dx OR VAD Hrs IABP Tx Status Cause 
of of 

support Dearh 

Alive 
Dead 
Dead 
Ai ive 
Dead 
Alive 
Dead 
Dead 
Al ive 
Dead 
Dead 
Al ive 
Dead 
Dead 
Dead 
Dead 
Dead 
Dead 
Dead 
Dead 

E b t ~  Pt = Parient; Age in years; M = Male, F = Female; BSA = Body surface area in ma; 
Dx = Diagnosis. DC = Dilated cardiomyopathy, CAD = Coronary artery disease, OR = Previous 
cardiac surgery, Y = Yes, N = No; VAD = Type of VAD, L = Left ventricular assist device, 
BI = Biventricular assist device, EC = Extracorporeal membrane oxygenation; Hrs = Hours; 
IABP = Intra-aortic balloon pump; Tx = Transplant; B = Bleeding; S = Sepsis; 
C = Cardiogenic shock; G = Graft failure; N = Neurologic deficit; R = Renal failure; 
MOF = Multiorgan failure; AAA = Abdominal aortic aneurysm rupture. 

Over the course of this study, 7 organ donors were identified and 7 

cardiac transplants perfonned. Of these 7 donors, 5 were male (71%), 

and 2 (29%) were female. Six donors (86%) were blood type O positive, 

while 1 donor (14%) was A positive. In addition, 6 donors (86%) were 

( C M )  positive while 1 donor (14%) was CMV negative. Donor age averaged 

31.71 years ( S R  = 12.15, range 16 to 46 years) and mean donor ischemic 

time (DIT) was 260.86 minutes (532 = 126 - 5 0  minutes, range 94 to 424 

minutes). Donors who were on inotropes were identified, with 4 donors 

on > loug/kg/min of Dopamine, and al1 donors (N = 7) on Norepinephrine 

at s .2ug/kg/min (Table 4.1). No donors were supported with the use of 

Epinephrine . 



Table 4.1 

BT Cc SI2 Range 
. - - - -- -- 

Donor Age 7 31.710 12.15 16.00- 46.00 
DIT 7 260.860 126.50 94.00-424.00 
Dopamine 7 10.430 6.41 3.50- 20.00 
Norepinephrine 7 . 008 . 02 -00- -06 

Note- Donor age in years; DIT = Donor ischemic time in minutes; 
Dopamine and Norepinephrine measured in ug/kg/min. 

t s w  

Several variables were measured on the 20 study subjects to 

determine the patients' status prior to VAD insertion. These variables 

included rneasures of neurological function, hernodynamic status, 

inotropic support, cardiac rhythm, respiratory status, renal function, 

liver function, bleeding status, and infectious complications. Patients 

considered for VAD implantation were those who remained in cardiogenic 

shock despite the initiation of maximal inotropic support and the 

institution of an IABP.  Neurologic and hemodynamic data of patients 

prior to institution of ventricular assist support is show in Table 

4.2. Neurologic function was essentially normal in al1 patients who 

were considered for support. Hemodynarnic status of the patients was 

measured prior to the initiation of cardiac surgery in those patients 

who had surgery, while those patients who presented in cardiogenic 

shock post-MI had their hernodynamic parameters measured in the cardiac 

cathetexization laboratory. 



GCS 
KR 
HRSE 
SBP 
SBPSE 
DBP 
DBPSE 
MAF' 
MAPSE 
CO 
COSE 
Cf 
CISE 
PVRI 
PVRÇE 
SVRI 
SVRSE 

N9te. GCS = Glasgow Coma Scale, measured as a fraction (out of 10 or 15 dependent on 
whether or not the patient is intubated); HR = Heartrate in beats/minute; SE = Standard 
error; SBP = Systolic blood pressure in mmHg; DBP = Diastolic blood pressure in m g ;  
MAP = Mean arterial pressure in mmHg; CO = Cardiac output in L/rnin; CI = Cardiac index in 
L/min/ma ; PVRI = Pulmonary vascular resistance index in dynes/se?/cm-'/ma ; PVRÇE = PVRI 
standard error; SVRI = Systemic vascular resistance index in dynes/seca/cm-'/mx; 
SVRSE = SVRI standard error. 

Maximal inotropic support was recorded as the number of inotropes 

that were infused, the dose of the drug and the range, and the length 

of time that the medication was infused (Table 4.3). Data is missing 

for one patient who was admitted from an outside hospital directly ta 

the cardiac catheterization lab with no documentation of type of 

inotropes, doses, or length of infusions noted. 

Prior to VAD implantation, patients were on a mean of 1-25 inotropes 

(N = 20, SI1 = 1.37, range O to 4 1 ,  13 patients (65%) were on Dopamine 

s 5ug/kg/min, 2 patients (10%) were on Dopamine > 5 c lOug/kg/min, and 

4 patients (20%) were on Dopamine r lOug/kg/min. Fouxteen patients 

(70%) were on Dobutamine infusions of r 10ug/kg/min, while 5 patients 

(25%) were on higher doses (up to 21.80ug/kg/min). Of the patients on 

Epinephrine infusions (N = 3 1 ,  al1 were on i .2ug/kg/min. 

Seventeen patients ( 8 5 % )  were on Norepinephrine doses of 

s .2ug/kg/min, and 2 patients (10%) were on doses up to - 3 0 0  ug/kg/min. 

Al1 patients were on Amrinone at 5 10ug/kg/min. Eighteen patients (90%) 

were on Nitroglycerine (N'TG) at s 2.5ug/kg/mint while 1 patient (5%) 

was on NTG at > 2.5ug/kg/rnin. A l 1  patients (N = 19) were on 

2.5ug/kg/min of Sodium Nitroprusside (SN?), IOug/rnin of 



Isoproterenol, s 2mg/min of Lidocaine, s 2mg/min of Procainamide, 

s .05ug/kg/min of Neosynephrine, and r 2mg/min of Bretylium. 

Table 4 . 3  

# Inotropee 
D o p d n e  
DapHr 
DopLo 
DopHi 
Dobutamine 
DobHr 
DobLo 
DobHi 
Spinephrine 
Ep iHr 
EpiLo 
Epiiii 
Norapinephrine 
NorepiHr 
NorepiLo 
NorepiHi 
Amrinone 
AmrinHr 
Amri- 
A m r i a K i  
NTG 
NTGHr 
N T G L o  
N T G H i  
S m  
SNPHr 
SNPLo 
SNPHi 
Ieoproterenol* 
IsoproHr 
Isoprolo 
IsoproHi 
Lldocaine** 
Lidotlr 
LidoLo 
LidoHi 
Procai namide* 
ProcanHr 
ProcanLo 
ProcanfIi 
Neosynephrine 
Neos ynHr 
NeosynLo 
Neosmi 
Bra tylium* 
Bret ylHr 
BretylLo 
BretylHi 

Note. # inotropes = Number of inotropes; Al1 drugs in ug/kg/min unless otherwise 
specified. bop = Dopamine; Rr = Number of hours infused; Lo = Lower range; Hi = Higher 
range; Dob = Dobutamine; Epi = Epinephrine; Norepi = Norepinephriae; Amrin = Amrinone; 
NTG = Nitroqlycerine; SNP = Sodium Nitroprusside; Lido = Lidocaine; Procan = 
Procainamide; Neosyn = Neosynephrine; Bretyl = Bretylium; = ug/min; * *  = mo/rnin. 



Rhythm strips and 12 lead electrocardiograrns (ECGs) were evaluated 

when available. to detemine the patients1 cardiac rhythm prior to VAD 

implantation. Most patients (N = 17) presented with one predominant 

rhythm, however others (N = 3) exhibited 2 or more different rhythms 

during this period of time. Nonaal sinus rhythm (NSR) was the most 

common, with 50% of patients (I = 10) in that group. Five percent of 

patients (bT = 1 )  had sinus bradycardia, and 25% (1 = 5) had sinus 

tachycardia. Two patients (10%) had sinus tachycardia with premature 

atrial contractions (PACs) (N = 1) or premature ventricular 

contractions (PVCs) (N = 1) . Two patients (10%) presented with 

atrioventricular heart block. while one ( 5 % )  developed a 

supraventricular tachycardia (SVT). Temporary pacing was required in 3 

patients (15%). 

On evaluation of the 12 lead ECG, 6 patients (30%) had evidence of 

anterior ischemia or infarction; 3 patients (15%) had evidence of 

inferior ischemia or infarction; and 1 patient (5%) had left 

ventricular hypertrophy. ST segment depression (N = 2, f = 10%). ST 

elevation (bT = 4 .  f =20%), and T wave changes (I = 9, f = 4 5 % )  were 

also seen. 

Cardiac enzymes were also recorded, if available. to further 

corroborate the diagnosis of myocardial infarction. Lactic 

dehydrogenase (LDH) and creatine kinase (CK) fi fractionated myocardial 

band ( C m )  1 were monitored prior to VAD implementation (Table 4 . 4 )  . 
Mean LDH, CK. CKMB, and fractionated CKMB (M = 725.50 U/Litre, 1003.64 

U/Litre, 158.12 U/Litre, and . O 7  U / L i t r e  respectively) were markedly 

elevated, identifying significant myocardial ischemia or infarction 

prior to VAD implantation. 



Table 4 - 4  

N 4 Sn R a n g e  

LDH 4 
CK 11 
CKMB 6 
FRCKMB 5 

k h t p L  LDH = Lactic dehydrogenase in O/L; CK = Creatine kinase in U/L; 
CKMB = Creatine kinase myocardial band; FRCKMB = Fractionated CKMB. 

Respiratory function of patients was monitored by serial 

measurements of FiO,, PO,, PEEP (positive end expiratory pressure), and 

numbex of days intubated. Mean FiO, was - 4 9  with a resultant mean PO, of 

81.46 mrnHg. Average PEEP was +1.00 cmH,O with the mean number of hours 

intubated equal to 3.60 (Table 4 . 5 ) .  

Table 4.5 

U Cr SR Range 

Fi02 
FiO2SE 
PO2 
P02SE 
PEEP 
PEEPSE 
ETT 

No& FiO, = Fraction of inspired oxygen; SE = Standard error; PO, = 
Partial pressure of oxygen in mmHg; PEEP = Positive end expiratory 
pressure in cmH,O; ETT = Number of days intubated. 

Laboratory data such as creatinine, blood urea nitrogen (BUN) and 

total bilirubin, in addition to objective data such as urine output, 

were collected, if available, to evaluate renal and hepatic function 

during the pre-VAD implantation phase. Mean values of these variables 

were within expected ranges for their respective paxameters (Table 

4.6). 



Table 4.6 

àT Cr Sn Range 

Creatinine 18 
BUN 16 
u/o 9 
U/OSE 9 
TBili 6 

NoteL Creatinine measured in umol/L; BUN measured in mg/dl; U/O = 
Urine output in mls/hr; SE = Standard error; TBili = Total bilirubin 
measured in urnol/L. 

Bleeding status of the patients was measured by a variety of 

different parameters. These included laboratory data, if available, 

such as hemoglobin (Hgb) , hemocrit ( H c t )  , PTINR (prothrombin time) 

(N = 17, 11 patients [55%1 had a normal PTINR, while 6 patients [30%] 

had an elevated PTINR), PTT (partial thromboplastin tirne), platelet 

count, and activated clotting t h e  (ACT); and objective data such as 

chest tube loss, and number of blood product transfusions (Table 4.7). 

Data collected to determine the infection status of the patient 

prior to VAD implantation included white blood count (WBC),  

temperature, and number of positive cultures. Out of 5 patients who had 

cultures done prior to VAD implementation, no patients showed evidence 

of infection. Mean temperature and WBC were also within normal limits 

(Table 4.8) . 



Table 4.7 

N Cr SR R a n g e  

W b  
Hc t 
PTT 
Plt 
CT Loss 
CTSE 
ACT 
ACTSE 
PC 
FFP 
PltTr 
cryo 

Note. Hgb = Hemoglobin in gm/L; Hct = Bematocrit in L/L; PTT = Partial 
thromboplastin time in seconds; Plt = Platelets in thousands/m3; CT 
Loss = Chest tube loss in mls/hr; CTSE = Chest tube loss standard 
error; ACT = Activated clotting tirne in seconds; ACTSE = Activated 
clotting time standard error; PC = Packed cells transfused in units; 
FFP = Fresh frozen plasma transfused in units; PltTr = Platelets 
transfused in units; Cryo = Cryoprecipitate transfused in units. 

Table 4.8 

N Cr SI1 R a n g e  

WBC 
TEMP 
TEMPSE 

N- WBC = White blood ce11 count 109/~; TEMP = Temperature in OC; 
TEMPSE = Temperature standard error. 

~ l l  of the variables measured during the pre-VPS implementation 

phase were repeated on the day of VAD insertion to provide an accurate 

depiction of patient status at the time of initiation of VAD support. 

Only nineteen patients were included in this analysis. The other 

patient's day of VAD insertion was the same as the day of transplant, 



therefore the data are included in subsequent analysis. Neurologie and 

hemodynamic parameters are shown in Table 4.9. 

On VAD implantation day, patients were on an average of 3.26 

inotropes (N = 19, Sn = 1.49, range 1 to 6 ) .  Forty-seven percent of 

patients (N = 9) were on Dopamine r Sug/kg/min; 26% of patients (P = 5) 

were on Dopamine > 5 c lOug/kg/min; while 26% of patients (N = 5 )  were 

on Dopamine r 10 ug/kg/min. Seventeen patients ( 8 9 % )  were on Dobutamine 

at 4 lOug/kg/min, while 2 patients (11%) remained on higher doses. 

Epinephxine doses were s .2ug/kg/min for 14 patients ( 7 4 % ) ,  and 

.2ug/kg/min for 4 patients (21%). Ninety-five percent of patients 

(N = 18) were on s .2ug/kg/rnin of Norepinephrine, r 10ug/kg/min of 

Amrinone, and s 2 .Sug/kg/rnin of SNP. A l 1  patients (N = 19) were on 

s lOug/kg/rnin of Isoproterenol, i 2mg/min of Procainamide, and 

s 2mg/rnin of Bretylium. NTG was infused at s 2.5ug/kg/rnin in 16 

patients ( 8 4 % ) ,  while Lidocaine was G 2 mg/min in 15 patients (79%). 

Two patients (11%) with severe refractory hypotension were maintained 

on Neosynephrine 2 . OSug/kg/rnin. 

Table 4 -9 

E f  Cr Sn R a n g e  

GCS 
HR 
HRSE 
SBP 
SBPSE 
DBP 
DBPSE 
MAP 
MAPSE 
CO 
COSE 
C I  
C I S E  
PVRI 
PVRSE 
SVRI 
SVRSE 

m t ~  GCS = Glasgow Coma Scale ,  measured as a fraction (out of 10 or 15 dependent on 
whether or not the patient i s  intubated); KR = Heartrate i n  beats/rninute; S E  = Standard 
error; SBP = Systolic blood pressure i n  nmiHg; DBP = Diastol ic  blood pressure i n  m g ;  
MAP = Mean arterial pressure in  mmHg; CO = cardiac output in L / m i n ;  CI = cardiac index in 
L/min/m2 ; P I X I  = Pulmonary vascular resist ance index in dynes/secx/cm~'/m' ; PVRSE = Pm1 
standard error; SVRI = Systemic vaçcular resistance index in dynes/seca/cm-'/ma; SVRSE = 
SVRI standard error. 



Table 4.10 

ic Support a VAn Da-$ 

# Inotroprs 
Dopamine 
DopHr 
Dopto 
DopHi 
Dobutamine 
DobHr 
DobLo 
DobHi 
Epinephrine 
QiHr 
EpiLo 
EpiHi 
Norepf nephrine 
NorepiHr 
NorepiLo 
NorepiHi 
Amrinone 
Amr- 
AmrinLo 
Amridi 
NTG 
NTGHr 
NTGLo 
NTGHi 
SNP 
SNPHr 
SNPLo 
SNPHi 
Iaoproterenol 
IsoproHr 
IsoproLo 
I soproHi 
Lidocainee* 
LidoHr 
LidoLo 
LidoHi 
Procainamide*" 
ProcanHr 
ProcanLo 
ProcanHi 
Neosynephrine 
NeosynfIr 
NeosynLo 
NeosynEfi 
Bre tyliimr' 
BretylHr 
BretylLo 
BretylHi 

Nore, # inotropes = Number of inotropes; Al1 drugs in ug/kg/min unless otherwise 
specified. Dop = Dopamine; Hr = Number of hours infused; Lo = Lower range; Hi = Higher 
range; Dob E Dobutamine; E p i  = Epinephrine; Norepi = Norepinephrine; Amrin u Amrinone; 
NTG = Nitroglycerine; SNP = Sodium Nitroprusside; Lido = Lidocaine; Procan = 
Procainamide; Neosyn = Neosynephrine; Bretyl = Bretylium; = ug/min; +* = mg/min. 

Analysis of rhythm strips and 12 lead ECGs during this time revealed 

that 8 patients (42%) rernained in NSR; 1 patient (5%) converted to 



atrial fibrillation; 8 patients (42%) were in sinus tachycardia; 1 

patient ( 5 % )  was in sinus tachycardia with PACs, and 2 patients (11%) 

were in sinus tachycardia with PVCs. One patient ( 5 % )  was in a 

junctional rhythm, and 2 others (11%) continued to show a pattern of 

atrioventricular heart block. Life-threatening ventricular arrhythmias 

occurred during this phase with 21% of patients (El = 4 )  having 

intermittent nuis of ventricular tachycardia, with 3 (16%) progressing 

to ventricular fibrillation. Temporary pacing continued to be used in 2 

patients (11%) . 
On analysis of the available 12 lead ECGs, 3 patients (16%) showed 

evidence of anterior ischernia/infarction; 1 patient (5%) had inferior 

ischernia/infarction; and 1 patient (5%) had left ventricular 

hypertrophy with left atrial enlargement. ST elevation and T wave 

changes were apparent in 3 patients (16%), and ST depression in 1 

patient ( 5 % ) .  

Cardiac enzymes continued to be elevated during this phase. Marked 

elevation of LDB, CK, and CKMB signified extensive myocardial damage 

(Table 4.11) . 

Table 4.11 

El Cc SI2 Range 

LDH 5 1417.80 1011.45 500.00-2651.00 
CK 10 1422.90 1655.74 135. 00-5659.00 
CKMB 7 125.43 168.85 15.00- 487.00 
F R C W  6 . 08 .O2 . OS- .10 

Note. LDH = ~actic dehydrogenase in U/L; CK = Creatine kinase in U/L; 
CKMB = Creatine kinase myocardial band; FRCKMB = Fractionated CKMB. 

Respiratory parameters rneasured during this time showed that a 

higher number of patients were now intubated with an increase in the 

FiO, and amount of PEEP used. The resultant PO, was also increased 

(Table 4.12) . 



Table 4 -12 

Fi02 
Fi02SE 
PO2 
P02SE 
PEEP 
PEEPSE 
ETT 

Kate FiO, = Fraction of inspired oxygen; SE = Standard error; PO, = 
Partial pressure of oxygen in mrnHg; PEEP = Positive end expiratory 
pressure in cmH,O; ETT = Number of days intubated. 

Renal and hepatic function continued to be evaluated on an ongoing 

basis (Table 4.13). Serum creatinine (hl = 18, p = 112.94 urnol/~, 

m = 50.48, range 44 to 204 urnol/L) and BUN (N = 16, p = 7.41 mg/dl, 

SD = 5.50, range 2 . 8  to 24.3 rng/dl) were similar to pre-VAD implant 

values. Mean total bilirubin ( f i  = 23.00 umoï/L, SR = 20-21, range 12 to 

5 9  umol/L) doubled during this tirne. 

Table 4.13 

H f i  sa Range 

Creatinine 
BUN 
u/o 
U/OSE 
Taili 

Note. Creatinine measured in umol/L; BUN measured in mg/dl; U/O = 
Urine output in mls/hr; SE = Standard error; TBili = Total bilirubin 
measured in umol/L. 

~ernatological parameters collected on the VAD insertion day showed 

evidence of bleeding with resultant transfusion of blood products. 

Table 4.14 shows hematological variables on the day of VAD institution. 



Table 4.14 

El Cr SI2 Range 

Hgb 18 101.39 21.63 45.00- 133.00 
Hct 18 .30 .O7 -13- .39 
PTT 18 90.24 47.88 31.00- 150.00 
Plt 19 149.21 74.72 48.00- 234.00 
CT Loss 19 191.50 397.44 .OO-1722 -50 
CTSE 19 175.07 419.40 .OO-1823 -48 
ACT 13 230.78 73.89 152.00- 442.40 
ACTSE 13 40.57 34.39 -00- 99.15 
PC 19 8.69 6.52 -00- 22.00 
FFP 19 2.26 3.28 -00- 11.00 
PltTr 19 6.74 7.78 .OO- 24 .O0 

C r ~ o  19 4.21 9.68 .OO- 40.00 

N I  Hgb = Bemoglobin in gm/L; Hct = Hematocrit; PTT = Partial 
thromboplastin time in seconds; Plt = Platelets in thousands/mm3; 
CT Loss = Chest tube loss in mls/hr; CTSE = Chest tube loss standard 
error; ACT = Activated clotting tirne in seconds; ACTSE = Activated 
clotting tirne standard error; PC = Packed cells transfused in units; 
FFP = Fresh frozen plasma transfused in units; PltTr = Platelets 
transfused in units; Cryo = Cryoprecipitate transfused in units. 

Coagulation factors (PTINR, PTT) were abnormal with 14 patients (74%) 

having an elevated PTINR, and a mean PTT of 90.24 seconds (N = 18, 

SR = 47.88, range 31.0 to 150.0 seconds). 

Variables measured on the day of VAD insertion to identify 

infectious processes showed a slight elevation of WBC ( f i  = 14.32 1 0 9 / ~ )  

with a normal body temperature ( f i  = 36.88 O C )  (Table 4 . 1 5 ) .  Four 

patients (21%) had positive cultures including sputum positive for 

hemophilus influenzae; sputum and bronchial brush specimen positive for 

streptococcus viridans; sputum positive for Escherichia coli (E. coli) 

and staphylococcus aureus; and urine positive for enterococcus. 



Table 4 -15 

t Day 

2? Cr 512 R a n g e  

WBC 
TEMP 
TEMPSE 

WtpP WBC = White blood count measured in 1 0 ' / ~ ;  TEMP = Temperature in 
OC; TEMPSE = Temperature standard error. 

TrançDlantation 

Repeated measures of al1 variables were collected, when available, 

during the patients' waiting period for transplant. Seventeen patients 

were included in this analysis, while 3 others had no transplant 

waiting days, and were therefore excluded. Of the 7 patients who 

received cardiac transplantation, the waiting period on the VAD ranged 

from 9.88 to 104 .O2 hours (4 = 40.46 hours, SR = 23.72) . Neurologie and 
hemodynamic parameters during the waiting period are show in Table 

4.16. 

Table 4.16 

-gic 3-c Parame+ers d s  
. . 

N P SD Range 

GCS 17 . 55  -32 .20- 1-00 
HR 17 113 -40 20 -22 75.10- 151.58 
HRSE 17 9.68 6.77 2.39- 24.34 
SBP 15 99.33 15 -34 61.00- 115.92 
SBPSE 15 14 -30 6.71 4.47- 24.76 
DBP 15 64.14 11 -01 47.80- 85.50 
DBPSE 15 8.87 4 -94 2.77- 17.76 
MAP 17 76.46 11.40 50.60- 97.90 
MAPSE 17 10.80 5 -25 2.70- 19.56 
CO 9 5.26 1.38 2.98- 8.23 
COSE 9 -72 -46 - 0 0 -  1.40 
CI 9 2.75 .65 1.66- 3.80 
CISE 9 -41 -29 .OO- -94 
PVRI 9 339.54 136.93 76.14- 504.49 
PVRSE 9 92.01 75 -75 -00- 250.67 
SVRI 9 1933.23 447 .O9 992.81-2379.83 
SVRS E 9 414.66 230 - 65 -00- 783.86 

GCS = Glasgow Coma Scale, measured as a fraction (out of 10 or 15 dependent on 
whether or not the patient is intubated); HR = Heartrate in beats/minute; SE = Stadard 
error; SBP = Systolic blood pressure in mHg; DBP ;. Diastolic blood pressure in nmiHg; 
MAP = Mean arterial pressure in r!müïg; CO = Cardiac output in L/min; CI = Cardiac index in 
L/min/mZ; PVRI = Pulmonary vascular resistance index in d*pes/secX/cm-'/ma; PVRSE = PVRI 
standard error; SVRI = Systemic vascular resistance index in dynes/secz/cm.'/m'; S ~ S E  = 
SVRI standard error . 



Cardiac output (N = 9, p = 5.26 litres/rninute, SR = 1.38, range 2.98 to 

8.23 litres/minute) was well maintained with VAD flow. 

Duxing the transplant waiting period, patients were maintained on an 

average of 3.10 inotropes (N = 17, Sn = 1.27, range .O0 to 5.25) . 
Forty-one percent (N = 7 )  of patients were on r 5ug/kg/min of Dopamine; 

35% of patients (N = 6 )  were on Dopamine at > 5 c 10ug/kg/min; and 24% 

of patients (N = 4 )  were on Dopamine r lOug/kg/min. Eighty-eight 

percent (N = 15) of patients were maintained on s lOug/kg/rnin of 

Dobutamine, while 12% (N = 2 )  were on doses of > lOug/kg/min. Twelve 

patients (71%) were on s .2ug/kg/min of Epinephrine, and 5 patients 

were on doses s .2ug/kg/min. Sixteen patients (94%) were on 

s .2ug/kg/rnin of Norepinephrine, while 1 patient (6%) was on 

> .2ug/kg/min. Amrinone was infused at lOug/kg/min in 88% of the 

subjects (N = 151, while doses > iOug/kg/min were used in 2 patients 

(12%). Sixteen patients (94%) received s 2.5ug/kg/min of NTG and SNP, 

while 1 (6%) received > 2.5ug/kg/rnin of bath drugs. Al1 patients 

(N = 17, f = 100%) were on < lOug/min of Isoproterenol. Lidocaine was 

infused at s 2mg/min and Neosynephrine s .05ug/kg/min in 14 patients 

(82%), while 3 patients (18%) received doses > 2rng/min and .05ug/kg/min 

respectively. One patient (6%) received Pxocainamide at > 2mg/min, the 

remainder at s Smg/min, while 2 patients (12%) received Bretylium 

> 2mg/min, and the other patients (El = 15, f = 88%) at s 2mg/min. 



Table 4.17 

ir S-rt D 

# Inotropes 
Dopamine 
DopHr 
DopLo 
DopHi 
Dabutamine 
DabHr 
DobLo 
DobHi 
Epinephrf ne 
E p i H r  
EpiLo 
EpiHi 
Norepinephrine 
NorepiHr 
NorepiLo 
NorepiHi 
Amrinone 
AmrinHr 
Amri- 
Amr inHi 
NT0 
NTGHr 
NTGLo 
N T G H i  
SNP 
SNPHr 
SNPLo 
SNPUp 
I8opro terenol* 
1 soproHr 
1 soproLo 
IsoproHi 
Lidocaiae** 
LidoHr 
LidoLo 
LidoHi 
Procainamide** 
ProcanHr 
ProcanLo 
ProcanHi 
Neoeynephrine 
NeospHr 
Neos ynLo 
NeosynHi 
Bretylitmi** 
BretylHr 
BretylLo 
BretylHi 

NQUL # inotropes = Number of inotropes; A l 1  drugs i n  ug/kg/min unless otherwise 
specif ied.  Dop = Dopamine; H r  = Number of hours infused; Lo = Lower range; H i  = Higher 
range; Dob = Dobutamine; Epi = Epiuephrine; Norepi = Norepinephrine; Amrin t Amrinone; 
NTG = Nitroglycerine; SNP = Sodium Nitroprusside; Lido = Lidocaine; Procan = 
Procainamide; Neosyn = Neosynephrine; Breryl = Bretylium; = ug/min; * *  = m g / m i n .  

Rhythm strip and 12 lead ECG analysis during the waiting period 

revealed that 12 patients (71%) were in NSR; 1 patient (6%) was in 



atrial fibrillation; 11 patients (65%) were in sinus tachycardia; 4 

patients (24%) were in sinus tachycardia with intermittent PVCs; i 

patient (6%) was in an accelerated junctional rhythm; 1 patient (6%) 

had a run of SVT; 1 patient ( 6 % )  had continued episodes of ventricular 

tachycardia; 1 patient ( 6 % )  had an idioventricular rhythm; and 2 

patients (12%) developed an agonal rhythm and ultirnately died. Three 

patients (18%) required temporary pacing during the wait for cardiac 

transplantation. 

Twelve lead ECO analysis during this phase was difficult due to the 

small numbex of ECGs per£omed (N = 3 1 ,  however 1 patient (6%) 

continued to show evidence for anterior ischemia or infarction, and 2 

others (12%) showed inferior ischemia/infarction. ST depression and T 

wave changes were present in 1 patient ( 6 % ) ,  while ST elevation was 

evident in the others (N = 2, f = 12%) . 
Cardiac enzymes remained elevated during the waiting period and 

signified ongoing myocardial ischemia or damage occurring with the VAD 

in situ. Table 4.18 shows the cardiac enzyme values for this period of 

time. 

Table 4.18 

P p r i  m d  

N Cc SR Range 

LDH 
CK 
CKMB 
F R C W  

N o k  LDH = Lactic dehydrogenase in U/L;  CK = Creatine kinase in U/L; 
CKMB = Creatine kinase myocardial band; FRCKMB = Fractionated C m .  

Patients required slightly less FiO, ( p  = . 7 2 )  during the waiting 

period, however PEEP requirements increased ( p  = 6.01 cmH,O) and 

arterial PO, decreased ( p  = 189.02 mmHg) . Table 4.19 displays the 
respiratory parameters for patients awaiting transplantation. Average 

number of days intubated while awaiting transplantation was 2.49 

(N = 17, SD = .82, range 1 to 4 days). 



Table 4.19 

Fi02 
PiO22SE 
PO2 
P02SE 
PEEP 
PEEPSE 
ETT 

Kete_ FiO, = Fraction of inspired oxygen; SE = Standard error; PO, = 
Partial pressure of oxygen in mmHg; PEEP = Positive end expiratory 
pressure in cmH,O; ETT = Number of days intubated. 

Renal function deteriorated during the transplant waiting period and 

ultimately resulted in the removal of 4 patients (20%) from the 

transplant list with subsequent death in 3 of those patients (15%). 

Hepatic function also deteriorated with a mean total bilirubin of 44.71 

umoï/L (N = 7 ,  SR = 34.09, range 13 to 116 umol/L) . 

Table 4.20 

w g  P P ~  . . 

N Er SD Range 

Creatinine 17 
BUN 16 
u/o 17 
U/OSE 17 
TBili 7 

Creatinine measured in umol/L; BUN measured in mg/dl; U/O = 
Urine output in mls/hr; SE = Standard error; T3ili = Total bilirubin 
measured in umol/L. 

Hematological variables measured during the waiting period for 

transplant showed an improvement in clotting function with decreased 

blood loss and lower transfusion requirements (Table 4.21). Ten 

patients (59%) continued to have an elevated PTINR, while mean PTT 

(N = 17) was 85.12 seconds. 



Table 4.21 

pt-ers D 

B Cr Sn Range 

W b  
Hc t 
PTT 
Pl t 
CTLoss 
CTSE 
ACT 
ACTSE 
PC 
FFP 
Pl tTr 
cryo 

Note. Hgb = Hemoglobin in gm/L; Hct = Hematocrit; PTT = Partial 
thrornboplastin time in seconds; Plt = Platelets in thousands/m3; CT 
Loss = Chest tube loss in mls/hr; CTSE = Chest tube loss standard 
error; ACT = Activated clotting time in seconds; ACTSE = Activated 
clotting time standard error; PC = Packed cells transfused in units; 
FFP = Fresh frozen plasma transfused in units; PltTr = Platelets 
transfused in units; Cryo = Cryoprecipitate transfused in units. 

Number of infectious episodes increased during the transplant 

waiting period. Numerous positive cultures were identified in 8 

patients (47%), which included blood positive for staphylococcus 

aureus, clostridium perfringens, E. coli, and coagulase negative 

staphylococcus- Sputum cultured positive for proteus miribalis, 

clostridium perfringens, staphylococcus aureus, beta hemolytic 

streptococcus, hemophilus influenzae, hafnia alvei, neisseria, and 

proteus. Other less common media for infection included a 

nasopharyngeal swab positive for staphylococcus aureus, a urine culture 

positive for yeast, and a VAD line culture positive for coagulase 

negative staphylococcus and yeast. Four patients (24%) developed 

postoperative sepsis, resulting in 2 patients (12%) being removed £rom 

the transplant list. One patient (6%) ultimately deceased from septic 

complications. 



Tabie 4 . 2 2  

Il Cc SR Range 

WBC 
TEMP 
TEMPSE 

WBC = White blood count measured in IO'/L; TEMP = Temperature in 
OC; TEMPSE = Temperature standard error. 

Tr- 

Of the 20 patients, 7 (35%) survived to cardiac transplantation; 12 

deceased during the transplant waiting period of complications of VAD 

support; and 1 survived without transplantation and was subsequently 

weaned from VAD support. Variables for the 7 patients w h o  received a 

cardiac transplant are described here. As shown in Table 4.24, 

neurological and cardiac function were depressed on the transplant day. 

Patients were on maximai doses of inotropic therapy and reported the 

largest number of inotropes (N = 7, JL = 4.86 inotropes, Sn = 1.35, 

range 3 to 7  inotropes) on the cardiac transplant day. Only 1 patient 

(14%) was on Dopamine at s 5ug/kg/rnin; 3 patients (43%) were on 

Dopamine > 5 c IOug/kg/rnin; and 3 patients (43%) were on > lOug/kg/min 

of the drug. Eighty-six percent of patients (N = 6 )  were on Dobutamine 

at s lOug/kg/min, while one other patienr was on > lOug/kg/min. Al1 

transplanted patients (N = 7 )  were on 5 .2ug/kg/rnin of Epinephrine, 

+ lOug/kg/min of Amrinone, and Zmg/min of Procainamide and Bretylium. 

Six patients (86%) were on Norepinephrine at s .2ug/kg/min, NTG and SNP 

at 4 2.5 ug/kg/rnin, Isoproterenol at r loug/rnin, Lidocaine at 

2mg/min, and Neosynephrine at i .05ug/kg/rnin. One patient (14%) was 

on Norepinephrine at > .2ug/kg/min, NTG and SNP at > 2.5ug/kgjrnin, 

Isoproterenol at > lOug/min, Lidocaine at > 2mg/min, and Neosynephrine 

at > -05ug/kg/min, respectively. 



Table 4.23 

s an Tay 

GCS 
HR 
HRSE 
SEP 
SBPSE 
DBP 
DBPSE 
MAP 
MAPSE 
CO 
COSE 
CI 
CISE 
PVRI 
PVRS E 
SVRI 
SVRSE 

thLe- GCS = Glasgow Coma Scale, measured as a fraction (out of 10 or 15 dependent on 
whether or not the patient is intubated); HR = Heartrate in beats/rninute; S E  = Standard 
error; SBP = Systo l ic  blood pressure in m g ;  DBP = Diastolic blood pressure i n  m g ;  
MAP = Mean arter ia l  pressure in mmHg; CO = Cardiac output in L/min; CI = Cardiac index in 
L/min/ma; PVRI = Pulmonary vascular resistance index in  dynes/seca/cm*'/m2; PVRSE = PVRI 
staridard error; SVRI = Systemic vascular resistance index in dynes/sec'/cm-'/ma; SVRÇE = 
SVRI standard error. 

Analysis of the rhythm strips and 12 lead ECGs done on the 

transplant day show that 3 patients (43%) were in NSR or sinus 

tachycardia, 1 patient (14%) was in atrial fibrillation, 1 patient 

(14%) alternated between a junctional and accelerated junctional 

rhythm, and 1 patient (14%) had intermittent episodes of SVT. No 

ventricular arrhythmias were noted, however I patient (14%) developed 

an agonal rhythm and died on the transplant day. Only 1 patient (14%) 

requixed temporary pacing due to the inability to maintain an intrinsic 

heartrate and blood pressure. 

One patient (14%) continued to show evidence of anterior ischemia on 

12 lead ECG, and 1 patient (14%) showed signs of left ventriculax 

hypertrophy. No ST depression or elevation were noted, howevex there 

continued to be T changes evident on one postoperative ECG. 



Table 4 . 2 4  

ld fi SI) R a n g e  

# Inotropes 
Dopamine 
DopHr 
DopLo 
DopHi 
Dobu tamine 
DobHr 
D0bL0 
DobHi 
minephrine 
EpiHr 
EpiLo 
EpiHi 
Noreplnephrine 
NorepiHr 
NorepiLo 
NorepiHi 
Amrinone 
AmrinHr 
AmrinLo 
AmrinHi 
N T 0  
NTGHr 
NTGLo 
NTGHi 
SNP 
SNPHr 
SNPLo 
SNPUp 
1 eoproterenol* 
1 soproHr 
I soproLo 
I soproHi 
Lidocaine*' 
LidoHr 
LidoLo 
LidoHi 
Procainamide** 
ProcanHr 
ProcanLo 
ProcanHi 
Neosynephrine 
NeosynHr 
NeosynLo 
NeosynHi 
Bretylium++ 
BretylHr 
BretylLo 
BretylHi 

Nate. # inotropes = Number of inotropes; Ail drugs in ug/kg/min unless otherwise 
specified. Dop = Dopamine; Hr = Number of hours infused; Lo = Lower range; Hi = Higher 
range; Dob = Dobutamine; Epi = Epinephrine; Norepi = Norepinephrine; Amrin c Amrinone; 
NTG = Nitroglycerine; SNP = Sodium Nitroprusside; Lido = Lidocaine; Procan = 
Procainarnide; Neosyn = Neosynephrine; Bretyl = Bretylium; s ug/min; **  = mg/min. 

Cardiac enzymes remained elevated on the transplant day with a 

decrease in LDH and CK, but an increase i n  values for CKMB and FRCKMB. 



Table 4 . 2 5  displays these values. 

Table 4.25 

PS nn TrançPlant D g  

N Cr SR Range 

LDH 
CK 
c m  
FRCKMB 

E b ! x -  LDH = Lactic dehydrogenase in U/L; CK = Creatine kinase in U/L; 
CKM3 = Creatine kinase myocardial band; FRCKMB = Fxactionated CKMB. 

Respiratory function of patients measuxed on the transplant day is 

shown in Table 4.26. FiO, requirernents were slightly less than during 

the waiting period (M = - 6 8 ,  SR = .21, range .42 to 1.00). Axterial PO, 

and PEEP were also lower than during the transplant waiting period. 

Average number of days intubated on the transplant day was 2.29 

(Si2 =1.25, range O to 4 days). 

Table 4.26 

N Cr SD Range 

Fi02 
Fi02SE 
PO2 
P02SE 
PEEP 
PEEPSE 
ETT 

WtpP FiO ,  = Fraction of inspired oxygen; SE = Standard error; PO1 = 
Partial pressure of oxygen in mmHg; PEEP = Positive end expiratory 
pressure in cmH,O; ETT = Number of days intubated. 

Renal function remained stable on the day of transplant with a 

slight irnprovement in creatinine, BUN, and urine output. Total 

bilirubin improved significantly on the transplant day (Table 4.27). 



Table 4.27 

N Cc SR Range 

Creatinine 7  
BUN 7  
u/o 7 
U/OSE 7  
TBili 3 

HQLL Creatinine measured in umol/L; BUN measured in mg/dl; U/O = 
Urine output in mls/hr; SE = Standard error; TBili = Total bilirubin 
meaçured in umol/L. 

Bleeding status of the patients on the transplant day is shown in 

Table 4.28. Hemoglobin and hematocrit were decreased while coagulation 

factors were increased. Eighty-six percent of patients had a high PTINR 

(I = 6). while 14% (N = 1) had a normal level. Transfusion requirements 

were high with patients receiving an average of 17.29 units of packed 

cells (N = 7, SI1 = 4 . 7 2 ,  range 11 to 25 units); 2.71 units of plasma 

(N = 7, SR = 1.80, range 1 to 6 units); 14.00 units of platelets 

(5 = 7, SD = 4.32, range 6 to 20 units); and 9.14 nits of 

cryoprecipitate (N = 7, SD = 6.09, range O ta 18 units) . 
Infection parameters (Table 4.29) on the transplant day included a 

mean WBC of 11.76 10'/~, and mean temperature of 36.88 "C  (N = 7, 

ÇD = - 4 8 ,  range 36.28 to 37.490C). Cultures taken £rom 2 patients on 

the transplant day were growing pathogens. One patient was identified 

as having blood positive for candida albicans, and sputum and urine 

positive for staphylococcus aureus; and the second patient was positive 

for candida albicans, hafnia alvei, and neisseria in sputum, and yeast 

in the urine. 



Table 4.28 

22- 
lx Cr SR Range 

Hgb 
Hct 
PTT 
Plt 
CT Loss 
CTSE 
ACT 
ACTSE 
PC 
FFP 
PltTr 
cry 0 

NateL Hgb = Hemoglobin in gm/L; Hct = Hematocrit; PTT = Partial 
thromboplastin time in seconds; Plt = Platelets in thousands/mm3; CT 
Loss = Chest tube loss in mls/hr; CTSE = Chest tube loss standard 
error; ACT = Activated clotting time in seconds; ACTSE = Activated 
clotting time standard error; PC = Packed cells transfused in units; 
FFP = Fresh frozen plasma transfused in units; PltTr = Platelets 
transfused in units; Cryo  = Cryoprecipitate transfused in units. 

Table 4.29 

I n f e c t i o n s  

El Cc SD Range 

WBC 7 
TEMP 7 
TEMPSE 7 

Note. WBC = White blood count rneasured in 109/~; TEMP = temperature in 
OC; TEMPSE = Temperature standard error. 

Data collected from postoperative intensive care unit (ICU) day 1 to 

day 8 were included in this analysis. Seven patients were included on 

postoperative day 1, 6 patients were included on postoperative days 2 

to 5, 5 patients were included on postoperative day 6, and 4 patients 

were remaining on postoperative day 7 and 8 .  Early transfer of stable 

patients out of the ICU setting (N = l), and death in the early 



postoperative period (N = 2 )  accounted for attrition in this sample. 

Neurologie and hemodynamic status of patients in the early 

postoperative period are show in Table 4.30. 

B P Sn Range 

GCS 
HR 
HRSE 
SBP 
S B P S E  
DBP 
DBPSE 
MAP 
MAPSE 
CO 
COSE 
C 1 
CISE 
PVRI 
PVRSE 
SVRI 
SVRSE 

Note. GCS = Glasgow Coma Scale, measured as a fraction (out of 10 or 15 dependent on 
whether or not the patient is intubatedl; HR = Heartrate in beats/minute; SE = Standard 
error; SBP = Systolic blood pressure in mmHg; DBP = Diastolic blood pressure in m g ;  
MAP = Mean arterial pressure in nmiHg; CO = Cardiac output in L/min; CI = Cardiac index in 
L/min/ma ; PVRI = Pulmonary vascular resistance index in dynes/seca /cm-'/ma ; PVRÇE = PVRI 
standard error; SVRI = Systemic vascular resistance index in dynes/seca/cm-'/ma; SVRSE = 
SVRI standard error. 

In the early postoperative period, patients were on an average of 3.54 

inotropes (N = 7, S11 = 1.28, range 1.50 to 5.33). Seventy-one percent 

(N = 5) of patients w e r e  on Dopamine s Sug/kg/min; 14% (N = 1) of 

patients were on Dopamine > 5 c l~ug/kg/min; and 14% (N = 1) of 

patients were on Dopamine r IOug/kg/min. Al1 7 patients were on 

Dobutamine at s 10ug/kg/min; Epinephrine at s .2ug/kg/min; 

Norepinephrine at s .2ug/kg/min; Lidocaine, Procainamide, and Bretylium 

at K Zmg/min; and Neosynephrine at < .05ug/kg/min. Eighty-six percent 

of patients (N = 6 )  w e r e  on Amrinone at s lOug/kg/min, NTG and SNP at 

s 2.5ug/kg/min, and Isoproterenol at s lOug/min, while 14% (N = 1) of 

patients were on Amrinone at > lOug/kg/min, NTG and SNP at 

> 2,5ug/kg/min, and Isoproterenol at > 10ug/min, respectively. 



Table 4 - 31 
S i w o r t  in F u  Po-ve Pe~i,pd 

#Inotropee 
Dopamine 
DopHr 
DopLo 
DopHi 
Dobutamine 
DobHr 
DobLo 
DobHi 
Epinephri ne 
EpiHr 
EpiLo 
EpiHi 
Norepinephri ne 
NorepiHr 
NorepiLo 
NorepiHi 
-inone 
AmrinHr 
Amri- 
AmrinHi 
NT0 
NTGHr 
NTGLO 
mGHi 
SNP 
SNPh'r 
SNPLo 
SNPHi 
Isoproterenol* 
IsoproHr 
IsoproLo 
IsoproHi 
Li docaine* 
LidoHr 
LidoLo 
LidoHi 
Procainamide* 
Procar 
ProcanLo 
ProcanHi 
Neosynephrine 
NeosynHr 
NeosynLo 
Neosmi 
Br8 t y l i w  + 

BretylHr 
BretylLo 
BretylHi 

Note, # inotropes = Number of inotropes; Al1 drugs in ug/kg/min unless otherwise 
specified. Dop = Dopamine; Hr = Nuaiber of hours infused; Lo = Lower range; Hi = Hioher 
range; Dob = Dobutamine; E p i  = Epinephrine; Norepi = Norepinephrine; Amrin = Amrinone; 
NTG t Nitroglycerine; SNP = Sodium Nitroprusside; Lido = Lidocaine; Procaa E 

Procainamide; Neosyn o Neos*pephrine; Bretyl = Bretylium; = ug/min; *+ = mg/min. 

Rhythm strip analysis during the early postoperative period found 

that 2 patients (29%) alternated between NSR and sinus tachycardia. One 



patient (14%) also had PACs. One patient (14%) experienced episodes of 

atrial fibrillation. 1 patient (14%) had a junctional tachycardia. and 

2 patients (29%) required temporary pacing at some point during the 

early postoperative phase. 

Twelve lead ECG analysis revealed evidcnce of anterior ischemia/ 

infarct in 1 patient (14%). inferior ischemia/ infarct in 2 patients 

(29%). left atrial enlargement in 1 patient (14%). an2 T changes in 2 

patients (29%). Cardiac enzymes decreased during the postoperative 

period (Table 4-32} . 

Table 4.32 

N Cc SD Range 

LDH 3 1207.46 904.80 539.00-2237.00 
CK 6 2842.06 1982.72 266-00-5264.00 
CKMB 5 54.27 53 .O9 16.00- 145.00 
FRCKMB 5 .O3 .O4 -01- .10 

k & . t ~  LDH = Lactic dehydrogenase in U/L; CK = Creatine kinase in u/L;  
CXMB = Creatine kinase myocardial band; FRCKMB = Fractionated C m .  

Respiratory function (Table 4.33) irnproved during the early 

postoperative period with mean FiO, of .47 (1 = 7. Sn = -13, range -30 

to -69). Mean arterial PO, decreased in conjunction with lower levels 

of FiO, (N = 7, p = 96.22 rnmHg. SD = 15.55. range 82.04 to 

131.62 M g ) .  PEEP requirements averaged 6.77 crnH,O (N = 7, Sn = 2.77, 

range 1.20 to 10.08 cmH,O). Average number of days intubated was 6.05 

(N = 7, SD = 1.92, range 2.25 to 8.50 days). 



Table 4 . 3 3  

H Ir SR Range 

Fi02 7 
FiO2SE 7 
PO2 7 
PO2SE 7 
PEEP 7 
PEEPSE 7 
ETT 7 

N o t r e  FiO, = Fraction of inspired oxygen; SE = Standard error; PO, = 
Partial pressure of oxygen in mmHg; PEEP = Positive end expiratory 
pressure in crnH,O; ETT = Number of days intubated. 

Renal and hepatic function deteriorated during the early 

postoperative period. Table 4 . 3 4  shows average serum creatinine, BUN, 

urine output, and total bilirubin levels during this time. 

Table 4.34 

bT Cr SR Range 

Creatinine 7 
BUN 7 
u/o 7 
U/OSE 7 
TBili 7 

Note. Creatinine measured in umol/L; BUN measured in mg/dl; U/O = 
Urine output in mls/hr; SE = Standard error; TBili = Total bilirubin 
measured in umol/L. 

Measures of hernatological function improved throughout the early 

postoperative period. Bleeding and transfusion requirements decreased, 

while coagulation factors stabilized. Five patients (71%) had a PTINR 

within normal limits. Two others (29%) continued to have a PTINR that 

was slightly elevated. Table 4.35 shows hematological parameters during 

the early postoperative period. 



T a b l e  4 . 3 5  

Cr Range 

H9b 
Hc t 
PTT 
Plt 
CT Loss 
CTSE 
ACT 
ACTSE 
PC 
FFP 
PltTr 
==Y0 

Hgb = hemoglobin in gm/L; Hct = hematocrit; PTT = partial 
thromboplastin tirne in seconds; Plt = platelets in thousands/mm3; CT 
Loss = chest tube loss in mls/hr; CTSE = chest tube loss standard 
error; ACT = activated clotting time in seconds; ACTSE = activated 
clotting time standard error; PC = packed cells transfused in units; 
FFP = fresh frozen plasma transfused in units; PltTr = platelets 
transfused in units; C q - o  = cryoprecipitate transfused in units. 

Variables measured during the early postoperative period to identify 

ongoing infectious processes showed that al1 7 patients who had 

cultures taken were positive for infection. Coagulase negative 

staphylococcus, candida albicans, and streptococcus viridans were 

comrnonly isolated pathogens. Mean WBC (M = 17.89 109/~, Sn = 5.76, 

range 1 1 . 2  t o  2 7 . 6  10'/~) was elevated (Table 4 . 3 6 )  , however 
temperature remained within normal limits. 

Table 4 . 3 6  

N Cc SD Range 

WBC 
TEMP 
TEMPSE 

N a  WBC = White blood count measured in 109/~; TEMP = Temperature in 
OC; TEMPSE = Temperature standard error. 



t S t ; i t i i ~  t h e  T G ~ + P  P a 9 t O D e T a t j t . r ~  P p M  

Data included in this analysis were collected from postoperative ICU 

day 9 to postoperative ICU day 34. Three patients remained in the ICU 

from day 9 to day 24 requiring prolonged ventilatory support, and 2 

patients xemained from day 25 to day 34 for prolonged hemodynamic 

monitoring and support according to the accepted practice guidelines in 

the early days of the transplant program. Neurologie and hemodynamic 

variables are shown in Table 4.37. 

Table 4.37 

GCS 
m 
HRSE 
SBP 
SBPSE 
DBP 
DBPSE 
MAP 
MAPSE 
CO 
COSE 
CI 
CISE 
PVRI 
PVRSE 
SVRI 
SVRSE 

bfate GcS = Glasgow Coma Scale, measured as a fraction (out of 10 or 15 dependent on 
whether or not the patient is intubated); HR = Heartrate in beats/minute; SE = Standard 
error; ÇBP = Systolic blood pressure in mmHg; DBP = Diastolic blood pressure in m g ;  
MAP = Mean arterial pressure in m g ;  CO = Cardiac output in L/min; CI = Cardiac index in 
L/rnin/ma; PVRI = Pulmonary vascular resistance index in dynes/seca/cm-'/ma; PVRSE = PVRI 
standard error; SVRI = Systernic vascular resistance index in dynes/seca/cm-'/ma; SVRSE = 
SVRI standard error. 

In the late postoperative period, patients were on minimal amounts 

of inotropic support. Average number of inotropes was 1.93 (N = 3 ,  

SR = 1.04, range 1.06 ta 3.08). A U  patients (N = 3 )  were on Dopamine 

at g ~ug/kg/min; Dobutamine at i lOug/kg/min; NTG and SNP at 

c 2.5ug/kg/rnin; Isoproterenol at s lOug/min; and Lidocaine and 

Procainamide at s 2mg/min. No patients were on Epinephrine, 

Norepinephrine, Amrinone, Neosynephrine, or Bretylium infusions during 

the late postoperative period. 



N Cc 91) Range 

# Xnotropes 
Dopamine 
DopHr 
DopLo 
DopHi 
Dobutamine 
DobHr 
DobLo 
DobHi 
Epinephrine 
EpiHr 
E p  iLo 
EpiHi 
Norepinephrine 
NorepiHr 
NorepiLo 
NorepiRi 
Amrinone 
AmrinHr 
Amr inLo 
AmrinHi 
NT0 
NTGHr 
NTGLo 
NTGHi 
SNP 
SNPHr 
SNPLo 
SNPHi 
Iaoproterenol* 
IsoproHr 
1 soproLo 
IsoproHi 
Lidocaine* 
LidoHr 
LidoLo 
LidoHi 
i?rocainamide** 
ProcanHr 
ProcanLo 
Procarni 
Neosynephrine 
Neos* 
Neos ynLo 
N e o s m i  
B r e  tylium* 
BretylHr 
BretylLo 
BretylHi 

Nate. # inotropes = Number of inotropes; A l 1  drugs i n  ug/kg/rnin unless otherwise 
specified. Dop = Dopamine; H r  = Number of hours infused; Lo = Lower range; H i  = Higher 
range; Dob = Dobutamine; Epi  = Epinephrine; Norepi = Norepinephrine; Amrin = Amrinone; 
NTG = Nitrogiycerine; SNP = Sodium Nittoprusside; Lido = Lidocaine; Procan = 
Procainamide; Neosyn = Neosynephrine; Bretyl = Bretylium; * = ug/min: * *  = mg/min. 

Rhythm s t r i p  analysis found t h a t  2 patients were in NSR or sinus 

tachycardia, and 1 patient was i n  a paced rhythm. One patient had 12 



lead ECG changes consistent with left atrial enlargement, and left 

ventricular hypertrophy, and al1 patients had T wave ECG changes. 

Cardiac enzymes during the late postoperative period continued to be 

elevated (Table 4 . 3 9 )  . 

Table 4.39 

bT Cc SR Range 

LDH 
CK 
CKMB 
FRCKMB 

Note, LDH = Lactic dehydrogenase in U/L; CK = Creatine kinase; 
CKMB = Creatine kinase myocardial band; FRCKMB = Fractionated C m .  

FiO, and PEEP ventilatory requirements continued to decrease during 

the late postoperative period, with little variability in arterial PO,. 

Table 4.40 shows measures of respiratory function. Average number of 

patient days intubated was 18.29 (N = 3, SD = 4.06, range 14.46 to 

22.55 days) . 

Table 4.40 

tnw Pa?--rs U h p  Late Poçtbnereive P e r i d  

N Cc SD Range 

Fi02 3  .31 .O3 .28- - 3 3  
FiO2SE 3 .O2 -01 .01- .O2 
PO2 3 95.54 22.73 70.83-115.56 
P02SE 3 15-08 9.40 7.54- 25.61 
PEEP 3 3.25 1.70 1.66- 5.05 
PEEPSE 3  -24 . 2 2  .IO- .49 
ETT 3  18.29 4.06 14.46- 22.55 

N i  F ~ O ,  = Fraction of inspired oxygen; SE = Standard error; PO, = 
Partial pressure of oxygen in m g ;  PEEP = Positive end expiratory 
pressure in cmH,O; ETT = Number of days intubated. 

Renal function in the late postoperative phase impxoved with a mean 

serum creatinine level of 116.35 urnol/L (N = 3, SR = 7.41, range 108 to 

121 umol/L) . However, BUN and total bilirubin remained elevated 



( T a b l e  4 . 4 1 ) .  

T a b l e  4 . 4 1  

P Pos 

N Cc SR Range 

Creatinine 3 
BUN 3 
u/o 3 
U/OSE 3 
TBili 3 

~~.QUL Creatinine measured in umol/L; BUN measured in mg/dl; U/O = 
Urine output in mls/hr; SE = Standard error; TBili = Total bilirubin 
measured in umol/L. 

Hernatological status of the patients was stable throughout the late 

postoperative period as s h o w  in T a b l e  4 . 4 2 .  PTINR returned to normal 

for these 3 patients. 

Table 4.42 

H9b 
Hc t 
PTT 
Plt 
CT Loss 
CTSE 
ACT 
ACTSE 
PC 
FFP 
PltTr 
cryo 

N- Hgb = Hemoglobin in gm/L; Hct = Hematocrit in L/L; PTT = Partial 
thromboplastin time in seconds; Plt = Platelets in thousands/mm3; CT 
Loss = Chest tube loss in mls/hr; CTSE = Chest tube loss standard 
error; ACT = Activated clotting time in seconds; ACTSE = Activated 
clotting time standard error; PC = Packed cells transfused in units; 
FFP = Fresh f r o z e n  plasma transfused i n  units; PltTr = Platelets 
transfused in units; C r y o  = Cryoprecipitate transfused in units. 



The 3 patients remaining in the ICU during the late postoperative 

period experienced a number of infections. The most common organisrns 

isolated included coagulase negative staphylococcus, hafnia alvei, 

candida albicans and tropicalis, enterococcus, enterobactox 

agglomerans, lactabacillus, and nonhemolytic streptococcus. Average W C  

was 1 4 - 8 8  10'/~ ( S P  = 4.33, range 10 -9 to 19.5 I09/L) . Mean temperature 

remained within normal limits (Table 4 - 4 3 ! ,  

Table 4.43 

N Cc Sa R a n g e  

WBC 
TEMP 
TEMPSE 

KaS% WBC = White blood count measured in 10'/~; TEMP = Temperature in 
OC; TEMPSE = Temperature standard error. 

Of the 7 patients who received cardiac transplants, 5 

(71%) survived to hospital discharge. Table 4 . 4 4  shows neurologie and 

hemodynamic parameters on the day of hospital discharge. 

Table 4.44 

r P a r a m ~ t ~ r s  on- 

GCS 
HR 
MISE 
SBP 
SBPSE 
DBP 
DBPSE 
MAP 
MAPSE 

Note. GCS = Glasgow Coma Scale, measured as a fraction (out of 15); 
HR = Heartrate in beats/minute; SE = Standard error; SBP = Systolic 
blood pressure in mmg; DBP = Diastolic blood pressure in rnmHg; MAP = 
Mean arterial pressure in mmi io .  



Two patients (40%)  remained in NSR at the time of hospital 

discharge, 2 patients ( 4 0 % )  were in sinus tachycardia, and 1 patient 

(20%)  had sinus tachycardia with PACs. One patient ( 20%)  continued to 

have evidence of past antexior ischernia/infarct on 12 lead ECG, and 3 

patients (60%) had T wave changes. Cardiac enzyme levefs are shown in 

Table 4 . 4 5 .  

Table 4 . 4 5  

bT Cr SR Range 

LDH 
CK 
CKMB 
FRCKMB 

Notn. LDH = Lactic dehydrogenase in U/L; CK = Creatine kinase in U/L; 
CKM3 = Creatine kinase myocardial band; FRCKMB = Fractionated CKMB, 

Respiratory function of the 5 patients was normal, with al1 patients 

on room air ( F i O ,  = .21). Arterial blood gases were not available for 

analysis on the discharge day. Renal and hepatic function were 

stabilizing (Table 4 - 4 6 )  . 

Table 4 . 4 6  

n k c f i a r g e  

tl Cr SR Range 

Creatinine 5 
BUN 4 
u/o O 
U/OSE O 
TBili 3 

b T o t c , o t c ,  Creatinine measured in umol/L; BUN measured in mg/dl; U/O = Urine 
output in mls/hr; SE = Standard erxor; TBili = Total bilirubin measured 
in umol/L. 

Hernatological variables on the day of hospital discharge are shown 

in Table 4 . 4 7 .  PTINR was normal in 1 patient ( 2 0 % )  while it remained 

elevated in another. No patients exhibited signs of bleeding, and no 



patients received transfusions on their discharge day. 

Table 4 . 4 7  

H C1 SR R a n g e  

Hsb 
Hct 
PTT 
Plt 

Note. Hgb = Hemoglobin in gm/L; Hct = Hematocrit in L/L; PTT = Partial 
thromboplastin time in seconds; Plt = Platelets in thousands/mm3. 

Measures of infection status were normal  a able 4 - 4 8 ] ,  with the mean 

WBC equal  to 6.30 1 0 9 / ~  ( S R  = 1.59, range 3.5 to 7.9 1o9/~). Temperature 

ranged from 35.70 to 37.40 OC, with a mean temperature of 3 6 . 5 8  O C  

( S n  = .66). 

Table 4 - 4 0  

PCV C w  
àT Cc SD Range 

WBC 
TEMP 
TEMPSE 

W t e .  WBC = White blood count measured in 10'/~; TEMP = Temperature in 
OC; TEMPSE = Temperature standard error. 

P Prpqpnt T d  

Four of the 5 patients who were discharged from hospital following 

cardiac transplantation are cuxrently alive. One patient deceased 781 

days posttransplant due to a ruptured abdominal aortic aneurysm. 

Follow-up data were obtained for the remaining 4 patients at their most 

recent transplant clinic visit. Neurologie and hemodynamic parameters 

are shown in Table 4.49. 



N Cc SP Range 

GCS 
HR 
HRSE 
SBP 
SBPSE 
DBP 
DBPSE 
MAP 
MAPSE 

U t p .  GCS = Glasgow Coma Scale, measured as a fraction (out of 15); 
HF? = Heartrate in beats/minute; SE = Standard error; SBP = Systolic 
blood pressure in mmHg; DBP = Diastolic blood pressure in m g ;  MAP = 
Mean arterial pressure in mrnHg. 

Twelve lead ECGs done at the patientst most recent clinic visit 

showed that 2 patients ( 5 0 % )  remained in NSR, 1 patient (25%) was in 

sinus tachycardia, and 1 patient (25%) who had received a permanent 

pacemaker implantation was in a paced rhythm. Patients had otherwise 

normal ECG findings. LDH was not measured in any patients. A CK level 

which was done in only 1 patient (25%) was normal at 121 U / L .  CKMB and 

fractionated CKMB were not measured. Respiratory function remained 

stable in al1 patients. Parameters of renal and hepatic function are 

shown in Table 4 . 5 0 .  One patient ( 2 5 % )  progressed to kidney 

transplantation due to the long term nephrotoxic effects of 

Cyclosporine. 

Table 4.50 

ii R~patic F u r t a  at Prespnt: T h  

Pif Cc SR Range 

Creatinine 4 
BUN 1 
TBili 4 

K a _ t e  Creatinine measured in umol/L; BUN measured in mg/dl; TBili = 
Total bilirubin measured in urnol/L. 



Hematological variables measured at the patients1 most recent clinic 

visit included Hgb, Hct, and platelet count, while WBC was measured as 

an indicator of infection. Table 4.51 displays these variables. 

Table 4.51 

ET Cr SP R a n g e  

H9b 
Hc t 
Pl t 
WBC 

Note. Hgb = Hemoglobin in gm/L; Hct = Hematocrit in L / L ;  Plt = 
Platelets in thousands/m3; WBC = White blood count in log/~. 

Of the 7 patients who received a cardiac transplant, mean length of 

survival was 915.71 days (SD = 1282.66, range O to 3712 days). Five 

patients survived to hospital discharge. Three (60%) were in New York 

Heart Association Class (NYHA) 1, and 2 (40%) were in NYHA Class II. 

Two out of the 5 patients (40%) returned ta work. The mean number of 

rejection episodes per person was 3.60 (SD = 2.61, range 1 to 7). Four 

of the 5 patients (80%) had a Grade 1A rejection; 3 (60%) had a Grade 

1B rejection; 2 (40%) had a Grade 2 rejection; 3 (60%) had a Grade 3A 

rejection; 2 (40%) had a Grade 3B rejection; and 1 (20%) had a Grade 4 

rejection episode. 

The average number of infection episodes requiring intravenous 

antibiotics was 1.00 ( S R  = 1.55, range O to 41, and the average number 

of hospital readmissions was 3.50 (Sn = 3.39, range O to 8 ) .  Reasons 

for hospital readmission included cholecystitis/bile duct turnour, 

pericardiectomy, pacemaker implantation, transient ischemic attacks, 

pneumonia, osteoarthritis, esophageal stricture, and ileus. 

Posttransplant medications are listed in Table 4.52. 



Cr SR Range 

Cyclosporine 5 490.00 227.49 300-850 
Prednisone 5 17.00 18.66 5- 50 
Azathioprine 5 58.00 65.73 0-150 
Cardizem 5 192.00 200.80 0-480 
Septra 5 . 25 .50 0- 1 
Enalapril 5 2.00 4.47 O- 10 
Lisinopri1 5 4.00 8.94 O- 20 
Amlodipine 5 2.00 4.47 O- 10 
Sot0101 5 16.00 35.78 O -  80 
ASA 5 64.00 35.78 0- 80 
Ranitidine 5 180.00 67.08 150-300 
Metoclopromide 5 12.00 26.83 0- 60 
Lovastatin 5 3.00 4.47 O -  10 
Fluconazole 5 40.00 89.43 0-200 
Furosemide 5 4.00 8.94 O- 20 

NPte Septra in tablets/day; Al1 other medications in mg/day. 

Pearson's correlation coefficients were computed to determine what 

specific factors were related to posttransplant outcomes. These 

outcornes were meaçured in terms of survival to transplantation; number 

of days of patient survival following transplantation; survival to 

hospital discharge; patients1 current status as alive or deceased; 

return to work; NYHA functional class; number of episodes of rejection 

or infection; and number of hospital readmissions. 

Patient demographics, device-related data, and donor variables were 

analyzed with respect ta posttransplant outcomes, in addition to 

repeated measures of hemodynamic status; respiratory, rend, heptic, 

and hematological function; and infection-related parameters. 

posttransplant outcornes were correlated to these variables at several 

time intervals throughout the transplant course. These time intervals 

were: 1) the day prior to VAD insertion, 2) the day of VAD insertion, 

3 )  the transplant waiting period, 4) the day of transplant, 5 )  the 

early and late postoperative periods, 6) the tirne of hospital 

discharge, and 7) the present. Though Pearson's correlation 

coefficients were calculated for al1 variables with al1 outcomes, only 

statistically significant (p  < .05) relationships will be discussed. 



r q  A f f e c + i r l ç l - -  

Several patient demographic variables were significantly correlated 

to posttransplant outcomes (Table 4 . 5 3 ) .  Patient age was inversely 

related to number of posttransplant rejection episodes tr = -.5767. 

p = .010), while gender was positively correlated to the nurnber of 

infection episodes (r = .5197, p = .027). Younger patients survived for 

longer periods of tirne following transplantation, and had more 

rejection episodes, while females had a greater number of 

posttransplant infection episodes. Those patients who were in 

cardiogenic shock (r = -5383, p = .Ol4), and on VAD support for longer 

periods of time pretransplant (r = . 5 6 2 9 ,  p = -010). had an increased 

length of survival posttransplant, and subsequently more rejection 

episodes (r = - 5 4 6 8 ,  p = .OIS). The presence of a pretransplant cardiac 

arrest w a s  significantly related to a decreased chance of survival ta 

hospital discharge, a decreased chance of survival to the present time. 

a decreased functional ability according to NYHA classification, and an 

increased chance of returning to work following hospital discharge. 

Patient body surface area; blood group; diagnosis; reason for VAD 

insertion; number or type of previous cardiac surgeries and 

cardiopulmonary bypass times; VAD name or type; presence of an IABP; 

ejection fraction; smoking history; alcohol abuse; and CMV status had 

no significant relationship to posttransplant outcomes. 



Table 4.53 

oucOM16s : DKMOûRAPHïCS : 

Ag0 Geader Shock Caràiac VAD 
Duratf on Asreet Xourcl  

RTW 

Reject - . 5767*+ ,0787 -5182' - -3545 .5468* 
(pz. O10 (p=. 749 1 (p. 023 1 (pc.136) (p-. 015 1 

Infect -0199 -5 197+ - .3727 - .O625 - .3977 
( p .  937) (p. 027) (p=.lza) ( p .  80s 1 (p= -102 1 

p c  .OS; +* p c .O1 
Age in years; Shock duration in houra; VAD Hours o Nuxuber of hours supported on 
ventricular assist device; Timatx = Nirmber of days of survival poettransplaat; DC = 
Sumival to hospital discharge; Status = Aïive or deceased; RTW = R e t u r n  to work; HYftA = 
New York Eeart Association Punetional class; Reject t Number of rejection episodes; 
Infect o Number of infection epieodes. 

Variables including donor age, donor CMV status, and amount of donor 

inotxopic support were significantly related to recipient 

posttransplant outcornes (Table 4 . 5 4 ) .  Recipients who received older 

donor organs were less likely to be currently alive than patients who 

received younger organs (r = ,8947, p = -007). Recipients of CMV 

positive organs experienced fewex numbers of infectious episodes than 

those who received CMr negative organs (r = -.9487, p = .004). Patients 

who received organs from donors on high doses of Dopamine were more 

likely to survive to hospital discharge and subsequently, experienced 

more episodes of infection. These patients were less likely to return 

to work following their transplant, were in poorer NYHA functional 

class, and were more likely to be deceased at the current tirne. 

~ecipients of organ donors receiving high doses of Norepinephrine were 

less likely to return to work following transplantation (r = -.4975, 

p = .030). Donor ischemic time, blood group, gender, and amount of 



Epinephrine infusion were not significantly correlated with recipient 

posttransplant outcomes. 

Table 4 . 5 4  

OUTCOMES : DONOR VILRIABLES : 

Donor Donor Donor Danor 
Aga OfV Nocepinephrine Dopamine 

Dose Dose 

T% 

DC 

Statue 

RTW 

HYHA 

Infect 

p c .OS; ++ p c -01 - - - = Unable to calculate correlation coefficient; Tx - Rscefved a cardirc transplant; 
DC = Survival to hospital diecharge; Status = Alive or deceased; RTW = Return to wark; 
NYgA = New York Eeart Ascrociatioa Puactional clase; Infect = N u a b e r  of infection 
epieodes. 

Severaï hemodynamic parameters measured prior to insertion of the 

VAD were significantly correlated to posttransplant outcomes (Table 

4.55). Increased variability of the cardiac output/index and 

pulrnonary/systernic resistance over the 24 hour period prior to V m  

insertion was significantly related to increased length of sumival 

posttwansplant and to the present, and an increased number of rejection 

episodes. A significantly higher mean pulmonary vascular resistance was 

present in patients who received a transplant (r = -7608, p = .017). 

Sinus bradycardia present in patients prior to VAD insertion was 

negatively related to current status and return to work following 

transplantation. 



Table 4.55 

COSg CISE PVRI PVRSB SVRS E SERAD 

R e j  e c t  -8535- 
(p-. O03 1 

p c .05; ++ p c . O 1  
COSE = Cardiac output standard error; CISB = Cardfac index standard arror; PVRI t 
Pulmonary vascular resistance index; PVRSE = Pulmonazy vascular resistance index etandard 
error; SVRSE = Sy~temic vascular reaistance index standard error; Tx = Received a cardiac 
transplant; Tîmetx = N d e r  of days of eurvival posttransplant; Statua - -ive or 
deceasad; Reject = Nwnber of rejectioa episodes. 

Prior to VAD insertion, patients were on numerous inotropes. Being 

on numerous inotropes was significantly related to increased length of 

survival posttransplant (r = -4516, p = -046). Dopamine, Dobutamine, 

 orep pi ne ph ri ne. and SNP were found to be correlated to posttransplant 

outcomes. Dopamine infused at a rate of 5 to loug/kg/min was positively 

related to length of survival posttransplant (r = -6162, p = . 0 0 5 ) .  

Patients who were on Dopamine for a greater number of hours were more 

likely to receive a transplant. survive longer following transplant. 

and have a greater nurnber of rejection episodes. Increased duration of 

Dopamine infusion was negatively related to current status and NYHA 

functional class (Table 4.56). 

Dobutamine infusions at higher rates ( r  lOug/kg/min) were related 

to increased incidence of transplantation. increased length of survival 

posttransplant, survival to hospital discharge. but an increased number 

of rejection episodes. However, those patients were less likely to be 

alive at the present time and had a poorer NYHA functional class. 

Mean rate of Norepinephrine infusion was not significantly related 

to posttransplant outcomes, however a low rate of infusion of the drug 



was related to fewer rejection episodes (r = . 4 7 8 5 ,  p = - 0 4 5 ) .  High 

doses and longer periods of SNP infusion were related to increased 

length of survival posttransplant, in addition to an increased number 

of rejection episodes. 

Table 4 - 56 

# of Do€' DoP Dob Dob Norepi SNP SNP 
fno >5c10 Hre Hrs fi0 Hrs 

Nate. p c.05; **  p < .O1 
# of Ino - Number of inotropes; Dop >Sc10 = Dopamine infusion zSclOug/kg/min; Dop Ers r 
Number of hours of Dopamine infusion; Dob = Dobutamine infusion; Dob Hrs = Nirmber of 
houro of Dobutamine infusion; Norepi Lo - Lowest dose of Norepinephrine infused; Sm - 
Sodium Nitroprussida infusion; SNP Eks = Ntmber of hours of SNP infusion; Tx r Recsivad a 
cardiac transplant; Timetx = Humber of days of sutvival posttransplant; DC t survival to 
hoapital discharge; Status = Alive or deceased; HYRA r New York Heart ?msociation 
Functional class; Rsject = Ntmber of rejection episodes. 

Righ pre-VAD PO, and increased variability over a 24 hour period of 

FiO, were significantly related to increased length of posttransplant 

survival, survival to hospital discharge, but an increased number of 

rejection episodes. These variables were also associated with increased 

incidence of survival to the present, and return to work posttransplant 

(Table 4 - 5 7 ) .  Increased variability in urine output over 24 hours was 

indicative of longer periods of survival posttransplant, survival to 

hospital discharge, but an increased number of rejection episodes. 

However, these patients were less likely to be alive at the present 

time, had lower NYHA functional class scores, and infrequently returned 



to work following surgery. Larger numbers of packed ce11 infusions 

correlated with increased length of survival postoperatively. 

Table 4 . 5 7  

OUTCOMBS : RESPIRATORY RBr?AL ~ T O L O O I C A L  
FACTORS : FACTORS : FACTORS : 

PO2 PiO2SE UOSB Packed C e l l e  

-1990 
(pi.  515 ) 

Timetx .6812* 
(p=. 0 1 0  1 

Status -. 8634.' 
(p. O00 1 

RTW - .4371 
( p . 1 3 5 1  

Reject .7298+* 
(pœ. 005 1 

H m  p c .os ;  *+ p c -01 
PO2 = Partial pressure of inspired oxygen; FiO2SE = Fraction of inspired oxygen standard 
error; DOSE = Urine output etandard error; Tx = Received a cardfac transplant; Timetx = 
Number of days of sumival posttransplant; DC E Survival to hospital discharge; Status = 
Alive or deceased; R'LW = Return to work; NYaA = New York Beart Association Fuuctional 
class; Reject r Nimiber of rejection episodes. 

Increased mean systolic blood pressure and variability of heaxt rate 

were related to decreased incidence of transplantation. Patients with a 

highly variable cardiac output/index, and pulmonary/systernic vascular 

resistance had a greater incidence of transplantation (r = .7888, 

p = . 0 2 0 ) ,  and a larger number of hospital xeadmissions (r = . 8 8 7 6 ,  

p = . 0 0 8 ) .  High systemic vascular resistance on the day of VAD 

insertion was consistent with decreased length of posttransplant 

survival, decreased incidence of survival to hospital discharge, and 

decreased chance of being alive at the present time. These patients 

were in higher NYHA functional classes, and experienced fewer rejection 



episodes. Patients who were in sinus rhythm on the VAD implant day were 

more likely to survive for longer periods of time and return to work, 

however, the average NYHA functional class was poorer than in patients 

who were not in sinus rhythm. Survival to hospital discharge was 

reduced in this group of patients (Table 4.58). 

Table 4.58 

t 0- 

OüTCûMES : BKMODYNAMIC PARAMgTW29 : 

HRSE SBP COSE CISE PVRI PVRSE S V R I  SVRSE NSR STACB 

RTW -3849 -.4793* -.O264 - . l o O O  -.5729 .O432 .7412* -1294 .4887* -*2685 
(~1.115) (pr.044) ( p t  .951) (p. 814) (pr.138) (~= .919)  ( ~ = - 0 3 5 )  ( ~ = . 7 6 0 )  (~1.047) (~1.0297 

N m  p c .OS; ** p c -01  
üRSE = Heart r a t e  standard e r ror ;  SBP = Systol ic  blood pressure; COSB - Cardiac output 
etandard error ;  CISE = Cardiac index standard error ;  PVRX = Pulmonary vaecular res is tance 
index; Tx = Received a cardiac transplant;  Timetx = Number of days of aurvival  
poettranaplanti  DC = Survival t o  hospi ta l  discharge; Statua - Aïive o r  deceased; RTW E 

Return t o  work; NYEA = New York Heart Association Puactional c lase;  Reject = Nuanber of 
re jec t ioa  episodes; Readmit = Nwnber of hospi ta l  readmiseions. 

1notrDD-~u~aart ana~ay nf - 
Table 4.59 shows the association between inotropic support on the 

VAD implantation day and posttransplant outcornes. 



Table 4.59 

t O l > t r n =  

OUTCOMES : RIOTROPES : 

k P  Dob Dob NT0 NT0 SNP SNP Lido 
Rrs Hrs Bts Hre 

Tx 

Time tx 

DC 

status 

RTW 

NYHA 

Reject 

Infect 

Readmi t 

.Il89 
(p. 628 ) 

.SI18 + 

(PX. 025) 

.1555 
(p. 525 ) 

- -1342 
(pu.584) 

- .1619 
(pu. 521) 

- .2664 
(PR. 285 1 

- - 3  044 
(PR. 219 1 

.Il24 
(p- .668 

.O060 
(px.982) 

Hota. + p < .os; +* p c .O1 
DpHrs r Number of hours of Dopamine infusion; Dob - Dobutamine infusion; Dobüre = NuInber 
of hours of Dobutamine infusion; NTO = Nitroglycerine infusion; NTOBrs - Nirmber of houra 
of NTG infusion; SNP = Sodium Nitroprusside infusion; SNPHrs = Ntmber of houe of SNP 
infusion; Lido = Lidocaine fnfusion; Tx - Received a cardiac transplant; T i m e t x  - Number 
of daye of s w i v a l  posttransplant; DC = Sumival to hospital discharge; Statu8 - Aïive 
or deceased; RTW - Rerurn to work; HYEIA = New York Beart Association functfonal class; 
Rsject = Number of rejection episodes; Infect = Number of infection epiaodas; Readmit a 
Numbar of hospital teadmi~sions. 

patients who received Dopamine infusions for longer perlods of time 

on the day of VAD insertion had an increased length of survival 

posttransplant (r = . 4 7 4 4 ,  p = - 0 4 0 ) .  Patients on high doses of 

~obutamine, who received the medication for longer periods of time, 

were more likely to receive a transplant, survive longer 

posttransplant, and have a greater number of rejection episodes. The 

presence of high doses of NTG and SNP ( >  L.Sug/kg/min) coxrelated with 

increased length of survival posttransplant, while the presence of a 

SNP infusion on the VAD insertion day also increased the probability 

t h a t  the patient would receive a transplant, be discharged from 



hospital, be currently alive, but have increased numbers of rejection 

episodes, infections, and hospital readmissions. These patients were 

less likely to return to work posttransplant and remained in a poorer 

NYHA functional class. Patients who received Lidocaine during this 

period were more likely to have repeat hospital readmissions 

(r = .5519, p = .022). 

~ e r t  iQn 

Patients with high FiO ,  requirements on the day of VAD insertion 

were less likely to receive cardiac transplants, and had a lower 

incidence of survival, with poorer functional recovery if they received 

a transplant. Patients with high total bilirubin levels on the day of 

VAD insertion survived for longer periods of t h e  following transplant 

(r = - 9 5 8 4 ,  p = .010). Higher hemoglobin and hernatocrit levels on the 

VAD insertion day were associated with a decreased chance of survival 

ta the present. Normal PTINR levels were associated with a better 

chance of receiving a cardiac transplant, increased length of survival 

after surgery, and an increased incidence of rejection (r = -.5317, 

p = .028). Transfusion of large amounts of FFP on the day of VAD 

insertion was associated with a higher incidence of postoperative 

infection (r = .6663, p = -003) (Table 4 -60) . 



Table 4.60 

OVTCOMES : RBSPIaTûRY BHPATIC BEMATOLOGIC 
FACTORS : FACTORS r FACTORS : 

Fi02 TBiU Ef gb Ekt PTINR FPP 

Tx -.19S7 
(pr . 422 )  

T h t x  - -4629, 
tg= - 046) 

DC -. 5319* 
(p=. 019 1 

Status .4708* 
(pu. 042 1 

NYBA .4887* 
(pu * 040 1 

Rej ect  - .4638  
(PO. 053 

Infect - 3214 
(p. 2 0 8  1 

ImtL p < .os; +* p c - 0 1  
Pio ,  sz Fracion of inspired oxygen; Dili = Total bilirubin; Hgb = Hemoglobin; B c t  o 
Bematocrit; PTINR = Prothrabin  time; FPP = Presh frozen plasma; Tx o Received a cardiac 
transplant; T i m e t x  o Number of days of sunrival posttransplant; DC = Survival t a  hospital 
discharge; Status = Alive o r  deceased; NYBA = New York Heart Association functfonal 
class; Reject = N d e r  of reject ion episodee; Infect = Number of infection epiaodes, 

Neurologic status of patients awaiting cardiac transplantation was 

an important determinant of patient outcornes. Patients who developed 

significant neurologie impairment (low GCS scores) during the waiting 

period were no longer considered to be transplant candidates. Patients 

with higher GCS scores were more likely to survive to hospital 

discharge and to be currently alive. However, these patients were less 

likely to return to work, had more rejection episodes, and were more 

likely to require hospital readmission (Table 4.61). Patients with 

highar GCS scores were also in better NYHA functional classes 

(r = - . 5 2 9 0 ,  p = -035). 

variability of systolic blood pressure, and mean arterial pressure, 

were significantly correlated with surrival to hospital discharge and 



to the present time, while stability of cardiac output was related to 

an increased number of hospital readrnissions (r = -.8171, p = -025). An 

increased SVRI was associated with decreased length of survival 

posttransplant (r = -.7474, p =.021), while consistent, stable values 

of SVRI were related to an increased number of posttransplant hospital 

readmissions (r = - . 8 2 5 4 ,  p = -022) (Table 4.61). 

The presence of atrial fibrillation during the transplant waiting 

period was an important deteminant of survival to hospital discharge. 

current status, return to work, NYHA functional class, and number of 

rejection episodes. Patients who experienced episodes of atrial 

fibrillation had an increased chance of survival to hospital discharge 

and to the present, decreased incidence of return to work, improved 

N Y H ~  functional class, and more rejection episodes posttransplant 

(Table 4.61). Patients in sinus tachycardia with frequent PVCs had an 

increased number of hospital readmissions postoperatively ( r  = - 5 6 5 2 ,  

p = -028). No other cardiac rhythrns had significant relationships to 

posttransplant outcomes during this time. 

hridence of anterior ischemia/infarction on 12 lead ECO during the 

transplant waiting period was perfectly correlated to receipt of a 

transplant. survival to hospital discharge with a good functional 

recovery, increased length of postttransplant survival, and 

subsequently an increased incidence of rejection episodes and hospital 

readmissions. These patients were not likely to return to work 

following transplant (r = -1.000, p = -000). An elevated fractionated 

CKMB was related to an increased incidence of hospital readmission 

following trénsplantation (r = -8891, p = .O031 (Table 4.61). 



Table 4.61 

CiCS SBPSE -SE COS8 SVRf SVRSE AFIB STWC AINP 

Rc .7873+* 
(p=.OOO) 

TFmatx -4294 
( p .  085) 

DC .4852+ 
(p. 048) 

Status - .4852+ 
(p=.048) 

RTW - .5290* 
(p=.035) 

NYEA -.5290* 
(pr.035) 

Reject .5208+ 
(po.039) 

Readmit .5464* 
(pt.035) 

Nata. p < -05; ** p < -01 
GCS t Glasgow coma acale; SBPSE n Systolic blood pressure etandard error; F E S E  = Mean 
arterial pressure standard error; COSE = Caràiac output standard error; SVRZ œ Systemic 
vascular resistance index; SVRÇE = Systemic vaecular resistance index standard error; 
APIB r Atcial fibrillation; STPVC = Sinus tachycardia w i t h  promature ventricular 
contractions; AINP = Anterior ischemia or infarct; Tx = Received a cardiac tranqlant; 
T i m e t x  = Nrmiber of  days of survival posttransplant; DC = Survival to hoapital discharge; 
Status = Alive or deceased; RTW = Retura to work; NPEfA = New York Beart Aseociation 
functfonal class; Reject = Number of rejection episodes; Readmit = Humber of hospital 
reaclmiesiona . 

trop4 c Slipport l7-g T r a ~ D l a n , ~  W u g  P e t i ;  nd . . 

Though Dopamine dose during the transplant waiting period was not 

significantly related to posttransplant outcornes, nurnber of hours on 

Dopamine was related to increased chance of survival to hospital 

discharge and to the present tirne (Table 4 . 6 2 ) .  Amount of Dobutamine 

infused (>  lOug/kg/min) and number of hours on the infusion were 

associated with increased chance of receiving a transplant, and 

increased length of survival postoperatively. Increased nurnber of hours 

on an Epinephrine infusion also increased the probability that a 

transplant would occur (r = -6368, p = -006). Increased doses of NTG 

for longer periods of time during the wairing phase were also related 



to an increased chance of being transplanted, improved length of 

survival, increased number of rejection episodes and hospital 

readmissions, decreased chance of returning to work following 

transplantation, and improved NYHA functional class. Increased doses of 

SNP for longer periods of tirne were associated with increased length of 

survival, increased number of rejection episodes, decreased chance of 

returning to work, and improved NYHA functional class (Table 4.62). An 

increased numbex of hours on a Lidocaine infusion was correlated with 

an increased number of posttransplant hospital readmissions (r = .5453, 

p = -036) . 

Table 4.62 

Dop Dob Dob NT0 NT0 SHP SNP Li do 
Rra îirs Efrs Hre Hrs EIrs 

Status .5067* 
(p=.038) 

RTW -.4434 
(pz. 085) 

Reject -4365 
(p-. 091) 

Readmit - .El65 
(p.483) 

Hate, + p c .os; +* p c .O1 
--- = Unable to calculate correlation cosfficiantr DoplIr8 = Number of hours of Dopamine 
infusion; Dob = Dobutamine infusion; DobHrs = Number of houre of Dobutamias i~fusion; 
EpiElrs r Number of bouts of minephrine infusion; NTC3 r Nitroglycsrine infusionr NTQBrs r 
N&er of hours of NTG infusion; SNP - Sodium Nitroprusside infusion; SHPRrs = Number of 
houre of SNP infusion; LidoEfrs = NrtmOer of hours of Lidocaina infusion; Rt r Received a 
cardiac transplant; Timetx - Number of days of sumival posttransplant; OC r Sunrival to 
hospital discharge; Status = Alive or deceased; RTW = Return to work; NYfIA r New York 
Aeart Association functional class; Reject = Nrmrber of rejection episodes; Readmit r 

Number of hospital readmissions. 



~hough F~O, and PO, during the transplant waiting period were not 

significantly related to posttransplant outcomes, increased amount of 

PEEP was related to decreased chance of receiving a cardiac transplant 

(r = -.5704, p = .017). Increased total bilirubin levels were 

correlated to increased probability of receiving a transplant, 

increased length of posttransplant sunival with more rejection 

episodes, and decreased chance of returning to work even though they 

experienced a good functional recovery (Table 4.63). Patients with 

normal PTINR levels were more likely to survive to hospital discharge 

and remain alive at the present tirne, than those with high PTINR 

levels. Those patients also had an improved NYHA functional class and 

rate of return to work, even though they had more xejection episodes. 

Patients who received cardiac transplants had significantly higher 

white blood coruits (r = .5502, p = .O271 during the transplant waiting 

period. 



Table 4 . 6 3  

s Retw 

O U T C O ~ S  : RESPIRATORY BBPATIC HEMATOMGI C INFECTION 
PARAMFTERS : P-S : PARAMgTERS : PAIUMETERS: 

PEEP TBili PTINR OQBC 

Tx 

T h e  tx 

De 

s tatus 

RTW 

NYgA 

Reject 

.8072* 
(pi. OZ8 1 

.922S* + 

(p. 003) 

,3965 
(p=. 379 1 

- - 3965  
(pr.379) 

- .9493** 
(pr.004) 

-. 9493" 
(p. 004 1 

.9493+* 
(p. 004) 

N9ta.+ p c  .os; ** p ç  .O1 
PEEP r Positive end expiratory pressure; Tbili u Total bilirubin; P T m  - Prothrombin 
the; WBC = White blood couat; hc = Reeeived a cardiac transplant; Tixnetx  = Nrmrber of 
days of survival posttransplant; DC = Survival to hospftal discharge; Statu8 - Alive or 
deceased; RTW = Return to work; NYBA = New York Heart Association functional class; 
Rej ect = Number of re j ection episodes . 

Patient neurological status on the day of cardiac transplant was not 

significantly related to posttransplant outcomes. 

hemodynamic parameters measured on the transplant 

significant correlations with outcomes. Variation 

pressure was associated with decreased numbers of 

(r = -.7707, p = - 0 4 3 1 ,  while increased cardiac oi 

However, specific 

day did have 

in mean arterial 

rej ection episodes 

ltput was related t 

increased length of survival posttransplant (r = 1.000, p = -005). 

~ariability in cardiac index and systemic vascular resistance were 

significantly related to decreased incidence of return to work 

following transplantation (Table 4.64). 



Table 4 - 64 

Reject .7707* 
(p- .O43 1 

Xnf e c t  .1660 
(pr.753) 

Nata, + p c -05; ++ p c -01 
K U S E  = M e a m  a r t e r i i l  pressure standard error; CO = Cardiac output; CISE u Cardiac index 
standard e r ro r ;  PVRI = P u b n a r y  vascular resistance index; PVRSE - PuLmonary vascular 
reeistarice index standard error; SVRSE = Systemfc vascular resietance index atandard 
error;  Paced = Paced rhythm; T i m e t x  = Ntmrber of days of survival poattraneplantt RTW = 
R e t u r n  to  work; NYHA = New York Eieart Associatfon functional clase; Reject r Nirmber of 
reject ion episodes; Infect  = N-er of infection episodes. 

Increased pulmonary vascular resistance index and standard error were 

associated with higher levels of functional recovery (NYHA functional 

class I or II). Cardiac rhythms and cardiac enzyme levels on the 

transplant day were not found to be associated with posttransplant 

outcornes. However, those patients with a paced rhythm on the day of 

transplant were more likely to develop iniectious complications 

postoperatively (r = . 9487 ,  p = - 0 0 4 ) -  

I n o t r a a i c p w t  m m  
Several inotxopes were instituted on the transplant day (Table 4.65) 

Patients who were on Dopamine at low doses were less likely t o  be 

readmitted to hospital a f t e r  transplantation (r = - . 9 3 2 6 ,  p = . 0 0 7 ) ,  

while patients on Dopamine > 5 c loug/kg/min had an increased incidence 

of rejection (r = - 9 3 6 0 ,  p = .002). Higher doses of Norepinephrine were 

related to increased incidence of hospital discharge and improved 

functional class following transplant. High doses of NTG were 

associated with increased length of sumival posttransplant with an 

increased nurnber of rejection episodes, while infusion of the drug for 



longer periods of time was also associated with an increased number of 

rejection episodes. High doses of SNP were related to increased length 

of posttransplant sunival, while increased length of infusion was 

associated with increased nurnbers of infection and rejection episodes. 

Isoproterenol was commonly used on the day of transplant. Increased 

doses were correfated with increased length of posttransplant sur~ival, 

but with an increased incidence of infection and rejection. Longer 

periods of infusion of the drug were associated with improved NYKA 

functional class, but also an increased number of rejection episodes. 

Infusion of high dose Lidocaine on the transplant day was associated 

with an increased incidence of postoperative infection (Y = . 9487 ,  

Table 4.65 

OUTCOMES : XNOTROPIC SUPPORT: 

D ~ P  WJ DopKI Nompi NTa NTG NTG NT0 Lido Lido 
>Sc10 EKrs Lo Bi Brs 

Timetx - .2704 -6240 - -1382 -3918 .9489+* -6214 .9667*+ .8851++ -.O463 -0463 
(p-. 558) (pi .  1341 (p .768)  (pœ.442) ( p i .  001) (pi.136) (pi.000) (p-. 008) (pœ.921) (pm-921) 

tic&& + p c.05; *+  p < .O1 
Dop Dopamine infusion; Dop >5c10 = Dopamino in fus ion  >SclOug/kg/mfn; DopRi r EIIghmst dore of 
Dopamlae infurad; Notepi - Noripinephrino infusion; NTQ œ Nitroglycerinm infui ian;  Nm3Krs i m e r  of 
hour8 of NTd infusion; NMLo = Laroi t  doie  of NTG infured; NTGHi = Righai t  dome of NTO infusod; Lido - 
Lidocaine infusion; Lidolira = Nvmber of houri of Lidocaine infusion; Tfmmtx N-ar of &y. of 
rurvival  post t ranpslant ;  DC œ Survival ta hoapi ta l  âischargo; NYEU - Now York Raart Ai ioc i r t ion  
funct ional  c l a i s ;  Reject - Numbor of rojoct ion .pimadam; Infmct - m e r  of infect ion episodor; 
Readmft - Mrmber of horp i t a l  raacùuimiions. 



Table 4.65 

s Retween c S w p a r t  the D a y  of Trançolant- 

OüTCOblES: INOTROPIC SUPPORT: 

p <.Cf; * *  p c -01 
LidoHi - Highast doie of Lidocaine infalied; S?îP = Sodium Nitropzruisids infusion; SNPErs = Number of 
hours of m3P infusion;  9HOLo r Lowist dose of SHP infurad; S N P X i  r KIghaat dose of SNP infused; Isapro 
r I i ap ro t s reno l  infusion; IiolIr  - Nuutber of hours of Isoptoteranol infusion; IsoLo - LoweSt dose of 
Zioprotatsnol infused: Isoi i i  - Bighast doie  of Xioprotmrenol infused; Timetx - Numbar of days of 
s u m i v a l  post t ranpalant ;  NYEA - New York Haart Asiociation fuact ional  clams; Reject = Nuaber of 
r e j i c t i o n  .pimodes; I n f e c t  - Nirmber of in fec t ion  epfsodmi. 

Higher FiO, requirements on the transplant day were associated with 

a decreased incidence of survival to hospital discharge (r = -.8410, 

p = .018) and poor functional ability (NYHA functional class III-IV) 

following cardiac transplantation (r  = ,8723, p = .010). Patients who 

were on highly variable levels of PEEP throughout the day (increased 

PEEP standard error) had an increased length of posttransplant survival 

(r = .8l7O, p = ,025) (Table 4 -66) . 
No measures of hepatic or renal function were significantly related 

to posttransplant outcomes on the day of transplant, however specific 

hematological parameters were correlated with current status and number 

of rejection episodes. Patients with elevated levels of PTT were less 

likely to experience rejection episodes following transplantation 

(r = - . 8 5 6 3 ,  p = .014), while patients who received large numbers of 

FFP transfusions were more likely to be currently alive ( r  = .8416, 

p = .018). Patients with a highly variable temperature over the 24 hour 

period were also more likely to be alive at the present time (Table 

4.66). 



Table 4.66 

Pest- O u t c m  

OUTCOMES : RESPIRATORY HBHATOtOC3IC INFECTION 
PARAMETERS : PNUWBTBRS : PARAMETERS : 
PI02 PBEPSE PTT FPP T-SE 

Status -4649 - ,4020 - -0317 .8416* .8363+ 
(pr.293) (p-. 371) (pr.946) (p=. 018) (p. 019 1 

Reject - -7492 .5202 - -8563, - -0959 .O608 
(PX. 053 1 (p= ,231) (p= - 014 ) (pr.838) (PX. 897 1 

Npte. p c .O5 
FiO, - Fraction of inrrpired oxygen; PEEPSE r Positive end expiratory pressure standard 
error; PTT = Partial thromboplastin the; FFP = Fresh frozen plasma transfusion; TgMPSg = 
Temperature standard error; Timetx = Nimrber of days of survival posttransplant; 
DC - Sumival to hospital diecharge; Statua = Alive or deceaaed; NYHk = New York Raart 
Association functioaal class; Reject o Ntmiber of rejaction episodes. 

Neuxologic status during the early postoperative period 

(posttransplant day 1 to 8 )  was not a significant determinant of 

outcome following cardiac transplantation, however several hernodynamic 

parameters showed significant relationships with posttransplant 

outcomes (Table 4.67). Increased variation in heart rate during this 

time was correlated to poor long-term functional recovery (r = . 8 0 2 8 ,  

p = -030). Increased systolic BP was associated with an increased 

nurnber of rejection episodes and hospital readrnissions, while an 

increase in diastolic BP was related to improved posttransplant 

functional status (NYHA functional class 1-11). Cardiac output/index 

and pulrnonary/systemic vascular resistance during the early 

postoperative phase were not important indicators of posttransplant 

out cornes. 

Patients who remained alive at the time of data collection had an 

increased incidence of supraventricular tachycardia in the early 

postoperative period (r = -8597, p = .006). Those patients who 



exhibited signs of right ventricular hypertrophy or ST elevation on 1 2  

lead ECG analysis also had more infectious episodes following 

transplantation, while those with indicators of left atrial enlargement 

or ST depression had an increased length of posttransplant survival. 

The presence of T wave changes on the 12 lead ECG during the early 

postoperative period was associated with a decreased chance of survival 

to the present time (r = -.9657, gz = - 0 0 8 ) .  Of the cardiac enzymes 

measured, only an increase in CKMB levels was significantly related ta 

an increased number of posttransplant hospital readmissions (Table 

4 . 6 7 ) -  

Table 4 - 6 7  

D u r i g - t h e - l P a r l y  

OüTCOMES : ~ O D Y N R M I C  PARAMeTERS : 

=SE SBP DBP SVT RW STDGP T A  STKL QtMB 

Reject .7064 -8369 .5889 -.SI39 .2933 .8432 .6811 -2933 .2576 
(px.0761 (pt.O19)*(p=.1641 (pn.238) (pr.632) (pr.073) (pt.206) (p=.632) (p=-676 

mLEL p c .OS? ** p c .O1 ----  = Unable to calculata correlation coefficent; BRSE = Beartrate standard error; SEP = 
Syatolic blood pressure; DBP = Diastolic blood pressure; SVT - Supraventricular 
tachycardia; RVB = Right ventriuclar hypertrophy; STDEP = 
ST depression; STEL = ST elevation; Ta r T wave changea; cRMB = Creatine kinase 
myocardial band; T l m a t x  = Nimiber o f  days of survival posttransplant; Status t Aïive or 
deceaeed; HYnA r New York Reart Association functional class; Reject = Number of 
rejectioa episodas; Infect r Ntmiber o f  infection episodes; Reaümit = Nrmrber of hospital 
readmissions. 

ir Support Dti pp- 

Inotropic support during the early postoperative period was 

significantly related to posttransplant outcornes (Table 4 . 6 8 ) .  

Increased doses of Dobutamine were associated wi th  a higher incidence 

of d e a t h  i n  patients who s u r r i v e d  t o  hospital discharge (r = .8392, 



p = -009)- Higher dosing ranges of the drug were related to an 

increased incidence of posttransplant infection. Epinephrine infusion 

at high rates for prolonged periods during the early postoperative 

phase was associated with decreased survival to hospital discharge, 

poor functional recovery, but fewer rejection episodes. In addition. 

infusion of Epinephrine for long periods was correlated with fewer 

hospital readmissions posttransplant (r = -.8591, p = .028). 

Norepinephrine infusion at high doses for a long duration of time 

during this period was indicative of decseased incidence of survival to 

hospital discharge, and poor functional status postoperatively. 

Norepinephrine infusion for a long period of tirne was related to fewer 

posttransplant rejection episodes (r = - . 7 6 2 7 .  p = .046). High dose NTG 

and SNP infusions were associated with increased length of survival, 

while increased NTG doses were also related to a higher incidence of 

rejection (r = -8000, p = .031). Long duration SNP infusion was 

associated with increased numbers of rejection and infection episodes. 

Isoproterenol infusion at high doses in the early postoperative 

period was related to an increased incidence of infection (r = -9339. 

p = .O061 and subsequent hospital readmission (r = .8799, p = -021) . 
Functional recovery was better in patients who were on infusions of the 

drug for longer periods of time, while hospital readmissions were also 

more frequent (Table 4.68). 



Table 4 . 6 8  

ûüTCûUES: INOTROPES: 

Dab Dab Dob Dab Epi W i  Epi Bpi Norepi Norepf Notipf 
Br. La Ri Ilrs Lo R i  ürr Lo 

DC -2717 -.la87 -0873 -3908 -.8989** .8584**-.9515** .8859+*--8860.. -.8043* --7933' 
(pi.515) (pm.654) (pr.837) (pi.338) (pr .O021 (pr.006) (pi.000) (p=-003) (pr.003) (pœ.016) (pi.019) 

Rejact -0829 - ,0298 .1476 .1658 -.8611* -.9045**-.7907* - .879O**--S857 -.7627* -.5314 
(p- -860) (pm.949) (pœ.752) (pi.722) (pi.013) ( p i .  005) (p=.034) (pr.009) (p=.L67) (pi.046) (pl-220 

I n f e c t  .7306 .7612 -9033- -6186 -.6468 -.6870 -.5793 -.6570 -.4462 -.4917 -.3985 
(pm.099) (p1.079) (~1 .014)  (pr.190) (p .165)  (pœ.132) (pr.228) (pr.156) (pi.375) (pi.322) (~1 .434  

Readmit .5781 .6194 -7890 -4604 -. ta17 -.8591* .7234 -.7880 -.S284 -.4965 -.4686 
(pi.229) (pm.190) ( p . 0 6 2 )  (p-.3S8) (pr.066) (pi.028) (p=.lO4) (pm.063) (p=.281) (pr.316) (~9 .349  

Iota, p < -05; * *  p c .O5 
Dob - Dobutamine infusion; Dob Rrs r M e r  of hours of Dobutamine infunion; DobLa = Loreat dosa of 
Dob infusad; DobHi - Higheat dose of Dob infussd; Epi  - Epinephrine infusion;  Epi tItr = Nuauber of 
houre of Epinephtina i n f u ~ i o n ;  EpiLo = Lowest dosa of Epinephrine infusod; EpiHi  - Ifighest dose of 
Epinephrino infused; Norepi - Norepinephrine in:'usion: Norepi Hrs = Nrmiber of hourr of Norapinephrine 
infusion;  NorepiLo = Lowest dose of Norapinephrine infused. 



Table 4 . 6 8  

p c -05; * *  p < - 0 5  
NorepiHi - Righert dosa of Norapinephrine infured; NTG - Nitroglycmrine infuiion; NT(iRrs - Nirmber of 
houri of HTa infusion; HTCLo r L m r t  dois of NM infused; Wn;;Hi - Righmit dos. of NTG infuimd; SNP - 
lodium Nitropruaside infusion; SHPHrra i Nimrbar of houri of SNP infuiion; SNPLo - Laweat dose of SNP 
infusion; -Bi - Righast dosa of SNP iafuied; T h t x  = Numbor of dayi of rUrPival po8ttrangplant; DC 
i Survfval to hospital âiicharge; Statua - Alive or deceased; RTW - Raturn to rork; NYIU - New York 
Haart Aisociatioa functional claai; Rsjact - N d a r  of rajection epiiodes; Infmct - Nusber of 
infection apiiodei; Reaümit - N d e r  of hoapital readnrisriolra. 

NYIU 

Inf act 

Rendmit 

a* p c  . 0 5 r  ** p <  .O1 
Iaopro - fioprotermnol infusionr Iaoproïïrs - Number of houri of Iioproterenol infurion; ImproLo - 
Loweat dose of Iiaprotmrenol infu8.d; Isoproni - Higheit dose of Iaoproterenol infused; HYBA - Naw 
York Heart Asiociation funceional clans; Infect - Hirnrber of infaction episodei; Rsadmit - Nimrbrr of 
horpf ta1 readmiasf ons. 



F a p t o r s  D-lEarlv pas+-ive pw 

Though FiO, and PEEP requirements in the early postoperative period 

were not significantly related to posttransplant outcomes, an increased 

PO, was associated with improved length of survival and decreased 

numbers of hospital readmissions (Table 4.69). Those patients with 

elevated postoperative creatinine levels had a lower incidence of 

posttransplant infection (r = -.8158, p = . 0 4 8 ) .  An improved PXW4 

functional class was associated with an increased urine output, and a 

greater incidence of survival to hospital discharge. A decline in 

postoperative hepatic function, as measured by increased total 

bilinibin levels, was associated with an increased length of 

posttransplant survival ( r  = .8703, p = - 0 2 4 ) .  

Bematologic variables measured dusing the early postoperative period 

also showed significant relationships to posttransplant outcomes. Low 

platelet counts in the early postoperative period were associated with 

a decreased nurnber of rejection episodes (r = - 9 0 2 9 .  p = .005). Though 

postoperative chest tube losses were not significant, large volumes of 

packed ce11 and platelet transfusions were related to increased length 

of posttransplant survival (Table 4 . 6 9 ) .  A decreased body temperature 

was indicative of fewer rejection episodes and fewer posttransplant 

hospital readmissions. 



Table 4.69 

OUTCOMgS : RESPIRATORY RENAL sEPATf C BKMATOLOGIC INFECT1 ON 
PARAMETER : PARAMETERS : PARAMFPBR: PARAMgTHRS: PARAMETER: 

PO2 Creat U / O  TBili  P l t  PC PltTr Temp 

Infec t  - .5373 - .8158+ - 5 2 6 4  - .8414 -.O036 -1734 - 4 4 9 1  -.SI48 
( ~ ~ - 2 7 2 )  (~1.048) (pr.283) (pu.074) (PR-995) (P-0743) (P=-372) ( P ~ * ~ ~ ~ )  

NPta. p c .os; *' p c .O1 
PO, = Pa r t i a l  pressure of oxygen; Creat = Creatinine; U/O = Urine output; ~ b i l i  R Total  
b i l i rub in ;  P l t  = P l a t e l e t  count; PC = Packed ce11 transfusion; PltTr = Pla te le t  
transfusion; Temp = Temperature; Timetx = Number of days of survival posttrangplant;  
DC r Survival t a  hospital discharge; NYBA = New York Heart Association functional class; 
Reject = Number of r e j e c t i on  episodes; In fec t  = N m b e r  of infect ion episodes; Readmit r 
Nimiber of hospi ta l  readmissions. 

Patient neurologic and hemodynamic status in the late postoperative 

period (posttransplant day 9 to 34) were not significant predictors of 

posttransplant outcomes as they were during the early postoperative 

phase (Table 4.70). However, a higher Glasgow Coma Scale score in the 

late postoperative period was significantly related to an improved NYHA 

functional class (r = -1.000, p = .000). No other posttransplant 

outcomes were significantly related to neurologic status during the 

late postoperative period. 

Increased variability in mean arterial pressure was related to a 

lower incidence of posttransplant rejection (r = - . 9 9 9 5 ,  p = -019). 

while no other measures of hemodynamic status were statistically 

significant. Twelve lead ECG analysis showed that patients who were in 

junctional, accelerated junctional, or paced rhythms during the late 



postoperative phase had poor functional recovery (NYHA functional class 

III-IV) . Patients who had episodes of ventricular tachycardia during 
this time survived longer following transplantation (r = 1.000, 

p = . 0 0 6 ) ,  and had a higher incidence of return to work (r = 1.000, 

p = .OOO). The presence of SVT or anterior ischemia/infarction during 

the late postoperative period was consistent with decreased incidence 

of survival to the present time (r = 1.000, p = .000). The appearance 

of a pattern consistent with pulmonary disease was related to decreased 

length of posttransplant survival, and decreased rates of return to 

work. The preçence of ST elevation was consistent with higher incidence 

of posttransplant rejection (Table 4 - 7 0 }  . 

Table 4 -70 

PARAHETERS: P-S: 
GCS HAPSE Junc AcJunc VTac3 SVT Paced Aïnf Pu1 S T n  

Timetx  -5079 -. 8552 - .5079 - -5079 t.000** -.4921 -.5079 -.a921 -.9978* .a560 
(pœ. 661) (p- .347) (p- -661) (p.. 661) ( p i .  006) (p--672) (pœ. 661) (p=. 672) (pœ -042) (pœ.346) 

Hara. p c .os;  '* p c -01 
GCS - Glasgow C m  Scale score; -SE - Mean artirial prmimre standard orror; Junc = Junctional 
rhythm; AcJunc - Acceleratad junctional rhythm; VTach = Ventricular tachycardia; SVT - 
Supravmntrfcular tachycardia; Paced - Pacud rhythm; Alnf - Anterior ischda/infarctioni Ri1 - Pattern 
of chronic pulmooary diresas: STEL - ST mlmvatfon; Timetx - tmxber of dayi of murvin1 pomttranqlant; 
Statui - Alive os decaaisd; RTW = Rmturn to wrk; NYBÀ œ N w  York Eeart Aarocfatian functional claao; 
Rej ect - Numbmr o f  rij ection apimodes. 

t ~ U Y - + P  Pasto-rivp p p y u  

From postoperative day 9 to 34, patients were being progressively 

weaned off inotropic support. Patients who were on Dopamine > 5 < 

loug/kg/min or high doses of Dobutamine were less likely to survive to 

the present time, while those on NTG > 2.5ug/kg/min had a decreased 

length of survival (r = -1.000, p = .O061 and decreased incidence of 

return to work following transplantation. Patients on NTG for a longer 

duration of time had an irnproved NYHA functional class postoperatively 



(r = -.9992, p = -025). Patients on large doses of Isoproterenol for 

increased durations of time during this period survived longer and 

returned to work more often after their transplants. The need for 

Lidocaine infusion in high doses for longer periods of time was related 

to increased postoperative mortality (r = 1.000, p = .000). The use of 

Procainamide in high doses was correlated with improved survival 

(L = 1.000, p = .000), while longer periods of time on the infusion 

were associated with a decreased incidence of survival to the present 

(Table 4.71). No patients received Epinephrine, Norepinephrine, 

Amrinone, Bretylium, or Neosynephrine infusions during the late 

postoperative period. 

Table 4-71 

Pastnpezat i ve 

t O u t c o r n ~ s  

OüTCOMES : INOTROPES : 

Dob NTG NTG ïsopro Isopro Lido Lido Procan Procan 
Hrs Ers Rrs Hrs 

~ h t x  - -4921 -1.000+* .5415 1.00Off 1.000** - ,4921 -4921 .4921 --4921 
(pr .672) ( p .  006) (pi. 636)  (p=.006) (p=.006) (pr.672) (pr.672) (pt.672) (p= .672) 

Statua 1.000** .5000 .4654 .5000 -.5000 1.000** 1.000** 1,000*+ 1.000*+ 
(p=.000) (p=-667) (pr.692) (~0.667) (p.667) (p=.000) (p=.000) (p=.OOO) (p=.000) 

RTW -.SOOO -1.000** -5338 1.00Off 1.000*+ -.SOOO -.5000 -5000 .5000 
(pr.667) (pr.006) (pœ.642) (p=.000) (p=.000) (pm-667) (pi.667) (p=-667) (p*-667) 

PZPta. f p c .os; *+ p c -01 
Dob = Dobutamine infusion; NTG = Nitroglycerine infusion; NTG Bre = Nimrber of hours of 
NTG infusion; Iaopro = Isoproterenol infusion; Isopro B r s  = Number of hours of 
Isoproterenol infusion; Lido - Lidocaine infusion; Lido Brs = Ntrmber of hours of 
Lidocaine infusion; Procan = Procainamide infusion; Procan Eire = Number of houre of 
Procainamide infusion; T i m s t x  = Nrnnber of days of survival poattraneplant; Statue = Alive 
or deceased; RTW - Retura to rork; NYBll - New York Beart Association funceional claen. 

Few renal and hematologic factors during the late postoperative 

phase (day 9 to 34 posttransplant) were significantly related to 

posttransplant outcornes. Elevated creatinine levels during this tirne 

were indicative of increased mortality (r = -.9987, p = -032) and 

decreased incidence of survival to the present time (r = -.9987, 

p = .032). Levels of BUN and urine output were not found to be 



significant. Measures of coagulation such as PTINR, PTT, platelet 

count, and chest tube loss were also not statistically significant, 

however an increased number of FFP transfusions was related to an 

increased length of posttransplant survival (r = 1.000, p = -006) and 

increased incidence of return to work following hospital discharge 

(r = 1.000, p = .000). An increased number of platelet transfusions was 

related to poor functional recovery (r = -9998, p = ,011). Measures of 

respiratory and hepatic function, and infection-related variables 

during the late postoperative period were not significantly related to 

posttransplant outcornes (Table 4.72). 

Table 4.72 

Crea ti aine PPP T r a m  f usion Platalet Transfusion 

RTW 

N6te. ' p c .os; ** p c .O1 
FPP = Fresh frozen plasma; T i m e t x  = Number of days of survival posttransplant; Statue - 
Alive or deceased; RTW = Retuzm to work; NYHA = New York Beart Aesociation functional 
c lass .  

nisr- 

nll patients had normal neurological function on the day of hospital 

discharge. increased heartrate on hospitai discharge was assotiated 

with an increased likelihood of survival to the present (r = -.9573, 

p = -003). Normal sinus rhythm was associated with a poorer functional 

recovery (r = 1.000, p = .000), and decreased incidence of rejection 

(r = -.9102, p = .032), while sinus tachycardia was associated with an 

increased incidence of posttransplant infection (r = -9623. p = -038). 

Patients with evidence of anterior ischemia/infarction on 12 lead K G  

analysis wexe more likely to return to work postoperatively and be in a 



better NYHA functional class; they were more likely to have greater 

numbers of rejection episodes; and they had an decreased incidence of 

postoperative infections (Table 4 . 7 3 ) .  Presence of an elevated LDH was 

related to worsening NYHA functional class (r = .9969, p = , 0 5 0 ) .  

An elevation of serum creatinine was associated with a decreased 

number of hospital readmissions (r = -.9993, p = .001), while an 

elevation of total bilirubin was consistent with a decline in 

functional status (r = .9969, p = - 0 5 0 ) -  Increased hemoglobin and 

hematocrit were correlated with a higher number of hospital 

readrnissions- An elevated WBC on the day of hospital discharge was 

indicative of a decreased length of survival posttransplant 

(r = - . 8 6 7 6 ,  p = . 0 2 S )  (Table 4.73). 

Table 4 . 7 3  

E E  
OUTCOMES: ~ O D Y N A M I C  P A m m m x s :  

nR NSR STath AIaf LDH Creat TBili W b  Hct WBC 

-2906 -.5359 
(p--576) (pi.640) 

- ,5712 -. 5664 
(pi.236) (pœ.617) 

-1617 -.4305 
(p--795) (pœ.717) 

.5408 .9969+ 
(pi.347) (p--050) 

- - 2 4 1 0  -.a241 
(p-. 696) (~1.383) 

- -7569 
(p- . 243 1 

-. ggg3++ ---- 
(p. 001) 

- - - - -- - - - 

Nata, p < .OS; *+ p < .O1 ---- Unublm to calculate correlation coefficfont; Rit - Bmartrato; NSR Nornial rinus rhytb; STach - 
Sinus tachycardiar Mnf - Anterior irchimia/infarction; LDEI Lactic dehydregonase; Ctoat 
Creatininm; Tbili - Total bilinabin; Hgb - Ilozmglobin; Ect - Hamatocrit; WBC White blood count1 
Statui r Alive or docoaaed; RTW - Return to workr WïiA - N e w  York Xoart &iiociation functional clami; 
Rejoct - Nuniber of rojoction .pfiodoi; Infect = Numbor of infection opiiodei. 

Measures of patient hemodynamic status, renal and hepatic status, 

hematological status, and infection status were analyzed from the 

patient's most recent clinic visit. Increased diastolic blood pressure 

was associated with a lower functional status ( Y  = -9623, p =.038) and 
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a.lower rate of return to work posttransplant (r = .9623, p = .038). 

The presence of NSR on 12 lead ECG'W~S related to a decreased incidence 

of return to work (r =-1.000, p =.000), a poorer functional status 

(Z = 1.000, p = .000), a decrease in number of rejection episodes 

(r = - . 9 6 2 3 ,  p = .038); and a rise in the number of infections 

(1 = 1.000. p = .000). Patients in a sinus tachycardia at the present 

tinte had a greater length of posttransplant survival (r = -9906, 

p = -009). Those patients who required an implantable pacemaker long- 

term appeared to have a decreased incidence of posttransplant infection 

(1 = -1.ûû0, p = .oOO). No other variables were significantly related 

to posttransplant outcomes. 

r t o r s  of P-plant ~~itcomeç 

~ultiple regression analyses were conducted on variables with 

statistically significant Pearson's correlation coefficients to 

determine which variables were predictive of posttransplant outcomes. 

Groups of predictor variables were entered into multiple regression 

analyses with posttransplant outcomes. Demographic variables, donor 

variables, and hemodynamic variables were regressed with 1) receipt of 

a cardiac t r a n s ~ l a n t ;  2 )  length of posttransplant survival; 3) survival 

to hospital discharge; 4 )  current status; 5 )  return to work; 6) NYHA 

functional class; 7 )  number of infection episodes; 8) number of 

rejection episodes; and 9) number of hospital readrzissions. 

Calculations were not.cornputed on several vzriables àue to the 

izcreisec amouct of error associated with the sm311 sa-le size. Chi- 

square analyses and Fischer's exact tests werr conciucced o~ nominal 

aata .  Only sta:istically significant analyses (p  s .05) a r e  reported. 



Patient demographic variables also accounted for 36% of the variance 

in survival to hospital discharge dis able 4.75) , and 54% of the variance, 
in the patient's current status (Table 4.76). The presence of a cardiac 

arrest at some time during the patient's hospitalization was the most 

predictive indicator of length of posttransplant survival, survival to 

hospital discharge, and current status independent of the other patient 

demographic variables. Fischer's exact test confirmed that patients 

who had a cardiac arrest had a decreased incidence of survival to 

hospital discharge (p = .O181 and were less likely to be currently 

alive (p = .009) . 

Table 4 . 7 4  

Predictor  -clLh_afPosttrançplan-tAsua 
Variables P SE B Beta r 

Age - 2 . 0 2 9  7 . 4 4 9  -. 0 4 7 6  - .272 
Gender 1 4 3 . 9 7 1  1 2 8  .O76 -.2035 1.124 
Cardiac Arres t - 6 8 8 . 9 6 7  1 6 1 . 2 8 7  -.7360 -4 .272* *  
Duration o f  Shock -2 3 5 0  3 .136 - .1427 - .749  

R' - - .6606 
A d j u s t e d  R' = .5561 
E (4,131 = 6.3250** 



Table 4 - 7 5  

Predictor 
Variables P Beta k 

Age -. 0007 ,0126 - -  0117 - .O56 
Gender -1356 . 2167 - 1356 ,626 
Cardiac Arres t -. 8756 -2729 -. 6619 -3.209** 
Duration of Shock -. 0047 .O053 - . 2036 -. 893 

R' - - .SI34 
Adjusted R' = .3637 

E (4,13) = 3.4290* 

Table 4 -76 

Predictor - 
Variables P SE P Beta t 

Age - . 0031 -0096 -. 0571 -. 323 
Gender .IO73 .1645 .Il97 .652 
Cardiac Arres t .9997 -2072 .8431 4.826** 
Duration of Shock .O026 .O040 .1254 -649 

R' - - .6511 
Adjusted R2 = . 5437 
P (4,13) = 6 .0640*+ 

When combined and analyzed together, donor ischemic time, amount of 

inotropic support, donor age, gender, and CMV status were found to be 

statistically significant predictors of receipt of a cardiac 

transplant, length of posttransplant sunival, survival to hospital 

discharge, current status, return to work, NYHA functional class, 

number of rejection and infection episodes, and number of hospital 

xeadmissions. Donor ischemic time, donor age, gender, and CMV status 

accounted for 95.7% of the variance with regards to whether or not a 

patient received a cardiac transplant (Table 4.77). These donor 



variables also accounted for 93.6% of the variance in length of 

posttransplant suwival (Table 4.781, 93.2% of the variance in survival 

to hospital discharge (Table 4.791, 74.0% of the variance in current 

status (Table 4.80), 90.1% of the variance in retura to work 

posttransplant (Table 4.811, 92.4% of the variance in NYHA functional 

class (Table 4.821, 5 5 . 9 %  of the variance in number of rejection 

episodes (Table 4.83), 9 7 . 2 %  of the variance in number of infection 

episodes (Table 4.04). and 49.5% of the variance in number of hospital 

readmissions (Table 4.85). Patients who received a cardiac transplant 

were more likely to have a male donor with a prolonged ischemic the, 

while length of posttransplant survival, survival to hospital 

discharge, and NYHA functional class, were related to donor ischemic 

time, donor age, and donor CMV status. Ischemic time, donor age, donor 

gender, and amount of donor inotropic support were also predictive of 

the patient's current status. Patients who received organs from 

younger, CMV positive donors were less likely to suffer from rejection 

episodes, while recipients of organs £rom younger, female, CMV negative 

donors with shorter ischemic times were more likely to suffer from 

infections. No variables were independent predictors of the number of 

posttransplant hospital readmissions. 

Amount of donor inotropic support was significantly related to 

posttransplant outcomes. Those patients who were on higher doses of 

Epinephrine and Dopamine had a decreased length of posttransplant 

survival and decreased incidence of survival to hospital discharge. 

Epinephrine infusion at r .2  ug/kg/rnin and an increased rate of 

Dopamine infusion ( >  10 ug/kg/rnin) accounted for 43.5% of the variance 

in length of posttransplant survival (Table 4.781, 52.9% of the 

variance in survival to hospital discharge (Table 4.791, 60.6% of the 

variance in current status (Table 4.80). Though patients who were on 

Dopamine at > lOug/kg/min were more likely to survive to the present 

time, patients who were on Epinephrine at 2 .2ug/kg/min had poorer NYHA 

functional recovery, but increased incidence of return to work. These 

patients also had fewer episodes of rejection ana infection 

posttransplant and fewer hospital readmissions. The presence of high 

doses of these 2 drugs accounted for 61.7% of the variance in return to 

work (Table 4-81}, 47.3% of the variance in functional class 

(Table 4 - 0 2 ) ,  42.0% of the variance in number of rejection episodes 



(Table 4.83), 50.3% of the variance in number of infection episodes 

(Table 4-04), and 58.8% of the variance in number of posttransplant 

hospital readmissions (Table 4 . 8 5 ) .  Al1 of these values were 

statistically significant at p s . 0 5 .  

Table 4.77 

Predic t o r  CardiacTranenlantation 
Variables 13 SE [3 B e t a  h 

Ischemic T h e  .O009 0004 . 2779 2. Sll* 
Age ,0082 .O048 -3005 1.712 
Gender -. 2533 -0753 - ,4468 -3.365** 
CMV -.O058 - 1484  -00073 -0039 

R' - - .9668 
Adjusted  R' = -9566 
E (4,13) = 94.6680** 

X ~ t e  * p e .05 ;  ** p < .O1 
CMV = Cytomegalovirus. 

Dependent 
Variables B B e t a  f: 

Ischemic Time 2.180 -266 1.100 
Age -31.199 3.646 -1.822 
Gender 109 - 7 3 8  56.987 .310 
CKV -927.379 112.365 -1.862 

gpi r . 2  -492.980 -397.122 -1.580 
Dopamine Rate -17.959 29.054 -0387 
Dopamine r 10 249.567 366.207 -581 

R= - - -5349 
Adjusted R' = .4352 
E (3.14) = 5.3660* 

Net.% p < .OS; ** p < .01; *** p < .O01 
CKV = Cytomegalovirus; Epi  = minephrine; A l 1  infusions in ug/kg/min. 





Table 4 . 8 0  

Predictor 
Variables P SE l3 B e t a  L 

Ischemic T h e  -. 0032 .O007 
Age . 0388 -0093 
Gender -3210 -1456 
CMV .2743 -2870 

E p i  2 . 2  -1.102 .4201 
Dopamine Rate -.106 -0307 
Dopamine 2 10 1.126 .3874 

R~ - - , 6 7 5 6  
A d j u s t e d  R' = .6061 
E (3,14) = 9.7205*** 

* p c -05; ** p c .01; *** p < .O01 
CMV = Cytomegalovirus; Epi = Epinephrine; A l 1  infusions in ug/kg/min. 

Table 4.81 

Predictor R- 
Variables B SE D Beta k 

Ischemic T h e  - .O032 .O009 
A W  .O855 .O117 
Gender - -1098 -1823 
CMV 2.8224 . 3595  

R' - - -9242 
Adjusted R' = -9009 
E (4,131 = 39.6331*** 

spi r .2 .4182 8396 
Dopamine Rate -. 0652 -0614 
Dopamine r 10 - .3068 .7743 

R' - - - 6849 
Adjusted R' = -6173 

E ( 3 , 1 4 1  = 10.1411*** 

Note., * p c . O S ;  ** p < -01; *** p < .O01 
CMV = Cytomegalov i~s ;  Epi = Epinephrine; A l 1  infusions  in ug/kg/min. 









Table 4.86 

Predictor er of -al 
Variables D SB P B e t a  k 

Dobutamine -. 0628 .O745 - .  1913 - . 844 
Epinephrine . 0585 -0535 .2687 1 . 0 9 3  
Nitroglyeerine .O974 . 0545  - 4 1 7 5  1.787 
Lidocaine - 0933  .O611 -3318  1.527 

R' - - -5925  
Adjusted R' = .4295 

E ( 4 ,101  = 3 .6350*  

1 ~ s  DUT- the- P0et-i~~ pp- 
None of the variables measured on the day of cardiac transplant were 

predictive indicators of posttransplant outcomes. Dosage range of 

Nitroprusside and Isoproterenol during the early postoperative phase 

were associated with the number of posttransplant infection episodes 

and hospital readmissions. Higher ranges of Nitroprusside and 

Isoproterenol infusion were associated with increased numbers of 

infection episodes. 

Presence of 12 lead ECG changes during the early postoperative 

period were associated with posttransplant outcomes. Patients who 

survived for longer periods of tirne after cardiac transplantation, were 

those patients who had T wave inversion and ST elevation on their early 

postoperative ECGSr however. these patients also had an increased 

number of rejection and infection episodes. The small sample size must 

be taken into consideration in interpretation of the variance accounted 

for with these variables. At most. a relationship to patient outcomes 

was supported. 

P Interv?ts ni1 

Statistically significant Pearson's correlation coefficients for 

neurologie. hemodynamic, respiratory. renal, hepatic, and hematological 

variables were entend into multiple regression analyses for the late 

postoperative period, day of hospital discharge, and the present tirne. 

None of these variables were predictive of posttransplant outcomes. 



Discussion of Findings 

A description and statistical analysis of the data in this study 

identified the  characteristics and outcomes of patients who had a 

ventricular assist device (VADI inserted as a bridge to cardiac 

transplantation. and the factors that affected posttransplant outcomes 

in this population. A descriptive. correlational design was used and 

data were collected by retrospective chart review to examine the 

relationships among patient demographic variables, donor variables. 

device-related variables, patient hemodynamicç, respiratory, renal. 

hepatic. hematological, and infection-related parameters. and patient 

outcomes. Patient outcomes included receipt of a transplant. length of 

posttransplant survival. New York Heart Association (NYHA) functional 

class. return to work. nurnber of rejection and infection episodes. and 

hospital readmissions. Descriptive statistics were used to depict 

characteristics of the  patients, and Pearson's correlation 

coefficients, Fischer's exact test. Chi-square, and multiple regression 

analyses were used to identify predictors of posttransplant outcomes. 

F 1 d 1 nt outcorn 

Characteristics of t . . 
he Subiects 

Twenty patients were included in the study with the majority being 

male with a mean age of 48.6 years. Though the literature suggests that 

patients less than 50 years of age have an increased incidence of 

successful transplantation (Golding. Crouch, et al.. 1992; Farrar. 

Lawson. et al., 1990), this is not the case with the patients in this 

study. Only 31% (4/13) of patients less than 5 0  years of age survived 

to successful transplantation. in cornparison to 43% (3/7) of patients 

greater than 50 years of age. This finding may represent a selection 

bias during the initial stages of this transplant program in accepting 



older patients who were previously healthy with no other comorbid risk 

factors for the bridging procedure. 

Younger patients survived for longer periods of time following 

transplantation, and had more rejection episodes. These findings may be 

attributed to a decreased number of coexistent medical problems in a 

younger patient population, and accordingly, a stronger immune system. 

This may also explain the higher incidence of rejection in the younger 

patients, but is most likely due to the increased length of survival. 

The longer a patient survives posttransplant, the greater the number of 

cardiac biopsies performed, and the higher the likelihood that the 

patient will have a biopsy positive for rejection, even though it may 

be very mild and clinically insignificant in nature. 

Most studies in the literature have show no significant 

differences in survival between males and females, and if differences 

did occur, males had a greater incidence of posttransplant survival 

(Killen et al., 1991; Magovern, 1993; Pennington, McBride. Peigh, et 

al., 1994; Farrar, Lawson, et al., 1990). In this study, of the 16 

males, 5 survived to transplantation (31%), while 1 (6%) was 

successfully weaned from VAD support without a transplant. Two of the 4 

females (50%) survived to transplantation. Nineteen percent of males 

(3/16) survived to hospital discharge and remain currently alive, while 

50% of females ( 2 / 4 )  survived to hospital discharge, and 25% (1/4) 

remain currently alive. Female patients who survived to transplantation 

had a greater incidence of posttransplant infection, which rnay be 

related to the increased length of ICU stay with invasive monitoring 

lines and ventilatory support (g = 35.0 days), compared to the males 

(g = 15.8 days) . 
six of the 7 patients who received a cardiac transplant had coronary 

artery disease (CAD),  while the other patient had a dilated 

cardiomyopathy. Of the patients with CADI 67% survived to hospital 

discharge, and 50% are currently alive. The patient with dilated 

cardiomyopathy also survived to hospital discharge and is currently 

alive. Studies addressing the etiology of heart failure in patients 

bridged to cardiac transplantation on VADs is contradictory, with some 



research findings suggesting that patients with acute ischemic events 

have an increased incidence of survival. and others suggesting that 

patients with chronic decompensation due to cardiomyopathy have 

increased sunrival rates (Cabrol. Solis. et al., 1989; Killen et al.. 

1991; Saperstein et al.. 1995). In this study, because there is only 1 

patient in the cardiomyopathy group. the findings must be interpreted 

with caution. 

Reasons for VAD insertion including cardiogenic shock post- 

cardiotomy and post-rnyocardial infarction, and cardiac arrest were 

consistent with those reported in the literature (Golding, Crouch, et 

al.. 1992). The number of previous cardiac surgical procedures was not 

significantly related to posttxansplant outcomes, nor was the mean 

cardiopulmonary bypass (CPB) the. The research literature is 

contradictory in this area, with some studies showing poorer outcomes 

with a higher number of previous surgeries and long CPB times 

(Pennington. Farrar. et al.. 1993; Farrar and Thoratec Principal 

Investigators, 1994; Parascandola et al.. 1988; Park et al.. 1986). and 

others showing no significant differences (Killen et al., 1991; 

Magovern. 1993; McBride. Swartz, et al.. 1990; Pae, Miller, Matthews, 

et al., 1992). 

An increased duration of cardiogenic shock and increased length of 

VAD support in this study were associated with an improvement in length 

of posttransplant survival, and subsequently an increased number of 

rejection episodes. This finding reflects attrition in the sample of 

those hemodynamically unstable patients with numerous complications 

early in the bridging procedure. while affording the more stable 

patients the ability to wait for a donor organ for a longer period of 

tirne. Research in this area shows that patients who can be supported on 

pulsatile VADs for longer periods of time in which to recover from 

bleeding, sepsis, renal, and hepatic dysfunction, have improved 

survival rates (Oaks, Pae. et al., 1991; Frazier. Macris, et al.. 1994; 

Ashton et al., 1996). Though the presence of an intra-aortic balloon 

pump ( IABP)  provided pulsatile flow for 85% of the patients. the 

centrifuga1 pumps which are used at the University of Alberta Hospital 



for bridging to cardiac transplantation are not capable of providing 

long-tenn ventricular support. 

The presence of a pretransplant cardiac arrest was significantly 

related to a decreased chance of sunrival to hospital discharge. a 

decreased incidence of survival to the present time. decreased 

functional ability according to NYHA classification, and an increased 

incidence of return to work posttransplant. Prior cardiac 

arrest/hemodynamic collapse has been identified in the literature as a 

risk factor for death following circulatory support (Reedy. Swartz. et 

al.. 1990; Guyton et al.. 1993; Joyce, Johnson. et al., 19861, 

therefore the findings in this study support what has been previously 

reported. Of particular interest is the finding that those patients who 

had a pretransplant cardiac arrest had an increased incidence of return 

to work posttransplant. despite a decrease in functional ability. Two 

of the 3 males (66.7%) who had a cardiac arrest and survived to 

hospital discharge returned to work posttransplant, while the other was 

retired prior to the event. One female who had a cardiac arrest and 

survived to hospital discharge, retired soon after the transplant 

procedure. Though overall the presence of a pretransplant cardiac 

arrest was indicative of decreased postoperative cardiac function, the 

patients who survived to hospital discharge were able to return to a 

comparable level of preoperative function. 

The type of VAD used in this study was not significantly related to 

posttransplant outcomes which is consistent with the literature, though 

some research findings suggest that patients on biventricular devices 

have increased morbidity and mortality (Golding. Crouch, et al., 1992; 

Oaks. Pae, et al.. 1991; Pae, Miller. Matthews, et al.. 1992; 

Pennington. McBride. Peigh, et al., 1994). The majority of males in 

this study were supported on a left ventricular assist device or 

extracorporeal membrane oxygenation (ECMO). Smoking history and abuse 

of alcohol were not identified as important factors affecting 

posttransplant outcornes in this study. 

The most common blood type in this study was A positive (45%). 

however blood type was not significantly related to posttransplant 



outcomes. Of the 7 patients who received a cardiac transplant, 5 7 %  

( 4 / 7 )  were A positive, 29% ( 2 / 7 )  were O positive, and 14% (1/7) were B 

positive. Seventy-five percent of the A positive patients remain alive, 

while 50% of those who were O positive, and 0% of those who were B 

positive remain alive. This finding concurs with Nakatani, Aida, 

Frazier, and Macris (1989) who state that patients with the B antigen 

survive for shorter periods of time than patients in other blood 

groups . 
In this study, patients with blood type O positive waited for an 

average of 39.52 hours on the VAù, A positive waited for a mean of 

45.98 hours, and B positive waited for 48.27 hours on the device. This 

is contradictory to research findings (Swartz et al., 1994) and to 

anecdotal evidence of patients on the transplant list, in which 

patients in the O blood group tend to wait for longer periods of time 

for a suitable donor organ. 

Virology status of the patients was related to increased morbidity 

in this study, however mortality was not affected. Neurological 

complications, sepsis, renal failure, and bleeding, which have been 

frequently identified as major sequelae of VAD support (Golding, Crouch 

et al., 1992; Farrar, Lawson, et al., 1990; Adamson et al., 1989; Pae, 

Miller, & Pierce, 1989; Pierce, Hershon, et al., 1993; Masters et al., 

1996) were also identified in this patient population and lead to 

removal of patients from the transplant list and subsequent withdrawal 

of VAD support in 12 patients. 

Characteristics of the Donors 

Donor age, donor CMV status, and amount of donor inotropic support 

were significantly related to posttransplant outcomes in this study. 

Recipients of older donor organs were less likely to survive to the 

present tirne, recipients of CMV positive organs had an increased 

incidence of posttransplant infection, and recipients of donor organs 

supported on high doses of Dopamine had an increased incidence of 

discharge from hospital, but poor rates of return to work, poor NYHA 

functional class recovery, and decreased length of survival to the 



present time. Wigh Norepinephrine doses, which rnay be used to augment 

afterload in hemodynamically unstable donors. were associated with a 

significantly lower rate of return to work for transplant recipients 

(fleischer h Baumgartner, 1996). This finding may be related to primary 

graft dysfunction or reperfusion injury of organs from unstable donors 

with borderline cardiac function. 

On multiple regression analysis. donor ischemic time, donor age, 

donor gender, donor CMV status. and amount of donor inotropic support 

were predictive of receipt of a cardiac transplant, length of 

posttransplant survival. return to work, NYHn functional class. number 

of rejection and infection episodes. and hospital readmissions. 

Research f indings by Fragomeni and Kaye (1988) . English. Spratt . 
Wallwork. Cory-Pearce, and Wheeldon (19841, Wahlers et al. (1991). and 

Bourge et al. (1993) support these results. but also indicate that 

donor blood group other than type O is a significant deteminant of 

poor survival rates in posttransplant patients bridged on VADs. This 

was not found to be significant in this study population because the 

majority of donors (86%) were O positive. 

Patient Status   ri or to VAD Insertion 

Alterations in the hemodynamic status of patients prior to 

transplantation were common with increased standard error in cardiac 

output and pulmonary/systemic vascular resistance being significantly 

correlated to increased length of survival and increased number of 

rejection episodes. This finding reflects the critical nature of 

patients supported on VADs and the dramatic changes in hemodynamic 

status associated with alterations in volume and inotropic support. 

patients who received cardiac transplants had significantly higher 

pulrnonary vascular resistance which is consistent in patients with left 

ventricular failure and resultant elevation of left atrial pressure. 

Sinus bradycardia in patients prior to VAD insertion was also related 

to decreased length of posttransplant survival and decreased incidence 

of return to work which is also reflective of decreased cardiac output 

in patients awaiting transplantation. 



The presence of numerous inotropes in patients who received cardiac 

transplants is indicative of the severity of illness prior to the 

procedure. In general, patients were supported most commonly on 

Dopamine, Dobutamine, Norepinephrine, and Sodium Nitroprusside (SNP) 

with higher doses of the drugs prior to VAD insertion being associated 

with increased length of survival and decreased morbidity. Perhaps 

these patients on high doses of inotropes were more well-perfused with 

a higher mean arterial pressure, therefore decxeasing the incidence of 

hypoperfusion-related end-organ dysfunction. 

A high P0,and increased standard error of Fi02 were associated with 

the use of extracorporeal membrane oxygenation. Patients with a high 

PO, during the pre-VAD period were less likely to be suffering from 

pulmonary complications of left heart failure and ventilatory support 

such as pneumonia and pulmonary edema. Though renal failure has been 

described by Drinkwater and Laks (19881 ,  Kanter, Swartz, et al. ( 1 9 8 7 1 ,  

Pierce, Hershon, et al. (19931 ,  and Golding, Crouch, et al. (19921 as a 

poor prognostic indicator for posttransplant survival, creatinine and 

blood urea nitrogen (BUN) levels in the period priox to VAD insertion 

were not associated with posttransplant outcomes. However, an increased 

standard error in urine output during this time was indicative of 

longer periods of posttransplant survival. An increased urine output 

standard error may be reflective of anuria/oliguria followed by 

polyuria which is the effect generated by the addition of continuous 

arteriovenous hemodialysis or ultrafiltration. Large numbers of packea 

ce11 infusions correlated with an increased length of postoperative 

survival indicating that patients with low cardiac output syndrome who 

are aggressively volume resuçcitated may survive to transplant and have 

positive posttransplant outcomes (Bojar, 1994;  Kaye & O'Connell, 1 9 9 3 ) .  

Patient Status on the Dav of VAD Insertion 

Patients with a highly variable heart rate and increased mean 

systolic blood pressure on the day of VAD insertion were less likely to 

receive a transplant, while those with variations in cardiac output and 

pulmonary/systemic vascular resistance (SVRI) were more likely to be 



transplanted. Xigh systemic resistance associated with a decrease in 

posttransplant survival may be related to a reflex peripheral 

vasoconstriction caused by a decreased cardiac output during this 

period. Patients in sinus rhythm, which reflects the body's normal 

physiological process, on the day of VAD insertion, had an increased 

length of posttransplant sumival if they survived to hospital 

discharge. 

On the VAD implantation day, patients who continued to requise 

inotropic support with Dopamine and Dobutamine had an increased length 

of posttransplant survival. High dose SNP and Nitroglycerine (NTG) are 

comrnonly used to reduce afterload and augment cardiac output (Fleischer 

& Baumgartner. 1996). and were associated with an increased probability 

of receiving a cardiac transplant, surviving to hospital discharge and 

the present time, and having an increased number of rejection, 

infection, and hospital readmissions. Use of Lidocaine, which is an 

effective drug for suppression of ventricular arrhythmias with minimal 

adverse effects in the transplant recipient (Kaye & OrConnell, 1993). 

was also associated with an increased incidence of hospital 

readmission. This indicates that patients with arrhythmias were 

successfully treated, survived to hospital discharge, and subsequently 

experienced complications which necessitated hospital readmission. 

Patients with high F i O ,  requirernencs on the day of VAD insertion 

were less likely to xeceive a transplant and survive postoperatively. 

Poor pulmonary fUction in patients on VAD support may be related to 

pneumonia, pneumothorax, pulmonary eàema, or pulmonary embolism. Though 

high total bilirubin levels provide evidence for hepatic dysfunction in 

the patient supported on a VAD, patients with high total bilirubin 

levels on the day of VAD insertion survived for longer periods of time 

following transplantation. This finding may reflect an improvement in 

right ventricular function following irnplementation of VAD support, 

with a decrease in hepatic congestion during the perioperative course 

(Bojar, 1994) . 
Higher hemoglobin (Hgb) and hematocrit (Rct) levels on the VAD 

insertion day were associated with a decreased chance of survival to 



the present. Though patients may not be anemic prior to VAD insertion, 

ongoing bleeding and hemolysis may result in a decline in Hgb and Hct 

levels. Patients with a normal prothrornbin time (PTINRI with no 

evidence of bleeding had an increased length of posttransplant 

survival. Transfusion of large amounts of fresh frozen plasma (FFP) was 

associated with an increased incidence of posttransplant infection 

which may be related to a blood-borne virus such as cytomegalovirus 

( C M V )  . 

atle t Status During the Tranç~lant Waitins Pcxiod P ' n  

patients with high scores on the Glasgow Coma Scale (GCS) were 

maintained on VAD support and continued to be candidates for cardiac 

transplantation. Only patients with normal neurological function 

received cardiac transplants, therefore it is expected that they would 

have a better NYHA functional class, a higher incidence of rejection, 

and more hospital readmissions than those patients with low GCS scores. 

In general, hemodynamic instability during the transplant waiting 

period was associated with a decreased length of posttransplant 

survival. However, stability of cardiac output during this time can be 

attributed to consistent VAD flows until transplantation was achieved. 

In addition to cardiac output, stable values of SVRI were related to an 

increased number of posttransplant hospital readmissions. This finding 

may be associated with the maintenance of adequate VAD support until 

the patient received a cardiac transplant, and subsequently because the 

patient did receive a transplant, he or she was exposed to an increased 

number of posttransplant complications requiring hospitalization. 

Patients who received a cardiac transplant and survived to hospital 

discharge were likely to have experienced atrial fibrillation during 

the transplant waiting period, probably related to increased myocardial 

irritability due to high inotropic requirements, ischemia, electrolyte 

imbalances, and depressed myocardial function. In addition, patients 

with sinus tachycardia and frequent PVCs during the transplant waiting 

period had an increased incidence of postoperative hospital 

readmission. It is difficult to explain these findings, since these 



patients have a llnormalll heart following transplantation. but it rnay 

be related to statistical error associated with the small sample size. 

Al1 patients who w e r e  tsansplanted had evidence of an anterfor 

infarction on 12 lead ECG prior to transplant. and subsequently a 

statistically significant correlation existed between the presence of 

an anterior infarct and increased incidence of rejection and hospital 

readmission. An elevation in creatine kinase myocardial band (CKMB) was 

also associated with an increased incidence of posttransplant hospital 

readmissions. 

Patients who were maintained on Dopamine, Dobutamine. and 

d pi ne ph ri ne infusions for longer durations of time during the 

transplant waiting period had an increased length of posttransplant 

survival. Though the drug doses were not significant, these inotropes 

probably assisted to optirnize cardiac function and maintain end-organ 

perfusion in the patient awaiting transplantation. Increased doses of 

vasodilators which decrease afterload were also associated with 

improved length of posttransplant survival. Patients on Lidocaine for 

extended periods during this time had a higher incidence of 

posttransplant hospital readrnission. though there are no clear reasons 

for this finding. 

Patients who required increased levels of PEEP (due to excessive 

bleeding o r  respiratory failure) during the transplant waiting period 

were not likely to receive a cardiac transplant. Increased total 

bilinibin levels which may be associated with right heart failure and 

subsequent hepatic congestion were correlated with an increased 

incidence of transplantation and length of posttransplant survival. 

Though these patients had a good functional recovery. they had a 

decreased incidence of return to work which rnay be related to a long 

postoperative recovery time in patients with multi-organ dysfunction. 

patients with normal PTINR levels during the transplant waiting period 

had an increased incidence of survival to hospital discharge which rnay 

be associated with decreased incidence of coagulopathy and bleeding 

(~ojar, 1 9 9 4 ) ,  while patients with a high white blood count ( W C ) ,  

which commonly signifies infection in patients with indwelling devices 



and invasive lines (Didisheirn et al., 1989; Lonchyna et al., 1992), 

were likely to receive cardiac transplants. 

Patient Status on the.Dav o f  Trans~lantation 

Hemodynamic stability on the day of cardiac transplantation, which 

signified good function of the new heart, was related to increased 

length of posttransplant survival. Variation in mean arterial pressure 

( M A P ) ,  cardiac index (CI), SVRI,  and pulmonary vascular resistance 

index (PVXI) were associated with decreased incidence of return to 

work, increased incidence of rejection, and improved NYHA functional 

class, however because of the hemodynamic consequences of CPB and donor 

ischemic time in the imrnediate postoperative period, it is difficult to 

establish an explanation for the relationship of these variables on the 

transplant day to posttransplant outcomes. Patients who required 

cardiac pacing in the immediate postoperative period, had an increased 

incidence of infectious complications, which may be related to a longer 

IcU stay with prolonged use of Isoproterenol infusion. 

Patients on low-dose Dopamine and higher doses of Norepinephrine on 

the transplant day had a decreased incidence of posttransplant hospital 

readmissions. This rnay be related to the maintenance of optimal blood 

pressure and end-organ perfusion throughout the transplant course. Use 

of high dose SNP and NTG were also associated with increased 

posttransplant survival, reinforcing the importance of adequate 

inotropic support during the immediate postoperative period in these 

patients. Increased numbers of rejection and infection episodes, and 

improved NYHA functional class, rnay be associated with longer ICU stay, 

but ultimately greater incidence of survival with good cardiac 

recovery . 
Patients with high FiO, requirements on the transplant day had poor 

survival rates, thereby reflecting the importance of adequate patient 

selection criteria and denying transplantation in those patients with 

multi-system failure. An increased variability in PEEP level on the 

transplant day was associated with an increased length of 

posttransplant sunrival which is most likely associated with rapid 



postoperative ventilatory weaning. 

A highly variable temperature on the transplant day, which was 

related to hypothermia in the operating room and rapid rewarming 

following CPB, was associated with increased length of posttransplant 

sunrival. Transplant sunrivors required large numbers of FFP 

transfusions postoperatively which was probably associated with 

preoperative bleeding and hemolysis in addition to the institution of 

CPB, however patients with increased PTT levels posttransplant had 

decreased numbers of rejection episodes which may reflect the attrition 

of those patients who continued to have uncontrollable bleeding 

postoperatively, ultimately resulting in death. 

Patient Status Durinq the Earlv Posto~erative Period 

During the early postoperative period, variation in heart rate and 

blood pressure were related to NYHA functional class and number of 

rejection episodes and hospital readmissions. Patients who receive 

cardiac transplants have higher resting heart rates due to the loss of 

vagal tone following cardiac denervation. If this increased heart rate 

cannot be maintained due to the residual effects of drugs or sinus node 

damage during implantation, Isoproterenol or cardiac pacing is 

instituted. ~ h i s  rnay account for increased variability of heart rate, 

and decreased long-term functional recovery. 

Cyclosporine induced posttransplant systemic hypertension is often 

severe and refractory, and rnay be augmented in magnitude by cardiac 

denervation (Kaye & OIConnell, 1993). Long-standing hypertension often 

leads to left ventricular hypertrophy with evidence of diastolic 

dysfunction (Kaye & O'Connell, 1993), therefore an increased systolic 

blood pressure (BP), which was associated with an increased number of 

rejection episodes and hospital readmissions, is anticipated. An 

increase in diastolic BP, which enhances coronary perfusion, was 

related ta improved functional status in the transplant recipient. 

Increased incidence of supraventricular arrhythmias during the early 

postoperative period may be related to myocardial irritability as 

mentioned previously. Patients with right ventricular hypertrophy or ST 



elevation on 12 lead ECO analysis, which indicates donor heart rhythm 

during this phase, had more infection episodes postoperatively. These 

patients may have required longer I N  stays for inotropic and rhythm 

support, and therefore had an increased incidence of nosocornial 

infection. Patients with ST depression or left atrial enlargement had 

an increased incidence of survival, while the presence of T wave 

changes indicating ischemia had a decreased incidence of survival to 

the present time. Patients with elevated CKMB levels during the early 

postoperative period were more likely to require hospital readmission. 

Patients who required ongoing inotropic support to augment sluggish 

cardiac performance during the early postoperative period had a 

decreased length of survival and poor functional recovery 

posttransplant. In addition, infusion of Epinephrine and Norepinephrine 

for longer periods of time was associated with decreased incidence of 

rejection and posttransplant hospital readrnissions. As stated earlier, 

this may represent the group of patients who did not survive to 

hospital discharge. Though patients on NTG and SNP had a decreased rate 

of mortality, they also experienced an increased rate of morbidity 

which is expected in patients on long-term immunosuppressive 

medication. Patients on high dose Isoproterenol in the early 

postoperative period, which provides inotropy, an increased heartrate, 

a decreased pulmonary vascular resistance, and improved ventricular 

diastolic relaxation, had an increased incidence of infection which may 

be related to an increased length of ICU stay (Bojar, 1994) . Though 
patients who were rnaintained on the drug for longer periods of time had 

an improved NYHA functional class, number of hospital readmissions were 

also more frequent. 

An increased PO, during this time was indicative of improved 

respiratory function and ultimately improved length of survival. 

Elevated creatinine levels were associated with a lower rate of 

posttransplant infection, but this may be related to an overall 

decreased incidence of survival in patients with posttransplant renal 

dysfunction. An improved NYHA functional class was associated with 

greater urine output which rnay be the result of improved renal 



perfusion. patients with an increased length of posttransplant survival 

continued to have elevated total bilirubin levels which were probably 

related to the hepatotoxic effects of immunosuppressive drugs such as 

Cyclospoxine and Azathioprine, rather than to hepatic congestion 

(Rickenbacher & Hunt, 1996) . 
Large volumes of packed ce11 and platelet transfusions during the 

early postoperative period were associated with an increased length of 

posttransplant survival indicating the arrest of existing coagulopathy. 

Decreased platelet counts were associated with a decreased incidence of 

rejection which may separate those patients with ongoing bleeding and 

platelet dysfunction who did not survive from those who survived to 

their first cardiac biopsy. A decreased body temperature, which is 

consistent with patients on steroid therapy (Gillis, 1996), was 

indicative of fewer rejection episodes and fewer posttransplant 

hospital readmissions. 

Patient Status Durinu the Late Posto~erative Period 

Lack of neurological deficits during the late postoperative period 

correlated with improved NYHA functional class posttransplant, 

reflecting the fact that only patients with normal neurologie function 

received cardiac transplants, and those that were transplanted had good 

cardiac recovery. A highly variable MAP during this phase was 

associated with a lower incidence of posttransplant rejection, 

indicating that patients were initially unstable hemodynamically, with 

improving cardiac function over time. Patients in junctional, 

accelerated junctional, or paced rhythm in the late postoperative 

period had poorer levels of cardiac function, emphasizing the 

importance of atrial contraction to overall cardiac output. However, 

patients with episodes of ventricular tachycardia had an increased 

incidence of posttransplant survival and higher incidence of return to 

work. This finding may represent rapid correction of electrolyte or 

acid-base imbalances and appropriate treatment or withdrawal of 

arrhythmogenic agents (Kaye & OtConnell, 1993). 

The presence of anterior ischemia/infarction, pulmonary disease 



pattern, or supraventricular tachycardia (SVT) on 12 lead ECG were 

related to depressed myocardial performance. and therefore. decreased 

incidence of posttransplant survival. The presence of ST elevation was 

consistent with an increased incidence of posttransplant rejection. 

Patients who remained on inotropic support during this time period had 

a decreased incidence of survival, with the exception of NTG and 

Isoproterenol. The latter medications may have been used for extended 

periods to irnprove right heart function by venodilation with a 

resultant decrease in preload, and pulmonary vasodilation. with a 

resultant decrease in pulrnonary vascular resistance. The use of 

Procainamide in high doses for short intervals of time was associated 

with an improved length of survival indicating that atrial or 

ventricular arrhythmias were resolved with this treatment. while 

Procainamide use for extended periods with inadequate arrhythmia 

treatrnent. which is a possible manifestation of acute allograft 

rejection (Kaye & 08Connell. 1993). was related to decreased incidence 

of survival. 

Patients who continued to have elevated creatinine levels during the 

late postoperative phase. indicative of unresolved renal dysfunction. 

had increased posttransplant mortality. Patients who required PFP 

transfusions had an increased length of survival. while those who 

needed platelet transfusions had a poor functional recovery. Platelet 

transfusions are often required because of the thrombocytopenic effects 

of Amrinone. which is a potent inodilator that is frequently utilized 

to augment cardiac performance in the transplant recipient. 

Pa ' n .-of atosofital Discharse 

Increased heart rate at the time of hospital discharge was 

associated with an increased length of sumival. Increased heartrate is 

consistent with the normal physiology of the denervated heart (Kaye & 

OtConnell, 1993) . Patients with normal sinus rhythm (NSR) had a 
decreased incidence of rejection. but a poorer functional recovery. 

Patients who were in sinus tachycardia at this time had an increased 

incidence of posttransplant infection. The correlation between sinus 



tachycardia and infection may signify the hyperdynamic state associated 

with an ongoing infectious process. Patients continued to have evidence 

of anterior ischemia/infarction with an increased number of rejection 

episodes, however they had an improved NYHA functional class, higher 

incidence of return to work, and fewer posttransplant infections. The 

presence of an elevated LDH level, which may be indicative of cardiac 

ischernia, was related to worsening NYHA functional class. 

Despite an elevation of serum creatinine at the time of hospital 

discharge, these patients had a decreased number of hospital 

readmissions, perhaps reflecting the expertise of the care they 

received in the outpatient transplant clinic in medication adjustment 

for renal impairment. An elevation of total bilirubin related to drug- 

induced hepatotoxicity continued ta impede functional recovery. 

Patients who did require hospital readmission had higher Hgb and Hct 

levels, indicating that anemia was not the reason for admission. An 

elevated WBC on the hospital discharge day was indicative of a 

decreased length of survival posttransplant. Rejection and infection 

with sources such as bacteria, viruses, fungi, parasites, or protozoa 

may be responsible for this WBC elevation (Love, 1996). 

Patient Status at Present Time 

Increased diastolic BP at the patients' most recent clinic visit was 

associated with a decrease in NYHA functional class and return to work. 

Hypertension remains a significant problem for patients on long-term 

Cyclosporine and continues to be treated aggressively with high doses 

of anti-hypertensive agents (Olivari, Antolick, & Ring, 1989; Elliott, 

Murphy, & Karp, 1991). Similar to the findings at the time of hospital 

discharge, the presence of NSR was related to poor posttransplant 

outcornes, while the presence of sinus tachycardia was associated to 

improved rates of survival. Patients with an implanted pacemaker had a 

decreased incidence of infection, which indicates that aseptic 

technique was accomplished with the insertion and maintenance of the 

pacemaker site. 



Limitations of the studv 

The use of a retrospective chart analysis with the inability to 

control for extraneous variables and the lack of statistical power due 

to the small sample size are the major limitations of this study. 

Though al1 patients bridged to cardiac transplantation on VADs from 

1985 to the present were included in the study, because the patients 

were supported on VADs for varying amounts of tirne, and had different 

lengths of ICU and hospital stay, not al1 patients were included in al1 

statistical analyses. 

The inability to determine the accuracy of recorded findings, and 

reliance on subjective and objective data documented by health 

professionals involved in the patientsf care also made statistical 

analysis and interpretation of findings questionable. However, because 

the entire population of patients was included, the ability to 

generalize the findings are relevant to this group of patients. 

Im~lications of the ~tudv 

Difficulties exist in the ability to support patients to cardiac 

transplantation with the currently available devices. A method of 

providing improved hemodynamic stability and respiratory function 

during the transplant waiting period, decreasing VAD associated 

complications such as bleeding and renal dysfunction, and maintaining 

activities of daily living and psychosocial well-being would improve 

the quality of life of patients on VADs waiting for cardiac 

transplantation- 

Though in this study, the number of patients who survived to cardiac 

transplantation was small, those who were stable on VAD support 

awaiting a donor organ had positive posttransplant outcornes. With 

technological advancements and the introduction of new implantable 

pulsatile devices, in the future, patients may be supported for long 

periods of time allowing for recovery of end-organ damage and 

decreasing the incidence of complications of VAD support. Because these 

patients would only take priority over other  transplant candidates if 



they fit al1 recipient selection criteria, the transplant team would be 

confident that donor organs were being allocated to patients who had an 

excellent chance for recovery and long-term sunival and not wasted in 

an attempt to salvage inappropriate transplant candidates. 

Nursing pzofessionals are an invaluable resource in caring for these 

patients and their families in a holistic marner, educating and 

advocating for them, and providing ongoing support and encouragement 

during the difficult transplant waiting period. If nurses at the 

bedside are knowledgeable and competent in their abilities to care for 

patients on VADs and easily recognize complications of VAD support, 

patient problems will be quickly identified and treated more 

efficiently. Furthermore, if nurses are confident that the patient has 

a reasonable chance for recovery with a cardiac transplant and that 

they are not prolonging needless pain and suffering, they will strive 

to ensure that the patient bridged to cardiac transplantation on a VAD 

has the best possible care. 

This research is unique in that patients were studied longitudinally 

and factors were identified that were related to outcomes during 

several phases throughout the transplant period. This allows for easy 

recognition of factors affecting posttransplant outcomes and provides 

an impetus for patient management strategies during each particular 

period. In addition, because several variables are measured at several 

time intervals during each day to depict function of each system, a 

very accurate and reliable portrayal of patient status is achieved. 

This study contributes to the existing knowledge by allowing 

comparison of data from one of the few Canadian centers to that of 

other transplant programs. The research findings provide the basis by 

which the transplant team can promote research-based practice to 

improve the overall care of the transplant candidate. With equivalent 

or enhanced results of patients bridged to transplant on VADs at this 

institution in comparison to other well-established programs, this 

transplant centre may be recognized as a Canadian center of excellence 

in the cardiac transplant field. 



Conclusioq 

Several variables at different stages of the transplant process are 

significantly related to outcomes of patients bridged to cardiac 

transplantation on VADs. Patient demographics, donor variables, and 

measures of hemodynamic and respiratory status surrounding the time of 

VAD insertion and waiting period for transplantation have been most 

frequently identified as significant factors related to posttransplant 

outcomes. In addition, appropriate patient selection and quality of the 

device used for bridging to cardiac transplantation remain important 

detenninants of posttransplant survival. 

Rates of transplantation at the University of Alberta Hospital 

following VAD insertion (35%) are lower than those identified at 

several major American centers due to the inability of currently 

available devices to support patients for extended periods of time. 

Ideally, pulsatile devices, which axe capable of long-term support and 

allow for treatment of patients in an outpatient setting, would enhance 

the quality of care patients receive and improve the ability to support 

patients to transplantation. 

Patients most likely to benefit from bridge to transplant procedures 

are those who have experienced an acute anterior infarction with 

ongoing cardiac dysfunction, despite maximal inotropic support, and 

those with chronic diseases such as cardiomyopathy. Overall, males who 

are less than 50 years of age have improved survival rates, however, in 

this study, due to the small number of subjects, females had comparable 

rates of survival. 

Patients who present prior to hemodjmamic collapse and cardiac 

arrest, and who remain hemodynamically stable with adequate pulmonary 

function on VAD support, are most suitable for cardiac transplantation 

and experience a decreased incidence of posttransplant morbidity and 

mortality. Use of LVADs and short-term ECMO (less than 24 hours) 

improve the likelihood that patients will sunrive to transplantation, 

however, an increased number of complications including bleeding, 

thromboembolisrn, sepsis, and renal failure, which are a consequence of 

long-term VAD support and may necessitate removal of the patient from 



the transplant list, require tirne for resolution prior to cardiac 

transplantation. 

In selection of future candidates for VAD insertion as a bridge 

to cardiac transplantation. institution of VAD support should be 

accomplished pr io r  to the occurrence of a cardiac arrest. patient 

stability must be maintained during the period of early VAD 

institution, and complications of VAD support aggressively managed. In 

addition 

support, 

important 

to the availability of pulsatile devices for long-term 

these improvements in quality of patient care are critically 

to the outcomes of cardiac transplant recipients. 
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APPENDIX A 

International Society for Heart and Lung Transplantation Scale for 

Histological Grading of Endomyocardial Biopsy 

GRADE DESCRIPTION 

No rejection 

Focal infiltrate without necrosis 

Diffuse but sparse infiltrate without necrosis 

One focus only with aggressive infiltration/ 

focal myocyte darnzge 

Multifocal aggressive infiltrates/myocyte 

damage 

Diffuse inflammatory process with necrosis 

Diffuse aggressive polymorphous infiltrate, 

+ edema, 5 hemorrhage, + vasculitis, with - 
necrosis 

(Kobashigawa, 1994) 



APPENDIX B 

Functional Classification Based on the Degree 

of Physical Activity Precipitating Cardiac Symptorns 

NNCTIONAL NEW YORK WEART ASSOCIATION FUNCTIONAL 
CLASS DESCRIPTION 

III 

Patients with cardiac disease but with no 

limitation of physical activity. Ordinary 

physical activity does not cause undue 

fatigue, palpitations, dyspnea, or anginal 

pain 

Patients with cardiac disease resulting in 

slight limitation of physical activity. 

Cornfortable at rest, but ordinary physical 

activity results in fatigue, palpitations, 

dypsnea, or anginal pain. 

Patients with cardiac disease resulting in 

marked limitation of physical activity. 

Cornfortable at rest, but less than ordinary 

activity causes fatigue, palpitations, 

dyspnea, or anginal pain. 

Patients with cardiac disease resulting in 

inability to carry on any physical activity 

without discomfort. Symptoms of cardiac 

insufficiency or of the anginal syndrome may 

be present even at rest. If any physical 

activity is undertaken, discomfort is 

increased. 




