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ABSTRACT

Delayed graft function (DGF) is one of the most important complications in
the post-transplant period, because it has an adverse effect on both immediate and long-
term graft survival. This study aimed at examining possible risk factors including the
recipient’s age, gender, and time of dialysis; the donor’s age and gender; and other
transplant factors including cold ischemia time (CIT), human leukocyte antigen (HLA)
matching, panel reactive antibody (PRA), and induction therapy using the
immunosuppressant IL-2 and their association with delayed graft function (DGF) and
graft survival. Data was collected from 140 cadaveric kidney transplants at Siriraj
Medical School Hospital, Bangkok, Thailand between January 2002-January 2009.

Univariate and multivariate analysis, based on the140 cadaveric recipients,
indicated that the duration of dialysis was significantly associated with DGF (OR=
4.167, 10.47; 95%CI=1.260-13.83, 1.93-56.74; p =0.020, 006), respectively. Older
donors (age > 50 years) and among all causes of death, cerebral vascular accidents
(CVA), were associated with DGF (OR=1.43, 3.883; 1.77, 0.72) respectively, but not
significant.

The incidence of DGF in this study was 80.7 %. The graft survival function
rate was significantly different between grafts with DGF and those with immediate graft
function (IGF) after 7 years of follow-up with rates of 56.3 % and 89% (p=0.016),
respectively. The other factors indicated no significant difference between grafts with
DGF and those with IGF.

The number of patients displaying DGF who were associated with the
transplant factors of CIT <24 hours, CIT > 24 hours, HLA < 3 mismatch, HLA > 3
mismatch, PRA < 30%, PRA> 30%, receiving induction therapy, and not receiving
induction therapy were76 (79.2%), 29 (85.3%), 50 (78.1%), 51 (81%), 101(81.5%), 12
(75%), 38 (84.4%) and 75 (78.9%), respectively. These factors were associated with
DGF but not significant.

The data suggests that DGF is critical to the survival of the grafts and patients.
The prevention and reduction of causes associated with DGF could increase the success
of kidney transplants.

KEY WORDS : DELAYED GRAFT FUNCTION/ IMMEDIATE GRAFT
FUNCTION/CADAVERIC DONOR/ GRAFT SURVIVAL/
PATIENT SURVIVAL
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CHAPTER 1
INTRODUCTION

1.1 Rationale and Background

Kidney is an essential organ in the human body. The main function of
kidney is to maintain body fluid by excreting wastes, concentrating urine, and then
regulating electrolytes. The malfunction of kidney is directly affected human life. One
of diseases causing the failure of kidney function is end-stage kidney disease or end-
stage renal disease (ESRD) which results in complete or nearly complete the failure of
kidney function considering as life threatening disease.

The causes of ESRD are directly from diabetes and high blood pressure
resulting in chronic glomerulonephritis and diabetic nephropathy. Additionally, ESRD
are indirectly caused by inborned disease, the side effect of medicines and injuries.
The estimated incidence of ESRD in Thailand is approximately 50 per a million
populations. Of 65 millions of Thai population, there will be almost 7,000 ESRD
patients who are receiving dialysis treatment, either hemodialysis or continuous
ambulatory peritoneal dialysis (2).

Based on the medical practices, two effective treatments of ESRD are
dialysis and kidney transplantation. The dialysis assists the body to remove waste
substances and eliminate excess fluid from the blood. It can replace the function of
kidneys. The dialysis may also be used for individual patient who is exposed or
ingested toxic substances to prevent renal failure. The typical dialyses used are either
peritoneal dialysis or hemodialysis. These two methods use the special medical device
functioning as a kidney to filtrate the waste fluid out of the blood. The difference
between two methods of dialysis is where the surgically a soft tube placed into the
body. The peritoneal dialysis is performed at the lower abdomen while hemodialysis is
at the patient's arm. It can be performed three to five times a day during the body

wakes up. The hemodialysis is usually performed several times a week and each time
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lasts four to five hours. The method has received much attention due to the ease of
practice and convenience. The data from the United States reported that more than
400,000 people are on long-term dialysis and more than 20,000 have already been
kidney transplanted. According to the data in 1999, more than 4,400 patients received
hemodialysis in the department of veterans affairs (VA), USA with the estimate cost
of over $60 million.

The alternative effective medical treatment for ESRD is the kidney
transplantation. Two different types of transplantation commonly performed in
medical operation are living and cadaveric kidney transplantation. The patient on
living kidney transplantation will receive the kidneys either from family related donors
or non family related donors. Both of these donors must be still alive while the kidneys
are transplanted. The family related donors can be categorized into two groups that are
the first and the second degree. The first group of family related focuses on parents,
children, and siblings having at least one-haplotype match. The second group belongs
to cousins, uncles, aunts. The patients could also receive the kidneys from non family
related donors including spouses, friends, strangers and donors of paired-kidney
exchange program. Of these two types of donors, the family related donors could
potentially be benefit to the patient due to a high percentage of biologically matching
blood. Besides the living kidney transplantation, the cadaveric kidney transplantation
is also a method of choice for transplantation due to the donor scarcity. The cadaveric
donor or brain death cadaver has two difference types which are expanded criteria
donors or marginal donors (ECDs) and non-expanded donors. The ECDs are defined
by the United Network for Organ Sharing (UNOS), USA as “those donors have been
demonstrated to increase the risk of late allograft loss because of certain clinical
characteristics”. The UNOS renal transplant using a total of 122,175 registered
patients who were on the waiting list during 1992 to 1997 (3). Based on the data of
UNOS, since November 2006, the patients have accounted on the waiting list more
than 100,000 candidates. Out of these numbers, 70,000 patients are awaiting for
kidney transplantation (3). Unfortunately, a number of patients on the waiting list

continue to grow disproportionate to a number of organ donors for transplantation.
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In order to cure the kidney disease, especially ESRD either by dialysis or
kidney transplantation, a number of survival rates and medical cost must be taken into
account. Ojo et al (4) examined the effect of ECD kidneys on survival recipients
compared to those numbers on the waiting list. On the average, patients with marginal
kidney transplantation could live 5 years longer than the transplanted patients who
remained on dialysis. A number of factors affected survival rate of ECD transplanted
patients are causes of ESRD, recipient age, and race. Compared between two types of
transplantation, the cadaveric transplanted recipients could ideally extend their life for
another 13 years. Patient survival after renal transplantation varies based upon several
factors such as sources of the allograft, patient age, the presence and degree of severity
of comorbid conditions. Other possible contributing factors include gender, race, and
degree of immunosuppression. However, over the last decade these survival rates have
slightly increased, particularly among diabetic and deceased donor transplant
recipients. These could be the results from the improvement of renal allograft function
within one year, the effective management of intercurrent disorders, and a lower rate

of death from infections (5).

In terms of medical costs and clinical outcomes, the results showed that the
kidney transplantation had lower in medical expenses (6) with better long term clinical
outcomes (5) than dialysis. Therefore, the kidney transplantation remains the treatment
of choice for patients with end-stage renal disease in terms of quality of life and life

expectancy (1).

Although the kidney transplantation could be a better choice for ESRD
than dialysis, the most common clinical complications of renal transplantation are
allograft dysfunction cadaver and in some cases, the manifestation of early
dysfunction of transplanted live kidney leading to the clinical syndrome called delayed
graft function (DGF). DGF is a form of acute renal failure that results in post-
transplantation oliguria leading to graft loss in some cases. In the rare cases, the graft
had never functioned properly. Though, it is generally accepted that not all kidneys for
transplantation are similar. The differences are from the source of donors who are
alive or deceased. The data have showed that the survival of patients receiving an

allograft from a living donor is superior to those who receive a kidney from a deceased
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donor, including both non-extended criteria and extended criteria donors (7, 8). The
statistically data of recipients receiving a living donor kidney had the survival rates of
98% and 91% during one and five years post-transplantation. The survival rates for
those who received the kidney from a deceased non-extended criteria donor transplant
and those who received the kidney from a deceased extended criteria donor transplant
were 96% and 84%, 91%, and 69% during one and five years post-transplantation,

respectively.

The data from the United States reported that within one year the renal
allograft cases found approximately 92% for a non-extended criteria deceased donor
kidney and 96% for a living kidney donor (9). The organ procurement and
transplantation network database in USA showed the cases of DGF vary enormously
from 2 % to 50 % (10) in cadaveric donor kidney transplants and 4 % to 10 %, average
5 % in living donor kidney transplants (11).

After the kidney transplantation, the first postoperative week 1is
generally characterized by progressive improvement in the overall condition of the
patients in conjunction with the steady improvement of kidney function. The
management of the transplanted recipient during the first week is largely determined
by the quality of function of the allograft. Patients typically exhibit one of three
patterns of function: excellent graft function, slow graft function (SGF), or delayed
graft function (DGF).

The clinical problems have found in the patients with slow graft function or
moderate graft dysfunction considered as nonoliguric and the declined in serum
creatinine levels by < 20% in the first 24 hours posttranplant (Hassanain et al. 2009).
These patients do not have to perform dialysis within the first postoperative week,
even though the kidneys still not function properly. Slow graft function is a milder
form of DGF which has similar pathophysiology and clinical significance (12).

If the incidence of DGF occurs, there is a need for dialysis during the first
week after kidney transplantation, although the degree of renal damage could not be
measured (13). The conditions considered as DGF include early urine output of <1200
mL/d or no decrease of 10% of serum creatinine or high serum creatinine level during

the first 48 hours after transplantation (14). However, in this study the condition of
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DGF covers the need of dialysis during the first week after kidney transplantation or
serum creatinine < 30% within 48 hr or urine output < 1000 ml/day and no dialysis.
DGF is associated with the risk of both short-term and long-term graft loss (15). The
major causes of DGF which profoundly impact on graft survival are postischemic
acute tubular necrosis (ATN), hyperacute and acute antibody mediated rejection
(AMR), accelerated rejection superimposed on ischemic (ATN), the obstruction of
urinary tract due to ureteral necrosis with a urinary leak or hematoma and
atheroemboli or thrombosis of the renal artery or vein (16, 17).

Four variables associated with the increased risk of DGF are donor,
recipient or patient, procurement or preservation and body immunity. For the donor,
the risk conditions include age over 50 years old, gender (female to male), cadaver or
brain-death cause of death (CVA > trauma), ethnicity (African to American), cold
ischemia time (>12 hours), creatinine clearance (<100 ml/min), biopsy for vascular
atherosclerosis, living versus cadaveric donor, hypotension, inotropic support and
increased serum creatinine level. The recipient factors cover age over 55 years old,
gender (female to male), ethnicity (African-American), BMI, perioperative
hemodynamics, extracellular fluid volume status, primary disease such as diabetes,
preoperative mode of dialysis (HD > PD), history blood transfusion, duration on
dialysis before transplantation and increased thrombosis risk such as Factor v Leider
mutation. The considerations of procurement or preservation include an inadequate
flushing and cooling condition, type and quantity of flushing solution, traction on renal
vessels, cold and warm ischemia time. The immunology has to be performed as
followed: HLA match / mismatch (>1 mismatch), panel reactive antibody titer (PRA >
50%) and positive cross match. The improvement of clinical outcomes after renal
transplantation involve better comprehension of the rejection response, the improved
preservation technique of organs, the judicious use of cyclosporine or tacrolimus and
the application of anti-lymphocyte agents for the prevention and treatment of rejection
(18).

Recently, Thailand have performed the kidney transplantation from living
related donor, living unrelated donor and cadaveric donor by the Organ Donation

Center of the Thai Red Cross Society which acts as the center for organ donation and
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allocation of cadaveric kidneys. Organs are shared among patients on a national
waiting list based on HLA matching, anti-HLA antibody titers, and waiting time.
However, the hospital that procures the donor has the right to use one of the kidneys
for the best HLA-matched patient on its list.

Due to the insufficient numbers of kidney from healthy living donors for
transplantation and a large number of patients waiting for operation, a cadaveric
kidney donor is considered as an important resource for saving patient’s life.
Therefore, there is a need to investigate the risk factors affecting transplantation
including recipient, donor and operation. The results of this study focusing on the
delayed graft function rate, the graft survival rate and the impact of DGF on short- and
long-term outcome of transplantation could deliver significantly benefits to kidney

transplantation.

1.2 Research Questions

1. What is the delayed graft function rate on cadaveric kidney transplant
recipients at Siriraj Medical School Hospital?

2. What are the impacts of Delayed graft function on patients?

3. What is the graft survival rate among DGF and non DGF?

1.3 Research Objectives

1. To evaluate the delayed graft function rate on cadaveric kidney
Transplant recipients at Siriraj Medical School Hospital.

2. To evaluate the risk factors are impacts of Delayed graft function (DGF)
after cadaveric kidney transplantion

3. To compare the graft survival rate in DGF and non DGF after cadaveric

kidney transplantation.
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1.4 Research Hypothesis
Are there any significant differences of graft survival rate between DGF
and non-DGF?
Null hypothesis or Ho:
graft survival rate of DGF = graft survival rate of non DGF
Alternative Hypothesis or Ha :
graft survival rate of DGF # graft survival rate of non-DGF

1.5 Scope and Limitation

All medical records of the all consecutive patients who undertook
kidney transplantation at Siriraj Medical School Hospital, Mahidol University from
January, 2002 to January, 2009 were screened. The study was focused only on
cadaveric donor. The demographic data of patients and donors was collected. The
impacts of delayed graft function on patients were examined. The rates of delayed

graft function and graft survival were analyzed.

Definitions

The Transplant Operation

The Kidney transplantation is a surgical procedure to remove a healthy,
functioning kidney from a living or brain-dead donor and implant it into a patient with
nonfunctioning kidneys.

In adults, the renal graft is placed extraperitoneally in the iliac fossa
through an oblique lower-abdominal incision; in small children, it is placed
retroperitoneally through a midline abdominal incision. The renal arterh is
anastomosed end-to-end to the recipient’s hypogastric artery or end-to-side to the
common iliac artery. Renal artery thrombosis, a rare event but serious complication,
occurs more frequently with an end-to-end than with an end-to-side anastomosis. The
renal vein is anastomosed to the iliac vein in adults and to the inferior vena cava in
children. The donor ureter is inserted by creating a submucosal tunnel in the

recipient’s lymphatic ducts, from the renal hilum, or both. Symptomatic lymphoceles
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(in which there is obstruction of the ureter or the venous drainage) are relieved by

percutaneous aspiration, drainage into the peritoneal cavity, or both (12).

Cadaver kidney donor.

The kidney from donor are brain-dead cadavers whose hearts are still
beating; these are often victims of head trauma, vascular catastrophes, cerebral anoxia,
and nonmetastasizing brain tumors.

Over 50 percent of kidneys and most of the extrarenal solid organs that are

transplanted are recovered from deceased donors.

Marginal donor or expanded criteria donors (ECDs).

This study we use the marginal donor or expanded criteria donors (ECDs)
are defined by UNOS. These donor characteristics are age greater than 50 years, long-
standing history of HTN, cerebral vascular accident (CVA) as the cause of death,

terminal serum creatinine greater than 1.5 mg/dL, diabetes, or long CIT (72).

Donor age

Previously, older donors, such as those over 50 years of age, were not
considered suitable. However, the kidneys from such donors are now commonly used
if these individuals are in good physical and mental condition and have adequate

kidney function.

The increased use of older donors was reflected in a 2007 survey of kidney
transplant centers in the United States in which almost 60 percent of centers had no
upper age limit for kidney donors (65). Among the remaining centers, an age limit of
75, 70, 65, 60, and 55 years was reported in 4, 5, 21, 7, and 1 percent, respectively.
With respect to a lower age limit, most centers report that an age less than 18 years is
an absolute exclusion criterion. In the 2007 survey (65), for this study we excluded

prospective donors less than 18 years of age.
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Cold ischemia time (CIT).

Cold ischemia time (CIT) is associated with delayed graft function (DGF)
and transplant outcome. Several strategies to reduce CIT have been proposed. We
defined CIT as the time from removal of the kidney from cold storage or perfusion

with preservation solution in the donor to completion of the renal arterial anastomosis (66).

The human leukocyte antigen (HLA).

HLA system is synonymous with the human major histocompatibility
complex (MHC). These terms describe a group of genes on chromosome 6 that encode
a variety of cell surface markers, antigen-presenting molecules, and other proteins

involved in immune function.

Delayed Graft Function (DGF)

DGF is a form of acute renal failure resulting in post-transplantation
oliguria, increased allograft immunogenicity and risk of acute rejection episodes, and
decreased long-term survival. (57)

We propose to define DGF in clinical studies retrospectively on the basis of
renal function, distinct from the need of dialysis treatment. Using the absence of a
spontaneous decrease of serum creatinine of more than 10% per day for at least 3
consecutive days within 1 week after transplantation, excluding acute rejection, and
calcineurin inhibitor toxicity as a possible cause of this DGF.

DGF is defined as the need of dialysis treatment in the first week after renal
transplantation and exclude other reasons, like hyperkalemia and/or fluid overload. We
include slow graft function (SGF).Because SGF is similar in term of pathogenesis but differ in

degree. SGF is defined as Scr. <30% within 48 h  or urine output < 1000 ml/day, no dialysis.

Survival time.
We define as the time at first date of transplantation until the end of the

studied or the time that serum creatinine rising more than 2 mg/dl
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CHAPTER I
LITERATURE REVIEW

2.1 General Background of Kidney transplantation

Kidney transplantation is an effective medical treatment for end-stage
kidney disease or end-stage renal disease (ESRD). ERSD is considered as a serious
illness that is potentially caused death within a short period of time. The kidney
transplantation is a surgical procedure to remove a healthy, functioning kidney from a
living or brain-dead donor and then implant it into a patient with nonfunctioning
kidneys. In adults, the renal graft is placed extraperitoneally in the iliac fossa through
an oblique lower-abdominal incision. In small children, it is placed retroperitoneally
through a midline abdominal incision. The renal artery is anastomosed end-to-end to
the recipient’s hypogastric artery or end-to-side to the common iliac artery. Renal
artery thrombosis, a rare event but serious complication, occurs more frequently with
an end-to-end than with an end-to-side anastomosis. The renal vein is anastomosed to
the iliac vein in adults and to the inferior vena cava in children. The donor ureter is
inserted by creating a submucosal tunnel from the renal hilum. Symptomatic
lymphoceles caused by the obstruction of the ureter or the venous drainage are
relieved by percutaneous aspiration or drainage into the peritoneal cavity (19).

The decision to initiate the kidney transplantation in a patient with end-
stage renal disease involves the consideration of subjective and objective parameters
of the physician and the patient. These parameters are often modulated by the patient’s
perception of his or her quality of life (20). The first renal transplant in Thailand was
performed on March 3, 1972 at the King Chulalongkorn Memorial Hospital in
Bangkok. The second successful cadaveric renal transplant was performed at the
Siriraj Medical School Hospital in 1973. Only Chulalongkorn Hospital and Siriraj
Medical School Hospital have been carrying on kidney transplantations, in average of

less than 20 cases a year, up to 1984 (21, 22).
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The kidney used for transplantation can be obtained from two different
types of donors. One is a living donor and the other is a cadaveric donor. Living
donors is divided into living related donors who are either the first degree relative (for
example parents, children, and siblings) with whom at least one-haplotype is matched
or the second degree relative (for example, cousins, uncles and aunts) and living
unrelated donors who could be spouses, friends, or strangers who are willing to donate
the kidney. Based on medical evidences of Okamoto et al.(2009) who studied short
and long term donor outcomes after kidney donation at Japanese single center between
1970 and 2006, the total number of collected donors were 601 donors. It was reported
that 481 donors (80%) were available at the time of inspection. Of 481 donors, a
number of survival donors were 426 donors (88.5%). The survival rate of living donor
at 5, 10, 20 and 30 years were 98.3%, 94.7%, 86.4%, and 66.2%, respectively. As a
result, living donors is a key factor to prolong patient lives with less impact on donor
lives themselves.

Due to that fact that the living donor is a very scarcely resource, therefore,
the brain death or cadaveric donor is also needed for transplantation, or called as
cadaveric kidney transplantation. Most of the brain death may from head trauma,
vascular catastrophes, cerebral anoxia, and nonmetastasizing brain tumors. Cadaver
solid organ transplantation requires that the organ transplants must be in a state of
good function until the moment of harvest. Over 50 percent of kidneys and most of the
extrarenal solid organs that are transplanted are recovered from deceased donors. At
Siriraj Medical School Hospital, most of cadaveric kidney has been donated from the
Organ Donation Center of Thai Red Cross Society. Regarding to medical ethics,
societal acceptance and the legal and medical establishments of brain death criteria are
essential for cadaveric kidney transplantation. At present, there are many centers
carrying kidney transplant. In Thailand, the donation of kidney can legally be from
only living related donor, spouses, and cadaveric donors. The criteria of brain death
donor have been officially announced by the Thailand Medical Association since
1989. Owing to a large number of patients on the waiting list, the kidney organs are
shared based on HLA matching anti-HLA antibody titers and waiting time. However,
if the hospital could select the best HLA matching for its own procured patients on the
local list (2).
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2.2 Complications associated with renal transplants

The successful outcome of transplantation is the recovery of renal function.
However, the common complications found in patients with renal transplants vary
from graft non function (GNF), slow graft function (SGF), immediate graft function
(IGF), oliguria, and delayed graft function (DGF) (Walele et al. 2002). The primary
non-function of the allograft refers to a graft that never recovers renal function. SGF is
a post-transplant renal failure without the need for dialysis. SGF and DGF are similar
in terms of pathogenesis but differ in degree. SGF is clinically defined as serum
creatinine < 3 mg/dl by post-operative day no. 5 and no dialysis (Humar et al. 2002).
Humar et al. (2002) also identified the risk factors of SGF were donor age > 50 years
(RR= 3.3), and kidney preservation time > 24 hours (RR=1.6). Moore et al (2007)
reported that donor age, donor body mass index, donor hypertension, cause of death,
black recipient race, recipient weight and cold ischemia time influenced early graft
function.

IGF is clinically defined as creatinine < 3 mg/dl by post-operative day no. 5
(Humar et al. 2002). DGF is a form of acute renal failure resulting in post-
transplantation oliguria, increasing in allograft immunogenicity and risk of acute
rejection episodes, and decreasing in long-term survival (23). The definition of DGF in
clinical studies retrospectively focuses on the basis of renal function and the need of
dialysis treatment (Humar et al. 2002). Bronzatto et al. (2009) stated that DGF is
found approximately 60% of recipients of kidneys from deceased donors. The possible
risk factors of DGF were donor age > 50 years (Boon et al. 2000, Humar et al. 2002,
Iglesias-Marquez et al. 2002), kidney preservation time > 24 hours (Iglesias-Marquez
et al. 2002, Humar et al. 2002), high panel-reactive antibodies (PRA), donor creatinine
>1.7 mg/dl (Humar et al. 2002), CIT > 24 hours (Iglesias-Marquez et al. 2002,
Bronzatto et al. 2009) or CIT > 28 hours (Boon et al. 2000), mean arterial blood
pressure of less than 100 mm Hg, female donor to male recipient combination, peak
panel reactive antibodies of more than 50% (Boon et al. 2000). Additional causes of
DGF are antibody-mediated rejection, mechanical complication (eg, urinary leak,
obstructing hematoma, and thrombosis of the renal artery or vein), cortical

necrosis/infarction, acute calcineurin inhibitor toxicity, thrombotic microangiopathy,
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drug-induced interstitial nephritis, and fulminant disease recurrence (Yarlagadda et
al.2008).

The factors affected post-transplant renal failures are graft urinary tract
obstruction, graft vascular thrombosis, graft renal parenchymal disorders (for example,
acute tubular necrosis, acute or accelerated rejection, hyperacute rejection, and
scarcely thrombotic-microangiopathy or atheroembolic disease. Based on clinical
evidences, DGF manifests the ischemia acute tubular necrosis (ATN). Then, DGF can
be classified as ATN if the prerenal, postrenal, renovascular and other parenchymal
causes of allograft dysfunction are excluded. The consequences of DGF include
reduced patient survival patient, reduced graft survival, increased of acute and chronic
rejection, elevated baseline creatinine, procedural complication and financial cost
(Walele et al. 2002). Giral-Classe (1998) reported that the long period of delayed graft
function, especially more than 6 days, reduced long term graft survivals calculating as

a Cockcroft calculated creatinine clearance (cC) > 10 ml/min.

2.3 Factors influencing the risk for DGF
Walele et al. (2002) and Yarlagadda et al. (2008) summarized the risk

factors affected DGF. These variables are from donor, recipient, preservation

technique and immune as indicated in Table 2-1.
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Table 2- 1 Risk factors for delayed graft function (DGF)

Immunological factor Non-immunological factor

Donor Living or cadaver (brain death) donor

Age > 50 years old

Expanded criteria donors (ECD)

Donation after cardiac death (DCD)

Cause of death : Cerebrovascular >trauma
Hypotension

Inotropic support

History of hypertension
