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Introduction

Many risk factors are known to influence long-term graft

survival such as age of the recipient, race, presence of dia-

betes, delayed graft function, human leukocyte antigen

(HLA)-mismatch [1,2], whereas acute rejection (AR) has

consistently been reported to be the most important risk

factor leading to chronic allograft failure [3–5]. Although

improvements have been made in preventing AR and in

maximizing short-term graft survival in kidney trans-

plantation, long-term graft survival has not improved as

dramatically [6–8]. With the use of newer immuno-

suppressive drugs such as mycophenolate mofetil (MMF)

and tacrolimus further reduction in the incidence of AR

episodes has been attained [9,10], but regardless of the

decrease in the incidence of AR, chronic allograft failure

and kidney graft loss remain the most common cause of

death censored graft loss after kidney transplantation

[3,11,12]. Recent studies have been reported that an ini-

tial AR episode is linked with an increased risk of graft

loss after kidney transplantation [8,13–16] and that the

timing of the initial episode of AR has been evolved over

time [7]. As a consequence, the association of AR with

chronic allograft failure and graft loss has been shown to

vary with the degree and the timing of the AR episode in

a complex time-dependent manner [5,7,12,17–19].

Previous reports demonstrated that kidney graft func-

tion during the first year of transplantation is a useful

prognostic tool for graft survival [2,20]. However, it has

never been investigated whether the association between

late AR episode and the increased risk for kidney graft

loss can be explained by impaired graft function. The

purpose of this retrospective study was therefore to docu-

ment if the timing of an initial AR episode changes the

risk for kidney graft loss and whether this time-dependent

risk is correlated with increased serum creatinine as an

indicator for kidney graft function.

Material and methods

Patients

A total of 730 consecutive recipients of a cadaver kidney

transplant from January 1, 1990 to December 31, 2001

were included in the study. Data of cadaveric organ
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Summary

In kidney transplantation, timing of an initial acute rejection (AR) is correlated

with a variable risk of graft loss. However, it is unknown whether the increased

risk for graft loss because of AR is conditioned by impaired graft function. A

total of 730 cadaveric kidney transplant recipients were retrospectively evalu-

ated from 1994 to 2001. When AR occurred, the risk ratio (RR) for graft loss

was strongly time-dependent and increased, the later the rejection episode

occurred. Compared with the reference group (no rejection) having an AR

within 0–30, 31–365, or >365 days post-transplant conferred a 3.1-, 9.1- and

49.3-fold risk for subsequent graft loss (P < 0.001). By including serum creati-

nine as an indicator for graft function at the time of rejection RR decreased to

2.4-, 7.1- and 21.8-fold, but remained still significant (P ¼ 0.023). In conclu-

sion, the higher risk of graft loss after late AR is not fully explained by

impaired graft function measured by serum creatinine.
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donor (CAD) recipient were entered prospectively into a

transplant-specific database at the time of transplantation.

The generated data was used for this retrospective analy-

sis. Inclusion criterion was at least one determination of

serum creatinine within <30 days after transplantation.

CAD recipients received quadruple sequential immuno-

suppression, including antithymocyte globulin or muro-

monab-CD3, corticosteroids, azathioprine (before 1995)

and MMF (after 1995), and a calcineurin inhibitor

(cyclosporine or tacrolimus).

Definitions

Acute graft rejection was diagnosed based on histology. A

kidney transplant biopsy was performed for the diagnosis

of any significant increase of baseline serum creatinine that

was clinically suspected to be caused by an AR episode

before administering an antirejection corticosteroid bolus.

Antithymocyte globulin or muromonab-CD3 was used at

the discretion of the treating physician for steroid-resistant

rejection. Only biopsy-proven episodes of AR were inclu-

ded in this analysis. Graft loss was considered as return to

hemodialysis or loss of the transplanted organ.

Analytical method

Based on the follow up in interval during which an initial

AR episode occurred, the study cohort was divided into

four groups as follows: no AR episode during the time of

follow up (group A); first AR episode during the first

30 days after transplantation (group B); first AR episode

between 1 month and 1 year (group C); and first AR epi-

sode more than 1 year after transplantation (group D).

Consequently, graft recipients who had an early AR epi-

sode (groups B and C) also may have had an AR episode

in the later time periods.

Statistical analysis

The dynamic time-varying covariate approach in a non-

proportional partial likelihood model was used to deter-

mine the association of AR and serum creatinine timing

on the risk of kidney graft loss. Results are reported as

the risk ratio (RR). A P-value of £0.05 was considered as

significant. Data are reported as mean ± SD. All statistical

analysis was performed using the sas system (SAS Insti-

tute, Inc., Cary, NC, USA).

Results

Baseline characteristics

The clinical characteristics of the patients documented at

baseline are shown in Table 1. The average age at time of

transplantation was 47.3 ± 2.3 years. About 53.4% were

male patients. During a follow up of 3.8 ± 1.7 years

(range: 0.3–7), 284 patients (38.9%) did not encounter

AR, whereas in 217 patients (29.7%) an AR episode

occurred within the first 30 days after transplantation

(group B), in 153 patients (20.9%) between 1 month and

the first post-transplant year (group C), and in 76

patients (10.4%) after the first post-transplant year

(group D) (Table 2).

Time of first acute rejection episode and risk for kidney

graft loss

Using group A (no rejection) as reference, RR for graft

loss after an AR episode was strongly time-dependent and

increased, the later an AR occurred (RR ¼ 2.7, 5.7, and

17.6 in groups B, C, and D, respectively; P < 0.001)

(Table 3). In addition, risk for graft loss was the highest

immediately after AR and decreased, the later the AR epi-

sode occurred: in group B (AR <30 days: RR ¼ 3.1; AR

31–365 days: RR ¼ 2.8; AR >365 days: RR ¼ 2.0), in

group C (AR <30 days: RR ¼ 9.1; AR 31–365 days:

Table 1. Baseline characteristics of first cadaveric kidney transplants

(n ¼ 730).

Characteristic

Mean ± SD or n

(% per category)

Recipient factors

Age at transplantation (year) 47.3 ± 2.3

Male 438 (60.0)

Race

White 621 (85.0)

Black 58 (7.9)

Other 51 (7.0)

Hemodialysis before transplantation 663 (90.8)

Donor factors

Age (year) 37.3 ± 0.4

Male 465 (60.0)

Transplant factors

Mean number of mismatches

Human leukocyte antigen (HLA)-A 1.1 ± 0.8

HLA-B 1.1 ± 0.8

HLA-DR 0.8 ± 0.7

Delayed graft function 161 (22.0)

Discharge serum creatinine 1.75 ± 0.02

Table 2. Definition and size of study groups in respect to acute rejec-

tion (AR).

Study group Time of first AR (days) Number of patients (%)

A – 284 (38.9)

B 0–30 217 (29.7)

C 31–365 153 (20.9)

D >365 76 (10.4)
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RR ¼ 3.5; AR >365 days: RR ¼ 2.6), and in group D

(AR <30 days: RR ¼ 49.3; AR 31–365 days: RR ¼ 3.3;

AR >365 days: RR ¼ 2.7) (Table 3). While an AR during

the first 30 days after transplantation showed an almost

equal RR for graft loss (RR ¼ 3.1, 2.8, and 2.0, respect-

ively; overall RR ¼ 2.7), an AR after the first year of

transplantation showed a significantly increased risk for

graft loss (RR ¼ 49.3, 3.3, and 2.7, respectively; overall

RR ¼ 17.6; P < 0.001; Table 3).

Effect of graft function assessed by serum creatinine

on late AR episode and risk for kidney graft loss

To evaluate how graft function accounted for the time-

dependent impact of AR on graft loss, this risk was

estimated by treating AR and serum creatinine as time-

varying covariates in a nonproportional partial likelihood

model. Adjusting RR for graft loss by including serum

creatinine, the time dependency for late AR immediately

within the first 30 days after an AR was reduced (AR

<30 days: RR ¼ 2.4; AR 31–365 days: RR ¼ 7.1; AR

>365 days: RR ¼ 21.8), but still significant (P ¼ 0.023)

(Table 4).

Discussion

Several studies have shown that both the occurrence of

an AR episode and the number of such episodes strongly

predict chronic rejection and long-term allograft failure

[6–8]. Although it has been demonstrated that kidney

graft function within the first year of transplantation is a

useful prognostic tool for graft survival [2,20], it has

never been investigated whether the association between a

late AR and the increased risk for kidney graft loss is to

be explained by impaired renal function assessed by an

increase in serum creatinine.

In this retrospective study, we demonstrated that the

risk for graft loss after an AR episode is strongly time-

dependent and increased, the later an initial rejection epi-

sode occurred. These findings are consistent with those of

other authors who have shown that late AR episodes are

more harmful to long-term kidney graft survival than

early rejection episodes [6–8,13–16,18]. We also demon-

strated an increasingly detrimental impact of AR on

short-, intermediate-, and long-term allograft survival.

Considering these findings, we demonstrated that an ini-

tial AR episode after the first year of transplantation is at

the highest risk immediately after the rejection (RR ¼
49.3) compared with 1 year after rejection, when the AR

occurred during the first 30 days of transplantation

(RR ¼ 2.0). This pattern was present in all groups (B, C,

and D) (Table 3), and demonstrated the complex interac-

tions of immune and nonimmune events triggering an

AR episode. Multiple nonimmune events, for example,

may precipitate AR episodes.

Factors such as compliance with immunosuppressive

and monitoring protocols, changes in the absorption or

metabolism of immunosuppressant, or drug interactions

may be also be involved in a significant fraction of recipi-

ents. These factors may help to explain the differences in

timing and effect of AR episodes in our study. Early rejec-

tions, such as in group B, are more likely to be primarily

immune-mediated, because patients undergo a supervised

immunosuppressive protocol before discharge and, thus,

are compelled to be compliant. Differences in absorption

or metabolism may also contribute to these early rejection

episodes. Later rejection episodes, on the other hand, may

have a significant behavioral component. Noncompliance

was shown to be a significant factor in transplant rejec-

tion, and is estimated to account for 11–23% of allograft

losses [14,21]. Studies by Matas et al. and Didlake et al.

showed that noncompliance is not only an important fac-

tor for rejection episodes and allograft loss, but also that

it is also an important factor for late rejection episodes

accounting for 24–50% of the allograft losses [14,21].

Thus, many of the later AR in our study may result from

less than ideal immunosuppression due to patient non-

compliance. We could not determine to which extent

noncompliance was a factor in late AR.

Not all late rejection episodes are caused by noncom-

pliance, changes in absorption, metabolism, or drug

interactions. Several studies have suggested that primary

immune factors account for 50–60% of allograft losses

after the first year [14,15]. To some extent, impaired

graft function may be an important factor triggering a

late event of AR. Although several studies have

Table 3. Risk ratios (RR) for kidney graft loss after a first acute rejec-

tion (AR) episode.

Days since AR

Groups (days)

B (0–30) C (31–365) D (>365)

Overall 2.7 5.7 17.6

0–30 3.1 9.1 49.3

31–365 2.8 3.5 3.3

>365 2.0 2.6 2.7

Table 4. Risk ratios (RR) for kidney graft loss after a first acute rejec-

tion (AR) episode adjusted by including serum creatinine.

Days since AR

Groups (days)

B (0–30) C (31–365) D (>365)

0–30 2.4 7.1 21.8
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addressed factors which may be involved in the occur-

rence of a late AR [16,22–24], none of them examined

whether late rejections appear to be more severe simply

because they are occurring in patients with a greater

degree of renal impairment. Given the fact that organ

shortage for transplantation is increasing, the optimiza-

tion of long-term allograft survival is becoming more

and more important. Renal function within the first

year of transplantation has been reported to be an

important factor of graft survival [25,26]. Therefore,

some effort has been made to develop easy and reliable

tools to predict graft survival using serum creatinine

levels in the past [2,20]. To evaluate how late AR epi-

sodes and the risk for kidney graft loss are correlated

with impaired graft function, we recalculated the risk

of graft loss by treating AR and serum creatinine as

time-varying covariates in a nonproportional partial

likelihood model. Our results showed that the higher

risk of graft loss after late AR cannot be fully explained

by impaired graft function represented by increased

serum creatinine. On the contrary, whether an increase

of serum creatinine levels reflects the ongoing rejection

episode or could at least in part account for it, is still

unknown.

A major weakness of this investigation and of most

other studies [6,7,18] is the inability to include the time-

point at which the last AR episode occurred into the sta-

tistical calculations. Therefore, transplant recipients with a

late AR episode who already had a rejection episode

within the first year of transplantation appeared to be in

the group of ‘low’-risk for graft loss, although they had a

more detrimental later rejection impact. This inability is

caused by the design of most of the currently used trans-

plant-specific databases.

In conclusion, late occurrence of an initial AR episode

is associated with a higher risk of graft loss after kidney

transplantation. This interrelation is cannot be fully

explained by impaired graft function assessed by measure-

ment of serum creatinine.
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