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rediction of Inpatient Survival and Graft Loss in Rehospitalized
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nd S.H. Saadat

ABSTRACT

Introduction. Despite a sizeable amount of research conducted hitherto into predictors
of renal transplantation outcomes, there are scarce, data on predictors of in-hospital
outcomes of post–kidney transplant rehospitalization. This study sought to provide a
user-friendly prediction model for inpatient mortality and graft loss among rehospitalized
kidney recipients.
Method. This retrospective review of 424 consecutive kidney recipients rehospitalized
after kidney transplantation between the years 2000 and 2005 used multiple logistic
regression analysis to evaluate predictors of hospitalization outcomes.
Results. Multivariate analysis showed that age at admission, diabetes mellitus as the
cause of end-stage renal disease (ESRD), admission due to cerebrovascular accident
(CVA), surgical complications were predictors of in-hospital death; age at transplantation,
surgical complications, and rejection were predictors of graft loss. Equation for prediction
of in-hospital death was Logit(death) �0.304 � age at transplantation (year) � 0.284 � age
at admission (year) � 1.621 � admission for surgical complication � 4.001 � admission for
CVA-ischemic heart disease � 2.312 � diabetes as cause of ESRD. Equation for prediction
of in-hospital death was Logit(graft loss) � 0.041 � age at transplantation (year) � 1.184
� admission for graft rejection � 1.798 � admission for surgical complication.
Conclusions. Our prediction equations, using simple demographic and clinical variables,
estimated the probability of inpatient mortality and graft loss among re-hospitalized kidney

recipients.
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IDNEY TRANSPLANTATION, albeit a treatment of
choice for chronic renal failure with a high percent-

ge of patient survival and long-term graft survival, can
esult in serious posttransplant complications.1 Long-term
edical complications of renal transplantation are of great

ignificance2 in that they are responsible for the rehospital-
zation of more than half of the renal recipients during the
rst posttransplant year3 and even multiple readmissions in
ome cases.4

Despite its widespread use to identify predictors of
npatient outcomes in different diseases,5 multiple regres-
ion models have rarely been employed to predict outcomes
f posttransplant rehospitalizations of renal recipients. The
ajority of researchers have tended to focus on prediction

ndices of mortality and graft loss among the total popula-
ion of kidney recipients.6,7 By trying to determine the rates

f inpatient graft loss and patient survival after rehospital- g
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zation, the present study sought to provide a user-friendly
rediction model for inpatient mortality and graft loss.

ETHODS

e conducted a retrospective study of 424 consecutive kidney
ecipients rehospitalized between 2000 and 2005. Between 1992
nd August 2006, a total of 2269 renal transplantations were
erformed in our hospital. Rehospitalization was defined as a
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ospital admission for any reason after discharge from the initial
ransplant hospitalization. Patient age, sex, etiology of end-stage
enal disease (ESRD), length of hospital stay, and transplantation
dmission interval (ie, the time interval between initial transplan-
ation and rehospitalization) were extracted from patient hospital
ecords. In-hospital graft and patient survivals were also registered.

Primary diagnoses recorded in the hospital discharge records
ere classified in broad categories of undetermined; cancer; cere-
rovascular accident (CVA); infection; rejection; surgical compli-
ations; drug complications; stone; and miscellaneous etiologies
uch as posttransplant diabetes mellitus, benign prostatic hyperpla-
ia, posttransplant hypertension, anemia, intestinal necrosis, tran-
ient thrombotic purpura, and cholestasis.

Data were analyzed using SPSS version 13. Stepwise multiple
ogistic regression analysis was performed to find prediction models
or graft loss and patient mortality. The significance level for
ariable entry and removal was .1. Independent variables in this
odel consisted of sex, age, marital status, age at transplantation,

evel of education, monthly income, and etiology of ESRD includ-
ng diabetes and other causes. Dependent variables were graft loss
nd patient mortality.

ESULTS

f the 424 kidney recipients rehospitalized after kidney
ransplantation, 297 (70%) subjects were man and 127
30%) were woman. Mean value � SD for patient age were
9.9 � 14.0 years and 40.0 � 13.8 years at transplantation
nd at admission, respectively. The sources of the kidney
raft were living related donors (25, 6%), cadavers (28,
.5%), and living unrelated donors (371, 87.5%). Age at
dmission and age at transplantation are presented in Table 1.

Rehospitalization was due to cancer (4, 0.9%), CVA (3,
.7%), infection (189, 44.6%), rejection (200, 47.2%), sur-
ical complications (26, 6.1%), stone (14, 3.3%), drug
omplications (19, 4.5%), miscellaneous (24, 5.7%), and
ndetermined diagnosis (24, 5.7%).

Table 2. The Causes of Rehospitalization, Death, and Graft
Loss After Kidney Transplantation

Cause Rehospitalized Death Graft Loss

ancer 4 (0.9%) — —
VA 3 (0.7%) — 1 (2.9%)

nfection 189 (44.6%) 5 (55.6%) 11 (31.4%)
ejection 200 (47.2%) 4 (44.4%) 27 (75%)
urgical complications 26 (6.1%) 2 (22.2%) 5 (13.9%)
tone 14 (3.3%) — —
rug complications 19 (4.5%) 1 (11.1%) —
iscellaneous 24 (5.7%) 1 (11.1%) 2 (5.6%)
ndetermined diagnosis 24 (5.7%) — 1

Table 1. Age at Admission, Age at Transplantation, and A

Patient

Death Survived

ge at admission 53.22 � 10.07 39.79 � 13.80
ge at transplantation 52.33 � 9.53 39.71 � 14.02
dmission duration 13.44 � 11.53 11.59 � 10.45
otal 424 9 36
There were nine deaths (2.1%); six patients had func-
ional kidneys and three patients had nonfunctional kidneys
t the time of death. There were also 36 cases of graft loss,
esulting in three deaths. The deaths were caused as due to
nfection (5, 55.6%), rejection (4, 44.4%), surgery compli-
ations (2, 22.2%), drug complications (1, 11.1%), or mis-
ellaneous (1, 11.1%) (Table 2). Death was correlated with
igher age at admission (53.22 � 10.07 vs 39.79 � 13.80
ears, P � .004) and transplantation (52.33 � 9.53 vs
9.71 � 14.02 years, P � .008) but not admission duration
13.44 � 11.53 vs 11.59 � 10.45 days, P � .720). Predictor
ariables of posttransplant death were age at admission
odds ratio [OR] � 1.32, 90% confidence interval [CI]: 1.04
o 1.69), diabetes mellitus as the cause of ESRD (OR �
0.09, 90%CI: 2.47 to 41.22), admission due to CVA (OR �
4.64, 90%CI: 4.91 to 607.16), and admission due to
urgical complications (OR � 5.05, 90%CI: 1.17 to 21.76)
Table 3). These predictors provided an equation for pre-
iction of in hospital death as following: Logit(death) �
0.304 � age at transplantation (year) � 0.284 � age at

dmission (year) � 1.621 � surgical complication � 4.001 �

VA-ischemic heart disease � 2.312 � diabetes as cause of
SRD.

Table 3. Correlates of in-Hospital Death and Graft Loss

Death Graft Loss

% P % P

ge
�60 8.1 .037 9.2 .178
�60 1.6 2.7

ex
Male 2 .827 8.8 .759
Female 2.4 7.9
ause of ESRD
Diabetes mellitus 8.2 .019 4.1 .132
Other 1.3 11.2

ength of stay
�14 d 3.3 .243 9.2 .638
�14 d 1.7 7.8
auses of admission
Cancer 0 0
CVA 0 33.3
Infection 2.6 5.8
Rejection 2 13.5
Surgical complications 7.7 19.2
Stone 0 0
Drug complications 5.3 0

sion Duration in Groups in Terms of Inpatient Outcomes

Graft

P Loss Survived P

.004 34.66 � 14.72 40.54 � 13.6 .026

.008 33.92 � 15.47 40.56 � 13.79 .017

.720 16.15 � 21.33 11.23 � 8.82
dmis
Miscellaneous 4.2 8.3



3
m
p
a
.
y
v
1
c
a
6
L
1

D

P
r
p
a
t
t

c
l
o
p
l
u
t
s
s

c
c
t

r
d
c
c
p
r
d
a

t
r
k
l
r
v

r
o
n

e
t
a
c
l
w
c
d

q
t
s
e
a
t

t
i
r
a
i

R

k
B

t

f
t
3

s
e

v
m

P
v

p
h

a
S

m
a
6

m
t
N

t
1

p

976 NEMATI, POURFARZIANI, JAFARI ET AL
Graft loss was caused by CVA (1, 3%), infection (11,
1%), rejection (27, 75%), surgical complications (5, 14%),
iscellaneous (2, 6%), and undetermined diagnosis (1

atient 3%) (Table 2). Graft loss was correlated with lower
ge at admission (34.66 � 14.72 vs 40.54 � 13.6 years, P �
026) and transplantation (33.92 � 15.47 vs 40.56 � 13.79
ears, P � .017) but not with admission duration. Predictor
ariables of graft loss were age at transplantation (OR �
.04, 90%CI: 1.03 to 1.05), admission due to surgical
omplications (OR � 6.04, 90%CI: 2.57 to 14.16), and
dmission due to rejection (OR � 3.26, 90%CI: 1.55 to
.85) (Table 3). This model provided following outcome:
ogit(graft loss) � 0.041 � age at transplantation (year) �
.184 � rejection � 1.798 � surgical complication.

ISCUSSION

roviding data regarding in-hospital mortality and graft loss
ates of 2% and 8.5%, respectively, the current study
resented predictors of age at admission, etiology of ESRD,
nd cause of admission as a user-friendly prediction index
o estimate inpatient outcome of kidney recipients at the
ime of hospitalization.

It is noteworthy that the predictive value of age8 and
ause of ESRD has already been noted in the existing
iterature on the subject.9,10 The reported mortality rates
f rehospitalized kidney recipients tends to vary in terms of
rimary admission causes; while they are low in cases of

ymphocele (0%),11 prostate center,12 nephrolithiasis,13

reteral stenosis,14 and localized prostate cancer,15 they
end to rise in cases such as cytomegalovirus,16,17 Kaposi’s
arcoma,18 and ARDS,19 reaching maximum levels for
ome types of fungal infections (100%).20

Whereas infection and rejection were the most common
auses for inpatient death in our study, infection and
ardiovascular disease have been reported elsewhere to be
he leading causes of posttransplant mortality.21–24.

In our study, graft loss was mainly the result of graft
ejection and infection. Other related studies have intro-
uced graft rejection and patient death8,25,26 or cardiovas-
ular disease, infections, and malignancy27 as the main
ulprits for graft loss. It has also been reported that if a
atient is readmitted due to etiologies other than graft
ejection, the finger of blame for graft loss can be pointed at
ecreased immunosuppression usually in the wake of an
ctive infection.28

Data on post–kidney transplant rehospitalizations tended
o be convoluted for variety of reasons. First, not all
ehospitalizations were necessarily the result of a post–
idney transplant complication. Second, some patients were
ikely to be repeatedly rehospitalized for a whole host of
easons. And third, patients recruited into studies showed
ariable lengths of follow-up.29

The primary diagnosis was undetermined in 5.7% of all
ehospitalizations in our study, which is a problem that
ther authors have previously encountered.30 It is also

oteworthy that we opted for “primary diagnosis” at the

n
A

xpense of “cause of death” in our study not just because
he specific cause of death was elusive in most cases,30,31 but
lso because our regression model required variables that
ould be easily measured at the time of transplantation. The
ast point needing clarification is that although living donors
ere the providers of almost all the kidneys in our series, we
ompared our results with those studies using cadaveric
onations.10

In-hospital mortality, generally considered as a main
uality indicator of a health care system,32 can be reduced
hrough the patient’s judicious reaction to the onset of
ymptoms, timely diagnosis, effective diagnostic methods,
fficient nursing, application of efficacious in-hospital ther-
pies, and active involvement of health care organiza-
ions,33 all of which require sufficient funding.34

In conclusion, we recommend our user-friendly predic-
ion model be validated before it be used to predict
npatient outcomes of kidney recipients at the time of
eadmission. Prevention and proper treatment of infections
nd graft rejection, the main culprits for graft loss or death
n kidney recipients, should be of utmost importance.
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