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Introduction. We assessed the costs of hospital admissions
and length of hospital stay in kidney allograft recipients
admitted to our center, in order to rank hospitalization causes
in terms of costly and prolonged admissions, to bring to light
the respective correlates of costly and prolonged admissions,
and to investigate the relationship between costs and length of
rehospitalizations.

Materials and Methods. In a retrospective study at Baqyiatallah
Hospital, in Tehran, records of 358 posttransplant hospitalizations
were reviewed for the costs and duration of hospital stay. The
causes of rehospitalizations, relative frequency of prolonged stays
in costly rehospitalizations, and also relative frequency of costly
admissions in short and prolonged stays were evaluated.
Results. Among rehospitalizations, 83.3% of those due to
cerebrovascular accident were costly and 51% of those with graft
rejection resulted in prolonged hospital stays. Costly admissions
had a high regularity in cases of patients older than 60 years, end-
stage renal disease due to diabetes mellitus, graft loss, intensive
care unit admission, and hospitalizations accompanied by in death.
Prolonged stays were more common in those who were admitted
to intensive care unit and those who ultimately died. The Costs
showed a significant correlation with the length of rehospitalization
(r=0.626, P = .001).

Conclusions. The strong correlation between the length of
hospitalization and posttransplant hospitalization costs means
that the former should be curtailed by focusing on such correlates
of high-cost admissions as high age and diabetes mellitus as the
cause of kidney failure.
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Kidney transplantation, albeit the most cost-
effective treatment modality for patients with end-
stage renal disease (ESRD), is a costly procedure,
especially when rehospitalization comes into play.!
A good understanding of the relationship between
the length of hospitalization, cost of hospitalization,
clinical outcome, and their correlates can pave the

way for efforts to not only trim down the overall
costs of kidney transplantation,” but also streamline
resource allocations even in some other diseases.?
The correlation between the length and costs of
hospitalization is considered as an axiom by many
in the medical community and as a topic of research
by numerous investigators.* Nevertheless, there are
those who believe that the length of hospitalization
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has a minimal impact on its costs in some instances,
eg, the costly procedures of certain short hospital
stays preclude a focus on the length of stay for
cost minimization studies, laparoscopic surgery
being a case in point.>”

Previous research into the correlation between
cost and length of posttransplant hospitalizations
prompted us to secure funding for a large project
in our transplantation center; the cost-analysis
studies conducted to date on kidney transplantation
have drawn upon data analysis as a tool for cost
minimization and pointed the finger of blame on
the total cost of transplantation itself, correlates
of high costs, and prolonged hospital stays.®°
We sought to investigate admission causes of
rehospitalization of kidney transplant recipients,
uncover correlates of costly and prolonged
admissions, and probe into the link between costs
and length of rehospitalizations.

This retrospective study was conducted on 358
consecutive rehospitalizations of kidney recipients
between 2000 and 2005 at Baqgiyatallah Hospital,
in Tehran, Iran. The admitted kidnet transplant
recipients were among transplanted patients at
the same hospital, the first of whom had received
a kidney allograft in 1992. Rehospitalization
was defined as hospital admission occurring
for any reason after discharge from the initial
hospitalization for transplantation. Hospitalization
costs were considered as the total costs that a
patient would be charged for rehospitalization,
consisting of accommodation, medications,
surgical procedures, laboratory tests, and imaging
studies, as well as other miscellaneous medical
costs, but not indirect ones such as those related
to productivity loss due to days off work. Since
the costs of rehospitalizations were recorded in
different years, it was necessary to adjust them for
the inflation rates, so that comparing costs across
different years would make sense. Considering
2006 as our adjustment reference year, the costs
filed from 2000 to 2005 were inflated to those of
the year 2006, assuming an annual inflation rate
of 10%.!" Rehospitalizations of more than 9 days
(mean hospital stay in our study) were defined
as being “prolonged,” and those with costs more
than 3 879 733 Iranian Rials (US $ 431; mean costs
of rehospitalization in our study) were classified
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as being “costly.”

The patients” demographic data, transplant-
related data (cause of ESRD and donor source),
and rehospitalization data (admission cause,
transplantation-to-admission interval, and patient
and graft outcome) were extracted from the hospital
records. The admission causes were classified
into the following broad categories: malignancy,
cerebrovascular accident, infection, graft rejection,
urinary calculus, surgical complications, drug
complications, and miscellaneous. A categorization
of the admissions as “prolonged and costly,” “short
but costly,” “prolonged but not costly,” and “short
and not costly” made it possible to report these
frequencies for each admission cause without
resorting to statistical comparisons. In addition, the
term “hospitalization length-cost compatible” was
considered to encompass either “prolonged and
costly” and “short and not costly” rehospitalizations.
Similarly, the phrase “hospitalization length-cost
incompatible” covered “short but costly” and
“prolonged but not costly” rehospitalizations.

Data analysis was performed using the SPSS
software (Statistical Package for the Social Sciences,
version 13.0, SPSS Inc, Chicago, 111, USA). The chi-
square test was employed to make comparisons
both between the costly and noncostly admissions
and between the prolonged and short hospital
stays. The Pearson correlation coefficient test was
used to find the correlation between the length and
costs of rehospitalizations. A P value less than .05
was considered significant.

Patients and Rehospitalizations

Table 1 outlines characteristics of the patients
and information on rehospitalizations. Of 358
rehospitalized kidney transplant recipients, 327
patients (91.3%) were younger than 60 years
old, and the remaining 31 (8.6%) were 60 years
or older. Diabetes mellitus was responsible for
ESRD in 73 (20.4%). Of the patients, 310 (86.6%)
were discharged with a functioning graft and 48
(13.4%) lost their graft. Eighteen hospitalizations
(5.0%) led to death.

Based on the mean rehospitalization costs, 119
rehospitalizations (33.2%) were “costly” (higher
than the mean costs). Costly admissions were more
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Table 1. Characteristics of Patients and Rehospitalizations

Characteristics Value

Number of patients 358
Sex

Male 243 (68)

Female 115 (32)
Mean age, y 39.5+31.8
Donor source

Living unrelated 344 (95.5)

Living related 8 (2.5)

Cadaver 6 (2)
Transplant-rehospitalization interval, mo

<6 180 (50)

6 to 24 80 (22)

> 24 98 (28)
Cause of admission

Infection 168 (39.8)

Graft rejection 152 (36)

Surgical complications 23 (5.4)

Drug side effects 17 (4)

Urinary calculus 14 (3.3)

Cerebrovascular accident 12 (2.8)

Cancer 10 (2.3)

Miscellaneous 26 (6.1)
Intensive care unit admission 18 (5)

frequent in patients older than 60 years (P = .003)
and those with ESRD due to diabetes mellitus
(P =.02). In addition, rehospitalization of patients
with graft loss at the time of discharge (P = .05),
those admitted to intensive care unit (P = .001),
and those who died during hospital stay (P = .005)
were costly.

A total of 146 rehospitalizations (40.8%) were
longer than the mean length of hospital stays,
namely “prolonged.” Prolonged rehospitalizations
showed a significant correlation only with
admissions to intensive care unit (P < .001) and
death during hospital stay (P = .001).

Eighty-six rehospitalizations (24.0%) were
prolonged and costly, 33 (9.2%) were short but
costly, 60 (16.8%) were prolonged but not costly,
and 179 (50.0%) were short and not costly. Overall,
265 rehospitalizations (74.0%) were “hospitalization
length-cost compatible” and 93 (26.0%) were
“hospitalization length-cost incompatible.” The
costs showed a significant direct correlation with
the length of hospital stay (r = 0.626, P = .001).

Costly rehospitalizations were mostly due to
cerebrovascular accident (83.3%), cancer (60.0%),
and surgical complications (43.5%). Prologned
rehospitalizations were seen in 51.3% of those
due to graft rejection and 50.0% of those due
to infection. Cancer ranked first in the group of
prolonged and costly rehospitalizations, with
40.0% of hospitalizations due to cancer falling into
this group, followed by cerebrovascular accident
(33.3%). Hospitalizations due to infection, graft
rejection, and miscellaneous causes were mostly
short and not costly (Table 2).

Transplant centers are increasingly under
pressure to identify the major determinants of costs
and the ways and means of controlling them."> As
a result, increasing efforts should be directed at
controlling costs and resource utilization associated
with kidney transplantation.' Some studies reported
that in the case of kidney transplantation, the costs of
rehospitalization and its duration sometimes equal
or surpass transplantation surgery itself.®'

Our retrospective study on the causes of
hospitalizations after kidney transplant revealed
that 83% of admissions due to cerebrovascular
accident were costly and 51% of admissions due
to graft rejection were prolonged. A review of
the related literature illustrates a tie between
the duration of hospital stay and the cause of
admission; for instance, 4 days for nephrolithiasis
or poisonings, 5 days for hip arthroplasty, 8 days
for bacterial pneumonia and pulmonary embolism,
10 days for cytomegalovirus disease, and 11 days
for fungal infections.®'>2

In our study, age and ESRD due to diabetes
mellitus were the correlates of costly admissions.
The impact of age on the cause of admission is
further underscored by research stating that more
than half of the patients requiring renal replacement
therapy are over 60 years of age,” and that as
a global trend, kidney transplant recipients are
growing older.?

Almost three quarters of all the posttransplant
admissions in our study were “hospitalization
length-cost compatible.” The fact that there was
a strong correlation between the length and costs
of rehospitalization in our investigation chimes
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Table 2. Frequency of Prolonged and Costly Rehospitalization in Kidney Allograft Recipients*

Prolonged and Costly Short but Costly Prolonged but not Costly Short and not Costly

Parameters (n = 86) (n = 33) (n = 60) (n=179)

Cause of admission

Cancer (n = 10) 4 (40.0) 2 (20.0) 0 4 (40.0)

CVA (n=12) 4 (33.3) 6 (50.0) 0 2(16.7)

Infection (n = 168) 53 (31.5) 10 (5.9) 31 (18.5) 74 (44.1)

Graft rejection (n = 152) 48 (31.6) 13 (8.5) 30 (19.7) 61 (40.1)

Surgical complication (n = 23) 7 (30.4) 3(13.0) 4(17.4) 9 (39.1)

Urinary calculus (n = 14) 2 (14.3) 4 (28.6) 2 (14.3) 6 (42.9)

Drug complication (n = 17) 3(17.6) 1(5.9) 3(17.6) 10 (58.8)

Miscellaneous (n = 26) 2(7.7) 4(15.4) 2(7.7) 18 (69.2)
Time after transplantation, mo

<6 (n=180) 54 (30.0) 12 (6.7) 34 (18.9) 80 (44.4)

6 to 24 (n = 80) 18 (22.5) 11 (13.8) 15 (18.8) 36 (45.0)

> 24 (n = 98) 14 (14.3) 10 (10.2) 11 (11.2) 63 (64.3)
Age at transplantation

<60 (n =327) 75 (22.9) 28 (8.6) 54 (16.5) 170 (52.0)

=260 (n=31) 11 (35.5) 5(16.1) 6(19.3) 9 (29.0)
Cause of ESRD

Diabetes mellitus (n = 73) 27 (37) 10 (14) 10 (14) 26 (35)

Others (n = 285) 59 (28) 23 (3) 50 (15) 153 (54)
Graft status at discharge

Lost (n = 48) 22 (48) 7 (10) 6 (8) 11 (34)

Functioning (n = 310) 64 (32) 26 (11) 54 (28) 168 (29)
Patient status at discharge

Death (n = 18) 8 (45) 4(22) 0 6 (33)

Alive (n = 340) 78 (26) 29 (7) 60 (20) 173 (47)
ICU admission

Yes (n = 18) 10 (55) 5 (30) 0 3 (25)

No (n = 340) 76 (24) 28 (8) 60 (18) 176 (50)

*CVA indicates cerebrovascular accident; ESRD, end-stage renal disease; and ICU, intensive care unit.

in with previous reports introducing the length
of hospitalization as the major contributor to
the costs of posttransplant care.” As previously
stated, despite some investigators’ inclination to
disagree,”® there seems to be a consensus that the
length of rehospitalization is the main determinant
of the costs.? The conclusion that follows from this
assumption is that shortening the length of hospital
stay in kidney transplant patients can bring about
a reduction in costs.*

Our findings are strong indications of the fact
that prevention of rehospitalization should be given
pride of place on any agenda set to lower costs. We
found infection and graft rejection to be the main
culprits for rehospitalization of kidney transplant
recipients; therefore, a closer follow-up of patients
with a higher age and diabetes mellitus (the main
risk factors of infection),” and keeping a watchful
eye on some viral diseases and any nonadherence
to immunosuppression therapies (the major risk
factors of graft rejection),?® could be effective
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preventive measures. Involving the physicians in
cost-reduction programs by trainings in hospital
charges and providing practice guidelines and
feedback to them can also be beneficial.?”*
Finding the right time for hospital discharge and
implementation of appropriate early discharge
programs, while maintaining the quality of patient
outcomes, are some other practical solutions.?**
These approaches may also result in a reduction
in nosocomial infections, as well. Home-based
rehabilitation and patients” education, community-
based multidisciplinary programs focused on the
improvement of outpatient care, and using the
benefits of new approaches for treatment (such as
laparoscopic surgeries) may also be useful 3

The results of the present study demonstrated
that age above 60 years, diabetes mellitus as the
cause of ESRD, admission to intensive care unit,
and graft loss or death during admission correlated
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with costly admissions. On the other hand,
admission to intensive care unit and death were
the correlates of prolonged stays. Our findings, in
line with previous research on diabetics and the
elderly, put more emphasis on the importance of
proper preventive measures. In kidney allograft
recipients, the strong correlation between the length
of rehospitalization and costs of rehospitalization
suggests that efforts should be made in order to
shorten their hospital stay.

This study was fully supported and funded by
the Nephrology and Urology Research Center of
Baqyiatallah University of Medical Sciences.

None declared.

1. Tierce JC, Porterfield-Baxa J, Petrilla AA, Kilburg A,
Ferguson RM. Impact of mycophenolate mofetil (MMF)-
related gastrointestinal complications and MMF dose
alterations on transplant outcomes and healthcare costs in
renal transplant recipients. Clin Transplant. 2005;19:779-84.

2. Gorman KJ, Fein AJ, Shield CF, 3rd. Relationship between
clinical outcome, inpatient length of stay, and cost of renal
transplantation at four US transplant centers. Transplant
Proc. 1993;25:1690-1.

3. Polverejan E, Gardiner JC, Bradley CJ, Holmes-Rovner
M, Rovner D. Estimating mean hospital cost as a function
of length of stay and patient characteristics. Health Econ.
2003;12:935-47.

4. Lave JR, Leinhardt S. The cost and length of a hospital
stay. Inquiry. 1976;13:327-43.

5. Taheri PA, Butz DA, Greenfield LJ. Length of stay has
minimal impact on the cost of hospital admission. J Am
Coll Surg. 2000;191:123-30.

6. Stern SH, Singer LB, Weissman SE. Analysis of hospital
cost in total knee arthroplasty. Does length of stay matter?
Clin Orthop Relat Res. 199536-44.

7. Lotan, Gettman MT, Roehrborn CG, Pearle MS,
Cadeddu JA. Cost comparison for laparoscopic
nephrectomy and open nephrectomy: analysis of
individual parameters. Urology. 2002;59:821-5.

8. Henderson R, Carlin D, Kohlhase K, Leader S. Multicenter
US study of hospital resource utilization associated with
cytomegalovirus-related readmission of renal and heart
transplant patients. Transpl Infect Dis. 2001;3 Suppl
2:57-9.

9. Ghoddousi K, Ramezani MK, Assari S, et al. Primary
kidney disease and post-renal transplantation
hospitalization costs. Transplant Proc. 2007;39:962-5.

10. Naderi M, Aslani J, Hashemi M, Assari S, Amini M,
Pourfarziani V. Prolonged rehospitalizations following

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

renal transplantation: causes, risk factors, and outcomes.
Transplant Proc. 2007;39:978-80.

[No author listed]. Dispute over inflation rate. Iran Daily.
2006;6-7: Tuesday Oct 31. Available from: http://www.iran-
daily.com/1385/2695/html/focus.htm

Johnson CP, Kuhn EM, Hariharan S, Hartz AJ, Roza AM,
Adams MB. Pre-transplant identification of risk factors
that adversely affect length of stay and charges for renal
transplantation. Clin Transplant. 1999;13:168-75.

Evans RW, Kitzmann DJ. An economic analysis of kidney
transplantation. Surg Clin North Am. 1998;78:149-74.

Hagenmeyer EG, Haussler B, Hempel E, et al. Resource
use and treatment costs after kidney transplantation:
impact of demographic factors, comorbidities, and
complications. Transplantation. 2004;77:1545-50.

Abbott KC, Hypolite |, Poropatich RK, et al.
Hospitalizations for fungal infections after renal
transplantation in the United States. Transpl Infect Dis.
2001;3:203-11.

Abbott KC, Schenkman N, Swanson SJ, Agodoa LY.
Hospitalized nephrolithiasis after renal transplantation in
the United States. Am J Transplant. 2003;3:465-70.

Abbott KC, Viola RA, Agodoa LY. Hospitalized poisonings
after renal transplantation in the United States. BMC
Nephrol. 2002;3:10.

Bucci JR, Oglesby RJ, Agodoa LY, Abbott KC.
Hospitalizations for total hip arthroplasty after renal
transplantation in the United States. Am J Transplant.
2002;2:999-1004.

Tveit DJ, Hypolite |10, Poropatich RK, et al.
Hospitalizations for bacterial pneumonia after renal
transplantation in the United States. J Nephrol.
2002;15:255-62.

Tveit DP, Hypolite |, Bucci J, et al. Risk factors for
hospitalizations resulting from pulmonary embolism after
renal transplantation in the United States. J Nephrol.
2001;14:361-8.

Cecka JM, Terasaki PI. The UNOS Scientific Renal
Transplant Registry. Clin Transpl. 19931-18.

Pedroso S, Martins L, Fonseca |, et al. Renal
transplantation in patients over 60 years of age: a single-
center experience. Transplant Proc. 2006;38:1885-9.

Oostenbrink JB, Kok ET, Verheul RM. A comparative
study of resource use and costs of renal, liver and heart
transplantation. Transpl Int. 2005;18:437-43.

Lin SJ, Koford JK, Baird BC, et al. The association
between length of post-kidney transplant hospitalization
and long-term graft and recipient survival. Clin Transplant.
2006;20:245-52.

Gavalda J, Pahissa A. [Risk factors and chronology of
infection in solid organ transplantation]. Enferm Infecc
Microbiol Clin. 1997;15 Suppl 2:3-11. Spanish.

Seron D, Fulladosa X, Moreso F. Risk factors associated
with the deterioration of renal function after kidney
transplantation. Kidney Int Suppl. 2005S113-7.

Johnson CC, Martin M, Epstein SM, Lee JD. The effect of
a physician education program on hospital length of stay
and total patient charges. J S C Med Assoc. 1993;89:293-
301.

107



Hospitalizations of Kidney Transplant Patients—Pourfarziani et al

28.

29.

30.

31

32.

108

Boronow JJ. Economic grand rounds: Physician or
payer: who determines length of stay? Psychiatr Serv.
2001;52:1299-300, 305.

Uchiyama K, Takifuji K, Tani M, Onishi H, Yamaue H.
Effectiveness of the clinical pathway to decrease length
of stay and cost for laparoscopic surgery. Surg Endosc.
2002;16:1594-7.

Farren EA. Effects of early discharge planning on length
of hospital stay. Nurs Econ. 1991;9:25-30, 63.

. Siggeirsdottir K, Olafsson O, Jonsson H, lwarsson S,

Gudnason V, Jonsson BY. Short hospital stay augmented
with education and home-based rehabilitation improves
function and quality of life after hip replacement:
randomized study of 50 patients with 6 months of follow-
up. Acta Orthop. 2005;76:555-62.

Khan S, Khan A, Feyz M. Decreased Length of stay, cost
savings and descriptive findings of enhanced patient
care resulting from and integrated traumatic brain injury
programme. Brain Inj. 2002;16:537-54.

33. Stephen AE, Berger DL. Shortened length of stay
and hospital cost reduction with implementation of an
accelerated clinical care pathway after elective colon
resection. Surgery. 2003;133:277-82.

Correspondence to:

Vahid Pourfarziani, MD

Nephrology and Urology Research Center, Baqyiatallah
University of Medical Sciences, Vanak Sq, Mollasadra Ave,
Tehran 1435915371, Iran

Tel: +98 21 8126 4150

Fax: +98 21 8803 7561

E-mail: cru_common@yahoo.com

Received July 2008
Revised September 2008
Accepted October 2008

Fillers are materials, including text and image, to be published in the blank
spaces of the journal. The subject is can be any thing attractive for the readers
of this journal, but those related directly or indirectly to medicine are preferred.
Quotations, interesting pictures, experiences in daily practice, historical notes, and
notice on events are some examples. Please contact the editorial office via e-mail

(info@ijkd.org) to send fillers.



