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ABSTRACT. At present a large number of the renal transplantations are being performed from
the deceased donors. The success of these transplantations depends on the viability of the
deceased donor kidneys. The aim of this study was to investigate the reliability of scintigraphic
estimation of function of deceased donor kidneys by comparing the histopathologic and
scintigraphic findings. Ten rats were included in the study (2–3 months old, 250–300 g, all male).
Control scintigraphy was performed to all the rats by injection of 37 MBq Tc-99m DTPA from
the tail vein in a dynamic manner. Brain death of the rats was achieved by inflation of a Fogartys
catheter in the cranial cavity. Immediately, after brain death confirmation, dynamic renal
scintigraphy was performed with the same parameters of control scintigraphy. In the comparison
of scintigraphies obtained in the before and just after brain death period, there was impairment of
tubular functions, concentration and excretion functions in the postbrain death period. In the
immediate postbrain death period, there was a significant elevation in the glomerular filtration
rate and time to maximum concentration values. In the histopathological evaluation of the kidney
samples in the postbrain death period, there were definitive findings of tubular impairment.
Dynamic renal scintigraphy also demonstrated definite impairment of tubular system and tubular
functions in the deceased donor kidneys. This could explain the reason of the increased frequency
of acute tubular necrosis seen among deceased donor kidneys.
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Introduction

A large number of recent renal transplan-
tations are performed from the deceased donor
kidneys. The vascular and structural status of
the kidney is the most important determinant
of the prognosis of the transplantation. Estima-
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tion of renal function of deceased donor is
mostly limited to the evaluation of plasma urea
and creatinine in routine practice. However,
preoperative detection of functional status of
the deceased donor kidneys is possible by
means of scintigraphic methods.
During the brain death, a series of events

occurs in tissues all over the body. These
changes include increase in expression of
adhesion molecules, leukocyte infiltration, and
serum cytokine levels.1 Inevitably these tissue-
based changes possibly can lead to malfunc-
tion of graft tissues. Especially, the catas-
trophic effects occurring in the vascular
system of the graft cause loss of function of
graft tissue.2 Reports on the investigations
related to this dynamic process are very
limited in the literature. We previously repor-
ted the consequences of brain death in the
brain tissue in a rat model with comparison of
scintigraphic findings. The aim of this recent
study was to investigate the effects of brain
death in the kidney tissue and demonstrate if
dynamic renal scintigraphy can express these
findings in comparison to the histopathologic
results.

Subjects and Methods

Subjects
All animal protocols were approved by the

Institutional Animal Care and Use Ethics
Committee. The study was conducted accor-
ding to the National Institutes of Health Guide
for the Care, and Use of Laboratory Animals
and Helsinki Declaration revised in 2008. Ten
Sprague-Dawley male rats (2–3-month-old,
approximately 250–300 g) were included in
the study. All the studied animals were killed
after the study.

Anesthesia
Sedation was performed by intramuscular

administration of 35 mg/kg ketamine and 10
mg xylazine before all the imaging and
surgical procedures were performed.

Scintigraphy
Dynamic renal imaging was performed before

and after brain death. Control scintigraphy was
performed on all the rats by injection of 37
MBq (1 mCi) Tc-99m DTPA to the tail vein.
Immediately, after brain death confirmation,
dynamic renal scintigraphy was performed with
the same parameters of control scintigraphy.

The imaging was performed by a single-
photon emission computed tomography gamma
camera (General Electric, Infinia 2, Israel)
equipped with low-energy high-resolution
collimator in 64 × 64 matrix in dynamic manner
(1 s/frame for first 60 s and 30 s/frame for
other 18 frame totally 10 min) after IV bolus
administration of 1 mCi Tc-99m DTPA through
a venous line in the tail with a consecutive
saline flush. Interpretation of the scintigraphy
images was performed by an experienced
nuclear medicine physician. In addition, images
were analyzed by renal analysis program in
Xeleris workstation. The age, height, and weight
information were recorded. Renal and back-
ground region of interests were generated from
the kidney (including pelvic region) and infra-
renal background regions. The camera-based
glomerular filtration rate (GFR) and time to
maximum concentration (Tmax) values and
renogram curves were obtained and evaluated.

Plasma urea and creatinine levels
Venous blood samples were obtained in

before and after brain death, and urea and
creatinine levels were measured by Olympus
AU 600 analyzer.

Brain death
Brain death was produced by the localization

of a balloon catheter (4-F Fogarty catheter)
into the intracranial cavity through a burr hole
between parietal bones, filling the catheter with
0.5 mL saline infusion until the maximal pupil
dilatation, apnea, and loss of reflexes were
observed as previously described.2 Intubation
was performed from tracheostomy cannula,
which was previously generated. The second
scintigraphy was performed under intubation
and monitorization. Immediately, after scinti-
graphy, we kill the rats, and the brain and
kidney tissues were removed for pathologic
analysis.
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Pathologic analysis
Brain and kidney tissues were fixed in 10%

formaldehyde solution. After fixation, the
tissues were washed with regular water. After
dehydration and polishing, the tissues were
embedded in paraffin, and slices of 5–6 µm
were obtained. After deparaffinization and
rehydration, hematoxylin-eosin staining was
performed. The preparations were analyzed by
light microscopy (Olympus BX 50; Olympus
Optical CO., LTD., Tokyo, Japan) with ×400
magnification and ×100 magnification in 10
different areas.

Statistical analysis

Numeric variables (counts) that were obtained
from the process of the images were compared

by Wilcoxon test, and P <0.05 was considered
statistically significant.

Results

In the visual interpretation of scintigraphy
loss of tubular functions (concentration and
excretion) were observed in all subjects (Figure
1a and b). In addition, after brain death
compared to control scintigraphies, the GFR
and Tmax values in scintigraphies and plasma
urea and creatinine levels were elevated
significantly (Table 1).
Histopathologic analysis confirmed brain death

in all of the subjects with typical marks of
brain death, including severe autolysis, hydropic
degeneration in cytoplasm, shrinkage in the
nucleus, pyknosis, and petechial hemorrhage

(a) (b)
Figure 1. Dynamic renal scintigraphy of the subjects before (a) and after (b) the brain death.

Table 1. Parameters and their P values before and after the brain death.
Parameters Before brain death After brain death P

GFR 181.10±62.98 239.08±60.62* 0.022
Left Tmax 2.09±1.42 5.43±2.89* 0.017
Right Tmax 2.14±1.26 5.33±3.48 0.066
Creatinine 0.37±0.07 0.49±0.12* 0.026
Urea 45±6.29 46.8±6.44** 0.007
Values are expressed as mean±SD and *P<0.05, **P<0.01.
GFR: Glomerular filtration rate, Tmax: Time to maximum concentration, SD: Standard deviation.
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all over the brain in pericellular space.
Histopathologic analysis of kidney tissue

revealed congestion of the vessels, hydropic
degeneration in tubule epithelium and focal
infiltration of lymphocytes which were consis-
tent with acute tubular injury (Figure 2a-c).

Discussion

In this study, we aimed to evaluate the tissue-
based changes in the kidney related to brain
death. The acute phase changes include acute
tubular injury in the kidneys which explains
the high frequency of acute tubular necrosis
observed in the deceased donor kidney trans-
plants. We confirmed the acute tubular injury
in the graft tissue both by histopathology and
scintigraphy. Scintigraphy is a decent method
of demonstrating the tissue-based changes in
the kidney tissue which is confirmed by the
previous deceased donor graft evaluations.
Our study confirms the correlation of scinti-

graphic and histopathologic findings for the
first time in the literature as far as we know.
Since scintigraphic estimation of renal func-
tion depends on tissue function instead of
morphology, it provides more reliable and
detailed information about the status of the
kidney. GFR estimation performed as Gates
method although not accepted a reliable indi-
cator was calculated to be higher in the early

brain death period in our study and as in the
previous studies.3 By this experimental study,
we were able to confirm the reliability of renal
scintigraphy in assessing the quality of
kidneys in the brain dead donors.

Dynamic renal scintigraphy and ultrasono-
graphy are the most frequently used imaging
modalities in the determination of graft func-
tion in renal transplant recipients.4 Renal scin-
tigraphy is the test of choice in the evaluation
of grafted kidneys. Serial scintigraphic imaging
is recommended for especially complicated
transplanted grafts.5 Comparative studies have
shown that radionuclide imaging is specific for
identifying acute rejection and cyclosporine
toxicity.6 In a previous study, a group of
researchers performed radionuclide angio-
graphy in the estimation of graft vascularity
with a different isotope Tc-99m human serum
albumin in deceased donor kidney and pan-
creatic grafts.7 However, the diagnostic role of
renal scintigraphy in the deceased donor donor
is not established yet. There are several studies
indicating the performance of radionuclide
estimation in the deceased donor donors.8

However, the usage of nuclear medicine
methods is limited because the time to remove
the potential grafts should be as short as
possible. In ideal circumstances (classical
deceased donor donors), it is possible to skip
the detailed evaluation of the graft tissue.

(a) (b) (c)
Figure 2: Histopathological appearance of the kidney tissue after brain death. Vascular congestion (a),
lymphocytic infiltration (b) and hydropic degeneration (c) are observed.
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However, if the donor is pediatric, hyper-
tensive or elder patient, further imaging for
graft functions is necessary.9-11 Pediatric en
bloc kidney transplantation is a safe and
reasonable option in transplantation surgery.12,13

In en bloc kidneys, for example, renal scinti-
graphy has been considered to investigate
renal collecting system abnormalities in a
previous study.14 Detailed estimation in mar-
ginal donors kidneys has been achieved by
renal scintigraphy as in a previous study, in
which all process could be evaluated effec-
tively.15 In addition, rare incidental findings
can be observed by renal scintigraphy in
potential graft tissues such as carcinoma of the
kidney.16

Cold ischemia time is considered as an
important prognostic factor in the viability of
graft function. The previous studies have
shown that two kidneys of the same patients
might have different acute rejection rates and
serum creatinine levels. However, if the cold
ischemia time is reasonable, their outcome will
be similar.8,17,18 Another determinant is the
delayed graft function which is associated with
increased acute rejection incidence.19 Longer
cold ischemia time is associated with higher
delayed graft function.8 However, in a pre-
vious study, it has been concluded that, if there
are no acute rejection episodes in the early
postoperative period both cold ischemia time
and delayed graft function do not predict graft
dysfunction in the deceased donor kidneys.8 In
a previous study which evaluated the effect of
age and prolonged cold ischemia time in
deceased donor grafts, increasing time to 24 h
resulted in the delayed graft function but did
not alter long-term function.19 However, grafts
of older donors in that group survived three
years shorter compared to younger donors.19

Another group of researchers found that
history of hypertension and/or atherosclerotic
disease was the only variable associated with
graft loss.20

We feel that our study is of great importance
because the effect of brain injury in the kidney
tissue is not understood yet. If we can indicate
the differences in the deceased donor grafts,
we can better understand the prognosis of the

graft in living patient. Thus, preoperative
estimation of graft kidneys by renal scinti-
graphy can be recommended in the proble-
matic kidneys of marginal donors.

Limitations of this study are the short length
of brain death time of rats which may be
prolonged in real life. It would be important to
evaluate the further effects of brain death in
the kidney tissue with prolonged brain and
kidney ischemia time in future studies.

Acute tubular injury can possibly be the
effect of brain death in the kidney tissue and
may be the reason of high frequency of acute
tubular necrosis in the deceased donor trans-
plants and scintigraphy results can reflect
these changes perfectly. Preoperative estima-
tion of the kidney tissue which might be
necessary in special circumstances (marginal
donors) can be achieved by renal scintigraphy
effectively.
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