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istological Alterations Found in the Ureter During Organ
reservation and Early Phases of Renal Transplantation

.J. Figueiredo, M.X. Cunha, A.F. Mota, and A.L. Furtado

ABSTRACT

Introduction. There are no studies on the phenomena that occur on the ureter during
organ preservation and immediately after transplantation.
Material and methods. We studied ureteral fragments obtained during organ harvesting
in the cadaver (n � 9), after cold preservation period (n � 18), and immediately after
kidney graft reperfusion (n � 126). In addition to the histological analysis, we evaluated
the risk factors for the development of lesions and their relation to the evolution of the
transplant.
Results. Alterations were detected in 120 of the 126 fragments studied after graft
reperfusion. Global cellular infiltration was considered to be normal, mild, and moderate
to severe in 34.9%, 41.3%, and 23.8%, respectively, consisting mainly of CD8� T
lymphocytes. Urothelial exfoliation and cell vacuolization were detected in 42% and 52.4%
of the cases, respectively. There was an inverse relationship between donor ventilation
time and the intensity of the cellular infiltration. Seven and three of the nine fragments
obtained during organ harvesting showed mild cellular infiltration of the chorion and
urothelium, respectively. Cold storage promoted minor histological changes. After reper-
fusion, there was increased urothelial infiltration in 11 of the 18 cases. There was no
relation between the lesions encountered and human leukocyte antigen compatibilities,
renal rejections episodes, or the evolution of the graft itself.
Conclusions. Consequences of brain death mechanical ventilation were detected at the
ureteral level, with abnormal lymphocytic infiltration in most cases. Cold storage did not
produce any major histological changes. The lesions detected after graft reperfusion do not

seem to involve immunological phenomena.
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espite extensive investigations on kidney preservation
and transplantation, there are no studies on the

henomena that occur in the ureter during organ preserva-
ion and immediately after transplantation. In addition to
he immunological aggression of allotransplantation, the
urgical manipulation, the use of preservation solutions,
nd the cold ischemia period are potential additional
nsults, whose effects are not established. We studied the
istological alterations in the ureter in the cadaveric donor,
fter organ preservation, and after graft reperfusion to
valuate risk factors and implications in the evolution of the
ransplant.

ATERIALS AND METHODS

e studied 126 ureteral fragments obtained 10 minutes after

idney graft reperfusion, taken from the segment of the ureter that n
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s usually discarded at reimplantation. All but one graft was from a
adaveric donor. The mean age of the donors was 32.25 � 15.30
ears (7 to 72 years). The cause of death of cadaveric donors was
ead trauma in 99 cases, brain stroke in 17 cases, brain tumor in
our cases, and other causes in five cases. The mechanical ventila-
ion time was 69.94 � 66.51 hours (8 to 288 hours). All grafts were
erfused with University of Wisconsin solution and cold ischemia
ime was 20.54 � 4.89 hours (1.30 to 39.00 hours). Recipient age
as 39.57 � 13.70 years (9 to 65 years), mean dialysis time was
2.19 � 30.87 months (0 to 166 months) and human leukocyte
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ntigen (HLA) compatibilities were 2.77 � 0.98 (0 to 6). From the
ame pool of 126 transplant cases, we further studied nine frag-
ents obtained during cadaveric organ harvesting and another 18

ollected immediately after cold preservation. All fragments were
xed in formalin and stained with eosin-hematoxylin, CD3, CD4,
D8, and, when justified, Masson trichrome and Martinotti stain.
e evaluated the cellular infiltration of the urothelium, chorion,

nd muscular layer, characterizing its grade and type and register-
ng the presence of urothelial vacuolization and exfoliation. Taking
nto account the criteria for classification of transplant lesions in
everal organs1–3 and the work of Paccione et al.4 we developed
riteria for classification of the ureteral lesions, including the
resence of acute rejection. We analyzed the donor, recipient, and
ransplant risk factors for the lesions and for their evolution
ncluding the occurrence of ureteral complications and renal
ejection episodes. The Student t, ANOVA, and �2 tests were used
or statistical analysis; for all tests, a P value �.05 was considered
ignificant.

ESULTS

ll fragments allowed proper histological study. One hun-
red twenty of the 126 fragments studied after graft reper-
usion showed some alteration from normal ureteral histol-
gy, namely epithelial exfoliation in 42%, cell vacuolization

n 52.4%, and cellular infiltration of the chorion and
rothelium in 74.6% and 77.8%, respectively. Cellular
ermeation of the urothelium was identified in 98 (87.8%)
ragments, exclusively by T lymphocytes. Global cellular
nfiltration (muscle, chorion, and urothelium) was consid-
red to be normal, mild, and moderate to severe in 34.9%,
1.3%, and 23.8%, respectively, consisting mainly of CD8�

ymphocytes. There was an inverse relationship between
onor ventilation time and the intensity of the cellular

nfiltration (Table 1).
Donor age and HLA compatibilities were higher among

he cases of moderate to severe infiltration compared to
ormal (Table 1). No other significant relationship to risk

Table 1. Risk Factors From the Donor

Normal (n � 44)

onor age (year) 28.45 � 13.50
onor ventilation time (hour) 82.32 � 70.07
old ischemia time (hour) 20.42 � 4.87
ecipient age (year) 39.98 � 15.55
yalisis time (month) 36.35 � 35.62
LA compatibilities 2.50 � 0.98
onor cause of death (n � 125)
Brain trauma 38
Brain stroke and other 6

ecipient-associated pathology
No 20
Yes 24

ransplant surgery time
�3 hours 38
�3 hours 6
*P � .075; difference between “normal” and “moderate/severe,” P � .023.
†P � .054; difference between “normal” and “moderate/severe,” P � .023.
actors was detected; cellular infiltration did not appear to
elate to graft evolution (Table 2). There was no detectable
elation between the lesions encountered and the evolution
f the graft itself. Regarding urothelial exfoliation and
acuolization, the only relation detected was between
ounger donor age and vacuolization (28.91 � 13.06 years
s 35.92 � 16.79 years, P � .011).

Seven and three of the nine fragments obtained during
rgan harvesting showed mild cellular infiltration of the
horion and urothelium, respectively, mainly by CD8� T
ymphocytes. Cold storage promoted minor histological
hanges, apart from lymphocytic migration to the epithe-
ium. A longer cold ischemia time was related to the
resence of urothelial infiltration before reperfusion (24.15

2.90 hours vs 19.70 � 3.96 hours, P � .020). Comparison
ith the fragments obtained after the period of cold isch-
mia showed that lymphocytic urothelial infiltration was
ore pronounced after reperfusion, with an increase in 11

f the 18 cases. No significant risk factors were detected for
his finding. Recipient age was an average of 10 years less in
he cases of increased infiltration, but the difference did not
each statistical significance, probably due to the low num-
ers (35.27 � 11.55 years vs 45.14 � 13.28 years, P � .115).

ISCUSSION

he urothelium is thought to be devoid of lymphocytes,5

espite some reports in the contrary.6 In this study, the
etection of lymphocytes in the urothelial fragments ob-
ained before reperfusion may be related to the fact that the
onors were dead, in concordance with the work of Hoff-
an et al7 and of Koo et al,8 who observed higher cellular

nfiltration in renal biopsies from cadaveric donors com-
ared with living donors. The inverse relationship between
echanical ventilation length and intensity of cellular infil-

ration may be related to the fact that mechanically venti-
ated trauma patients, after an initial rise in the immune

Recipient for Lymphocytic Infiltration

Lymphocytic infiltration

Mild (n � 52) Moderate/severe (n � 30) P

3.00 � 15.71 36.0 � 16.21 NS*
4.84 � 73.89 42.72 � 33.62 .035
0.61 � 3.90 20.59 � 6.42 NS
9.52 � 13.02 39.07 � 12.33 NS
0.02 � 29.06 30.00 � 26.95 NS
2.85 � 0.96 3.03 � 0.96 NS†

38 23 NS
14 6

31 18 NS
21 12

46 27 NS
6 3
and

3
7
2
3
3
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esponse, show a decline, affecting mainly cellular immuni-
y.9

The effects of cold preservation on the ureter have not
een properly studied. Riehman et al studied the effects on
he ureter of cold preservation for variable times in the
uinea pig, but they only addressed biomechanics and
ontractility properties.10 In our work, cold storage pro-
oted minor alterations in the nine fragments obtained

rom cadavers, a finding similar to the experience of Koo et
l in renal biopsies from five cases of cadaveric donor
ransplantation.8 The tendency to a lower recipient age in
he cases where there was an increased lymphocytic infil-
ration after reperfusion may denote a quicker and more
ntense graft revascularization in these cases, favoring cel-
ular infiltration from the recipient. We did not study the
rigin of the infiltrating cells after reperfusion, but there is
ome evidence that they come from the recipient.8 The lack
f relation to the number of HLA compatibilities suggests
hat this cellular influx does not seem to involve an immu-
ological phenomena. This is in accordance with the study
f Dragun et al who, in the rat, performed renal biopsies
fter syngeneic and allogeneic renal transplantation with
nd without immunosuppression and found no significant

Table 2. Relation Between Lymphocytic Infiltration and
Transplant Evolution

Lymphocytic infiltration

Normal
(n � 44)

Mild
(n � 52)

Moderate/
severe

(n � 30) P

elayed graft function
(n � 123)

No 35 45 26 NS
Yes 7 6 4

enal acute rejection*
(n � 102)

No 28 32 21 NS
Yes 5 11 5
hronic graft dysfunction*

(n � 99)
No 30 35 23 NS
Yes 4 4 3
reatinine 1st year* (n � 100)
�1.2 mg/dL 16 15 12 NS
�1.2 mg/dL 17 26 14

*Cases with more than 1 year of follow-up only.
ifferences,11 and with the findings Hoffman et al7 and Koo 2
t al8 in postreperfusion renal biopsies in the clinical
etting. Cellular vacuolization is known to occur in renal
ubular cells after reperfusion7 and Katz et al12 considered
rothelial vacuolization to be a sign of rejection of the
reter. However, these lesions occur in the absence of
ejection13 and, in this study, were detected before reper-
usion.

In conclusions, consequences of brain death or mechan-
cal ventilation were detected at the ureteral level with
bnormal lymphocytic infiltration in most cases. On the
ther hand, cold storage produced minor histological
hanges. The lesions detected after graft reperfusion do not
eem to involve any immunological phenomena.
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