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Abstract. The findings are reported that were ob-
tained with duplex-Doppler ultrasonography (US)
in seven diabetic patients who underwent pancre-
atic grafting with pancreaticocystostomy. Five nor-
mal functioning grafts showed homogenous echo-
structure and pulsed Doppler spectrum characteris-
tics of low impedance vascular beds. Four of these
patients developed graft rejection (five episodes).
. The remaining two grafts had pulsed Doppler evi-
dence of venous thrombosis. It was not possible to
differentiate graft rejection from venous thrombosis
using real-time US. In both circumstances a het-
erogeneous pancreatic echostructure with a small
amount of peripancreatic fluid and an increase in
pancreas size were observed. Pulsed Doppler, how-
ever, showed absence of venous flow in both cases
of venous thrombosis whereas all rejection episodes
were characterized by an increase in arterial imped-
ance. We conclude that duplex-Doppler US is a
promising noninvasive method of detecting surgical
complications and graft rejection in pancreatic
transplant recipients.
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As pancreas transplantation has become more fre-
quent, noninvasive methods for the early detection
of major complications such as vascular thrombosis
or rejection are required. Scintigraphy of the pan-
creas transplant has been proposed, but this method
is not useful for routine monitoring. However, vas-
cularity and tissue uptake can be evaluated by in-
travenous radionuclide angiography in the same
way the integrity of the vascular supply to the kid-
ney graft is assessed [10].

Although real-time ultrasonography (US) and
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computed tomography (CT) have been used in the
diagnosis and treatment of intra-abdominal and
perigraft fluid collections, they are not reliable
methods for detecting rejection and vascular throm-
bosis [S, 6]. With the development of duplex-Dop-
pler US, which combines real-time US and pulsed
Doppler, it is possible simultaneously to obtain a
real-time image and analyze blood-flow velocity.
The satisfactory results obtained in the diagnosis of
rejection and vascular thrombosis in kidney trans-
plants [8, 9, 12] prompted us to investigate the use-
fulness of duplex-Doppler US in monitoring pan-
creatic graft morphology and vascular perfusion in
the post-transplant period.

Patiehts and methods

Between February 1986 and July 1987, we prospectively studied
seven pancreatic grafts from cadaveric donors in insulin-depen-
dent type [ diabetic patients (six men and one women), aged 29
to 43 years. Simuitaneous kidney grafting was performed in three
of these patients.

The surgical technique consisted of whole-pancreas trans-
plantation with anastomosis of the portal vein and celiac trunk to
the cava vein and iliac artery, respectively. The exocrine graft se-
cretions were drained into the urinary bladder (pancreaticocys-
tostomy).

In two patients immunosuppressive therapy consisted in cy-
closporin plus prednisone, and in five patients a combination of
azathioprine, cyclosporin, antilymphocyte globulin, and predni-
sone was used. Rejection episodes were treated with high doses
of methylprednisolone. In the post-transplant period, pancreatic
function was monitored daily by serum glucose, serum and urine
amylase levels, and at least every 2 weeks after discharge from
the hospital.

Duplex-Doppler US examinations were performed with a
3.75 MHZ transducer (Toshiba SSA 100A). All patients had a ba-
seline exploration at 48-72 hs after grafting and thereafter during
acute rejection, during recovery (response to therapy) from rejec-
tion, during refractory acute rejection when the patient presented
symptoms that resembled rejection, and prior to surgical removal
of the grafts. Rejection was defined based on clinical symptoms
(axillary temperature > 38°C, abdominal pain) a significant drop
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~ Table 1. Summary of biochemical and duplex-Doppler ultrasound data

Case  Organ grafting Urinary amylase

Serum

Pulsed-Doppler (RI) Real-time ultrasound

(1U/24 h) creatinine (Hilar/parenchyma)
(mg/di)
1 Kidney 130132 ' 1.5 0.65 0.68 Normal
and pancreas?
2 Pancreas Before rejection: 12400 - 0.67 0.65 Normal
Rejection®: 168 - 090 1 Heterogenous structure
Perigraft fluid
3 Pancreas Before rejection: 15570; - 0.61 0.60 Normal
Rejection®: 2080 - 082 0.89 Increase graft size; heterogenous
_ structure; perigraft fluid
4 Pancreas? 500 - No arterial/venous  Increase graft size; heterogenous
spectrum structure; perigraft fluid
5 Pancreas® 500 - 1 1 Normal
No venous spectrum
6 Kidney Before rejection: 260162 - 0.50 035 Normal
and pancreas Rejection: 121342 1.2 1 1 Increase graft size; heterogenous
. structure; perigraft fluid
7 Kidney First before rejection: 30142 . - 0.38 0.62 Intra-abdominal/perigraft collection
and pancreas (2nd week after transplant) 4.2 1 0.83 Normal .
rejection: 1578
Second before rejection: 101132 - 0.70 068 Normal
(9 months after transplant) 1.2 082 084 Perigraft fluid

rejection®; 2042

2 Both kidney and pancreas functioning for more than 2 years after transplant

b Irreversible hyperglycemia 12 weeks after transplant
¢ Irreversible hyperglycemia 10 weeks after transplant
4 Venous thrombosis

¢ Reversible after antirejection therapy (ALG + high doses of steroids)

of urinary amylase (> 50% of normal basal value), or hyperglyce-
mia. These findings were correlated with duplex-Doppler US.

A total of 42 explorations (range 1 to 15) were done. Pancre-
atic size, echostructure, and the presence or absence of peri-
graft/intra-abdominal fluid collections were evaluated by real-
time US. Fine-needle aspiration and/or percutaneous drainage
were indicated when intra-abdominal collections were associated
with fever and/or abdominal pain. Pulsed Doppler examination
was done thereafter to assess the permeability of the vascular
pedicle at the hilar level. A Doppler spectrum was also obtained
at the parenchymal level. A sample width of 3 mm was used to
explore the vascular pedicle; graft parenchyma was explored
with a 5-10 mm sample width. The wall filter was 100 Hz. To
quantify the Doppler spectrum, the resistivity index (RI) was
determined by using the following formula: peak systolic veloc-
ity - lowest diastolic velocity/peak systolic velocity. The RI was
calculated as an average from four consecutive waveforms at
each level. Our findings were correlated with clinical, biochemi-
cal and scintigraphic examinations in all patients and with patho-
logical studies in three patients after transplantectomy.

Results

Table 1 summarizes biochemical and duplex-Dop-
pler US data. In five out of seven patients, the pan-
creas transplant function was satisfactory (no need
of insulin for diabetes control) immediately after

transplantation. Pancreatic echostructure was ho-
mogenous in all of these functional grafts. Pulsed
Doppler disclosed an arterial waveform charac-
terized by a systolic peak, followed by a continuous
flow throughout the diastole, median hilar RI 0.68
(range 0.38-0.75) and median parenchyma RI0.67
(range 0.37-0.75) (Fig.1A). Venous spectrum con-
sisted in a continuous flow (Fig.1B).

One patient had an uncomplicated course dur-
ing a 24-month follow-up period. The remaining
four patients had five episodes of pancreas rejec-
tion. The rejection episodes occurred 2, 10, 12,
13 weeks and 9 months after grafting. One of these
patients had a sterile pancreatic intra-abdomi-
nal/perigraft collection that was drained by a per-
cutaneous catheter under US guidance. Graft rejec-
tion was suspected in patients with fever and/or ab-
dominal pain and a significant decrease in urinary
amylase. Hyperglycemia was present in three epi-
sodes and was associated with irreversible rejection.
During the period of rejection, real-time US dis-
closed a small amount of peripancreatic fluid in
four episodes. Fine-needle aspiration of peripancre-
atic fluid in one of these cases showed a high level
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of amylase. Heterogenous pancreatic echostructure
as well as an increase in pancreas size was observed
in three and two episodes of rejection, respectively.
It was noteworthy during this process that the

increase in arterial impedance documented on

pulsed Doppler reached a median RI of 1 at both
hilar and parenchymal levels (range 0.82-1 and
range 0.83-1, respectively; Fig.2A). Simultaneous
kidney graft dysfunction secondary to acute rejec-
tion was demonstrated by fine-needle aspiration in
one case. Pulsed Doppler in this patient showed an
increase in kidney arterial impedance.

In three episodes, at the time of rejection, "'In-
labeled platelets showed diffuse platelet accumula-
tion within the graft. Two episodes of rejection

Fig.1A, B. Normal pancreatic
graft. Duplex-Doppler US.

A Sample volume at graft
celiac trunk discloses a normal
arterial waveform: systolic
peak (arrowhead) and continu-
ous flow throughout diastole
{arrow). B Sample volume at
graft portal vein shows a con-
tinuous flow

with normal serum glucose were satisfactorily
controlled with antirejection therapy, turning to
normal pancreas function and a normal Doppler
spectrum (Fig.2B). On the other hand, rejection
therapy resulted in a transient improvement of pan-
creas function in two patients, showing a decrease
in RI. One patient did not respond to antirejection
therapy, showing a high systolic arterial velocity
with reverse arterial diastolic flow; transplactec-
tomy was performed, confirming the diagnosis of
rejection.

In two patients the pancreas transplant did not
function after grafting. In one, real-time US dis-
closed a heterogenous pancreatic echostructure
with an increase in size and a small amount of peri-
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pancreatic fluid. Real-time US was normal in the
second case. Pulsed Doppler showed the absence of
venous flow in both cases (Fig.3 A). Arterial blood
flow in one case was characterized by high systolic
arterial velocity with reverse flow in early diastole at
the hilar anastomotic level (Fig.3B). Transplantec-
tomy was performed in these two patients, confirm-
ing the diagnosis of venous thrombosis in the graft.

Discussion
The overall survival in patients with pancreatic

grafting is steadily increasing as a result of the im-
provement of patient selection, surgical technique,
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Fig.2 A, B. Pancreatic graft re-
jection. Duplex-Doppler US.

A Before treatment, sample
volume at arterial hilar level
shows a decrease of diastolic
blood flow velocity (arrow-
head). B After treatment,
sample volume at parenchymal
level shows a normal diastolic
blood flow (arrowhead)
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and immunosuppressive therapy [11]. In the cases
reported here, urinary tract diversion was used as a
method of duct management. Urinary diversion
allows permanent monitoring of exocrine function.
Animal experiments and clinical experience have
shown that an increase in plasma glucose is a late
indicator of pancreas rejection while a decline in
urinary amylase in urinary diversion grafts is an
early indicator of rejection [1, 7]. However, post-
operative complications related to surgical tech-
nique or graft rejection are still a significant prob-
lem for the patient and for graft survival.

Real-time US is well-known as a useful tool in
the diagnosis of intra-abdominal and perigraft fluid
collections. Intra-abdominal collection should be
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aspirated percutaneously and sterile collections can
be effectively treated by aspiration alone, as oc-
curred in two of our cases. In cases of peripancre-
atic abscess, operative drainage is required and, un-
less the infection is minor, the pancreas allograft
should be removed [3]. In a normal pancreas graft,
real-time US shows a homogenous echostructure
and if a synthetic polymer is injected into the pan-
creatic duct, it appears as a brightly linear echo
within the graft [S]. It should be noted that in our
cases with rejection and venous thrombosis, real-
time US did not allow a specific diagnosis. In both
situations, an increase in pancreas size, heterogen-
ous echo structure, and a small amount of perigraft
fluid were found. Gamma-graphic studies with

DA 35
DFRQ23 .75
PRF 4KH
S12.5CHs
EL S.Sd
DG 4.SPE
DFZL

cAM 1
REJ O

C BO 70
DR4D 40
EE 2 0

Fig.3A, B. Venous throm-
bosis. Duplex-Doppler US.
A Sample volume at venous
hilar anastomosis discloses
absence of venous flow.

B Sample volume at arterial
hilar anastomosis shows high
systolic velocity (arrow) with
reverse flow in early diastole
(arrowhead)

9m TC-DTPA and !!''In-labeled platelets have been
used for a differential diagnosis. However, non-
visualization of the pancreatic graft with %™ TC-
DTPA has occurred in normal grafts, and thus the
results obtained with this method must be evaluated
in accordance with clinical findings [4, 10]. Also, it
has been suggested that an angiographic study
should be performed in order to confirm the diag-
nosis of venous thrombosis before transplantectomy
[2].

Pulsed Doppler is a noninvasive method with
potential advantages over the other methods in the
evaluation of patients with pancreas transplanta-
tion. In a normal pancreas graft, the arterial Dop-
pler spectrum shows a systolic peak and a continu-



ous diastolic blood flow that reflects a low vascular
impedance. In our experience during five episodes
of rejection, the diastolic blood flow was decreased,
resulting in an increase in RI. This occurred pre-
vious to hyperglycemia. Normalization of the RI
after rejection treatment was useful in monitoring
the graft response. These Doppler spectrum pat-
terns have also been reported in both normal and
rejecting kidney grafts [8, 9]. Pulsed Doppler
allowed the correct diagnosis of venous thrombosis
ta be made in two of our nonfunctional grafts, dis-
closing the absence of venous flow in both cases.

In conclusion, duplex-Doppler US can provide
useful information regarding the diagnosis of pan-
creas graft complications. Pulsed Doppler allowed
us to assess the permeability of the vascular pedicle
and to diagnose correctly all cases of venous throm-
bosis. Also, our preliminary experience with pulsed
Doppler suggests that this method can permit early
diagnosis of rejection prior to the development of
hyperglycemia if correlated with the changes in uri-
nary amylase monitoring.
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