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LETTERS TO THE EDITOR

Whole Organ Pancreas Recovery Using Ultrasonically Activated Shears
Despite the success of whole organ

pancreas transplant for patients with
type I diabetes mellitus, the actual num-
ber of pancreata recovered and used for
transplantation falls significantly short
of the potential. According to Organ
Procurement and Transplantation Net-
work data, in 2002, less than 30% of de-
ceased donors were pancreas donors,
and nearly 20% of pancreata recovered
were not transplanted (1). Reasons cited
for the low rate of pancreas procurement
include lack of payment, inconsistency
in organ acceptance and sharing, and the
technical difficulty of the donor opera-
tion (2). Standard techniques for pan-
creas procurement have been previously
described, which is usually accom-
plished by in situ dissection (3) or bench
dissection after en bloc removal with
other organs (4). Generally, this proce-
dure is a time-consuming endeavor.

Ultrasonically activated shears
(UAS) are new hemostatic devices that
use ultrasonic energy to produce tissue
coagulation. We hypothesized that UAS
can facilitate rapid and safe pancreas re-
covery. Twelve consecutive cases of pan-
creas recoveries using UAS were studied,
comparing outcomes with 12 consecu-
tive historic cases using conventional in-
struments. These cases were performed
by the same surgical team over a 3-year
period (2000 –2003). Donor age, weight,
and cause of death were similar in the
two groups (data not shown). UAS were
used to divide the gastrocolic omentum
and the short gastric vessels and to iso-

late the pancreas completely from the
retroperitoneum. UAS were not used
during dissection around the portal
triad. Cannulae were placed in the aorta
and the inferior mesenteric vein. At this
point, the pancreas is entirely mobilized,
and only the superior mesenteric artery,
splenic artery, and portal vein need to be
divided after aortic cross-clamping and
in situ flushing. All cases were multi-or-
gan procurements involving thoracic
and abdominal recovery teams. The
pancreata were transplanted into 12 re-
cipients simultaneously with a kidney
graft using standard techniques. One
pancreas thrombosed in the UAS group
because of cardiogenic shock and was
excluded from the recipient analysis. No
duodenal complications were noted.
Donor operative time from initial ab-
dominal incision to aortic cross-clamp-
ing were significantly shorter in cases us-
ing UAS. Recipient serum amylase on
postoperative day 1 were also signifi-
cantly lowered, although serum lipase
were similar, which might indicate re-
duced graft injury. Perioperative trans-
fusion requirements were also similar,
suggesting adequate coagulation using
the UAS as compared with conventional
electrocautery and “clamp and tie”
methods (Table 1).

UAS allow rapid coagulation of tis-
sue and small vessels and have become in-
dispensable tools in laparoscopic as well as
many open procedures. However, UAS
may cause injury around major pancreatic
and biliary structures (5). Therefore, in

our pancreas recoveries, we have limited
the use of UAS to away from the portal
structures and hepatic artery dissection. In
our small series, operative time was signif-
icantly reduced without compromise to
hemostasis or graft preservation. From a
practical standpoint, we believe this find-
ing will encourage more pancreas pro-
curement for whole organ transplanta-
tion. We recommend using the UAS
routinely as a valuable tool to expedite
pancreas recovery and help increase the
number recovered.
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TABLE 1. Operative time for pancreas procurement and recipient outcomes
after transplantation

UAS Conventional P valuea

Donor

Operative time (min) 112�31 172�27 �0.001

Recipient

Amylase (U/L) 308�217 519�216 �0.05

Lipase (U/L) 57�20 62�17 N.S.

PRBC transfusion (U) 3.3�1.6 3.9�1.6 N.S.

a Unpaired t test.
UAS, ultrasonically activated shears; PRBC, packed red blood cells.
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Mycophenolate Mofetil Is Compatible with CD28/CD154 Costimulatory
Blockade in Preventing Transplant Rejection

Costimulatory signals are critically
important in T-cell activation and T-cell-
dependent allograft rejection. However,
blocking CD28 and CD154 costimulation
is not always effective in preventing trans-
plant rejection, especially in stringent
models (1, 2). The apparent limitation of
CD28/CD154 blockade in tolerance in-
duction has stimulated vigorous investiga-
tion of other therapeutic reagents that can
potentially synergize with CD28/CD154
blockade in tolerance induction. A practi-
cal need to study this issue is highlighted
by the recent findings that not all reagents
(e.g., calcineurin inhibitors) are compati-
ble with CD28/CD154 blockade in block-
ing allograft rejection (3).

In this study, we examined the effect
of mycophenolate mofetil (MMF), a po-
tent inhibitor of the de novo pathway of
purine biosynthesis (4), on the allograft re-
sponse in vivo and its potential compati-
bility with CD28/CD154 costimulatory
blockade in preventing T-cell activation
and acute skin allograft rejection. An in
vivo CFSE model, blocking CD28/CD154
costimulation with CTLA-4Ig and MR1
(0.25 mg each, i.p., days 0, 1, 2) markedly
reduced the proliferation of both CD4 and
CD8 T cells in vivo (Fig. 1A). However, the
proliferation of CFSE labeled T cells was
not completely inhibited and about 10%
of the CD4� and CD8� T cells recovered
from the allogeneic hosts still entered the
cell cycle and divided multiple times.
Treatment of host mice with MMF (100

mg/kg/day, i.v., days 0, 1, 2) alone exhib-
ited some inhibitory effect on the prolifer-
ation of CFSE-labeled T cells in vivo, as
compared to untreated controls. How-
ever, treatment with MMF in combina-
tion with CTLA-4Ig/MR1 showed a re-
markable synergy in blocking in vivo T cell
pr0-liferation, and this combined treat-
ment nearly abolished the proliferation of
both CD4 and CD8 T cells in vivo.

A skin transplant model was then
used to determine the compatibility of
MMF and CD28/CD154 blockade in allo-
graft survival. BALB/c skin graft was trans-
planted onto C57BL/6 recipients and
treated with MMF (100 mg/kg/day, i.v.,
daily for 14 days) with or without CTLA-
4Ig (0.25 mg/day, i.p., days 0, 2, 4) and
MR1 (0.25 mg/day, i.p., days 0, 2, 4, 6), and
graft survival was determined and com-
pared with untreated controls. Treatment
with either CTLA-4Ig/MR1 or MMF
alone failed to prevent the skin allograft
rejection, despite a slight prolongation of
skin allograft survival as compared to the
controls (Figure 1B). In stark contrast,
treatment of recipients with MMF in com-
bination with CTLA-4Ig/MR1 markedly
prolonged the skin allograft survival (me-
dian survival time, 75 days; n � 7), and
40% of the hosts accepted the skin allo-
graft for over 100 days.

Costimulatory blockade—when
successfully used with some conventional
immunosuppressive drugs—may have
great therapeutic potential in blocking

transplant rejection. Here, we demon-
strated that MMF, unlike calcineurin in-
hibitors (3), is compatible with CD28/
CD154 costimulatory blockade in in-
hibiting T-cell proliferation in vivo and in
prolonging the skin allograft survival. It
has been reported that MMF, similar to
rapamycin (3), does not interfere with
priming for activation-induced cell death
(5). This may be one of the reasons why
MMF and CD28/CD154 blockade are
compatible in transplant models. Our data
suggeststhatreagentsthatpotentiallyinter-
fere with the cell cycle apparatus or events
required for cell cycle progression may be
compatible with costimulatory blockade
in preventing transplant rejection. A better
understanding of this notion is clearly im-
portant in further development of toler-
ance induction therapies in the clinic.
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FIGURE 1. Effect of CD28/CD154 costimulatory blockade and MMF on (A) CD4
and CD8 T cell proliferation in vivo and (B) skin allograft survival in C57BL/6 hosts.

736 Transplantation • Volume 79, Number 6, March 27, 2005



Drug Interaction Between Itraconazole and Sirolimus in a Primary Renal
Allograft Recipient

We report a serious drug interac-
tion between sirolimus and itraconazole in
a primary renal recipient. A 50-year old fe-
male patient received her first cadaveric
renal allograft, six years after starting dial-
ysis therapy. Ten years prior, the diagnosis
of cutaneous scleroderma was made and
the patient developed acute end-stage re-
nal failure four years later, because of a
therapy-resistant scleroderma renal crisis
with thrombotic microangiopathy. Im-
munosuppressive therapy at transplanta-
tion consisted of sirolimus, mycopheno-
late mofetil (2 g/day), and corticosteroids,
together with induction therapy with ba-
siliximab. Taking into account the history
of scleroderma renal crisis, it was decided
to not use a calcineurin-inhibitor because
of the risk for recurrence of thrombotic
microangiopathy. Loading of sirolimus
consisted of two days of 15 mg, followed
by 10 mg for one day, and a maintenance
dose of 5 mg/day. Target trough concen-
trations (measured by high-performance
liquid chromatography (HPLC)) were be-
tween 8 and 12 ng/ml and were achieved
by day 3 postoperative (Figure 1).

After a period of adequate initial
graft function, serum creatinine increased
on day 9 posttransplantation and a renal
biopsy was performed. Histological exam-
ination revealed a Banff grade IA acute re-
jection (1) and, surprisingly, an epithelioid
granuloma in the core biopsy with a PAS-
positive and silver stain positive fungal
structure in its center. Microscopic exam-
ination did not allow further identification
of the fungus. As this unexpected detec-

tion of a full-grown fungus in the renal
graft was considered a donor-related in-
fection, the recipient was treated with itra-
conazole at an initial dose of 600 mg/day,
followed by 400 mg/day. Blood cultures
for fungal growth and Aspergillus antigen-
emia were negative. As the impact of a fun-
gal septicemia is considered serious, it was
decided to treat this patient for at least 3–6
months. Blood sirolimus trough concen-
tration was 9.6 ng/ml on the day itracon-
azole was started (day 10, daily dose of 8
mg). Because the subsequent trough con-
centration (6.8 ng/ml on day 11) was be-
low the preset target range, the dose of
sirolimus was increased to 10 mg/day. As
illustrated in Figure 1, from day 12 on-
ward, sirolimus trough concentrations be-
gan to rise rapidly, to as much as 82.5
ng/ml on days 15 and 16 when sirolimus
therapy was discontinued. Sirolimus ad-
ministration was stopped by day 17, and
the sirolimus blood concentrations
dropped promptly thereafter. Itracon-
azole therapy was intended to continue for
at least six months.

This report clearly demonstrates
that azole antimycotic agents, known as
inhibitors of CYP3A and P-glycoprotein,
can cause clinically relevant drug interac-
tions with sirolimus leading to toxic blood
concentrations. Blood itraconazole con-
centrations up to 5 mg/L did not interfere
with the sirolimus HPLC-MS-MS assay.
Itraconazole was already reported to be a
potentially strong competitive inhibitor of
sirolimus elimination in another patient
by Kovarik et al. (2). Fluconazole, the least

potent inhibitor amongst the azoles, did
not cause a significant increase in siroli-
mus concentration in the latter study,
while others have clearly demonstrated an
interaction when both drugs are com-
bined (3).

In conclusion, we report a clinically
relevant drug interaction between itracon-
azole and sirolimus in a renal recipient, re-
sulting in toxic blood trough concentra-
tions of sirolimus. It is therefore advisable
to use, whenever possible, alternative azole
antimycotics in combination with siroli-
mus or adhere to stringent and frequent
drug concentration monitoring with rapid
dose adjustments of sirolimus.
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Hepatitis C Virus Recurrence and Idiopathic Thrombocytopenic Purpura
after Liver Transplantation in Adult Patients: Role of Splenectomy

Idiopathic thrombocytopenic pur-
pura (ITP) after liver transplantation can
be immunological-, drug-, or virus-medi-
ated. Hepatitis C virus (HCV) infection
has been reported in cirrhotic patients as
cause for ITP, but its importance after
transplantation needs to be clarified.

Medical therapy is represented by
IV steroids and gamma globulins; the use
of polyclonal anti-D (Rh) or monoclonal
anti-CD20 antibodies (Rituximab) has
been reported (1) in cases refractory to im-
munotherapy. The role of surgery—like
splenectomy—has rarely been explored in
adult patients. Some authors (2) have de-
scribed partial splenic embolization with
gelfoam. We report a case of a 74-year-old
liver transplant recipient with HCV recur-
rence, affected by ITP refractory to medi-
cal therapy, successfully treated in our in-
stitution (ISMETT-Palermo, Italy) by
splenectomy, with a disease-free 44
months follow-up.

In 1996, the patient underwent ca-
daveric liver transplantation for HCV-re-
lated cirrhosis with hepatocellular carci-
noma. Six months later, he developed
HCV recurrence and was started on inter-
feron (INF)-alfa (Roche, 3 M units, three
times weekly) and ribavirin (Schering
Plough, 400 mg, twice daily). In July 2000,
thrombocytopenia was diagnosed, with a
platelet count as low as 8000/mm3. On ad-
mission, the patient presented with cuta-
neous hemorrhages and a moderately en-
larged spleen. Coombs tests and the
presence of atypical and antiplatelet anti-
bodies were negative, while bone marrow
aspirate showed an increased number of
megakariocytes consistent with peripheral
platelet destruction. Human immunode-
ficiency virus, cytomegalovirus, and par-
vovirus B19 infections were negative; only
HCV-RNA polymerase chain reaction
was positive, with a liver biopsy showing
recurrent chronic hepatitis, moderately
active.

All drugs possibly related to
thrombocytopenia (INF, ribavirin, and
trimethoprim/sulphametoxazole) were
discontinued without any improve-
ment. Treatment with intravenous
gamma globulins and steroids was at-
tempted but, due to the persistence of
severe thrombocytopenia, a splenec-
tomy was performed on August 2000. A
liver biopsy showed chronic hepatitis

with minimally active HCV recurrence.
The spleen did not show any pathologi-
cal feature. The patient was vaccinated
by polyvalent Pneumococcus vaccine and
discharged on the fourth postoperative
day with a platelet count of 160.000/
mm3. Later, anti-HCV medications
were started again. At a 44-month fol-
low-up, no decrease in platelet count
was found and good clinical conditions
without any infection were reported,
with HCV recurrence under clinical
control.

To our knowledge, HCV infec-
tion in cirrhotic patients has been of-
ten reported as cause of ITP. In our
case, due to lack of other possible fac-
tors, HCV recurrence has to be consid-
ered— by exclusion criteria—in the
differential diagnosis of a posttrans-
plantation ITP. In an overview of in-
ternational literature on liver trans-
plantation (Table 1), Kita et al. (3)
failed to treat ITP using IV immuno-
globulin and steroids; in one case, it
was solved by splenectomy. Troisi et
al. (4) reported three cases of hyper-
splenism with thrombocytopenia
treated by IV immunoglobulins, ste-
roids, and platelet transfusions. Be-
cause of persistent thrombocytopenia,
a splenectomy was performed success-
fully in all patients, but a Pseudomonas
aeruginosa sepsis occurred in one pa-
tient with fatal outcome. Two other
cases were reported by Altaca et al. (5):
IV immunoglobulin and methylpred-
nisolone failed and both patients un-
derwent successfully splenectomy. We
conclude that splenectomy in adult
population remains the most effective
treatment after liver transplantation
for thrombocytopenia refractory to
medical therapy.
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TABLE 1. ITP after liver transplantation in adults requiring splenectomy

Overview Altaca (5) Troisi (4) Kita (3)

Patients (n) 2 (1 pediatric) 3 1

Age (yrs) 15, 52 46, 49, 55 58

Platelet count (mm3)

Before splenectomy 3000, 17000 mean 17000 3000

After splenectomy 155000, 210000 mean 180000 300000

Follow-up (mos) 32, 36 Alive: 50, 72 12

ITP, idiopathic thrombocytopenic purpura.
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Pure Red Cell Aplasia Associated with Parvovirus B19 Infection in Renal
Transplantation: The First Case Report in Mexico

Pure red cell aplasia (PRCA) is
characterized by absolute reticulocyto-
penia with normal leukocytes and plate-
lets. In renal transplants (RT), PRCA is
associated with erythropoietin, tacroli-
mus, and parvovirus B19 (PV B19) infec-
tions. After 1 month of living-donor RT
treated with mycophenolate mofetil
(MMF), cyclosporine A, plus pred-
nisone, a 22-year-old woman had a flu-
like syndrome and subsequently devel-
oped anemia without evidence of
external bleeding or renal dysfunction.
MMF was changed to azathioprine;
however, hemoglobin continued de-
creasing. Bone-marrow examination
showed PRCA. Positive immunoglobu-
lin M against PV B19 were determined
and confirmed with polymerase chain
reaction for viral DNA. She was dis-
charged without specific treatment, and
full recovery was observed. This is the
first PRCA case associated with PV B19
in RT patients reported in Mexico. It is
recommended to specifically look for
this agent in cases of unexplained ane-
mia, mainly because the use of tacroli-
mus and MMF has been increasing in
our setting.

A 22-year-old female with end-
stage renal disease of unknown etiology
initiated dialysis in July 2001. She re-
ceived subcutaneous erythropoietin
(EPO) alpha because of a hemoglobin
(Hb) 6.3 g/dL in February 2003 (last Hb
on dialysis 8.7 g/dL). She received living-
donor related renal transplant in July
2003; immunosuppression was cyclospor-
ine A, mycophenolate mofetil (MMF),
and prednisone. Two weeks later, Hb was
10 g/dL and serum creatinine (SCr) 0.7
mg/dL. One month after transplantation,
the patient complained of flu-like symp-
toms, and 2 weeks later, normochromic
normocytic anemia was documented (Hb
7.9 mg/dL, leukocytes 11,400/�L, platelets
441,000/�L), without gross bleeding.
MMF was withdrawn because Hb contin-
ued to decrease (6.7 g/dL); azathioprine
was then initiated (2 mg/kg per day). In
the next 2 weeks, Hb was 4.7 g/dL with
reticulocytes 0%. Iron kinetics were nor-
mal, and there was no evidence of hemo-
lysis. The patient was admitted to hospital
in September 2003, and bone-marrow ex-

amination showed reticulocytes 0%, nor-
moblasts 5%, young myeloblasts 36%,
adult myeloblasts 40%, lymphocytes 11%,
eosinophils 3%, monocytes 4%, and
plasma cells 1%, establishing a diagnosis of
pure red-cell aplasia (PRCA). One week
later, positive immunoglobulin (Ig)M an-
tibodies (and negative IgG antibodies)
against PV B19 were determined and con-
firmed with polymerase chain reaction as-
say for viral DNA. She was discharged
without specific treatment because Hb im-
provement and no acute symptoms were
observed; 45 days later, Hb was 12.8 g/dL.
One year after transplantation, the patient
is asymptomatic; last Hb was 12.4 g/dL
and SCr 0.8 mg/dL.

This is a PRCA case associated
with PV B19 infection in renal trans-
plantation with evolution similar to oth-
ers previously reported (1). Although
presence of anti-EPO antibodies (as
previously described (2)) was not
documented, the clinical course did
not support their participation (pa-
tient initiated EPO 5 months before
transplantation, had acceptable re-
sponse, and the drug was stopped at
transplantation). This patient received
cyclosporine A and prednisone, which
are used to treat EPO-associated PRCA
(3). She also received MMF, which has
been related to PRCA in renal transplant
(4). However, in such patients, anemia
presented 1 to 18 days after MMF treat-
ment, whereas our patient developed
anemia 6 weeks after its use; anemia sub-
sides 4 to 9 days after MMF withdrawal
(4), but it did not improve after 2 weeks
of this drug withdrawal in the present
case. Tacrolimus (not used in this case),
contrary to cyclosporine, is associated
with PRCA (5).

Evolution and spontaneous re-
covery of Hb in this case agrees with that
reported with acute parvovirus infec-
tions (1). In contrast with the suggestion
of other authors (1), it was decided not
to provide treatment with intravenous
Ig in the present case because recovery
and no other tissue/organ repercussions
were documented.

To our knowledge, this is the first
PRCA case associated with PV B19 in a
renal-transplant patient reported in

Mexico or Latin America. Because PV
B19 is not part of the current anemia
screening in transplant patients in our
setting, this entity may have been under
diagnosed. It is recommended to specif-
ically search for this agent in cases of un-
explained anemia, mostly because of the
increasing use of tacrolimus and MMF
observed in our setting.
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Endoscopic Stenting as First-Line Treatment in Duct of Lushka Leaks after
Choledochocystic Anastomosis in Two Cases of Liver Transplantation
A duct of Luschka is a persistent

congenital connection between a portion
of the biliary tree of the right lobe of the
liver and the gallbladder. Unlike other bil-
iary radicals, which drain liver segments,
they are not accompanied by arteries and
veins and measure at most 1 to 2 mm in
diameter (1). Bile leaks attributed to a Lus-
chka duct after laparoscopic cholecystec-
tomy are rare but have been reported with
an incidence of less than 1 in 500 patients
(2, 3). To our knowledge, demonstration
of a clinically significant duct of Lushka
bile leak after liver transplantation has
only been reported in one case report and
was managed by reoperation with direct
suturing of the duct (4). In this report, we
relate a nonoperative treatment based on
endobiliary stenting at endoscopic retro-
grade cholangiopancreatogram (ERCP).

Liver transplantation in our insti-
tution is performed using retrohepatic
caval transection. Duct-to-duct biliary
reconstruction is favored. No T-tubes
are used. Two Jackson-Pratt drains are
routinely placed at surgery and pulled
out at 14 days postoperatively.

The first patient is a 41-year-old

male who underwent liver transplantation
for congenital hepatic fibrosis. Because of
a significant duct-size discrepancy, an
anastomosis was created between the re-
cipient’s cystic duct and the donor com-
mon bile duct (2 mm in size). On postop-
erative day 12, bile leakage from the
wound was observed. In nuclear medi-
cine, a hepatobiliary iminodiacetic acid
(HIDA) scan confirmed a bile leak. An
ERCP was performed, and the bile leak
was demonstrated to be coming from a
duct of Lushka in the liver bed (Fig. 1A).
Stenting across the choledochocystic anas-
tomosis was performed with a 7 F Cotton
Leung endoprosthesis. The drainage from
the wound resolved quickly. The patient
was discharged home on postoperative
day 20, and the stent was removed endo-
scopically 2 months later. The patient has
remained asymptomatic after 30 months.

The second patient is a 70-year-old
male who underwent liver transplantation
for hepatitis C cirrhosis. The operation
was uneventful and, again because of a size
discrepancy, the recipient’s cystic duct was
connected to the small donor common
bile duct. On postoperative day 9, the pa-

tient became jaundiced. An ERCP re-
vealed a leak from a duct of Lushka (Fig.
1B). Treatment again consisted of stenting
across the choledochocystic anastomosis
with a 7 F endoprosthesis. The serum bili-
rubin quickly normalized, and the patient
was sent home on postoperative day 25.
He then developed an anastomotic stric-
ture that required two serial dilatations.
He remains asymptomatic after 20 months.

We postulate that the leaks we ob-
served were a direct consequence of the
choledochocystic anastomoses and their
small size (indeed, the small caliber of the
recipient’s common bile duct could only
accept a 7 F stent in both cases at ERCP, a
most unusual situation). This type of
anastomosis is rarely used at our institu-
tion, these two patients being the only
ones to have received it in the past 10 years.
Alternately, it is possible that the Heister
“valves” found in the cystic duct may have
contributed to a greater pressure in the bil-
iary system, inducing a duct of Luschka
leak and preventing spontaneous resolu-
tion with external drainage only. We con-
cluded that the reduction in ductal pres-
sure after stent placement encouraged
rapid resolution (Lushka duct fibrosis and
atrophy) (1, 5). In the future, if such an
anastomosis needs to be performed, we
may consider immediate stent placement
or, alternatively, a more conventional
hepaticojejunostomy.

Although a duct of Lushka is an
unusual source of biliary leak after liver
transplantation, patients with a chole-
dochocystic anastomosis may be at in-
creased risk. We have not found an op-
erative repair to be necessary, and ERCP
stenting was an effective therapy. In our
opinion, whenever possible, chole-
dochocystic anastomosis should be
avoided, but if performed, intraopera-
tive stenting should be considered.
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FIGURE 1. (A) Endoscopic retrograde cholangiopancreatogram (ERCP) of a
41-year-old man with duct of Lushka leak after choledochocystic anastomosis at
liver transplantation. (B) ERCP of a 70-year-old patient with small duct of Lushka
leak after liver transplantation.
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Recombinant Factor VIIa for Refractory Hemorrhage after Lung
Transplantation

An acute complication of lung
transplantation is bleeding. Postopera-
tive hemorrhage can be divided into sur-
gical bleeding and diffuse hemorrhage.
Accordingly, therapeutic options are
surgical procedures or correction of
clotting. In case of postoperative bleed-
ing, the first option is rethoracotomy to
repair or exclude surgical bleeding.
However, rethoracotomy for diffuse
hemorrhage can lead to increased bleed-
ing, due to new tissue damage and con-
sumption coagulopathy. Especially
when removal of the native lungs is dif-
ficult (e.g., in cystic fibrosis), diffuse
bleeding can be intractable. Recombi-
nant activated factor VII (rhFVIIa) has
been advocated in patients with severe
uncontrolled bleeding associated with
surgery or trauma (1). We describe the
use of rhFVIIa in a patient with diffuse
bleeding after lung transplantation.

An 18-year old female with cystic
fibrosis was accepted for lung transplan-
tation because of progressive respiratory
failure. She developed a tension pneu-
mothorax with electromechanical disso-
ciation requiring cardiopulmonary re-
suscitation while on the waiting list. This
complication resulted in acute tubular
necrosis and ventilator dependency. Af-
ter recovery of renal function, the pa-
tient was still ventilator-dependent and
was placed on the high-urgency trans-
plantation list. The subsequent bilateral
lung transplantation procedure lasted 8
hours. The explantation of the native
lungs was laborious. At ICU admission,
hemoglobin was 3.6 mmol/L. The drains
produced � 500 ml/hour of blood. De-
spite continuous transfusion of red cells,

thrombocytes, and fresh frozen plasma,
the patient could not be stabilized.

Six hours after the lung transplan-
tation, the first rethoracotomy took a
place. The bleeding occurred at the anas-
tomoses of both pulmonal arteries,
which were surgically repaired. There
was also oozing from the dorsal thoracic
wall. After return to the ICU, the patient
was still hemodynamically unstable and
8 hours later a second rethoracotomy
was performed. Diffuse hemorrhage was
found and surgical correction appeared
impossible. After return from the oper-
ating room, the patient continued losing
blood, became circulatory unstable
again, and ventilation was hampered be-
cause of insufficient drainage of in-
trathoracic blood. By then she had re-
ceived 34 U of red blood cells, 25 U of
thrombocytes and 35 U of fresh frozen
plasma. Rescue therapy was started with
rhFVIIa (Novoseven, 120 �g/kg). After
starting this therapy, the patient became
transfusion-independent. Three hours
later, she received the same dose of rhF-
VIIa. Hemoglobin values remained sta-
ble, thrombocytes remained normal,
prothrombin time and activated partial
thromboplastin time values normalized,
and problems with respiration stabilized
and ultimately improved. Six days later,
the patient was extubated and 3 days
thereafter was transferred to the ward.
She is well and at home now.

Case reports describe successes with
FVIIa in the control of refractory hemor-
rhage in a variety of clinical situations: ma-
jor trauma, thrombocytopenia, postoper-
ative bleeding, intracerebral hemorrhage,
orthotopic liver transplantation, and ex-
cessive bleeding (1, 2). rhFVIIa induces

rapid clot formation at vascular wall sites
of damaged endothelium and has little sys-
temic effects (3). However, there is some
concern about thrombosis at the vascular
anastomoses in transplantation surgery
(4), but in the last six years only 24 throm-
botic events have been reported (2).
Therefore, the thrombosis risk is accept-
able in case of refractory bleeding. In se-
verely ill patients like our patient, multior-
gan failure might worsen by therapy with
rhFVIIa (5). Despite this, in patients with
uncontrollable blood loss after lung trans-
plantation, rhfVIIa is a justifiable salvage
therapy. Due to the small numbers per
transplantation center, a formal random-
ized clinical trial will probably not be fea-
sible. Therefore, both beneficial and detri-
mental effects should be reported.
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Intravenous Immunoglobulin and Thymoglobulin Induction Treatment in
Immunologically High-Risk Kidney Transplant Recipients

Kidney transplant recipients with
complement-dependent cytotoxicity
(CDC) B-cell or flow-cytometry (FC)
T/B crossmatch positivity are at higher risk
for the development of acute and chronic
rejection, and decreased graft survival
due to anti-HLA donor-specific antibod-
ies (DSA) (1, 2). Intravenous immuno-
globulin (IVIG) has immunomodulatory
effects and has been shown to facilitate
kidney transplantation in crossmatch pos-
itive patients by downregulating anti-HLA
DSAs (3).

We have recently reported our ex-
perience with IVIG and thymoglobulin
induction treatment in eight CDC and
FC B-cell crossmatch positive kidney
transplant recipients (four also had FC
T-cell crossmatch positivity) (4). Only
one patient with pretransplant class I an-
ti-HLA DSAs had early acute antibody
mediated humoral rejection, and none
developed acute cellular rejection. After
those eight patients, we treated an addi-
tional seven immunologically high-risk
living-donor kidney transplant recipi-
ents (five female, two male; four white,
two Hispanic, one black; three second-
transplant recipients) with low dose
IVIG (100 mg/kg for 3 days) and thymo-
globulin (1.5 mg/kg for 5 days) induc-
tion. Five patients received maintenance
immunosuppression with cyclosporin
microemulsion and two patients re-
ceived tacrolimus along with mycophe-
nolate mofetil and prednisone. Five pa-
tients had FC T- and B-cell (one also had
CDC B-cell) and two patients had CDC
and FC B-cell crossmatch positivity.
Three patients had both anti-HLA class I
and II, one patient had class I, and one
patients had class II DSAs, as deter-
mined by Flow Beads (Luminex). Two
patients did not have demonstrated pre-
transplant DSAs. Two patients devel-

oped early acute humoral rejection with
positive C4d staining; both had positive
FC T- and B-cell crossmatch with anti-
class I and II DSAs. One patient with
borderline acute rejection responded to
IVIG treatment and has stable renal
function with a creatinine level of 1.5
mg/dl. However, the other patient with
severe acute humoral rejection did not
respond to IVIG treatment along with
plasmapheresis and rituximab, and
eventually underwent transplant ne-
phrectomy. The remaining five patients
have stable renal function with a creati-
nine levels between 0.8 –1.0 mg/dl at me-
dian 16 months follow-up, range 6 –34
months.

The patient’s DSAs were studied
at 6 –12 months after transplantation
by Flow Beads. When we evaluated all
15 patients receiving IVIG and thymo-
globulin induction treatment, four pa-
tients lost pretransplant class II and
two patients lost class I DSAs after
transplantation. However, four pa-
tients developed de novo DSAs. These
results indicate that low-dose IVIG
and thymoglobulin induction treat-
ment has immunomodulatory effects
by downregulating preformed DSAs,
but does not prevent the development
of de novo DSAs. The immunomodu-
latory effects of IVIG treatment persist
beyond its half-life, indicating ongo-
ing active inhibitory mechanisms
and/or induction of neutralizing anti-
idiotypic antibodies. Three out of five
patients with pretransplant class I
DSAs developed early acute antibody-
mediated humoral rejection, indicat-
ing the importance of preformed class
I DSAs in humoral rejection, and lack
of adequacy in preventing this event
with our current protocol. In view of
this, we now use higher doses of IVIG

(300 –500 mg/kg) treatment in patients
with pretransplant class I DSAs. The ef-
fects of increasing the doses of IVIG on
the development of acute rejection, DSA
titers, and graft survival requires further
follow-up.
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Stump Transureteroureterostomy in En Bloc Kidney Transplantation
Chronic rejection is the leading

cause of graft loss (1) in kidney trans-
plant recipients and therefore retrans-
plantation has increasingly become a
common procedure. Sometimes the
procedure is complicated by other fac-
tors, which induces creativity.

While scheduled to have a
planned bilateral native nephrectomy
for recurrent symptomatic hemorrhagic
cysts, a 46-year-old man was called to
receive his second cadaveric kidney
transplant. The etiology of his renal fail-
ure was hypertension and his first cadav-
eric kidney transplant still in place func-
tioned for 6 years and was lost to chronic
rejection. The organs were en bloc kid-
neys from a 3-year-old boy trauma
victim.

Through a midline laparotomy bi-
lateral native nephrectomies were per-
formed. The right ileac fossa was occu-
pied by the previous allograft, which we
elected to leave in place since it was not
symptomatic. Distal aorta and vena cava
seemed suitable location for vascular
anastomoses. There was immediate
function from both kidneys. The trans-
plant ureters were short and small com-
patible with donor’s age and the recipi-
ent’s bladder and ureters were small due
to prolong nonfunctioning. Individual
end-to-end anasthomosis seemed to of-
fer the best result. The right native ureter
was elected for upper moiety. The stump
of the left native ureter was mobilized
accompanying the gonadal vessels
passed through the sigmoid colon mes-
entery and provided adequate length for
the lower moiety. At the end of dissec-
tions all ureters were viable and bleeding
from the ends. They were spatulated and
anastomoses were stented (Fig. 1).

Foley catheter was left indwelling
for 10 days and ureteral stents were re-
moved 1 month following transplant.
Nuclear renal scan at 3 months shows
normal function and drainage. The re-
cipient has normal serum creatinine.

The blood supply of upper, mid,
and distal ureter is from renal, gonadal,
and vesical arteries, respectively. The
ureter also receives feeding branches

from abdominal aorta and common il-
eac artery (2).

In our case on the left side while
renal and gonadal arteries were discon-
nected from aorta it seemed that vesical
arteries, branches from common ileac
artery, and other sources of gonadal
blood supply (cremastric and vasal ar-
teries) in retrograde fashion provided
additional supply for the ureter.

Our experience shows that stump
transureteroureterostomy is a valid op-
tion in unusual circumstances however
ureter always should accompany the go-
nadal vessels.
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FIGURE 1. Transposition of left ureter to right accompanying gonadal vessels.
Inset renal scan demonstrates good function of both renal units.
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Consideration of Preanalytical Conditions to Use Circulating Matrix
Metalloproteinases as Diagnostic Markers

I have read with interest the report
by Kuyvenhoven et al. (1) regarding the
changed concentration of matrix metallo-
proteinases (MMP) 2 and 9 in patients af-
ter liver transplantation. Serum MMP-9
was significantly increased in patients with
rejection compared with those without re-
jection and culminated at one week after
transplantation. Since MMP-9 immuno-
reactive cells were found in great quanti-
ties in liver biopsies of the respective pa-
tients, the elevated serum MMP-9 was
explained by the release from infiltrating
neutrophils and lymphocytes. An im-
paired clearance of MMP-9 during the re-
jection crisis was ruled out. The authors
concluded that the increased serum
MMP-9 might serve as marker in patients
with acute rejection (1). However, I would
direct the interested reader’s attention to
the significance of blood collection as pre-
analytical determinant for MMP measure-
ments to avoid diagnostic misinterpreta-
tions. Since the collection method of
blood samples constitutes an essential in-
terference factor for the measurement of
circulating MMPs, I want to refer in the
following to data previously published in
analytical journals (2, 3).

Results of the author’s own experi-
ments are summarized in Figure 1. Briefly,
blood samples from eight healthy subjects

were prepared in commercially available
devices (Sarstedt, Nümbrecht, Germany)
by centrifugation at 1600g for 15 minutes
within 30 minutes of venipuncture. Plastic
tubes were used either without additives
(S-Monovette tubes 01.1728) or with ka-
olin-coated plastic granulate (S-
Monovette tubes 01.1601) to obtain pure
serum (serum-1) or serum after enhanced
clotting (serum-2). Plasma samples were
collected as citrate plasma (plasma-C) or
heparin plasma (plasma-H) (S-
Monovettes, coated with sodium citrate or
lithium heparin). MMP-9 measurements
were performed with an MMP-9 ELISA
(MP2211, Medac Diagnostika, Wedel,
Germany). Figure 1 shows that MMP-9
concentrations are about 10 times higher
in serum than in plasma. In addition, dif-
ferent concentrations were also found in
serum samples depending on the kind of
serum preparation. Serum samples col-
lected in tubes with clot activator (se-
rum-2) had about threefold higher
MMP-9 concentrations than pure serum
samples (serum-1). As platelets and leuko-
cytes contain high concentrations of
MMP-9, the variable release of MMP-9
from blood cells during the platelet activa-
tion or sampling process could cause these
differences (3). On the other hand,
changes of white blood cell count depend

on the time elapsed since liver transplan-
tation, as well as complications such as
acute rejection (4, 5). Therefore, it can be
assumed that the changed MMP-9 con-
centration as described (1) did not exclu-
sively derive from the inflammatory cells
in the transplanted liver. Kuyvenhoven et
al. (1) used serum samples for their mea-
surement but did not describe the kind of
preparation.

In summary, in order to establish an
accurate relationship between MMPs in
the peripheral blood and pathological pro-
cesses in tissue/organs, and to use them as
diagnostic and prognostic indicators, the
effect of blood sample preparation has to
be notably considered. Recently, the use of
blood samples collected with sodium ci-
trate was suggested to avoid the detrimen-
tal effect of other anticoagulants or serum,
and to optimize the diagnostic validity of
MMPs in peripheral blood (3).

Klaus Jung
Department of Urology

University Hospital Charité
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FIGURE 1. Effect of blood collection on the MMP-9 concentration in serum and
plasma. MMP-9 measurements in samples prepared from blood of eight healthy
adults; mean values with 95% confidence intervals are shown. Left: Serum-1, pure
serum prepared in Monovette tubes without additive; serum-2, serum prepared
in tubes containing kaolin-coated granulate as clot activator. Right: Plasma-C and
plasma-H, prepared in tubes coated with sodium citrate or lithium heparin. Sig-
nificant differences of at least P�0.05 (ANOVA, repeated measures; posterior test
according to Tukey) between the samples are indicated by the following sym-
bols: (a) significantly different from serum-1, (b) from serum-2, (c) from plas-
ma-H, and (d) from plasma-C.

744 Transplantation • Volume 79, Number 6, March 27, 2005



Preanalytical Conditions and Circulating Matrix Metalloproteinases
We appreciate the interest of

Klaus Jung in our study and his response
to the manuscript on serum matrix met-
alloproteinases (MMP)-2 and MMP-9
after human liver transplantation. We
share his concern regarding the effects of
blood sample collection on the accuracy
and diagnostic value of serological MMP
determinations in pathological pro-
cesses. We were aware of the fact that the
preanalyte used might have a consider-
able impact on the results obtained. Ex-
actly this concern made us perform a
preevaluation of different blood samples
from seven liver transplant patients, col-
lected at six time points from pretrans-
plantation to one year of follow-up, be-
fore we executed the complete study. We
routinely collected simultaneously se-
rum (without clotting activator), sodi-
um-heparin, and K2-EDTA blood sam-
ples through unforced blood sampling
of the patients in the morning, using the
Becton Dickinson Vacutainer system.
The samples are also processed simulta-
neously by centrifugation and stored at
-70°C until analysis.

Similar to Jung et al. (1, 2) we also
found considerable differences in the
MMP levels, as determined by ELISA,
depending on the type of analyte used
(see Table 1).

Overall, EDTA-plasma samples
were found to have a two- to threefold
lower MMP level compared to the se-
rum and heparin-plasma levels. How-
ever, the latter two samples had higher
MMP-9 levels in serum but compara-
ble MMP-2 levels. In addition, the cor-
relation in the MMP levels between the
different analytes were highly signifi-
cant (P � 0.0005; i.e., MMP-9: 0.53 �
r � 0.57; MMP-2: 0.73 � r � 0.89).
More importantly, however, were the
levels over time with the different ana-
lytes. As shown in Figure 1, the pat-
terns of the MMP levels over time are
very similar for the different analytes,
peaking for MMP-9 (Fig. 1A) and de-
creasing for MMP-2 (Fig. 1B); this was
less impressive for the EDTA-levels,
which were consistently low for both
MMPs.

These observations do indicate, in
our opinion, that the type of analyte
does affect the level of the MMPs; with
appropriate processing, the dynamics of
the levels over time within the different
analytes do show a similar pattern. In
addition, the consistency in both the
sample preparations and MMP results
of the different analytes seems to exclude
a variable release of MMP-9 from blood
leukocytes due to sampling as the cause

of raised levels in serum, obtained with-
out clotting activator, of our liver trans-
plant patients with allograft rejection.
Jung also suggested that the raised
MMP-9 level in the patients with rejec-
tion might be related to increased num-
bers of white blood cells and/or platelets
in the circulation, which release
MMP-9. Although we did find a signifi-
cantly higher serum MMP-9 level at one
week after transplantation in the pa-
tients with rejection compared to the pa-
tients without rejection [233�29 (n �
13) versus 158�16 (n � 20) ng MMP-9/
ml, P � 0.05], at the same time point the
white blood cell and platelet counts were
almost the same for both groups (re-
spectively, 11.9�1.3 versus 11.0�1.3
and 156�24 versus 136�15; all 109/L).
These findings support our conviction
that the raised serum MMP-9 levels with
liver rejection are most likely, though
probably not exclusively, derived from
infiltrating inflammatory cells within
the liver (3).

Interestingly, in another study
we observed a relation between citrate-
plasma MMP-9 levels and severity of
ischemia/reperfusion injury of the
transplanted liver (4). Thus, the sug-
gestion that sodium-citrate plasma
might be the best analyte to be used for
MMP assessments, as suggested by
Jung and by Mannello et al. (5), might
be valid, although we found relatively
low preoperative levels for MMP-9
(55�6 ng/ml) and for MMP-2
(782�76 ng/ml) in the 24 liver trans-
plantation patients included in this in-
ternational study (4), a phenomenon
also described in the other studies (2,
5). Since most of our studies on MMPs
also include evaluation of their activ-
ity, either by zymography or immu-
nosorbent activity assays, we prefer to
use serum obtained without clotting
activator or citrate-plasma because of
the known interference of EDTA and
heparin in these kinds of analyses.

In conclusion, we concur with Jung
that consistency in blood sample prepara-
tion is essential in the assessment of the
clinical and diagnostic value of circulating
MMP levels in relation to pathological dis-
ease processes. We do think, however, that
when this is executed accurately the type of
preanalyte used might be more relevant to
the obtained absolute MMP level and to

FIGURE 1. (A) MMP-9 and (B) MMP-2 levels in the different analytes of liver
transplant patients. Each point represents the mean � SEM of seven patients/
samples at different time points during follow-up (1, pretransplantation; 2, within
5 days posttransplantation; 3, at 1 month posttransplantation; 4, at 3 months post-
transplantation; 5, at 6 months posttransplantation; and 6, at 1 year of follow-up).

TABLE 1. MMP levels in different analytes of liver transplant patients

Determinant* Serum
Heparin-

plasma
EDTA-
plasma

MMP-9 246�27a,b 168�23a 81�17

MMP-2 2846�250b 2755�296a 1098�47

* n�42, in ng/mL sample; data as mean � SEM.
a P�0.0005 versus EDTA-plasma; b P�0.005 versus Heparin-plasma.
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the type of analysis to be subsequently per-
formed (e.g., activity assay versus ELISA)
but less to the dynamics of the changes in
the MMP parameter under study.
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Probable Interaction of Bergamottin and Cyclosporine in a Lung Transplant
Recipient

Cyclosporine is a drug that war-
rants continuous monitoring due to pa-
tient variance, interactions with other
medications, and interactions with con-
current ingestion of some fruit juices.
Recently, it was confirmed that grape-
fruit juice and lime juice augment the
bioavailability of medications (such as
felodipine) by inhibiting presystemic
metabolism mediated by cytochrome
P450 (CYP) 3A4 (1,2). Other mecha-
nisms are probable. This action appears
to be directly related to the concentra-
tion of bergamottin—a substance
thought to be able to irreversibly inhibit
CYP 3A4 activity—in the juice. Other
furanocoumarin-like substances in
these juices may contribute to increased
absorption of medications utilizing the
CYP3A4 pathway. One patient experi-
ence has caused the authors to suspect
other drinks potentially have a pharma-
cokinetic effect on cyclosporine.

The patient was a 32-year-old
male who, for six years prior to a lung
transplant, had been treated with
epoprostenol infusion via ambulatory
pump for primary pulmonary hyperten-
sion. The patient underwent double
lung transplantation and did well, being
discharged after 11 days. Since that time
the patient has been maintained on sev-
eral medications, including cyclospor-
ine. Two weeks after discharge from the
hospital, the cyclosporine trough serum

concentration was adequate (358 ng/ml)
and no signs of toxicity existed. On the
next four visits, spanning 24 days, cyclo-
sporine levels varied, and were 676, 319,
374 and 761 ng/ml respectively. These
serum concentrations were not the re-
sult of altered cyclosporine doses, dos-
age form change, changes in the time of
day of dosing or sampling, patient ill-
ness, or changes in medications given
concomitantly.

A significant discovery was that
the patient drank Sundrop citrus soda
with breakfast on the days when higher
serum concentrations were found.
(Sundrop citrus soda is a registered
trademark used under license by Dr.
Pepper/Seven Up, Inc., 2002.) The his-
tory revealed that, over time, the rise in
cyclosporine directly matched the days
when cyclosporine levels were high (676
and 761 ng/ml). Dr. Pepper/Seven Up
has confirmed that the citrus drink con-
tains furocoumarins. The patient has
now avoided the ingestion of this drink
at the time of dosing, and cyclosporine
serum concentrations have normalized
and are consistently predictable.

It is the authors’ opinion that
practitioners should be aware of the eat-
ing and drinking history of their patients
prescribed medications known to inter-
act. It is also suggested that citrus flavor-
ings, flavoring oils, and the presence of
fresh juices in grocery products be la-

beled to include these items. In particu-
lar, we suggest that labeling include a
caution that ingestion may interact with
medications the person is taking. Pa-
tients should be instructed to take their
medications without the concurrent use
of these products.

Philip E. Johnston
Pharmaceutical Services

Vanderbilt University Medical Center
Nashville, Tennessee

Aaron Milstone
Allergy, Pulmonary and Critical Care

Medicine
Vanderbilt University Medical Center

Nashville, Tennessee

Address correspondence to: Philip E. Johnston,
Pharm.D., B-101 VUH, 1161 21st Avenue S,
Nashville, TN 37232. E-mail:
phil.johnston@vanderbilt.edu.

Received 10 March 2004. Accepted June 2, 2004.
Copyright © 2005 by Lippincott Williams &

Wilkins
ISSN 0041-1337/05/7906-746
DOI: 10.1097/01.TP.0000148913.75002.33

REFERENCES
1. Bailey DG, Kreeft JH, Munoz C, et al. Grape-

fruit juice-felodipine interaction: effect of
naringin and 6�,7�-dihydroxybergamottin in
humans. Clin Pharmacol 1998; 64: 248.

2. Bailey DG. Dresser GK. Bend JR. Bergamot-
tin, lime juice, and red wine as inhibitors of
cytochrome P450 3A4 activity: comparison
with grapefruit juice. Clin Pharmacol 2003;
73: 529.

746 Transplantation • Volume 79, Number 6, March 27, 2005



Sun Drop Citrus Soda and Cyclosporine Interaction: Comments on
Causality and Recommendations

I read with interest the letter by
Drs. Johnston and Milstone (1). They
reported the case of a lung transplant pa-
tient stabilized on cyclosporine at a dose
that produced a therapeutic serum drug
concentration soon after discharge.
However, concentrations ranged be-
tween therapeutic and potentially toxic
on ensuing assessments. After excluding
obvious possible causes, they considered
diet, which revealed that the patient had
consumed a particular drink (Sun Drop
citrus soda) at breakfast on the two days
when serum cyclosporine concentra-
tions were essentially doubled. Subse-
quent avoidance of this citrus product
resulted in consistent therapeutic cyclo-
sporine concentrations. The authors en-
couraged better awareness of diet as a
potential cause of adverse drug interac-
tions. Additionally, they urged labeling
of citrus products in grocery stores to
indicate ingredients and caution against
ingestion with interacting medications.
Moreover, they promoted instruction of
patients by healthcare professionals
about avoidance of these fruit products
during pharmacotherapy.

A key discriminator of causality of
an interaction is response on rechal-
lenge. Although retrospective, the data
supported consistency of effect on se-
rum cyclosporine concentration with
repeat consumption of Sun Drop citrus
soda. Moreover, prospective informa-
tion showed that the problem did not
reoccur by exclusion of this drink from
the diet. Thus, it seems logical to con-
clude that the potentially toxic serum
cyclosporine concentrations were likely
based on ingestion of Sun Drop citrus
soda.

Creating a greater awareness of diet-

induced drug interactions appears much
needed. The public generally considers
foods as safe and advantageous for hu-
man health. This concept is reinforced
by lack of formal guidelines about con-
sumption. Consequently, patients don’t
often feel the need to discuss their diet
with healthcare professionals and prac-
titioners don’t routinely obtain accurate
histories or dispense advice on diet, the
exception being certain foods and use of
warfarin. However, this case report pro-
vided further support that certain di-
etary constituents might provoke toxic-
ity from excessive drug concentration.
Consequently, taking a careful dietary
history could help explain constant vari-
ability or an abrupt detrimental change
in the medical status of a patient. More-
over, controlling diet may more effec-
tively prevent unwanted drug effect than
changing therapy.

Better labeling of grocery prod-
ucts may be also beneficial. Citrus drinks
frequently do not specify what fruits or
amounts are present. Yet, it has been
known for more than 13 years that
grapefruit can increase plasma concen-
trations of drugs, including cyclospor-
ine, by enhancing oral bioavailability (2,
3). More recently, Seville (bitter) orange
and lime were shown to augment con-
centrations of the calcium antagonist,
felodipine (4, 5). Current labeling of Sun
Drop citrus soda does indicate that it
contains components from citrus fruits.
Conversely, the mechanisms or specific
constituents in this drink that appar-
ently caused the markedly augmented
serum concentrations of cyclosporine
are not clear. Nevertheless, it seems
appropriate to indicate on the label
when citrus drinks contain juice or other

portions from grapefruit, Seville orange,
or lime and then state that there may be
an unwanted interaction with certain
medications. Such information would
likely assist healthcare professionals and
patients to optimize drug use.
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