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The Value of Partial Splenic Autotransplantation
in Patients With Portal Hypertension

A Prospective Randomized Study
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Hypothesis: Splenic autotransplantation plays a role in
preserving immune function of the spleen in patients with
portal hypertension and liver cirrhosis.

Design: Prospective randomized study.
Setting: University hospital.

Patients: Twenty patients (19 men and 1 woman; aged
33-80 years) suffering from portal hypertension and liver
cirrhosis were randomly allocated into 2 groups. Each
group consisted of 10 patients.

Interventions: All patients underwent modified Sugi-
ura operation. In the control group, splenectomy was per-
formed, while partial splenic autotransplantation into the
retroperitoneal space was additionally completed in the
splenic autotransplantation group.

Main Outcome Measures: Serum tuftsin and IgM were
measured preoperatively and 2 months after surgery. Dy-
namic scintigraphy with technetium Tc 99m-labeled heat-

damaged erythrocytes was performed at 2-month inter-
vals during the 8-month follow-up.

Results: There was no statistical difference in the mor-
tality of the groups. The preoperative levels of serum tuft-
sin and IgM showed no statistical difference between
groups. However, although these measures had de-
creased remarkably in the control group 2 months after
operation (P<<.001 for serum tuftsin; P=.04 for serum
IgM), they remained stable in the splenic autotransplan-
tation group (P=.25 for serum tuftsin; P=.12 for serum
IgM). Four patients within the splenic autotransplan-
tation group showed positive scanning of the trans-
planted splenic fragment during follow-up, whereas there
was no positive scanning in the control group.

Conclusion: Our results suggest that partial splenic au-
totransplantation can preserve immune function of the
spleen, as measured by serum levels of tuftsin and IgM,
in patients with portal hypertension and liver cirrhosis.
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T HAS BEEN well established that the
spleen is an important immune or-
gan, serving as a large phagocytic
filter and a major site of antibody
production. The IgM-specific an-
tibody, generated primarily in the spleen,!
promotes opsonized phagocytosis by acti-
vating various complement fragments, and
thus contributes to the early immune re-
sponse to pathogens. In addition, the spleen
produces tuftsin, which is a tetrapeptide
regulating the activity and migration re-
sponses of phagocytic cells.
Splenectomy impairs normal im-
mune function by reducing phagocytic ac-
tivity, lowering serum IgM and tuftsin lev-
els, and diminishing suppressor T-cell
numbers.®> Hence, patients with splenec-
tomy have been shown to bear a higher risk
of overwhelming postsplenectomy infec-
tion.* This provokes interest in develop-
ing alternative operative methods for
splenic preservation. Autotransplanta-
tion of splenic fragments after splenec-

tomy has been advocated as a method of
retaining normal splenic immune func-
tion in the treatment of massive splenic
trauma or splenomegaly caused by hema-
tologic disorders.”® However, it remains
equivocal whether splenic autotransplan-
tation may help maintain splenic im-
mune function in patients with portal
hypertension and cirrhosis.

Therefore, we conducted a prospec-
tive randomized study to evaluate the in-
fluence of autologous splenic transplanta-
tion in patients with portal hypertension and
cirrhosis on splenic immune function, as as-
sessed by levels of serum IgM and
tuftsin.

—

MORBIDITY AND MORTALITY

An 80-year-old patient from the splenic
autotransplantation group, who had had
severe chronic obstructive pulmonary
disease for more than 30 years, died of
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PATIENTS AND METHODS
PATIENTS

From July 1, 1999, to August 31, 2000, 20 patients (19 men
and 1 woman; age range, 33-80 years) with liver cirrhosis
complicated with portal hypertension and hypersplenism
underwent surgical treatment at the Department of Gen-
eral Surgery, Sun Yat-Sen Memorial Hospital of the Sun Yat-
Sen University of Medical Sciences, Guangzhou, People’s
Republic of China. The diagnosis of portal hypertension
was confirmed by the presence of esophageal varices on
endoscopy, and hypersplenism was assessed by pancyto-
penia. The liver function of these patients was graded as
either Child class A (n=13) or B (n=7).

The patients were randomly allocated into 2 groups:
splenic autotransplantation (n=10), in which patients un-
derwent splenectomy with retroperitoneal splenic auto-
transplantation and gastroesophageal devascularization
(modified Sugiura operation), and control (n=10), in which
only splenectomy and gastroesophageal devascularization
were performed. All treatments were carried out after ap-
proval by the university teaching hospital ethics commit-
tee and informed consent of the patient.

OPERATIVE TECHNIQUE

All operations were performed under elective conditions.
Briefly, the abdomen was entered through a left subcostal
incision and portal pressure was monitored from an omen-
tal vein. After exposure of the surrounding splenic liga-
ments, all short gastric vessels were ligated except the branch
that was close to the splenic pedicle. After the ligation of
the splenic vessels, splenectomy was performed and a frag-
ment (7X5X 1 cm) of the spleen was preserved near the
splenic pedicle. Then, the posterior peritoneum just above
the left kidney was cut open, and a bed in the retroperito-
neal space to accommodate the splenic fragment, which had
been marked with silver clips on its surface, was prepared
by blunt dissection of the surrounding tissues. After the
splenic fragment was adjusted at its appropriate site, a few
stitches were added close to the posterior peritoneal inci-
sion. Finally, gastroesophageal devascularization was per-
formed, followed by truncation and anastomosis of the lower
esophagus with a 25-mm stapler (Proximate ILS CDH; Ethi-
con Endo-Surgery, Inc, Johnson & Johnson Inc, Cincin-
nati, Ohio).

PERIPHERAL BLOOD CELL COUNT AND
MEASUREMENT OF SERUM IgM

Erythrocytes, leukocytes, and platelets were counted in ve-
nous blood in ethylenediaminetetraacetic acid before the
operation and during the postoperative follow-up, and

serum IgM was measured (Beckman Array 360 Chemistry
Analyzer; Global Medical Instrumentation Inc, Clearwa-
ter, Minn) preoperatively and 2 months after surgery.

MEASUREMENT OF SERUM TUFTSIN

Serum tuftsin was detected preoperatively and 2 months
after operation by means of reverse-phase high-per-
formance liquid chromatography, as described by Naim
et al.’® Briefly, 5 mL of peripheral blood from each subject
was collected in a nonsiliconized tube. Serum was iso-
lated by centrifugation, and aliquots were frozen at -70°C
for future assay. To release tuftsin from its carrier mol-
ecule subfraction IV of IgG, 1 mL of serum was diluted with
3 mL of 0.1N amonium carbonate and digested with 1 mg
of type I trypsin (Sigma-Aldrich Corp, St Louis, Mo). The
digest was incubated at 37°C for 1 hour, and 17.5 mL of
95% ethyl alcohol was added. The mixture was then heated
to 85°C for 15 minutes and cooled on ice before centrifu-
gation at 3000 rpm for 30 minutes. The supernatant con-
taining tuftsin was decanted into a 50-mL conical-bottom
tube and evaporated overnight under a vacuum. The sample
was then stored at —20°C until use.

A 5-octadecylsilyl column (25 cm X 4.6 nm) (What-
man; Yilite Scientific Instrumentation Inc, Dalian, China)
was used for reverse-phase high-performance liquid chro-
matography. The mobile phase was 0.0023M heptafluoro-
butyric acid (Pierce Chemical Co, Rockford, I11) in 22%
acetonitrile and 78% water. The flow rate was 1 mL/min,
and the UV detector (Waters 486, Waters Co, Milford,
Mass) was set at 210 nm at 0.01 AUFS (absorbance
units full scale), with an injection volume of 20 pL. A
pump (Waters 510; Waters Co) and a data module sys-
tems controller integrator (Waters 721; Waters Co) were
used. Under these experimental conditions, the reten-
tion time of synthetic tuftsin (Sigma-Aldrich Corp) was
5.1 minutes.

DYNAMIC SCINTIGRAPHY OF TRANSPLANTED
SPLENIC FRAGMENT

From week 2 to 32 after surgery, dynamic scintigraphy of
the transplanted splenic fragment engaging technetium Tc
99m (*"Tc)-labeled heat-damaged erythrocytes was per-
formed in all patients at 8-week intervals, with the use of
methods described by Nielsen et al.'!

STATISTICAL ANALYSIS

Data are expressed as mean +SD. The levels of serum tuft-
sin and IgM before and after surgery were compared by a
paired 2-group ¢ test, and the mortality rate as well as the
positive rate of scintigraphy were compared between the
2 groups by x? test. Significance levels were set at P<<.05.

pulmonary failure on the sixth day after surgery. All other
patients survived the perioperative period, with the mor-
tality rate between both groups not statistically different
(P=.33). No anastomotic leakage or obstruction and no
postoperative hemorrhage occurred in either group dur-
ing hospitalization. In addition, no deterioration in liver
function was observed after surgery.

During follow-up, 1 patient in the control group ex-
perienced rehemorrhage 1 month after surgery and was
readmitted to the hospital. The bleeding was controlled
by nonsurgical treatment. All other surviving patients ben-
efited from the operation, and no obvious changes of liver
function were observed in either group during the ob-
servation period.
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Peripheral Blood Cell Counts Before and 2 Weeks After Surgery*

Erythrocytes, x10°/uL

Leukocytes, x10%/uL Platelets, x103/uL

I 1
Preoperative Postoperative

I 1 I 1
Preoperative Postoperative Preoperative Postoperative

Group

Autologous splenic transplantation 3.46 +0.78 3.82+0.72 3.25+1.27 142 +5.71% 39.2+226 242 + 1271
Control 3.76 £ 0.59 3.97 £+ 0.59 3.07 £ 0.57 10.9 +4.131 471 £171 269 + 1401
Pvalue .61 A7 .67

*Data are presented as mean + SD (n = 10 per group).
1P<.05 as compared with preoperative value.

PERIPHERAL BLOOD CELL COUNTS

To evaluate the influence of autologous splenic trans-
plantation on the correction of pancytopenia, we com-
pared peripheral blood cell counts in both groups be-
fore and 2 weeks after transplantation (Tahble). As shown
in the Table, leukopenia and a reduced platelet count were
corrected in both groups 2 weeks after surgery, and there
was no difference in terms of postoperative erythrocyte,
leukocyte, and platelet counts between the 2 groups
(P>.05).

DYNAMIC SCINTIGRAPHY OF TRANSPLANTED
SPLENIC FRAGMENT

To visualize the transplanted splenic fragments, we used
dynamic scintigraphy. Positive scanning of the splenic
fragment was found in 4 cases from the autologous splenic
transplantation group. Two patients showed positive scan-
ning at 2 and 6 months postoperatively, and the other 2
did not show positive scanning until 8 months after sur-
gery. As expected, no positive scanning was found in the
control group. An example of a scintigram of a trans-
planted splenic fragment is shown in Figure 1.

SERUM TUFTSIN AND SERUM IgM LEVELS

The effects of the transplanted splenic fragments on host
immune function were further assessed by serum tuft-
sin and IgM levels. Two months after surgery, serum tuft-
sin (Figure 2) and IgM (Figure 3) levels were mark-
edly decreased in the control group as compared with
the preoperative assessment (P<<.05), whereas they re-
mained unchanged in the splenic autotransplantation
group (P>.05). In addition, although comparable pre-
operatively, serum tuftsin and IgM levels were signifi-
cantly higher postoperatively in the splenic autotrans-
plantation compared with the control group (P<<.05).
Within the splenic autotransplantation group, serum tuft-
sin and IgM levels were independent of the dynamic scin-
tigraphy of splenic fragments (data not shown).

BN COMMENT

The spleen is an important organ of the immune system
and has a prominent role in the generation of opsonins
and IgM-specific antibodies.' Splenectomy induces a se-
ries of important alterations in the immune response,
which may result in susceptibility to overwhelming post-
splenectomy infection.>'*** This has led to the develop-

ment of alternative surgical techniques to preserve the
spleen when possible. Autotransplantation of splenic frag-
ments after splenectomy has been advocated as a method
of retaining normal splenic immune function in the treat-
ment of splenic trauma or splenomegaly caused by he-
matologic disorder.®® However, it is unclear whether pres-
ervation of splenic tissue with splenomegaly will be
beneficial to the patients with portal hypertension and
cirrhosis. The results of our randomized controlled study
show that modified Sugiura surgery plus splenic auto-
transplantation is a safe procedure in patients with por-
tal hypertension and cirrhosis. In the splenic autotrans-
plantation group, 1 patient died of pulmonary failure at
the sixth day after operation. However, as the pulmo-
nary function of this patient had been poor before sur-
gery, postoperative death could not be ascribed to the au-
totransplantation procedure. All other patients survived
well without postoperative complications. Neither rehe-
morrhage, nor jaundice or ascites, occurred in the pe-
riod of observation. Serum examination indicated no
deterioration in liver function.

A difficulty within the current approach is decid-
ing the appropriate assessment of immune function of
transplanted splenic tissue. Among the indicators used
to evaluate humoral immune function of the spleen, tuft-
sin is considered a sensitive marker. Since Najjar and
Nishioka'* first discovered and characterized the natu-
ral phagocytosis-stimulating tetrapeptide tuftsin (threo-
nine-lysine proline arginine) from IgG,'* it has been found
that the circulating levels of tuftsin are reduced in hosts
after splenectomy.” Tuftsin has been demonstrated to in-
crease phagocytosis of bacteria in vitro and to improve
bacterial clearance and killing in vivo.'*'® Lower levels
of tuftsin or its inhibition should thereby lead to a greater
susceptibility to infections. Experimentally, tuftsin de-
ficiency plays a role in postsplenectomy sepsis, and treat-
ment with synthetic tuftsin protects the hosts after sple-
nectomy against pneumococcal septic death.'® In our
study, the levels of serum tuftsin decreased remarkably
in the control group 2 months after surgery (P<.05),
whereas concentrations remained stable in the splenic
autotransplantation group (P>.05). These results indi-
cate that splenic autotransplantation plays a role in pre-
serving tuftsin activity after splenectomy. Interestingly,
it has been shown that tuftsin activity correlates with the
volume of reimplanted splenic tissue.”” Some authors sug-
gested that 30 to 100 g of splenic tissue should be re-
planted in the omentum after splenectomy in splenic
trauma.”*"** However, the optimal mass of the trans-
planted splenic fragment to maintain tuftsin activity in
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Transplanted Spleen

Figure 1. Scintigraphic scan of a transplanted splenic fragment 2 months
after surgery with the use of technetium Tc 99m-labeled heat-damaged
erythrocytes.
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Figure 2. Serum tuftsin detection in splenic autotransplantation and control
groups before and after surgery. The level bar denotes the median value of
the group. Asterisk indicates a significant difference (P<.001) in comparison
with the control group.
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Figure 3. Serum IgM detection in splenic autotransplantation and control
groups before and after surgery. The level bar denotes the median value of
the group. Asterisk indicates a significant difference (P=.02) in comparison
with the control group.

humans remains unknown. On the basis of our results,
it appears that a 35-cm’ volume of transplanted splenic
tissue can preserve tuftsin activity in patients with por-
tal hypertension and cirrhosis after splenectomy.

The spleen is also the site of IgM production. Sple-
nectomy leads to a reduction of IgM in peripheral blood.?
In clinical trials, splenic autotransplantation maintains
normal IgM levels after splenectomy.®* Similarly, in our
study, the levels of serum IgM significantly decreased in
the splenectomy group after operation, whereas levels re-
mained normal in the autotransplantation group. These
data demonstrate that splenic autotransplantation can help
maintain normal humoral immune function.

Dynamic scintigraphy with heat-damaged radioiso-
tope-labeled erythrocytes aids visualization of trans-
planted splenic fragments and seems superior to the use
of isotope-labeled colloid, as the isotope uptake by the
spleen was constantly higher than uptake by the liver.!!
In our study, we detected the transplanted splenic tis-
sue with *™Tc-labeled heat-damaged erythrocytes. Ra-
dioisotope scans demonstrated functional splenic tissue
in 4 of the 9 patients who received autotransplants. The
relatively low positive scintigraphy rate may be ex-
plained by the following facts. First, vascularization of
the postperitoneum region, although high in portal hy-
pertension, differs among individuals, and scintigraphy
with radioisotope-labeled erythrocytes relies on high vas-
cularization because of its low sensitivity. Hence, those
with relatively poor vascularization in this region may
not show positive scanning. Additionally, the degree of
heat damage of the red blood cell membrane is crucial
for positive scanning, as an excess may result in overt
hemolysis, whereas too little will prevent sufficient trap-
ping of the labeled cells in the splenic tissue. Both cases
may also contribute to the low rate of positive results of
scintigraphy of the transplanted splenic tissue in the pres-
ent study. However, serum tuftsin and IgM levels, which
reflect the immune function of the transplanted splenic
fragments, did not differ in reference to the scintigra-
phy, indicating that scintigraphy of the splenic frag-
ments did not represent the immune function of the
splenic tissue.

In conclusion, modified Sugiura surgery plus splenic
autotransplantation can preserve partial immune func-
tion of the spleen in patients with portal hypertension
and cirrhosis. As a caveat, this randomized controlled
study of 20 cases requires further investigation and more
experience so as to establish the surgical procedure.
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