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Abstract

Background: PNH is associated with abdominal vein thrombosis, which can cause splenomegaly and
hypersplenism. The combination of thrombosis, splenomegaly, and thrombocytopenia (TST) is challenging
because anticoagulants are indicated but thrombocytopenia may increase the bleeding risk. Splenectomy
could alleviate thrombocytopenia and reduce portal pressure, but it can cause post-operative thromboses and
opportunistic infections. We therefore sought to determine whether selective splenic artery embolization (SSAE)
is a safe and effective alternative to splenectomy for TST in patients with PNH.

Methods: Four patients with PNH and TST received successive rounds of SSAE. By targeting distal vessels for
occlusion, we aimed to infarct approximately 1/3 of the spleen with each procedure.

Results: Three of 4 patients had an improvement in their platelet count, and 3 of 3 had major improvement in
abdominal pain/discomfort. The one patient whose platelet count did not respond had developed marrow
failure, and she did well with an allo-SCT. Post-procedure pain and fever were common and manageable; only
one patient developed a loculated pleural effusion requiring drainage. One patient, who had had only a partial
response to eculizumab, responded to SSAE not only with an improved platelet count, but also with an increase
in hemoglobin level and decreased transfusion requirement.

Conclusions: These data indicate that SSAE can decrease spleen size and reverse hypersplenism, without
exposing the patient to the complications of splenectomy. In addition, SSAE probably reduces the uptake of
opsonised red cells in patients who have had a limited response to eculizumab, resulting in an improved quality
of life for selected patients.
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Background
PNH is characterized by the triad of hemolytic anemia, cy-
topenias and a high risk of venous thrombosis. This is a re-
sult of the expansion of a stem cell clone with an acquired
mutation in the PIG-A gene [1], resulting in defective
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synthesis of glycosylphosphatidylinositol (GPI), and there-
fore a deficiency of all GPI-linked proteins on the surface
of circulating blood cells. Since two complement inhibi-
tors, CD55 and CD59, are GPI-linked, this results in intra-
vascular complement-mediated lysis of red cells. A similar
defect on the surface of platelets probably contributes to
the marked thrombophilic state of these patients, which
particularly involves the intra-abdominal veins [2-7].
Splenomegaly, when it occurs in PNH, is commonly a

consequence of splenic, hepatic, or portal vein thrombosis;
this can result in hypersplenism and can contribute to cy-
topenias. We have particularly noted the combination of
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thrombosis, splenomegaly, and thrombocytopenia (which
we term TST) in patients with PNH to be challenging,
because splenectomy is hazardous in the presence of
portal hypertension, and it may be complicated by further
thrombosis [8]. Selective splenic artery embolization (SSAE)
represents a potentially safer alternative, available since
the 1970’s, when Spigos et al [9] used this approach to
treat renal transplant patients with hypersplenism and
persistent leucopenia. Subsequently, SSAE was used in
children [10] and in adults with hypersplenism from
biliary atresia [11], thalassemia [12,13], and idiopathic
thrombocytopenia purpura [14]. Of note, this approach
has been favorably compared with splenectomy in a se-
lect group of patients in a randomized trial [15]. To our
knowledge, only one patient with PNH—who had com-
plications of a liver transplantation for Budd Chiari
syndrome—has previously been treated in this way [16],
which resulted in a decrease in ascites. Here we describe
four patients with PNH, all of whom had splenomegaly,
intra-abdominal thromboses and severe thrombocytopenia,
who were treated with SSAE. Three of the patients had a
substantial and sustained clinical improvement, and the
fourth patient was successfully treated with an allogeneic
stem cell graft.

Results
All 4 patients had hemolytic PNH at the time of SSAE
treatment. The main findings and hematologic parame-
ters are shown in Table 1. Here we give brief summaries.
Patient 1 was referred to us in 1999 with a diagnosis

of PNH complicated by DVT (Table 1) and a sonogram
showed cavernous transformation of the portal vein,
multiple collaterals, markedly attenuated right and mid-
dle hepatic veins, with normal flow demonstrated only
in the left hepatic vein. She was having frequent attacks of
abdominal pain, and in 2000 repeat imaging showed that
the spleen had increased to 21.2 cm; endoscopy demon-
strated non-bleeding gastric varices but no esophageal vari-
ces. The patient was given nadolol to reduce portal pressure
and therapeutic doses of low molecular weight heparin.
The combination of thrombocytopenia, varices, and antic-

oagulation implied a high long-term risk of hemorrhage,
and we considered that the thrombocytopenia was largely
the result of hypersplenism. Therefore, in April 2000 the
patient underwent selective embolization of the inferior
branches of the splenic artery, using gelfoam pledgets
and microcoils (Figure 1). The patient developed fever
and severe abdominal pain in the LUQ, which subsided
within 48 hours. A repeat MR venogram showed a de-
crease in spleen size to 18.3 cm, with multiple infarcts
in the mid to lower pole of the spleen, and the platelet
count rose to 61 × 103/ul. A second SSAE procedure
was carried out in January 2001, targeting the lower
pole of the spleen, as well as some peripheral superior
branches. This time there was much less pain; repeat
imaging estimated a spleen size of 15 cm, and the plate-
let count was now in the range from 60 to 80 × 103/ul.
Furthermore, there was now almost complete reso-
lution of the abdominal pain. In November 2002 a third
SSAE procedure was carried out: this time the 2
remaining major branches of the splenic artery were
embolized, as well as a previously embolized branch
that seemed to have recanalized. A sonogram estimated
the spleen size at 12 cm; the platelet count increased to
162,000 × 103/ul and has been above 100 × 103/ul ever
since. The patient is currently on eculizumab and
fondaparinux.
Patient 2 was referred in 1999 because of PNH, an en-

larged spleen, and thrombocytopenia (Table 1). Over the
previous 4 years she had had 3-6 hospitalizations per
year for abdominal pain, and occasional transfusions of
packed red blood cells. An MR venogram showed an en-
larged liver (18.7 cm) with heterogeneous texture, and
thrombosis in the distal right, middle, and left hepatic
veins, with attenuation of the proximal hepatic veins,
consistent with an early Budd Chiari syndrome. There
was also non-occlusive thrombosis in the left portal vein,
as well as a narrowed right anterior portal vein. It was
considered that thrombosis was too long-standing for
thrombolytic therapy [17], and the patient was started on
coumadin. By January 2000, the platelet count had fallen to
42 × 103/ul. It was thought that the thrombocytopenia
could be due in part to decreased production, and in part
to hypersplenism. Therefore, the patient was treated with
equine ATG, followed by cyclosporine. Over the next sev-
eral years there was no improvement in thrombocytopenia,
and the patient’s anticoagulation had to be periodically dis-
continued because of menorrhagia. MR venogram studies
demonstrated thrombosis in the left portal vein and splenic
vein, as well as splenomegaly. The first SSAE procedure
(Figure 2) was complicated by severe pain and a large left
sided pleural effusion, which required readmission for
thoracentesis and then a VATS procedure for an entrapped
lung. Since the platelet count did not change significantly,
a second SSAE was carried out, without complications.
Following this, the spleen size was reduced, the abdominal
pains were greatly alleviated, and the patient was able to
return to work full time. However, the thrombocytopenia
did not improve and we had to conclude, after a repeat
bone marrow, that it had not responded to SSAE because
it was due, at least in large part, to decreased platelet pro-
duction from bone marrow failure. The patient was there-
fore given rabbit ATG treatment, and did not respond. She
then received an unrelated allogeneic SCT, engrafted, and
is now in good health.
Patient 3 was referred because of splenic vein throm-

bosis and an enlarged spleen measuring 36 × 12.5 ×
14 cm; a CT showed collateralization of venous flow and



Table 1 Clinical and laboratory characteristics of the patients before and after SSAE procedures

Pt Age at
PNH diagnosis

(year)

Spleen
size in cm
before SSAE

Abdominal
pain prior to
procedure

Representative blood
counts before SSAE

% GPI-
negative
blood cells

SSAE procedures Plt count
post

treatment

Spleen size
in cm post
procedure

HGB
g/dl

Abs
Neut × 10-3/μl

Plts ×
10-3/
μl

PMNs RBCs Bone marrow
findings

Yr of first
procedure

Number of
procedures

Complications Follow-
up, yrs

1 30 (1993) 21 Frequent
attacks

10.5 1.4 42 52 15 Hypercellular;
megakaryocyte
aggregates

2000 3 Severe left-sided
abdominal pain

123 12 12

2 18 (1990) 19 Frequent
attacks

10 2.3 19 95 72 Hypocellular;
megakaryocytes

reduced

2005 2 Pain; large left
sided pleural

effusion, resolved
with thoracentesis,

12 12 7*

3 27 (1989) 36 No 10.3 1.5 14 75 47 Erythroid
hyperplasia;

megakaryocytes
adequate

2001 1 Abdominal pain 35 NA 11

4 26 (1998) 22 Occasional
attacks

7.7 0.9 <10 97 55 Normocellular;
megakaryocytes

adequate

2009 3 Uneventful 80-100 12 3.5

*In 2009 this Patient underwent successful allogeneic stem cell transplantation from an unrelated donor.
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Figure 1 Patient 1: (A) Serial Coronal MRI’s of the abdomen. The splenomegaly is seen to progressively resolve, and there is correction of the
displacement of the left kidney over time. (B) Angiograms of the spleen pre and post procedure, demonstrating insertion of radiopaque material
in arterial branches (→) and lack of distal opacification.
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some evidence of splenic infarcts. She had very low neutro-
phil counts, which needed intermittent support with G-
CSF. Because the very low platelet counts did not respond
well to platelet transfusions, it seemed likely that cytope-
nias were secondary to splenic sequestration. Therefore, an
SSAE procedure was carried out (Figure 3), whereby the
lower branch of the splenic artery was embolized by gelatin
Figure 2 Patient 2, serial axial CT scans of the abdomen, demonstrati
branches of the splenic artery (→), which has resulted in wedge shap
resolve, and there is progressively less impingement upon the left kidney.
sponge and stainless steel coils. Approximately ½ of the
spleen was thought to have been embolized, and the pa-
tient tolerated the procedure well. Within 2 weeks the
platelet count had risen to 68,000 × 103/ul, but subse-
quently it gradually fell to 35,000. Her physicians did not
consider that her platelet count was adequate for anticoa-
gulation, and a second embolization was considered but
ng a heterogeneous liver, radiopaque material placed in the
ed splenic infarctions (v). The splenomegaly is seen to progressively



Figure 3 Patient 3, pre and post-procedure axial CT scans with contrast, demonstrating massive splenomegaly, the successful
placement of radiopaque material in branches of the splenic artery (→), resulting in splenic infarction (v).
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not carried out because she moved overseas. She was then
started on eculizumab, which is known to reduce the risk
of thrombotic complications of PNH [18], and this also
helped her to achieve transfusion-independence. Since the
SSAE procedure, the patient has not had any further
thrombotic complications. The average platelet count has
been 44,000 × 103/ul, whereas the neutrophil count was
not affected and has averaged approximately 0.64 × 103/ul.
Patient 4 was referred in 1998 because of severe

hemolytic anemia and a history of superior sagittal sinus
thrombosis, and PNH was diagnosed. For 7 years the pa-
tient received transfusion support every 5 weeks, and
she was maintained throughout her course on oral anti-
coagulants or low molecular weight heparin. Exacerba-
tions of hemolysis with hemoglobinuria were rare, and
overall the patient had a good quality of life. In 2007 the
patient reported fatigue, abdominal pain, and headaches.
At the same time, the transfusion requirement increased
to 1 unit of red blood cells every week. Pancytopenia
progressively developed (see Table 1), and no HLA com-
patible donor was available. Eculizumab was started; fa-
tigue and headaches subsided, but the patient remained
transfusion dependent (1 unit of PRC every 3-4 weeks)
and she still had abdominal pain. Reticulocytes remained
elevated, LDH and unconjugated bilirubin were slightly
above normal, and the direct antiglobulin test (DAT)
was positive with anti-C3d, whereas the platelet count
decreased further to <10 × 103/ul. An abdominal ultra-
sound study showed marked splenomegaly (22 cm), ob-
literation of the right and middle hepatic veins and
obstruction of the inferior vena cava. It seemed likely
that both the thrombocytopenia and the high transfusion
requirement were at least to some extent secondary to
hypersplenism [19,20] .
SSAE was performed in three successive procedures
carried out in June, July and November 2008, respec-
tively. Each procedure achieved partial embolization of
the spleen with coils. Except for a chest infection after
the second procedure, the patient tolerated SSAE well.
The platelet counts gradually recovered (Figure 4) and
three years later stabilized at a level of 80-100,000 × 103/ul.
There was also a decrease in reticulocytes, LDH and
unconjugated bilirubin. On the other hand, there was a
further increase in the percentage of PNH III red cells.
These findings, taken together, suggested that extravas-
cular hemolysis was reduced considerably. In keeping
with this, the transfusion requirement is now approxi-
mately 1 unit of red cells every 3 months; furthermore,
her abdominal pains have resolved, and the patient’s
quality of life has now improved dramatically.

Discussion
SSAE is an effective alternative to splenectomy for TST in
PNH patients
All four of our patients had thrombosis, splenomegaly,
and thrombocytopenia (TST), a triad that emerges as a
syndrome of its own. Splenectomy could be used to treat
TST and, by reducing blood flow into the portal system,
it could reduce portal pressures. However, splenectomy
can be complicated by post-operative thromboses, even
in patients who do not have a hypercoagulable state. In
addition, total ablation of splenic function is not desi-
rable in patients with PNH, since they may be already
neutropenic, may have impaired neutrophil function,
and may be immunosuppressed by treatments such as
ATG, cyclosporine or eculizumab. SSAE emerges, then,
as an alternative to splenectomy, with the aim to reduce
spleen function through the occlusion, beyond the



Figure 4 Time course of hematological parameters of patient 4 in relation to eculizumab treatment and SSAE treatment. Eculizumab
was started in December 2007. SSAE of the three main branches of the splenic artery was performed in June, July, and November 2008. It is seen
that the rather severe thrombocytopenia did not respond to eculizumab (nor was that expected), but it did respond to SSAE; the transfusion
requirement decreased somewhat on eculizumab but much more after SSAE.
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hilum, of the branches of the main splenic artery. These
branches are end-arteries and therefore this procedure
produces infarction of the splenic parenchyma, with
consequent reduction of spleen size.
Here we demonstrate that TST is amenable to treat-

ment by SSAE. Following this procedure, all 4 patients
had a marked reduction in spleen size, and 3 out of 4
had a clinically significant increase in platelet counts. All
3 of the patients who had had disabling recurrent attacks
of abdominal pain or discomfort from splenomegaly re-
ported a substantial improvement in symptoms. We at-
tribute the improvement in the platelet count to a
correction of hypersplenism. The mechanism for the re-
lief of pain is less clear: decreased arterial flow to the
spleen will decrease the venous return into the portal
system, which may ameliorate portal hypertension. Al-
ternatively, decreased spleen size may relieve pressure on
the splenic capsule. The clinical and hematological im-
provement was long-lasting, with a follow-up time of 3.5
to 12 years. The only patient whose thrombocytopenia
was not corrected had bone marrow failure in addition to
hypersplenism, and therefore she was treated by BMT.
Even in her case, the procedure was likely to have been
beneficial, because the correction of hypersplenism prior
to the BMT may well have facilitated blood count reco-
very post BMT.

Radiologic, anatomic, and physiologic considerations
pertinent to SSAE
Since the purpose of SSAE is to reduce spleen function,
we need to consider the anatomy of the splenic vascula-
ture. The main splenic artery gives off many small
branches to the stomach and pancreas before dividing,
at the splenic hilum, into several branches. Although
there may be a few anastomoses near the hilum, there
is little collateral flow within the substance of the
spleen: i.e., the branches of the main splenic artery are
end-arteries [21]: therefore when one of them is oc-
cluded beyond the hilum, the typical result is infarction
of the parenchyma that was supplied by that branch.
Our purpose in the use of SSAE in these patients was

fundamentally different from that of splenic artery
embolization used to arrest hemorrhage secondary to
splenic trauma. In that case, the objective is to occlude
the vessel proximally in order to diminish the pressure
head and facilitate normal hemostasis, while at the same
time preserving tissue viability, which is made possible
by collateral pathways. In contrast, in our patients, the
purpose is to diminish the volume of splenic paren-
chyma through infarction.
For achieving this, several agents can been used, in-

cluding gelfoam, polyvinyl alcohol particles, silastic
spheres, and balloon catheters. We have preferred gel-
foam because it is easy to cut into pledgets small enough
to occlude branches of the splenic artery, and because of
success reported by several authors. In conjunction with
the gelfoam, we also used micro-coils in order to inhibit
recanalization. The use of coils for treating hypersplen-
ism by more proximal occlusion of the splenic artery has
been abandoned, because the effect on platelet and
WBC counts has proven short-lived, on account of the
development of collaterals [22].
To avoid infarction of too large a volume of splenic pa-

renchyma (that can result in splenic abscess formation,
splenic rupture, pneumonia, and sepsis) we employed a
stepwise approach of embolization, aimed to infarct about
one-third of the entire spleen, fully aware that we would
need to carry out additional rounds. It is preferable to
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target the lower pole vessels first, in order to limit splint-
ing and thus the development of a left pleural effusion
(see Harned et al. [23]), which did occur nevertheless in
one of our patients.
The most significant clinical side effect of SSAE was se-

vere pain radiating from the left upper quadrant, presum-
ably from nerve endings in the splenic capsule, and it
requires medication, including opiates, which, if given in
time, can prevent splinting; we recommend delivery intra-
venously by patient controlled analgesia (PCA). Here, sub-
sequent embolizations were associated with less pain than
the initial procedure. Strict aseptic technique is impera-
tive, and we administered peri-procedural antibiotics. An-
ticoagulants should be stopped prior to the procedure,
and then re-started, as we have done, to avoid hemorrhage
at the site of arterial entry, and perhaps also to allow a
brief period of time for a thrombus to form in the
embolized artery. Since splenic rupture is a potential
complication, a surgical team with expertise in hepato-
biliary diseases should be consulted prior to the procedure
and remain available. Because SSAE never removes all of
the splenic parenchyma, the risk of overwhelming infection
is probably very low; however, pre-procedure vaccinations
are reasonable, in the event that complications require a
splenectomy. For those on eculizumab, the administration
should remain on schedule.

Role of SSAE in the management of complications of PNH
There are several reasons that the incidence of TST in
PNH will decrease over time: (i) eculizumab, a humanized
monoclonal antibody against C5, blocks complement-
mediated intravascular hemolysis [24] and considerably
decreases the risk of thrombosis [18]. In all of our pa-
tients, TST developed before eculizumab was available;
(ii) primary prophylaxis with anticoagulation – though
it is not itself free of risk – can reduce the risk of
thrombosis [25]: our patients were referred to us having
not been on anticoagulant prophylaxis; (iii) In a group
of 9 select patients with recent thromboses, we have
shown that thrombolysis is effective for restoring vessel
patency [17], and this could prevent TST (none of the 4
patients reported here received thrombolytics on account
of their long duration of thromboses); (iv) as eltrombopag
is developed as a potential treatment for marrow failure
syndromes, it is possible that this will emerge as an alter-
native treatment for thrombocytopenia in patients with
TST. Nevertheless, even in the current era, we expect that
there will still be some patients who first present having
already had long-standing venous thromboses and TST,
and we believe that SSAE will remain an important treat-
ment for them.
Moreover, the clinical course of patient 4 (Figure 4)

suggests that here we may have opened up a role for
SSAE for a specific subset of PNH patients – those who
have had only a partial response to eculizumab. Persist-
ent transfusion dependence occurs in about 15% of pa-
tients with hemolytic PNH treated with eculizumab [26]:
sometimes this can be explained by rapid drug metabol-
ism, or by marrow failure– but probably in the majority
of cases it is due to extravascular hemolysis primarily in
the spleen, as a result of deposition of C3d on red cells,
leading to opsonization [19], and very recently, it has
been shown that genetic polymorphism of the comple-
ment receptor 1 gene is a determinant of response to
eculizumab [27]. Indeed, in patient 4, after SSAE, there
was not only a marked decrease in spleen size and an in-
crease in platelet counts– but also a significant reduc-
tion in red cell transfusion requirement. We believe that,
like the patient reported by Ristano et al. who had a
good response to splenectomy [20], this patient bene-
fited from a reduction in splenic size—with the advan-
tage that splenic function was not completely lost. If the
only indication for SSAE were to decrease splenic uptake
of opsonized red cells in those on eculizumab, it will be
important to select patients very carefully. One exclusion
criterion should be reticulocytopenia (indicative of mar-
row failure); whereas ongoing transfusion requirement,
progressive iron overload, an elevated reticulocyte count
and bilirubin level, as well as documentation of C3d on
the surface of red cells (based on a Coombs test or flow
cytometry) might be regarded as essential inclusion cri-
teria for SSAE in the absence of TST.

Conclusions
We have shown that SSAE, carried out in sequential
steps, is of benefit to patients with PNH who have TST
and may have hypersplenism. We have observed clinic-
ally significant resolution of pain in all cases, and we
have documented objective responses in terms of spleen
size and platelet counts in most of the cases. In addition,
for patients who remain transfusion dependent on eculi-
zumab on account of extravascular hemolysis, SSAE
may provide the extra benefit of alleviating transfusion
requirement and is probably preferable to splenectomy.

Methods
Institutional Review Board approval was obtained for the
maintenance of the database from which this paper was
written, according to HIPPA guidelines. We identified pa-
tients with PNH complicated by TST who were thought
to be not amenable to thrombolysis on the basis of long
duration of thromboses. Patients who were thought to
have a major component of immune mediated marrow
failure were either excluded or first treated with immu-
nosuppression prior to the procedure.
A stepwise and selective approach was chosen for

embolization. Particularly, we aimed to occlude distal in-
ferior branches of the splenic artery with the first
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procedure, in order to reduce the chance of a left sided
pleural effusion from developing. Our objective was to
infarct no more than 1/3 of the spleen with the first pro-
cedure and ultimately no more than 2/3 of the spleen
overall by the end of the final procedure. Prior to the
procedure, anticoagulants were briefly discontinued,
peri-procedural antibiotics were administered, and the
patients were treated with intravenous fluids until their
oral intake recovered. Patients were hospitalized for the
procedure, and intravenous opiates– including delivery
by patient controlled analgesia– was given promptly to
relieve pain and prevent splinting, and acetaminophen
was given for post-procedure fever.
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