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Abstract

Paroxysmal nocturnal hemoglobinuria
(PNH) is associated with severe end-organ
damage and a high risk of thrombosis. Budd-
Chiari syndrome, which develops after throm-
botic occlusion of major hepatic blood vessels,
is relatively common in PNH and has been
associated with increased mortality. We report
the case of a 46-year-old male with PNH who
presented with Budd-Chiari syndrome associ-
ated with portal cavernoma, portal hyperten-
sion and hypersplenism. In September 2010,
the patient suffered gastrointestinal bleeding,
hematuria, and elevated plasma lactate dehy-
drogenase; he started eculizumab therapy with
a good response. In October 2012, he developed
upper gastrointestinal variceal bleeding and a
splenorenal shunt was placed. At the time of
writing, the patient remains stable and
eculizumab continues to be effective. There is
limited data on the use of eculizumab for pre-
vention of hemolysis and its consequences in
PNH patients undergoing surgery. Our find-
ings provide evidence for the efficacy and safe-
ty of eculizumab in this setting.

Introduction

Paroxysmal nocturnal hemoglobinuria
(PNH) is an acquired disease affecting
hematopoietic stem cells that is caused by a
somatic mutation of the phosphatidylinositol
glycan A gene. This mutation affects the syn-
thesis of glucosylphosphatidyl inositol cell
membrane anchors, leading to a partial or total
deficiency of proteins such as CD55 and CD59
in the surface of all progeny cell populations.!
The absence of these regulating proteins
results in uncontrolled amplification of the
complement system and leaves [red blood cells
(RBCs)], platelets and neutrophils vulnerable
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to attack, with subsequent hemolysis and
platelet activation, resulting in severe end-
organ damage and a high risk of thrombosis.
Even with the best supportive care, 35% of
patients die within the first ten years after
diagnosis.2

PNH is considered the most severe acquired
thrombophilic state and is associated with a
high rate of mortality.? Thrombosis is the main
cause of morbidity and mortality and accounts
for 40-67% of related deaths.*S The risk of
thromboembolism alone has been reported as
being 62-fold greater in PNH than in the gen-
eral population.” Moreover, anticoagulant ther-
apy does not fully protect against thrombo-
sis.>89 Thrombotic phenomena in PNH are
complex and challenging and can occur even
in patients with small PNH clone sizes, mini-
mal hemolysis and no transfusion history.+6.10
Factors associated with thrombosis in PNH
include platelet activation, free hemoglobin
toxicity, nitric oxide depletion, absence of
other GPI-linked proteins, endothelial dysfunc-
tion, and other complement-mediated pro-
coagulation pathways that are independent of
haemolysis.®!! Budd-Chiari syndrome is a
common complication of PNH and it has been
associated with a high risk of mortality among
affected patients.® Surgery for Budd-Chiari
syndrome has also been associated with high
perioperative mortality, with activation of the
complement system by anesthesia being one of
the main breakthrough hemolysis triggers dur-
ing surgery.!? Surgery in PNH patients is a
major challenge due to the increased coagula-
tion risk associated with surgical techniques
and with general anesthesia. Since acidosis
can cause hemolysis, any state producing
hypoxemia, hypoperfusion, hypercapnia, or
dehydration must be avoided or properly con-
trolled.2 Moreover, even relatively mild infec-
tions can trigger hemolysis and activate the
complement system.!2 Additionally, since renal
impairment is a frequent complication due to
hemosiderin accumulation in proximal tubular
epithelial cells, a complete assessment of renal
function is recommended before surgery.!?

Eculizumab, a monoclonal antibody specifi-
cally designed to block the complement cas-
cade at the C5 level, is the only approved treat-
ment for PNH. By blocking C5 proteins with
high affinity, eculizumab prevents the damage
caused both by C5a, a potent anaphylatoxin,
and by the membrane attack complex C5b-9,
thus preventing the formation of micropores
on the surfaces of RBCs, platelets and leuco-
cytes that are responsible for hemolysis and
the hyperthrombotic state. It also prevents
other life-threatening PNH-related conditions,
such as renal impairment. Here we present the
case of an adult male patient with a long histo-
ry of PNH-related thrombosis who successfully
underwent surgery for Budd-Chiari syndrome
while receiving eculizumab therapy.
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Case Report

A 46-year-old male presented at our clinic
after having experienced 1-2 hemolytic crises
per year since 1985. In January 2001, he suf-
fered a hemolytic crisis associated with throm-
bosis of the upper longitudinal cerebral sinus,
subsequent to which he was diagnosed with
PNH based on flow cytometry. He was started
on oral anticoagulant therapy with aceno-
coumarol. In November 2002, following a sal-
monella infection, he suffered a second crisis
with acute renal failure that required dialysis
and was resolved in less than a month. Four
months later, in March 2003, he presented
again with thrombosis, this time affecting the
suprahepatic and portal veins (Budd-Chiari
syndrome) and associated with portal caver-
noma, portal hypertension and hypersplenism.
In January 2005, he suffered neutropenia and
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febrile episodes, as well as pneumonia of the
right middle lobe.

Between 2003 and 2006, the patient
required repeated hospitalizations for several
episodes of upper gastrointestinal bleeding
caused by esophageal varices. His anticoagu-
lant therapy was stopped in 2005 to reduce the
risk of bleeding. Between 2006 and 2010, he
suffered asthenia and several episodes of
hemoglobinuria accompanied by elevated plas-
ma [lactate dehydrogenase (LDH)]. During
this period, his hemoglobin levels remained
low (around 8 g/dL), requiring several transfu-
sions. He also had erectile dysfunction.

In September 2010, the patient started treat-
ment with eculizumab at recommended doses,
having previously been vaccinated against
Neisseria meningitidis. He attained a very good
response to eculizumab, with decreases in
asthenia, plasma LDH and bilirubin after the
second dose. Overall, eculizumab was well tol-
erated. Mild cephalalgy was recorded as an
adverse event after the first two infusions but
was not observed in subsequent examinations.
His hemoglobin levels rose after one month of
treatment and reached normal levels after one
year. In July 2012, the patient was admitted to
the emergency room with severe hematemesis
and syncope. Gastroscopic examination
showed an actively bleeding subcardial varice
that was managed with a cyanoacrylate injec-
tion. Endoscopic examination also showed
grade Il fundal varices with risk signs but with-
out active bleeding. His hemoglobin had
dropped to 6.8 g/dL, necessitating the transfu-
sion of two units of RBCs. Three months later,
in October 2012, he had another episode of
upper gastrointestinal bleeding and it was
decided to place a portacaval shunt.

Figure 1 illustrates the pathological condi-
tion of the patient’s liver at the time or surgery.
Numbers inside the figures describe: 1) metal
artifact in keeping with embolization material
of the gastro-hepatic ligament; 2) diffuse
hepatomegaly with irregular and lobulated
contours and hypertrophy of the caudate and
medial segments of both lobules; 3) chronic
thrombosis did not allow the identification of
the portal vein. There was ample portal caver-
noma with multiple collateral vessels around
the common bile duct and cystic duct up to the
pancreas head, as well as around the neck and
body of the gallbladder, causing dilation of the
intrahepatic bile duct. No focal intrahepatic
lesions were detected; 4) enlarged spleen (23
cm of interpolar diameter) with ample collater-
al vein circulation and splenorenal shunt. No
free intraperitoneal fluid was present. Surgery
was performed the day after the eculizumab
infusion in order to maximize the level of
eculizumab in the blood during the procedure.
After premedication with midazolam and mor-
phic chloride, and general anesthesia with
propofol, remifentanil and cisatracurium, a
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splenorenal shunt was placed using Warren’s
technique. The surgical procedure lasted a
total of five hours. There was an estimated 500
mL intraoperative bleeding that required
transfusion of one unit of RBCs and one pool of
platelets. No renal impairment was observed.
The total hematological debit was 1500 mL due
to serohematic draining, but there was no ane-
mia (post-operative hemoglobin 9.9 g/dL;
platelet count 50x10%L). The patient did not
require hemoderivatives but did receive [low-
molecular-weight heparin (LMWH)] immedi-
ately after surgery.

Two days after surgery, the patient showed
bleeding through the nasogastric tube, with
subsequent anemia (hemoglobin 7.5 g/dL,
platelet count 30x10%L) that required the
transfusion of two units of RBCs. After the res-
olution of this episode and for one month
thereafter, he received LMWH in order to min-
imize the risk of thrombosis until he was fully
mobilized. LDH levels were monitored regular-
ly to assess the degree of complement blockade

A

by eculizumab and there was no need for any
dose modification. In October 2013, the patient
remained fully recovered, with no further
episodes of thromboembolism, hemolysis or
gastrointestinal bleeding and no further need
for transfusions. The patient continued to
receive the standard dose of eculizumab. At
the time of writing (September 2015), the
patient remains stable, having had only one
episode of gastroesophageal variceal bleeding
(January 2015) with anemia (hemoglobin 7.5
g/dL), which did not require transfusion. He
continues to receive eculizumab every two
weeks. Figure 2 illustrates the evolution of the
patient’s hematological parameters from pre-
surgery (July 2012) to follow-up in October
2013. At further follow-up in May 2015, his
blood count was the following: hemoglobin 9.7
g/dL; platelet count 42.80x10%L; LDH 250 U/L
(10 — 250); total bilirubin 2.27pmol/L; indirect
bilirubin 1.41 pmol/L; reticulocytes 6.65%; cor-
rected reticulocytes 3.78%. The patient is
doing sport and his quality of life has

Figure 1. Liver computed tomography at the time of surgery. A) Longitudinal section; B)
transversal sections: before (1), at (2) and after portal bifurcation (3).
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Figure 2. Changes in hematological parameters over time. Individual points represent
single measurements in the patient. *LDH activity (U/L) shown on right-hand axis; black

arrows indicate eculizumab treatment; FU, fo

llow-up; Tfs, transfusion.
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improved. He has no choluria and tolerates
eculizumab treatment well.

Discussion

To the best of our knowledge, this is the first
case report of a successful placement of a
splenorenal shunt in a PNH patient with Budd-
Chiari syndrome and a long history of throm-
bosis. In fact, there have been few reported
cases of surgery on patients receiving
eculizumab therapy: three cholecystec-
tomies,*16 one cardiopulmonary bypass,'” one
splenectomy!® and one liver transplant for
Budd-Chiari syndrome sequelae.’ All these
interventions used proper anesthetic and sur-
gical management and attained good post-
operative patient outcomes. In contrast with
this limited number of published cases of
patients treated with eculizumab who require
surgery, the association between surgery and
complement activation is well described.
Complement is activated during surgery as evi-
denced by a rise in C3d/C3 ratio and increase
of C5 and the terminal/lytic complement com-
pounds, like C5b-9, driving more injury in the
tissues and cells (endothelial, erythrocytes,
platelets, etc.). A variety of factors can lead to
complement activation and hemolysis in
patients with PNH undergoing a surgical pro-
cedure, such as anesthetic administration, aci-
dosis, inflammation or transfusions.121415.17.19
Therefore, patients should be monitored for
potential early breakthrough hemolysis after
the procedure in order to adjust eculizumab
dosage in a timely manner if necessary.
Complete C5 blockade by eculizumab during
the perioperative period was confirmed in
some patients by undetectable terminal com-
plement complex evaluated in vivo after sur-
gery.l” LDH is a very good parameter to esti-
mate the ongoing hemolytic activity. In this
regard it is remarkable that in the reported
cases of patients treated with eculizumab
undergoing surgery LDH levels remained
unchanged, indicating that intravascular
hemolysis was not significant.

Some specific considerations about the
dosage regimen of eculizumab must be taken
into account in clinically stable patients with
PNH who are being evaluated for elective sur-
gery. Firstly, since the blood concentration of
eculizumab (and, consequently, complement
blockade) is highest shortly after infusion, it is
important to consider scheduling surgery fol-
lowing the administration of the drug in order
to maximize its blood levels during the proce-
dure. In the mentioned published cases,
eculizumab treatment was administered as
close as possible to the day of surgery (maxi-
mum 4 days prior to the scheduled date of sur-
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gery), to minimize any potential exacerbation
of intravascular hemolysis.!>!7 In our patient,
eculizumab was administered the day before
surgery with good post-operative outcomes
Secondly, patients may experience decreased
eculizumab concentrations through blood loss
during surgery and, therefore, changes in the
standard dosage scheme of eculizumab may be
considered. In the previous reported cases,
eculizumab treatment was administered
according to the dosage schedule stated at the
prescribing information, which the authors
reported to be effective in preventing hemoly-
sis 91214151718 Similarly, in our case there was
no need for any dose modification of eculizum-
ab, and the administration of 900 mg of
eculizumab the day before surgery was effec-
tive for preventing hemolysis (LDH levels did
not increase after the procedure).

Conclusions

The present case provides a good example of
how eculizumab therapy can help to achieve
successful surgical intervention for Budd-
Chiari syndrome in at-risk patients with PNH,
demonstrating that eculizumab may be useful
in the peri-operative period for preventing
increased basal hemolysis. Moreover, as con-
firmed in permeability analysis of the portosys-
temic shunt by eco-Doppler ultrasound,
eculizumab seems to limit posterior or shunt
thrombosis. Our findings seem to confirm the
suggested efficacy and safety of eculizumab in
PNH patients undergoing surgery. Eculizumab
prevents hemolysis and its consequences in
these patients and thus offers a new perspec-
tive on their surgical management.
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