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Abstract 
Capillary leak syndrome (CLS) is a

severe complication of allogeneic
hematopoietic stem cell transplantation
(HSCT) characterized by weight gain, gen-
eralized edema, hypotension, and hypoalbu-
minemia. The primary pathogenesis is
injury of the capillary endothelium resulting
in a loss of intravascular fluid into the inter-
stitial space. Treatment is limited to vascu-
lar endothelial growth factor withdrawal
and systemic corticosteroids. We report two
cases with CLS where weight gain, ascites,
and hypotension developed after neutrophil
engraftment following allogeneic HSCT.
We obtained serial electrolytes, blood urea
nitrogen, creatinine, and albumin from
these patients. Ultrasound with Doppler
tracing performed on both patients showed
no reversal of portal venous flow. Issues
addressed were the restoration of regular
hydration by hydroxyethyl starch (HES)
solutions, together with systemic corticos-
teroids and forced diuresis. Tetrastarch was
administered 10 and 20 days, respectively.
Both patients recovered without sequelae.
CLS is a frequent complication after allo-
geneic HSCT. The effects of HES on CLS
merit further consideration and prospective
study. 

Introduction
Hydroxyethyl starch (HES) solutions

are colloids and consist of sizeable hydrox-
yethylated starch molecules dispersed into a

carrier solution of water and mineral salts.
Derived from maize or potatoes, they are
cheap, synthetic alternatives to the natural
colloid, albumin.1,2 It was formulated to a
concentration of 6%, a mean molecular
weight of 130 kilodaltons (kDa), and a
molar substitution of 0.40 or 0.42.3
Capillary leak syndrome (CLS) is a rare dis-
order characterized by acute attacks of
severe vascular hyperpermeability, causing
hypotension and shock.4 Episodes vary in
severity and frequency and may be fatal.
CLS was first described by Clarkson in
1960. Recent German guidelines recom-
mend that balanced solutions are preferred
if colloids are used in perioperative care.5
We report two cases of CLS where weight
gain, ascites, and hypotension developed
after neutrophil engraftment following allo-
geneic HSCT. 

Case Report #1
A 14-year-old girl was admitted to our

hospital in March 2016 with a 1-month his-
tory of pallor. Physical examination
revealed cervical lymphadenopathies and
marked hepatosplenomegaly. Peripheral
blood counts revealed a white blood cell
count of 250.4×109/L with 94.0% blasts,
hemoglobin level of 36 g/L, and platelet
count of 21×109/L. Bone marrow was
hypercellular, exhibiting infiltration with
30% blast cells comprising myeloblasts and
promonocytes. Immunophenotype analysis
found 54% abnormal cells positive for
CD19, CD10, CD34, and weakly positive
for cytoplasmic Igμ and CD20, diagnosing
acute lymphoblastic leukemia. The G-ban-
ding analysis revealed the karyotype
46,XX,add(10)(p13)[18]/47,XX, +X[13].
Three years after initial diagnosis, the bone
marrow of the patient remained minimal
residual disease (MRD)-positive by tradi-
tional leukemia-associated immunophe-
notype (LAIP)-gating at a level of 8.0×10-2,
whereas the central nervous system was
free of blasts. 

Due to the lack of response with stan-
dard treatment, allogeneic hematopoietic
stem cell transplantation (HSCT) was pro-
posed to the patient as a therapeutic option,
to which she agreed. Pretransplant pulmo-
nary function and echocardiography were
within normal ranges. A human leukocyte
antigen (HLA)-identical sibling donor was
available, and transplantation was perfor-
med under myeloablative conditioning with
total body irradiation and cyclophosphami-
de. The number of infused nucleated cells
and CD34+ cells were 12.47×108/kg and
5.77×106/kg, respectively, for HLA-identi-

cal peripheral blood progenitor cell tran-
splantation.

At day +12 post-transplant, the patient
developed palpitation, breathlessness, oli-
guria, and progressive edema of her face
and four limbs. Her blood urea nitrogen and
creatinine levels began to rise, accompanied
by hypoalbuminemia (plasma albumin <28
g/L). On physical examination, her tempe-
rature was 36.1°C, blood pressure was low
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(89/62 mmHg), heartbeats were 119
beats/min, and oxygen saturation decreased
to 83%. The electrocardiogram showed
sinus tachycardia. She had no painful hepa-
tomegaly suggesting sinusoidal obstructive
syndrome (SOS). Ultrasound (US) also
excluded the diagnosis of SOS. CLS is a
potentially life-threatening disorder charac-
terized by distributive shock, hypoalbumi-
nemia, and hemoconcentration. As these
findings pointed out CLS, the patient was
resuscitated with albumin plus diuretic the-
rapy to relieve edema. Methylprednisolone
was administered to improve capillary per-
meability and ensure the perfusion of major
organs. However, the response to this com-
bination of albumin and a diuretic has not
been sufficient to produce the desired
results. Volume therapy with 6%
hydroxyethyl starch (HES) was infused to
maintain colloid osmotic pressure. HES the-
rapy started between day +19 and +29 post-
transplant. Clinically, the patient progressi-
vely improved. She was subsequently
discharged at day +33 post-transplant. 

Case Report #2
The patient is a 3-year-old boy who was

diagnosed prenatally with Hb Zürich-
Albisrieden and α°-thalassemia of SEA
deletion (ααZA/--SEA), which led to severe
anemia. Evaluation of the fetus with anemia
by fetal echocardiography demonstrated
cardiomegaly and polyhydramnios. His par-
ents declined to terminate the pregnancy but
instead actively investigated potentially
curative therapies for their child. 

He was delivered at 36 weeks by
cesarean section, with Apgar scores of 2 and
6. His birth weight was 1,338 g, and his
length was 39 cm. Total bilirubin at birth
was 14.3 mg/dL (244.6 μmol/L). He was
discharged home on the 40th day of life and
required regular leukocyte-depleted red
blood cells (RBC) transfusions after birth. A
report from Tzu Chi Taiwan Marrow Donor
Registry indicates an 8/8 HLA-matched
adult unrelated donor is available.

At the pre-transplantation evaluation,
the patient had received 12 units of RBC,
and desferrioxamine had not been com-
menced. The serum ferritin level was 2,216
μg/L (normal, 6� 142). Pre-transplant
echocardiography revealed a left ventricular
ejection fraction of 72%. The preparative
regimens consisted of busulfan 3.5
mg/kg/day (day –9 to -6), cyclophos-
phamide 50 mg/kg/day (day –5 to -2) and
anti-thymocyte globulin (ATG) 30
mg/kg/day (day –4 to –1). Graft-versus-host
disease (GVHD) prophylaxis comprised

cyclosporin A from day –3 and short-term
methotrexate. The number of infused nucle-
ated cells was 16.05×107/kg, and CD34
cells, 12×106/kg. Neutrophil and platelet
engraftment was successfully achieved on
day 18 and 34, respectively.

Chimerism analysis at day +18 showed
98.6% of donor alleles; however, profuse
ascites was identified 3 days later, and the
US with Doppler showed no reversal of por-
tal venous flow. The US features and clini-
cal characteristics both indicate suspicious
diagnosis of CLS. He was also treated with
tetrastarch at a dose of 30 mL/hr for 20
days. The ascites resolved gradually within
3 weeks of commencing treatment. The
patient was discharged in stable condition at
day +49 post-transplant. He is now transfu-
sion-independent without sequelae for 18
months. 

Discussion and Conclusions
The diagnosis of CLS is based on clini-

cal presentation, laboratory analysis, and
sonographic results. Proper fluid manage-
ment is crucial for managing critically ill
patients. Because of its superior ability to
remain in the intravascular space, colloid
solution is theoretically advantageous to
crystalloid.6 Maize derived 6% HES
130/0.4 (Volulyte®, Fresenius Kabi GmbH,
Bad Homburg, Germany), commonly
known as tetrastarch, has been routinely
used to treat hypovolemia in patients under-
going cardiac surgery with cardiopulmo-
nary bypass, as it is considered preferable
for volume expansion compared with cry-
stalloid solution.7 Application of HES solu-
tion is relatively limited due to its side
effects, including renal toxicity and coagu-
lopathy.8 This fluid consists of large-bran-
ched glucose molecules substituted with
hydroxyethyl groups for increased solubi-
lity and intravascular persistence. 

This case study aimed to describe the
benefit of adjuvant therapy for CLS in the
transplant setting. The complicated biologi-
cal relationship among sepsis, GVHD, and
CLS development regarding cytokine relea-
se and endothelial damage warrants valida-
tion by further studies.9 In the setting of
inflammatory conditions, steroid-refractori-
ness is characterized by the presence of
lymphocytes whose proliferation and
cytokine production is not inhibited by cor-
ticosteroids. Fluid resuscitation is a critical
part of the treatment of CLS; hypovolemia
and hypotension can cause organ injury,
whereas capillary leakage of administered
fluid can worsen organ edema leading to
progressive organ injury. The objective of

this strategy is to highlight the diseases
other than sepsis that produce capillary leak
and review their collective pathophysiology
and treatment.10 

CLS had been challenging to ameliora-
te, and vascular endothelial damage plays a
causal role in early complications of vascu-
lar origin after allogeneic HSCT, including
sinusoidal obstruction syndrome and
engraftment syndrome.11 Intravenous
immunoglobulins and anti-IL6 antibody
were validated in the treatment of CLS.12

Precise differential diagnostic categoriza-
tion are essential, as CLS’s treatment and
prognosis largely depend on its cause.
Moreover, capillary leak due to engraftment
syndrome responds to treatment with ste-
roids.13,14

There is no deterministic algorithm was
used to guide HES administration in the
vast majority of previous trials assessing
HES utilization in CLS patients. Moreover,
the literature is mostly silent on the feasibi-
lity of this approach in children. The num-
ber of patients is too small to make determi-
nations regarding the response and overall
survival rates. 

References
1. Lewis SR, Pritchard MW, Evans DJ, et

al. Colloids versus crystalloids for fluid
resuscitation in critically ill people.
Cochrane Database Syst Rev 2018;8:
CD000567.

2. Cazzolli D, Prittie J. The crystalloid-
colloid debate: Consequences of resus-
citation fluid selection in veterinary
critical care. J Vet Emerg Crit Care
2015;25:6-19.

3. Madjdpour C, Dettori N, Frascarolo P,
et al. Molecular weight of hydroxyethyl
starch: is there an effect on blood coag-
ulation and pharmacokinetics? Br J
Anaesth 2005;94:569-76.

4. Shin JI, Lee KH, Lee IR, et al. Systemic
Capillary Leak Syndrome (Clarkson
Syndrome) in Cancer Patients: A
Systematic Review. J Clin Med
2018;7:418

5. Marx G, Schindler AW, Mosch C, et al.
Intravascular volume therapy in adults:
Guidelines from the Association of the
Scientific Medical Societies in
Germany. Eur J Anaesthesiol
2016;33:488-521.

6. Toyoda D, Shinoda S, Kotake Y. Pros
and cons of tetrastarch solution for crit-
ically ill patients. J Intensive Care
2014;2:23.

7. Joosten A, Tircoveanu R, Arend S, et al.
Impact of balanced tetrastarch raw
material on perioperative blood loss: a

                                                                                                                    Case Report

                                                                          [Hematology Reports 2021; 13:8750]                                                           [page 7]



[page 8]                                                             [Hematology Reports 2021; 13:8750]

randomized double blind controlled
trial. Br J Anaesth 2016;117:442-9.

8. Sakr Y, Payen D, Reinhart K, et al.
Effects of hydroxyethyl starch adminis-
tration on renal function in critically ill
patients. Br J Anaesthesol 2007;98:216-
24.

9. Lucchini G, Willasch AM, Daniei J, et
al. Epidemiology, risk factors, and
prognosis of capillary leak syndrome in
pediatric recipients of stem cell trans-
plants: a retrospective single-center
cohort study. Pediatr Transplant

2016;20:1132-6.
10. Siddall E, Khatri M, Radhakrishnan J.

Capillary leak syndrome: etiologies,
pathophysiology, and management.
Kidney Int 2017;92:37-46. 

11. Pineton de Chambrun M, Gousseff M,
Mauhin W, et al. Intravenous
Immunoglobulins Improve Survival in
Monoclonal Gammopathy-Associated
Systemic Capillary-Leak Syndrome.
Am J Med 2017;130:1219e19-1219e27.

12. Pagliuca S, Michonneau D, Sicre de
Fontbrune F, et al. Allogeneic reactivi-

ty-mediated endothelial cell complica-
tions after HSCT: a plea for consensual
definitions. Blood Adv 2019;3:2424-35.

13. Spitzer TR. Engraftment syndrome fol-
lowing hematopoietic stem cell trans-
plantation. Bone Marrow Transplant
2001;27:893-8.

14. Omer AK, Kim HT, Yalamarti B, et al.
Engraftment syndrome after allogeneic
hematopoietic cell transplantation in
adults. Am J Hematol 2014;89:698-705.

                             Case Report


