Development of Spontaneous Subdural Hematoma and Bone Marrow
Depression after Hydroxyethyl Starch Administration
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preparations are frequently used in clinical practice for volume therapy and to improve blood rheology.! We report a

serious hemostatic disturbance in a 17-month-old toddler after the infusion of 6% HES 450/0.72 over 10 days, resulting
in cutaneous bleeding and subdural hematoma necessitating surgical intervention. In addition, severe pruritis occurred, and
histiocytes with hydroxyethyl starch—associated vacuoles were found in aspirated bone marrow, combined with severe hypore-
generative anemia and thrombopenia.

B Ithough hydroxyethyl starch (HES) solutions are known to interfere with hemostasis, the various available HES

CASE REPORT

A 17-month-old, previously healthy boy (89 cm, 12.1 kg) was treated with intravenous cefotaxime and dexamethasone for
pneumococcal meningitis. At the end of therapy, acute deafness occurred and was treated according to the Stennert-scheme
(dextran 40, cortisone, and pentoxifylline),2 but modified to 6% HES 450 kDa/0.72 (Plasmasteril; Fresenius, Bad Homburg,
Germany) instead of dextran to benefit from the prolonged drug effect. The cumulative amount of HES administered over 10
days was 2500 mL (1.2 g/kg/d). Two days after completion of therapy, several hematomas appeared on the boy’s head, back,
and lower extremities. Results of laboratory tests performed on day 2 after HES administration showed profound anemia, which
was treated by red blood cell transfusion. Results of coagulation tests were severely abnormal (Table). Three days after the last
HES administration, the patient became somnolent and had development of anisocoria. A magnetic resonance imaging scan
showed a subacute, right-sided subdural hematoma (>2.5 cm, temporoparietal, Figure 1), which was immediately
evacuated. Repeated bleeding was detected in a postoperative scan, necessitating revision surgery on the same night.
Despite perioperative substitution of red blood cells, platelet concentrate, and fresh frozen plasma, the coagulation
disturbance persisted (Table).

The observed factor VIII deficiency was treated for 24 days after surgery with a continuous infusion of up to 15 IU/kg/h
of factor VIII:C and von Willebrand factor (vWF):RCoF (Haemate; CLS Bering, Marburg, Germany) until laboratory measures
of factor VIII activity normalized. Development of unexplained hepatosplenomegaly, hyporegenerative anemia, and thrombo-
cytopenia led to bone marrow aspiration. This showed no evidence of malignancy,
although numerous storage cells with vacuoles, a maturation-arrest of granulopoiesis, an
increased number of megakaryocytes, and a dysplastic erythropoiesis were present (Figure
2; available at www.jpeds.com). Highly elevated HES concentrations were measured in
the plasma throughout treatment. HES was detectable in the boy’s plasma 6 months after
treatment (Table), indicating highly prolonged accumulation. Severe pruritis, a charac-
teristic side effect of HES,> occurred 25 days after the last HES application and was
successfully treated with intravenously and topically applied diphenhydramine. There
were no signs of impaired renal function. The boy was discharged in good general
condition. Labyrinthine deafness persisted, but there were no other neurologic deficits.

DISCUSSION

Serious hemostatic complications and bone marrow depression developed in a
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17-month-old boy after a 10-day infusion of 6% HES 450/0.72 administered at recom-
mended doses. Our findings of severe factor VIII deficiency, decreased activity of vWE:
RiCO (ristocetin cofactor) after HES administration, and the fact that bleeding persisted
until the specific therapy with factor VIII/VWEF concentrate (Haemate) was initiated
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Table. Laboratory parameters

Days after Normal
administration of HES Admission 2 3 4 10 18 27 68 186 values
White blood cells [X 10%/L] 7.8 6.1 8.6 8.8 6.9 6.8 6-15
Red blood cells [X10'?/L] 435 3.45 2.44 3.24 3.66 3.89 3.7-53
Hematocrit [%] 36 28 22 26 33 36 35-43
HES [g/dL] 2.16 1.83 074 029 0
Quick [%] 109 41 47 66 72 80 95 92 70-100
PTT [sec] 32 90 79 136 46 40 38 36 20-38
Factor VIII:C [%] 38 54 67 85 97 70-200
Factor IX [%] 49 86 102 70-110
Factor XI [%] 34 71 82 70-120
VWF.RICO [%] 26 106 112 110 102 50-150
Bleeding time [sec] >300 196 169 176 155 <180
Platelets [X 10°/L] 322 174 128 119 93 341 150-350
Hemoglobin [g/dL] 8.1 5.9 9.7 6.1 10.3 10.7-13.1
Reticulocytes [%] 0 2.57 4.75 I-13
Fibrinogen [mg/dL] 108 165 210 150-350
ATII [%] 60 6l 83 97 80-120
D-Dimer [ng/mL] 819 430 322 <500

PTT, Partial thromboplastin time; v/WF:RiCO, von Willebrand ristocetin cofactor; ATIII, antithrombin III.

Admission day was before starting the HES application. On day 2 after HES administration, a cutaneous hematoma occurred. In the evening of day 3, anisocoria was noticed and
MRT scanning revealed subdural bleeding, which resulted in emergency craniotomy. Laboratory measurements on day 4 were obtained after revision surgery, during which transfusion
of platelets, red blood cells, and fresh frozen plasma was performed. Haemate therapy was started on day 4 and discontinued on day 28.

Figure |. Magnetic resonance imaging scan of the head demonstrates a
subacute, right-sided subdural temporoparietal hematoma (>2.5 c¢m).

strongly suggests a HES-associated von Willebrand-like syn-
drome as the underlying reason for development of subdural
hematoma and cutaneous bleeding.

HES exerts pleiotropic effects on coagulation, including
reductions in factors, decreased number and function of plate-
lets, and increased ﬁbrinolysis.4 Various HES solutions spe-
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cifically impair fibrinogen/fibrin polymerization.5 In addition,
HES solutions impair platelet reactivity by reducing the avail-
ability of the platelet fibrinogen receptor glycoprotein IIb/I1Ia
and by decreasing platelet-linking properties of yWE 167

It has been reported before that the decline of vWF
after HES infusion is greater than can be explained by simple
hemodilution and a decrease of coagulation factor VIII and
vWFEF by up to 80% in healthy volunteers® and in patients,7
even when used below the recommended daily amounts.® At
admission our patient showed normal routine coagulation test
results, especially activated partial thromboplastin time results
within the normal range (Table), and specific laboratory
workup after recovery excluded possibly unknown von Wil-
lebrand syndrome (vWS) Type 1, which would have been
aggravated by the administration of HES. Because meningitis
was the underlying cause, the observed bleeding could also
have been provoked by an infection-associated acquired vWS.
Acquired vWS is a rare bleeding disorder and describes a very
complex syndrome usually occurring in patients with myelo-
proliferative and cardiocirculatory disease and mostly classi-
fied as von Willebrand disease type I1a.® The ultimate diag-
nosis is made by the lack of multimers of the vWF because
frequently vWF:Ag and sometimes also vVWEF:RiCo can be
reduced or even normal.” In our patient, bleeding occurred in
the late course of meningitis during appropriate therapy, thus
an underlying infection-related acquired vWS seems very
unlikely.

The indication for the HES infusion reported on here
was acute deafness occurring after pneumococcal meningitis.
The Stennert scheme has proved to be safe and effective® but
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in this case was modified from dextran 40% to 6% HES
450/0.72. This high molecular colloid with a high substitu-
tion degree was administered in expectation of greater and
longer enduring plasma persistence. However, the daily
amount of 1.2 g/kg corresponded to the recommended daily
maximum dose. Dextran is rarely used because of its pro-
nounced effects on hemostasis and considerable high inci-
dence of anaphylactic reactions.”® HES is well known to
persist in a minimal remaining quantity for several months'!
and is by no means restricted to high molecular—weight col-
loids. Serum concentrations were measured by the hexokinase
method as previously described.’? However, serum concen-
trations of HES detected here were higher than measured
after an acute normovolemic hemodilution performed before
surgery in young children by applying 1469 *= 246 mL of
HES 200/0.5:2.16 versus 1.95 =+ 0.5 g/dL."> Elimination of
HES is known to be impaired with increasing molecular
weight, grade of substitution, C2/C6 ratio, and concentration
and it can, therefore, accumulate.* Repeated application of
HES has been shown to impede macromolecule elimination,
causing an accumulation of molecules and leading to an
increase of the serum concentration.” This evidently oc-
curred, because much higher HES concentrations were mea-
sured in the patient’s plasma than previously reported.’* Even
after 6 months significant HES values were still detectable in
plasma. Accumulation of HES is believed to increase complex
formation and clearance of factor VIII and vWF.'® After
infusion of HES, previous studies have shown vacuolation in
perivascular histiocytes of the skin and in other mononuclear
cells'” and a nearby accumulation of radioactively labeled
HES. However, this is the first report of vacuolation in the
bone marrow in combination with prolonged accumulation of
HES in blood plasma, severe hyporegenerative anemia, and
thrombocytopenia.

HES tissue deposition has been shown to lead to major
organ dysfunction, for example, in the liver.'® The HES
storage in the bone marrow might have caused myelosuppres-
sion; however, platelets were not reduced to levels associated
with spontaneous bleeding, platelet function was not assessed,
and FVIII/vWF synthesis is not related to the bone marrow.

Our case report shows several severe hemostatic com-
plications after infusion of high molecular—weight hydroxy-
ethyl starch. In view of these observed possibly HES-related
side effects, such intravenous solutions, and especially high

molecular-weight highly substituted HES, should be used
with caution, and regular and appropriate monitoring of co-
agulation seems mandatory if prolonged administration is
necessary.
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Figure 2. Bone marrow smear reveals numerous storage cells with

vacuoles, a maturation-arrest of granulopoiesis, an increased number of
megakaryocytes, and dysplastic erythropoiesis.
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