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Introduction

Case reports are generally considered to be of low value
neither contributing to solid medical knowledge nor pro-
moting scientific progress. Medical faculties may not attri-
bute academic credit for case reports, e.g., for promotion to
clinician-scientist or habilitation (e.g., Informationen zur
Habilitation der Universitätsmedizin Mainz: http://www.
um-mainz.de/rfl/wissenschaftliche-nachwuchsfoerderung/
habilitationen/informationen-zur-habilitation.html).

Nevertheless, I believe that case studies, reflecting the
daily approach of physicians confronted with complex clini-
cal problems, can well serve as starting points for relevant

translational research. Here, I will present three case reports
from my 45-year-long clinical activity and show that study-
ing patients presenting with unclear medical conditions and
applying new laboratory investigations may result in an
improved understanding of disease mechanisms and ulti-
mately better treatment.

Case 1

In June 1997, a male patient born in 1939was referred to the
outpatient ward of the University Clinic of Hematology at
Inselspital, Bern, for investigation of the cause of recurrent
bleeding on phenprocoumon (Marcoumar®) treatment. He
had undergone tonsillectomy as a child and varicose vein
stripping on both legs at the age of 37 years without bleeding
complications. Diabetes mellitus type 2, hyperuricemia, and
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arterial hypertension were well controlled. In January 1996,
a mechanical aortic valve prosthesis (St. Jude Medical) was
inserted without any perioperative complication and he
started vitamin K antagonist treatment with phenprocou-
mon targeting at an international normalized ratio (INR) of 2
to 3. In April 1996 he suffered an intramuscular hematoma in
the left quadriceps muscle, 1 month later an intra-articular
bleed in his left knee joint, and in August macrohematuria
occurred. InNovember 1996, an acute gastrointestinal bleed-
ing with intramural hematoma, ileus, and resulting anemia
necessitated hospitalization. After recovery, he suffered from
muscle hematoma in his right leg in January 1997, bleeding
on the right arm in March 1997, and shortly thereafter a life-
threatening pharyngeal-laryngeal bleed. Of note, all these
recurring hemorrhagic complications occurred at INR values
within the therapeutic range.

While bleeding is the most common side effect of antico-
agulant treatment, this series of severe bleeding complica-
tions at therapeutic INR values suggested an additional
underlying hemostatic defect despite the fact that the patient
had never shown any abnormal hemorrhagic tendency until
his heart valve prosthesis placement.

Hemostasis testing in June 1997 showed normal platelet
aggregation studies in platelet-rich plasma using various ago-
nists, and von Willebrand factor (VWF) activity and antigen,
α2-antiplasmin, and factor XIII activity were normal. Pro-
thrombin time measured as Quick percentage was 54%; INR
1.5 while on phenprocoumon. The activated partial thrombo-
plastin time (aPTT)was77.3 seconds (normal: 25–36 seconds),
factor [F] II:C 56%, FVII:C 78%, FX:C 27%, and FIX:C 3%.

The disproportionately prolonged aPTT at an INR of 1.5
under vitamin K antagonist therapy was due to a severely
decreased FIX:C and this phenomenon of a FIX sensitivity to
vitamin K antagonist therapy had just been reported in an
individual Caucasian patient living in the United States by Chu
et al1 and in three German patients by Oldenburg et al2 a few
months before our Swiss patient was evaluated in Bern.
Similarly to our patient these four reported cases showed
severe bleeding complications while on vitamin K antagonist
therapy, whereas no hemorrhagic diathesis was evident in the
absence of coumarins.

Genomic DNA of our patient was analyzed by Prof. Old-
enburg and an F9 (NM_000133.4): c.110C> T, p.Ala37Val
(old terminology Ala-10!Val) mutation in the FIX propep-
tide was established.

Comment to Case 1
As illustrated in ►Fig. 1, vitamin K-dependent coagulation
factors are synthesized as inactive zymogens in the liver and
are then gamma-carboxylated at several glutamic acid res-
idues to become active, i.e., being able to bind Ca2þ ions and
thereby adopting a conformation allowing to bind to nega-
tively charged phospholipid surfaces.3 The γ-glutamyl car-
boxylase with vitamin K hydroquinone as cofactor binds to
the carboxylase recognition site located on the propeptide
region of the zymogen. Chu et al studied the observed
phenomenon of coumarin sensitivity of FIX in their unique
patient by in vitro γ-carboxylation studies of FIX peptides

containing either the wild-type or mutant FIX propeptide
sequences.1 They showed that the Km values for carboxyla-
tion of the p.Ala37Thr (old terminology Ala-10!Thr) variant
was 33-fold higher than that for the wild-type FIX peptide,
whereas the Vmax values differed only minimally.1 Thus, the
p.Ala37Thr propeptide variant has a much lower binding
affinity for the gamma-glutamyl carboxylase, obviously
allowing a sufficient gamma-carboxylation of FIX in the
presence of normal amounts of vitamin K but not in the
presence of vitamin K antagonists.

Shortly after Chu et al’s report on a single patient in
October 1996,1 three similar patients were observed in
Germany, displaying either F9 (NM_000133.4): c.110C> T, p.
Ala37Val (old terminology Ala-10!Val), or c.109G>A, p.
Ala37Thr (old terminology Ala-10!Thr).2 The fact that briefly
thereafter the patient presented here as Case 1was discovered
triggered awareness of this important and highly dangerous
condition. Several additional cases were detected in the fol-
lowing years, andby2001Oldenburget al compiled all 11cases
with the same clinical phenotype of severe bleeding compli-
cations under vitaminK antagonist treatment butwithnormal
hemostasis in its absence.4 Haplotype analysis of the F9 gene
suggested two distinct founder mutations in the five German
andSwisspatientswith thep.Ala37Valvariant aswell as in four
individuals fromGermany, Switzerland, and Great Britainwith
the p.Ala37Thr variant, respectively, whereas two p.Ala37Thr
variants discovered in patients from the United States showed
independent de novo mutations.4 These F9 propeptide muta-
tions are very rare5 and do not justify general screening before
coumarin therapy. Nevertheless, unexpected bleeding at ther-
apeutic INRvaluesmandates assayof the aPTT followedby FIX:
Cmeasurement in case of disproportionate aPTT prolongation.
Thecareful studyof these rarepatientswithahighlypathologic
bleeding phenotype while on therapeutic dose vitamin K
antagonist treatment has unraveled a new type of clinically
relevant coumarin sensitivity which up to 1996 had escaped
detection in all large trials on vitamin K antagonists.

Case 2

A man born in 1964 was hospitalized in 1985 because of
vomiting, abdominal discomfort, icterus, somnolence, and pe-
techialbleedingonboth feet.Hemoglobinwas10.8 g/dL,platelet
count was 15� 109/L, plasma hemoglobin was 0.035 g/L (nor-
mal <0.01), and s-creatinine was 846 µmol/L (normal< 116).
Hemolytic uremic syndrome was diagnosed and the patient
received hemodialysis. Seven months later he had an episode
with fever and macrohematuria after aspirin intake, and s-
creatinine had almost normalized (120 µmol/L). Recurring
episodes of hemolysis and thrombocytopenia occurred be-
tween 1987 and 1989 when he suffered from hematuria and
renal failureprompting transienthemodialysis. Thiswasshortly
followed by an acute ischemic stroke at a time of severe
thrombocytopenia. During 1990 to 1991, four acute bouts of
thrombocytopenia and hemolysis were controlled by plasma
exchange and fresh frozen plasma (FFP) replacement. In 1992
prophylactic plasma exchangewith FFP replacementwas intro-
duced and performed every 4 months. In 1996 the patient was
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diagnosedwith invalidating psychoorganic syndrome, platelets
were most often at a subnormal level, and lactate dehydroge-
nase (LDH) was constantly elevated. Magnetic resonance imag-
ing of the brain unraveled multiple residues of ischemic
infarctions and right temporal lobe atrophy.

The patient’s brother, born in 1975, had been hospitalized
at the age of 2 years because of severe hemolysis. Recurrent
bouts of hemolysis and thrombocytopenia seemed to re-
spond promptly to plasma exchange and, therefore, as in his
brother, prophylactic plasma exchange and FFP replacement
were started in the mid-1990s.

These two brothers were reminiscent of the patient
reported by Upshaw in 1978.6 This young woman suffered
from recurrent thrombocytopenia and microangiopathic
hemolytic anemia and repeatedly showed prompt responses
to infusion of plasma (►Fig. 2).

In 1982, Moake et al reported four patients suffering from
chronic relapsing thrombotic thrombocytopenicpurpura (TTP)
displaying unusually large VWF (ULVWF) multimers, pre-
sumed to be causally linked to the recurring platelet clumping
in the microcirculation during acute TTP attacks.7 In 1996,

Furlan and coworkers in Bern and Tsai in New York indepen-
dently discovered a so far unknown metalloprotease isolated
fromhumanplasma thatwas able to cleaveVWFat the peptide
bond Tyr842–Met843 (Tyr1605–Met1606 including the pro-
peptide sequence in the amino acid numbering)8,9 (►Fig. 3).

Testing the plasma samples of the two brothers showed a
completely deficient activity of this VWF-cleaving protease
explaining the presence of ULVWFmultimers in their plasma.
Father and mother had approximately 50% of VWF-cleaving
protease activity (►Fig. 4A, B).10 These two brothers with an
obviously hereditary form of recurrent TTP represented the
first patients where a severe deficiency of the specific VWF-
cleaving protease, nowadays denoted as A Disintegrin And
Metalloproteasewith ThromboSpondin type1 domains, num-
ber 13 (ADAMTS13)12,13 was uncovered.

Comment to Case 2
The serendipitous testing of the two brothers suffering from
life-long recurrent TTP attacks for the newly discovered
VWF-cleaving protease activity finally shed light on the
pathophysiology of this severe and often fatal disease,

Fig. 1 Gamma-carboxylation of vitamin K-dependent coagulation factors. The γ-glutamyl carboxylase, with vitamin K hydroquinone (VK-H2) as
cofactor, binds to the carboxylase recognition site (CRS) located on the propeptide of the vitamin K-dependent zymogens and introduces γ-
carboxyl groups (COOH) to several glutamic acid residues in the Gla domain resulting in functionally active zymogens that are able to bind Ca2þ

and attach to negatively charged phospholipid surfaces. During this carboxylation reaction vitamin K epoxide (VK-O) is generated that is reduced
in two steps to vitamin K quinone (not shown) and vitamin K hydroquinone (VK-H2) by vitamin K epoxide reductase C1 (VKORC1). Coumarin
antagonizes VK-O reduction by VKORC1. (Modified with permission from Oldenburg 20063.)
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initially described byMoschcowitz in 1924.14 The case study
outlined above demonstrates the potential importance of
translational research starting from the bedside observation
of a major clinical problem, chronic relapsing TTP, to the
bench where basic research on the proteolytic processing of
VWF had resulted in the discovery of a new enzyme and the
fortuitous finding that a severe deficiency of the latter was
the main pathophysiological cause of the disease.

During the past 25 years, many researchers and clinicians
have broadly extended the knowledge on the pathogenesis,
diagnosis and differential diagnosis, clinical manifestations,
treatment, and long-term outcome of both congenital TTP
(cTTP) and the still rare but more common acquired autoim-
mune TTP (iTTP) where autoantibodies inactivating and/or
clearing the ADAMTS13 lead to the clinical manifestations of
acute TTP.15–25Of special note, treatmentof patientswith cTTP

may be facilitated in the near future and long-term sequelae
diminished by the availability of recombinant human
ADAMTS13 that has been tested in a pilot study.19 Patients
with iTTP may benefit from newly developed treatment
strategies. The application, in parallel to plasma exchange
and immunosuppressive therapy, of the humanizedmonoclo-
nal antibody caplacizumab, inhibiting the VWF A1-domain
interaction with the platelet glycoprotein Ib receptor, during
the acute disease episode results in faster platelet recovery,
less TTP exacerbations and recurrences, less refractoriness to
treatment, and faster normalization of disease biomarkers.21

Thiswill hopefully translate into lesspersisting ischemicorgan
damage. Moreover, the efficacy of caplacizumab proves in
retrospect the primary pathogenetic role of the ULVWF-in-
duced platelet consumption initially deduced and postulated
based on casuistic observations.7,10

Fig. 3 Schematic presentationofproteolytic cleavageof vonWillebrand factor (VWF) subunits by the specificVWF-cleavingprotease (symbolizedby jagged
arrow), initially described in 19968,9 and nowdenoted as ADAMTS13. Cleavage at tyrosine (Y) 842–methionine (M) 843 (nowadays denoted Y1605-M1606,
including the propeptide sequence in amino acid numbering). (Prof. J. A. Kremer Hovinga is acknowledged for preparing this figure).

Fig. 2 Platelet count responses to fresh frozen plasma infusions (P) over a period of 10 months in a patient with recurring microangiopathic
hemolysis and thrombocytopenia. (Adapted with permission from Upshaw 19786.)
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Case 3

In Japan a large number of patients have been diagnosed with
cTTP, also denoted as Upshaw–Schulman syndrome (USS) and
causedbybiallelicmutationsof theADAMTS13gene in thepast
20 years.26 About 25 to 40% of cTTP patients in the Registry at
NaraMedical University presentedwith a postnatal acutebout
of hemolytic jaundice and thrombocytopenia necessitating
exchange blood transfusion. This hallmark of USS is distinct
from the more common neonatal alloimmune hemolysis,
mostly due to transplacental transfer of maternal anti-Rhesus
D antibodies, which starts already in utero.

A retrospective review of the 22 USS patients with a
documented neonatal hemolytic jaundice and thrombocyto-
penia undergoing exchange blood transfusion within the first
days of life revealed one single hemolytic bout in 21 of the 22
patients.27 The remaining patient suffered from three conse-
cutive distinct episodes on postnatal days 1, 12, and 28. After
four exchange blood transfusions within thefirst 2 days of life
resulting in a decrease of LDH and bilirubin and an increase of
the platelet count, a new bout of hemolytic jaundice and
thrombocytopeniaoccurredonday12after a persisting patent
ductus arteriosus Botalli (PDA) had been diagnosed on day 8.
Indomethacin, given with the intent to close the PDA, failed,
and after a third bout of hemolysis and platelet count decrease
onday26, surgical closureof thePDAwasperformedand led to
lasting remission until the age of 14 months.27

Comment to Case 3
The observation of three distinct bouts of neonatal hemolytic
jaundice in this exceptional cTTP patient had initially been
overlooked.28 Nevertheless, the retrospective analysis com-
paring all meticulously documented 22 cTTP patients in the
Nara Registry led to the hypothesis that the neonatal hemo-
lytic jaundice and thrombocytopenia seen in many cases of
USS may be triggered by the open ductus arteriosus which
usually obliterates within the first 48 hours of life when

postnatal blood flow reversal resulting in left-to-right shunt
of highly oxygenated blood leads to vasoconstriction and
closure of the PDA. The high shear rate after postnatal blood
flow through the narrow conduit of the PDA may trigger the
initial cTTP episode by stretching the ULVWF multimers,
hyperadhesive in the absence of any ADAMTS13, that will
induce platelet adhesion and aggregation. The single patient
in the registry with persisting PDA and recurring neonatal
TTP bouts strongly argues in favor of this hypothesis.27

Conclusion

These three casuistic observations demonstrate, in the
author’s opinion, the potential value of the careful analysis
of and research based on individual patient problems. As
treating physicians we need to precisely define the clinical
problem based on a synoptic evaluation of the patient’s
history, symptoms, signs, and laboratory results. Applying
problem-oriented focused research strategies including, if
needed, innovative laboratory techniques, may ultimately
provide relevant insights into the pathophysiology of orphan
diseases or conditions. The recognition of a rare cause of
coumarin sensitivity due to F9 propeptide mutation in a few
patients revealed a newmechanism leading to severe bleed-
ing despite well-controlled vitamin K antagonist treatment.
The discovery of ADAMTS13 as the enzyme specifically
regulating the size and thereby the adhesiveness of VWF
and of its congenital or acquired deficiency as the main
pathophysiologic cause of the diseases cTTP and iTTP, respec-
tively, were of utmost importance for the understanding of
disease mechanisms and development of new therapeutic
strategies. Finally, the precise documentation of patients
with cTTP in a registry permitted to put forward the hypoth-
esis that the neonatal hemolytic jaundice and thrombocyto-
penia in USS neonates are triggered by the high shear stress
leading to unfolding of ULVWF, unprocessed in the absence of
ADAMTS13, when postnatal blood flow reversal drives

Fig. 4 (A, B) Plasma von Willebrand factor (VWF) multimer analysis (A) and VWF-cleaving protease assay (B) in the index patient, his affected
brother, family members, and pooled normal human plasma (NHP) (cases reported in Furlan et al10; figure reproduced from Lämmle and von
Auer11 with permission). (A) VWF multimer analysis on SDS-agarose gel electrophoresis followed by immunoblotting in the two brothers with
chronic relapsing TTP (denoted as patient and brother, respectively), mother, father, sister, and pooled NHP. 1 and 2 denote two plasma samples
each, obtained several weeks apart without preceding plasma infusion. The two affected brothers showed the presence of unusually large VWF
multimers (double arrow). (B) Purified VWF substrate was incubated with diluted plasma samples that had been preactivated by barium chloride
from subjects as in ►Fig. 4A. The VWF substrate-diluted plasma mixtures were dialyzed overnight against low ionic strength buffer containing
1.5 M urea and then subjected to SDS-agarose electrophoresis and immunoblotting. Both plasma samples of the affected brothers completely
lacked VWF-cleaving protease activity, mother’s and father’s plasma had mildly reduced activity (barely visible for father), whereas sister’s
plasma had normal activity.
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oxygenated blood through the initially open narrow ductus
arteriosus Botalli.

Besides adhering to and aiming for evidence-based medi-
cine by focusing on results of and performing new random-
ized controlled trials, there is, in my opinion, a clear need for
research and use of innovative laboratory approaches start-
ing from individual case studies.
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