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Will laboratory markers replace kidney biopsy 
in patients with nephrotic syndrome?

J.J. Weening

University of Amsterdam, Amsterdam, Erasmus MC, Rotterdam, Tergooiziekenhuizen, the Netherlands,  
e-mail: jweening@tergooiziekenhuizen.nl

Since its introduction in the 1950s,1 the renal biopsy 
has become an important tool in the diagnosis and 
treatment of patients with kidney disease, allowing precise 
classification and a well-informed estimation of severity, 
duration and prognosis of the disease involved.23 
In some patients with renal symptoms, a presumed 
diagnosis can be made without knowledge of the renal 
histology, e.g. in a young child with sudden onset nephrotic 
syndrome (probably minimal change nephropathy); in an 
adolescent with acute renal dysfunction one or two weeks 
after a streptococcal throat infection (post-infectious 
glomerulonephritis); or in a patient with intermittent 
gross haematuria with an otherwise normal renal function 
without proteinuria (thin basement membrane disease or 
uncomplicated IgA nephropathy).
In most patients with proteinuria with or without nephrotic 
syndrome, histology-based diagnosis of the underlying 
glomerular injury is important to guide treatment and 
allow a rational prognosis. The biopsy findings may be 
as diverse as diabetic nephropathy, amyoidosis due to 
plasma cell dyscrasia, autoimmune disease such as lupus 
erythematosus, or genetically dysregulated glomerular 
podocytes. 
Also in patients with acute or rapidly progressive renal 
dysfunction, a renal biopsy is crucial: it may reveal 
widespread interstitial injury due to drug-induced 
allergic reactions or toxic cellular injury; acute or 
extracapillary glomerulonephritis related to infectious 
disease or an autoimmune reaction; or severe vascular 
injury in the context of systemic vasculitis or thrombotic 
microangiopathy. In transplant patients, knowledge of 
renal histopathology guides us through the confusing 
field of rejection, drug toxicity, viral and other infections, 
recurrence of the original injury or development of a de 

novo form of renal disease.
Notwithstanding the important contribution of the renal 
biopsy for immediate and unequivocal diagnosis in most 
patients with kidney disease, other diagnostic tools may 

be helpful in postponing the procedure, allowing for an 
early start of treatment. Patients who enter the hospital 
with rapidly evolving renal failure, signs of glomerular 
disease such as proteinuria and erythrocyturia and a 
high anti-neutrophil cytoplasmic antibody (ANCA) antigen 

titre, may be started on cytotoxic and immunosuppressive 
treatment while awaiting a renal biopsy. A subsequent 
biopsy provides the physician with precise information 
of the extent and severity of renal injury. This is helpful 
in providing reassurance for the highly toxic treatment 
and gives a better insight into how much recovery can be 
hoped for.4

Similarly, in a patient with high titres of anti-DNA 
autoantibodies, multisystem signs of systemic lupus 
erythematosus (SLE) and symptoms of renal involvement 
with loss of renal function, proteinuria and haematuria, 
a renal biopsy is not decisive in making the diagnosis 
of active SLE, and therefore treatment can be started 
without delay. However, a biopsy is still necessary for 
classifying the type of renal disease in this patient and 
for estimation of activity and chronicity of the changes, 
allowing appropriate treatment choices.5

In membranous nephropathy (MN), the most frequent 
form of proteinuric renal disease in adults, the renal biopsy 
has always been central in distinguishing it from other 
causes of nephrotic syndrome such as minimal change 
glomerulopathy, focal and segmental glomerulosclerosis, 
diabetic nephropathy, amyloidosis and light chain disease. 
MN can be secondary to infectious disease, malignancy 
and systemic lupus, but in most cases it is idiopathic. Until 
three years ago, the underlying cause of the formation 
of subepithelial immune deposits in the glomerular 
capillary wall in idiopathic MN was unknown, although 
experimental work had long hinted at an autoimmune 
mechanism involving one or more podocyte proteins as 
antigen targets.6 In 2009, the enigma was solved by Beck 
et al.,7 who demonstrated that an autoantibody response 
to phospholipase A2-receptor causes the disease in 75% 
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of cases of MN – the other cases being secondary to e.g. 
infectious diseases, malignancy or systemic autoimmune 
disease. Further studies revealed the underlying genetic 
susceptibility, based on polymorphisms in the PLA2R and 
HLA-DQ genes that act together in the development of this 
autoimmune disease.8 Several diagnostic tests are being 
developed to detect circulating anti-PLA2R autoantibodies 
in serum samples, which will be important for diagnosis, 
evaluation of therapeutic intervention, and follow-up in 
patients with native renal disease and after transplantation. 
In the perspective of this new exciting knowledge, in the 
current issue of our journal Hofstra and Wetzels9 discuss 
the clinical value of the currently available serum test and 
the renal biopsy in the nephrotic patient who tests positive 
for circulating anti-PLA2R antibodies. In their view it is 
still too early to go without renal histopathology and to 
rely on the serum test only, because most studies so far 
have been retrospective and more robust tests should be 
developed allowing quantification. Different tests should 
be compared and specificity and sensitivity of these 
tests to identify idiopathic MN have to be established in 
prospective studies. Furthermore, there are still several 
questions to be answered regarding the pathophysiology of 
the PLA2R-binding antibodies and the role of Ig isotypes 
and complement. 
Finally, possible concomitant diseases may be missed 
when a biopsy is omitted and there is an additional need 
for estimating the evolution of the lesion over time (MN is 
usually classified in four stages from early to late) and the 
extent of chronic damage such as glomerulosclerosis and 
interstitial fibrosis, since these pathological changes may 
have an important effect on prognosis and the need for 
further treatment.

The exciting discovery in the field of idiopathic MN 
has solved many of the questions related to the cause 
and pathogenesis of this renal disease and holds great 
promise for the patient, but it seems too soon after the 
seminal observation of Beck and colleagues to rely on a 
preliminary test in order to distinguish between idiopathic 
and secondary forms of MN and to discard the cornerstone 
of its diagnosis: the renal biopsy.
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anti-Pla2r antibodies in membranous 
nephropathy: ready for routine clinical practice?

J.M. Hofstra*, J.F. Wetzels

Department of Nephrology, Radboud University Nijmegen Medical Centre, Nijmegen, the Netherlands, 
*corresponding author: tel.:+ 31 (0)24-3614761, fax: +31 (0)24-3540022, e-mail: J.Hofstra@nier.umcn.nl

a b s t r a C t

The identification of circulating autoantibodies against 
the M-type phospholipase A

2
 receptor (anti-PLA

2
R) in 

patients with idiopathic membranous nephropathy (iMN) 
has been a major discovery. Anti-PLA

2
R can be measured 

by a commercially available test. It is suggested that 
measurement of anti-PLA

2
R will change the diagnostic 

strategy in patients with nephrotic syndrome and may 
guide treatment in patients with iMN. We review the 
available evidence and caution against the immediate 
injudicious use of the assay in routine clinical practice.

K e y W o r d s

Membranous nephropathy, anti-PLA
2
R, nephrotic syndrome

i n t r o d U C t i o n

Idiopathic membranous nephropathy (iMN) is the most 
common cause of nephrotic syndrome in the adult 
Caucasian population.1 It is well established that iMN 
can develop due to the binding of a circulating antibody 
to an antigen that is present on podocytes.2 In 2009 Beck 
et al. identified the M-type phospholipase A

2
 receptor as 

an important antigenic target.3 The authors showed that 
PLA

2
R is expressed on podocytes and that antibodies 

against native PLA
2
R, primarily of the IgG4 subclass, were 

present in the serum of approximately 70% of patients 
with iMN. This study provided the evidence that iMN is 
an autoimmune disease. The important role of PLA

2
R in 

the pathogenesis was supported by the highly significant 
association between single nucleotide polymorphisms in 
the PLA

2
R gene and the development of iMN.4 

Membranous nephropathy can also develop secondary to 
systemic autoimmune diseases (SLE), infections (hepatitis 
B), drugs (NSAIDs), and malignancies. In these conditions 

the subepithelial deposits may arise from deposition of 
circulating immune complexes in the capillary wall or 
from binding of antibodies to antigens that are derived 
from the tumour and were planted in the basement 
membrane.5

Beck et al. already suggested that the detection of anti-PLA
2
R 

in a patient with nephrotic syndrome may be pathognomonic 
for idiopathic MN, thus obviating the need for a diagnostic 
renal biopsy and an extensive search for underlying 
causes. Their findings and other recent data predicted that 
measurement of anti-PLA

2
R may change the diagnostic 

algorithm in patients with nephrotic syndrome and guide 
treatment decisions in patients with iMN (figure 1).
Measurement of anti-PLA

2
R is now possible with the 

development of an easy to use, commercially available 
assay. We briefly review the current evidence and express 
our view on the usefulness of this assay now and in the 
near future.

M e a s U r e M e n t  o f  a n t i - P l a 2 r 
a n t i b o d i e s :  t H e  t e C H n i Q U e s

Beck et al. employed a Western blot technique using 
glomerular extracts which were electrophoresed under 
nonreducing conditions.3 Human serum was used as 
primary antibody, sheep antihuman IgG subclass antibodies 
as secondary antibodies, and finally peroxidase-labelled 
antisheep antibodies were used for detection. Quantitation 
was done by densitometric analysis and values expressed 
in arbitrary units. More recently an indirect immunofluo-
rescence technique (IFT) was developed, which is now 
commercially available.6 For this assay slides are made that 
contain biochips containing HEK 293 cells transfected 
with cDNA coding for PLA

2
R and non-transfected cells as 

control. The biochips are incubated with human serum 
in different dilutions. The bound antibodies are detected 
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with FITC-labelled goat antihuman IgG. The test result 
in an anti-PLA

2
R-positive patient is depicted in figure 2. 

Quantitation can be performed by using different serum 
dilutions. UK investigators have developed an ELISA assay, 
which allows rapid and simple quantitation, but is only 
used for research purposes.7 It is expected that commercial 
ELISA assays will become available in 2012. With such 

assays, quantitation will become simple and cost effective. 
Preliminary data suggest that there are large discrepancies 
between the quantitative results of the IFT and ELISA assays.

a n t i - P l a 2 r  i n  i d i o P a t H i C 
M e M b r a n o U s  n e P H r o P a t H y

In the pivotal study by Beck and coworkers, anti-PLA
2
R 

antibodies were found in 70% of patients with iMN. 
Meanwhile, several studies have reported the prevalence 
of anti-PLA

2
R-positive patients in different cohorts. 

These data are summarised in table 1. The percentage of 
anti-PLA

2
R-positive patients ranges from 52% in a German 

study to 82% in a Chinese cohort.6,8 These differences may 
be explained by differences in race, in the technique of 
the assay, or in the clinical characteristics. The study by 
Hoxha et al., which reported the prevalence of 52%, was a 
cross-sectional study. These authors included patients with 
active as well as inactive disease. In 48% of patients no data 
on proteinuria were available. When limiting the analysis 
to patients with proteinuria >3.5 g/day, which likely reflects 
active disease, the percentage of patients with anti-PLA

2
R 

antibodies was 66%. The Chinese group of Qin et al., 
who reported an initial prevalence of 82%, repeated their 
assay in the negative patients, using less diluted patient 
serum and a higher concentration of detecting antibody. 
They observed a low titre of anti-PLA

2
R antibody in 10 of 

11 apparently negative patients. This study suggests that 
almost all patients with iMN may have detectable serum 
antibodies against PLA

2
R.

a n t i - P l a 2 r  i n  s e C o n d a r y 
M e M b r a n o U s  n e P H r o P a t H y

Several authors have measured the presence of anti-PLA
2
R 

antibodies in patients with secondary MN (table 2). It is 
obvious that the number of patients with secondary MN 

figure 2. Indirect immunofluorescence test for 
anti-PLA

2
R antibodies

a: in a positive patient the antibodies bind to the Pla2r-positive 
HeK293 cells, leading to a positive immunofluorescence staining. b: 
the non-transfected Pla2r-negative HeK293 cells serve as a control.

figure 1. Anticipated role of anti-PLA
2
R antibody assay 

in the diagnosis and treatment of patients with nephrotic 
syndrome and membranous nephropathy

Panel B

Nephrotic syndrome

Anti-PLA
2
R assay

Idiopathic MN

Anti-PLA
2
R titre

High risk

Immunosuppressive 
therapy

Anti-PLA
2
R monitoring  

till disappearance of 
antibody

Stop therapy

Panel A

Nephrotic syndrome

Renal biopsy

All other 
diagnoses

Secondary 
MN

Low risk: 
supportive 

therapy

Membranous 
nephropathy

Exclude secondary  
causes

Idiopathic MN

Risk stratification  
(proteinuria score, LMW-

protein* excretion)

High risk

Immunosuppressive 
therapy

Variable treatment 
duration:

dependent on treatment 
protocol, independ-

ent of individual patient 
characteristics

Cyclophosphamide 
protocols: 3 - 12 months

Calcineurin inhibitor 
protocols: 6 - >24 months

-

+

highlow

Panel a illustrates the current algorithm for the diagnosis and 
treatment of idiopathic membranous nephropathy (adapted from 
Hofstra).19 Panel b illustrates future practice if the ongoing prospective 
studies confirm the high specificity of anti-Pla2r for the diagnosis 
of idiopathic membranous nephropathy. We have also depicted the 
potential role of a quantitative assay in predicting risk of progression 
and determining duration of therapy. lMW-protein = low-molecular-
weight protein; Mn = membranous nephropathy.
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included in the various studies is very low. Although most 
patients with secondary MN were negative for anti-PLA

2
R 

antibodies, conflicting results have been reported. Of 
note, the authors suggest that the presence of anti-PLA

2
R 

antibodies in patients with secondary MN might result 
from the co-incidental simultaneous development of 
iMN and the systemic disease, such as sarcoidosis or a 
malignancy. This suggestion was supported by Qin et al. 
who showed that in the PLA

2
R-positive patients proteinuria 

persisted despite resection of the tumour.8 These authors 
also showed that PLA

2
R positivity paralleled the presence 

of IgG4 in the biopsy.
However, it is evident that more data are needed before 
we can safely conclude that the presence of anti-PLA

2
R 

antibodies always reflects iMN and obviates the need to 
search for an underlying cause.

a n t i - P l a 2 r  i n  P a t i e n t s  W i t H o U t 
M e M b r a n o U s  n e P H r o P a t H y

PLA
2
R antibodies have not been detected in healthy controls 

(table 3). The antibodies were also absent in patients with 
proteinuria due to other glomerular diseases such as 
minimal change nephropathy, focal segmental glomerulo-
sclerosis, or IgA nephropathy. However, the numbers in 
the literature are small. The total number of patients with 
non-membranous glomerular disease was 15 in Beck’s study 
and 14 in a recent study by Schönermarck.3,9 Hoxha studied 
90 patients; however, only 18 had proteinuria >3.5 g/day.6 

a n t i - P l a 2 r  a n t i b o d i e s  i n 
M e M b r a n o U s  n e P H r o P a t H y : 
d i s C o r d a n C e  b e t W e e n  s e r U M  a n d 
b i o P s y  d a t a

The discovery of anti-PLA
2
R antibodies in serum of 

patients with MN and the presence of PLA
2
R on the 

podocyte seemed to have solved the pathogenesis of MN. 
However, thus far there is no proof that the antibodies 
are pathogenic. There are no experimental models that 
are suited to study the pathogenesis of MN and the role of 
anti-PLA

2
R since PLA

2
R is not expressed in rat or mouse 

glomeruli. To study the pathogenicity of anti-PLA
2
R 

antibodies the development of mice that stably overexpress 
PLA

2
R in podocytes is required. 

Recent studies further questioned the role of serum 
anti-PLA

2
R as the main pathogenic antibody in iMN. 

Debiec et al. measured anti-PLA
2
R in the serum of 

42 patients with iMN and assessed the presence of 

table 1. Prevalence of anti-PLA
2
R in idiopathic 

membranous nephropathy

author (year) Patients
(n)

aPla2r +
(n; %)

assay remarks

Beck (2009)3 37 26 (70) WB

Hofstra (2011)17 18 14 (78) WB

Beck (2011)18 35 25 (71) WB

Debiec (2011)10 42 24 (57) IFT

Hoxha (2011)6 100 52 (52) IFT Cross-sectional 
study; 66% positive 
if limiting analysis 
to patients with pro-
teinuria >3.5 g/day

Qin (2011)8 60 49 (82) WB Low titres of 
PLA

2
R present in 

10/11 patients who 
were negative in 
standard assay
Renal biopsies 
with mesangial 
or subendothelial 
deposits or glomer-
ular infiltrating 
cells were excluded

Bruschi (2011)20 24 14 (58) WB Patient character-
istics not provided

Beck (2011)21 14 12 (86) WB

Hoxha (2011)11 81 53 (65) IFT Prospective study

Schönermarck 
(2011)9

16 11 (69) IFT

Kanigicherla 
(2011)7

40 29 (73) ELISA Cross-sectional 
study; table reflects 
only patients with 
active disease

aPla2r + = anti-Pla2r antibodies detectable; Wb = Western blot; 
ift = immunofluorescence test; elisa = enzyme-linked immuno-
sorbent assay.

table 2. Prevalence of anti-PLA
2
R antibodies in secondary membranous nephropathy

author sle HbV/HCV Malignancy other

N aPLA
2
R+ N aPLA

2
R+ N aPLA

2
R+ n aPLA

2
R+

Qin8 20 1 16 1 10 3 - -

Hoxha6 6 0 1 0 3 0 7 0

Beck3 6 0 2 0 - - - -

Knehtl22 - - - - - - 1 1

Brenchley# 20 1 6 1

sle = systemic lupus erythematosus; HbV = hepatitis b virus; HCV = hepatitis C virus; aPla2r+ = anti-Pla2r antibodies detectable; # personal 
communication asn Kidney week 2011.
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PLA
2
R antigen in the renal biopsies.10 Although there 

was concordance in the majority of patients, important 
exceptions were noted. In ten patients serum was negative 
whereas the renal biopsy was positive; the opposite 
occurred in three other patients. Hoxha also studied serum 
and biopsies in parallel.11 PLA

2
R expression was seen in 

renal biopsies of 47 patients, antibodies were found in 45 
of them. In contrast, these authors did not report patients 
with detectable antibodies in serum, without expression of 
the antigen in the biopsy.
It is well know that iMN is an IgG4 dominant disease, with 
IgG4 being the dominant IgG subclass in renal biopsies of 
patients with iMN. Both Beck et al. and Qin et al. showed 
that antibodies against PLA

2
R were mainly of the IgG4 

subclass, confirming the dominance of IgG4.3,8 Since IgG4 
is not binding complement, this has sparked the debate on 
the pathogenic role of these antibodies. In a recent study 
published in abstract form it was suggested that PLA

2
R 

IgG4 may bind mannose binding lectin (MBL), and thus 
activates complement via the MBL pathway.12

However, both Beck and Qin agree that other subclass 
specificities, particularly of the IgG1 and IgG3 subclass, 
can be found in most patients. The role of IgG4 is further 
questioned by the finding that IgG4 deposits in the biopsy 
do not always correlate with anti-PLA

2
R titre in serum. Qu 

et al. did not observe IgG4 in 6/42 patients with iMN.13 
Hoxha reported three patients with anti-PLA

2
R in serum 

and PLA
2
R in the biopsy with negative IgG4 staining.11 

a n t i - P l a 2 r  a n d  r e C U r r e n C e  o f 
i M n  a f t e r  t r a n s P l a n t a t i o n

In patients with iMN who develop end-stage renal 
disease, renal transplantation is the preferred therapy. 
Unfortunately, the post-transplant course is complicated 
by a recurrence of the disease in 10 to 45% of patients.14 

The discovery of anti-PLA
2
R sparked studies that evaluated 

the role of these antibodies in developing and predicting 
recurrent disease. In a recent case report Stahl et al. 
described a patient with high anti-PLA

2
R titres at the time 

of transplantation, who developed a recurrence almost 
immediately after transplantation.15

The potential role of anti-PLA
2
R antibodies in recurrent 

membranous nephropathy was questioned by Debiec 
et al.16 These authors reported ten kidney transplant 
recipients with iMN and recurrent disease and six patients 
with iMN without recurrence after transplantation. In 
six out of ten patients with recurrent disease PLA

2
R was 

present in deposits in the native kidney biopsy, suggesting 
anti-PLA

2
R-related disease. In five of those, anti-PLA

2
R 

antibodies were detectable in serum and/or biopsy at 
the time of recurrence. Of note, in one patient there was 
recurrence in the graft, but anti-PLA

2
R antibodies were 

not detectable. Moreover, the course was peculiar in two 
other patients. In one patient, serum antibodies were 
present at the time of transplantation. The anti-PLA

2
R 

had disappeared at the time of recurrence, although the 
biopsy expressed PLA

2
R in the deposits. The second patient 

had anti-PLA
2
R antibodies in the serum, but no PLA

2
R 

detectable in the biopsy. 
On the other hand, in three out of six patients without 
recurrence, antibodies were present in the serum at 
the time of transplantation. Apparently, the presence of 
anti-PLA

2
R antibodies did not lead to recurrent disease 

in these patients up till four years after transplantation. 
Clearly, more data are needed before firm conclusions can 
be made.

a n t i - P l a 2 r  a n d  t r e a t M e n t  o f 
M e M b r a n o U s  n e P H r o P a t H y

Beck et al. described the association between the presence 
of circulating anti-PLA

2
R and clinical disease activity in 

eight patients with iMN.3 In a subsequent collaborative 
study we studied 18 patients with nephrotic syndrome.17 In 
14 patients antibodies against PLA

2
R were found. Antibody 

status was determined in serum samples obtained at 
baseline, during remission and during relapse. We 
observed a striking correlation between anti-PLA

2
R titre 

and proteinuria, when using both baseline data and data 
from all time points. Moreover, anti-PLA

2
R antibodies 

disappeared in all patients but one during remission, 
and reappeared in all evaluable patients during relapse. 
These studies were extended by the Mayo group.18 These 
investigators evaluated the time course of anti-PLA

2
R titres 

in relation to proteinuria and outcome in patients with iMN 
treated with rituximab. They observed that the decrease of 
anti-PLA

2
R titre preceded the decrease of proteinuria, and 

predicted outcome.

table 3. Prevalence of anti-PLA
2
R antibodies in 

non-membranous nephropathy

author Controls Patients with 
glomerular 
disease

remarks

n aPLA
2
R+ n aPLA

2
R+

Beck3 30 0 15 0 DN and 
FSGS

Qin8 20 0 - -

Hoxha6# 153 0 18 0 Most 
MCD 
n=10

Schönermarck9 - - 14 0 Unknown

aPla2r + = anti-Pla2r antibodies detectable; dn = diabetic nephropathy; 
fsGs = focal segmental glomerulosclerosis; MCd = minimal change 
disease; # analysis restricted to patients with proteinuria >3.5 g/day.
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Kanigichirla et al. measured anti-PLA
2
R by ELISA. In their 

cross-sectional analysis antibody positivity was related 
to disease activity.7 Antibodies were present in 29 of 40 
patients with active disease (73%), compared with 15% 
positivity in patients in partial or complete remission. 
Moreover, the authors noted that in patients with active 
disease the titre of PLA

2
R predicted outcome.

An association between anti-PLA
2
R titres and outcome was 

also suggested by Qin et al. In patients with low titres time 
to remission was considerably shorter (6.6 vs 14.5 months), 
and likelihood of remission was higher (50 vs 30% at 12 
months).8 

C o n C l U s i o n s

The discovery of anti-PLA
2
R antibodies in patients 

with idiopathic membranous nephropathy is of utmost 
importance. This finding has established iMN as an 
autoimmune disease and greatly stimulated research on 
its pathogenesis. It is expected that the measurement of 
anti-PLA

2
R antibodies will improve our diagnostic and 

therapeutic strategy in patients with nephrotic syndrome 
in general and iMN in particular. However, there are some 
caveats. Conclusions so far are based on small, mostly 
retrospective studies. The accuracy of the test to identify 
iMN and to exclude secondary causes of MN awaits 
well-designed prospective studies, which are currently 
underway. We do not know if assays are comparable. It is 
expected that quantitation of the anti-PLA

2
R antibodies 

will be important for prediction of prognosis as well as 
guidance of therapy. In this respect we are eagerly awaiting 
the development of an ELISA assay. 
In our opinion it is too early to discard a renal biopsy in 
patients with nephrotic syndrome. Also, we advise to 
carefully check secondary causes using simple tools in all 
patients with MN.19 Meanwhile, we advise to store serum 
samples taken at baseline and during follow-up. This 
would allow to perform measurements at a time point 
when questions regarding therapy efficacy or cause of 
relapsing proteinuria arise. 
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a b s t r a C t

Severe infection is often linked to prothrombotic events. 
Indeed, haemostatic abnormalities are encountered in 
most cases of infection, ranging from an increase in 
sensitive markers for coagulation activation or insignificant 
laboratory changes to gross activation of coagulation 
that may result in localised thrombotic complications 
or disseminated intravascular coagulation. Systemic 
inflammation as a consequence of infection results in 
activation of coagulation, due to tissue factor-mediated 
thrombin generation, down-regulation of physiological 
anticoagulant mechanisms, and inhibition of fibrinolysis. 
Pro-inflammatory cytokines, immune cells and the 
endothelium form the interface on which differential 
effects on the coagulation and fibrinolysis pathways 
may ensue. Conversely, activation of the coagulation 
system may importantly affect inflammatory responses by 
direct and indirect mechanisms. Apart from the general 
coagulation response to inflammation associated with 
severe infection, specific infections may cause distinct 
features, such as haemorrhagic fever or thrombotic 
microangiopathy. 

K e y W o r d s

Infection, inf lammation, thrombosis, coagulation, 
endothelium, cytokines

i n t r o d U C t i o n

Increasing evidence points to a tight interaction between 
coagulation on the one hand and inflammation as a 
response to severe infection or chronic inflammatory 
states on the other hand.1-3 In recent years the various 
mechanisms that play an important role in this interaction 

have been elucidated and this knowledge has indeed been 
demonstrated to be applicable for the improvement of our 
understanding of the pathogenesis of severe infection or 
chronic inflammatory states and, even more importantly, 
the clinical management of these patients.4,5 In this article 
the mechanisms that play a role in the interaction between 
infection, inflammation and coagulation will be reviewed. 
Specific features of infectious disease-mediated effects 
on the coagulation system will be highlighted and the 
relevance for clinically relevant thrombotic manifestations 
is discussed. 

i n f e C t i o n  a n d  i n f l a M M a t i o n 
r e s U l t  i n  a C t i V a t i o n  o f 
C o a G U l a t i o n

Acute inflammation, as a response to severe infection or 
trauma, results in a systemic activation of the coagulation 
system.4,6 It was initially thought that this systemic 
activation of coagulation was a result of direct activation 
of the contact system of coagulation by microorganisms 
or endotoxin. However, in the 1990s it became apparent 
that cytokines played a mediatory role in the activation 
of coagulation and subsequent fibrin deposition and that 
the point of impact on the coagulation system was rather 
the tissue factor-factor VIIa (‘extrinsic’) pathway than 
the contact system (‘intrinsic pathway’).7,8 Furthermore, 
the significance of impaired physiological anticoagulant 
pathways became increasingly clear.9 Lastly, it was shown 
that impaired fibrin removal by a suppressed fibrinolytic 
system contributed importantly to the microvascular 
deposition of fibrin. 
Vascular endothelial cells play a central role in all 
mechanisms that contribute to inflammation-induced 
activation of coagulation (figure 1). Endothelial cells respond 
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to the cytokines expressed and released by activated 
leucocytes but can also release cytokines themselves.10 
Furthermore, endothelial cells are able to express adhesion 
molecules and growth factors that may not only promote 
the inflammatory response further but also affect the 
coagulation response. However, it has recently become 
clear that, in addition to these mostly indirect effects of the 
endothelium, endothelial cells interfere directly with the 
initiation and regulation of fibrin formation and removal 
during severe infection.11,12 

M e C H a n i s M s  o f  t H e  i n f e C t i o n -
i n d U C e d  a C t i V a t i o n  o f 
C o a G U l a t i o n

Inf lammation-induced coagulation activation is 
characterised by widespread intravascular fibrin 
deposition, which appears to be a result of enhanced fibrin 
formation and impaired fibrin degradation.1,13 Enhanced 
fibrin formation is caused by tissue factor-mediated 
thrombin generation and simultaneously occurring 
depression of inhibitory mechanisms, such as the 
protein C and S system. The impairment of endogenous 
thrombolysis is mainly due to high circulating levels of 
plasminogen activator inhibitor type 1 (PAI-1), the principal 
inhibitor of plasminogen activation. These derangements 

in coagulation and fibrinolysis are mediated by differential 
effects of various pro-inflammatory cytokines.7 
Tissue factor plays a central role in the initiation of 
inflammation-induced coagulation.14 Blocking tissue 
factor activity completely inhibits inf lammation-
induced thrombin generation in models of experimental 
endotoxaemia or bacteraemia.15,16 The vast majority of 
cells constitutively expressing tissue factor are found 
in tissues not in direct contact with blood, such as the 
adventitial layer of larger blood vessels. However, tissue 
factor comes into contact with blood when the integrity 
of the vessel wall is disrupted or when endothelial cells 
and/or circulating blood cells start expressing tissue 
factor. The in vivo expression of tissue factor seems 
mostly dependent on interleukin (IL)-6, as demonstrated 
in studies showing that inhibition of IL-6 completely 
abrogates tissue factor-dependent thrombin generation in 
experimental endotoxaemia, whereas specific inhibition of 
other pro-inflammatory cytokines had less or no effect.7,17 
Inflammatory cells in atherosclerotic plaques produce 
abundant tissue factor and upon plaque rupture there 
is extensive tissue factor exposure to blood.18 In severe 
sepsis, mononuclear cells, stimulated by pro-inflammatory 
cytokines, express tissue factor, which leads to systemic 
activation of coagulation.19 Even in experimental low-dose 
endotoxaemia in healthy subjects, a 125-fold increase in 
tissue factor mRNA levels in blood monocytes can be 
detected.20 A potential alternative source of tissue factor 
may be endothelial cells, polymorphonuclear cells, and 
other cell types. It is hypothesised that tissue factor 
from these sources is shuttled between cells through 
microparticles derived from activated mononuclear cells.21 
It is, however, unlikely that these cells actually synthesise 
tissue factor in substantial quantities.19,22 
Upon exposure to blood, tissue factor binds to factor 
VIIa. The complex of tissue factor-factor VIIa catalyses 
the conversion of factor X to Xa, which will form the 
prothrombinase complex with factor Va, prothrombin 
(factor II) and calcium, thereby generating thrombin (factor 
IIa). One of the key functions of thrombin is to convert 
fibrinogen into fibrin. The tissue factor-factor VIIa complex 
can also activate factor IX, forming a tenase complex with 
activated factor IX and factor X, generating additional 
factor Xa, thereby forming an essential amplification loop. 
The assembly of the prothrombinase and tenase complex 
is markedly facilitated if a suitable phospholipid surface 
is available, ideally presented by activated platelets. In the 
setting of inflammation-induced activation of coagulation, 
platelets can be activated directly by endotoxin or by 
pro-inflammatory mediators, such as platelet activating 
factor. Thrombin itself is one of the strongest platelet 
activators in vivo. 
Activation of platelets may also accelerate fibrin formation 
by another mechanism.23 The expression of tissue factor 

figure 1. Schematic representation of the link between 
infection/inflammation and coagulation

activated mononuclear cells and endothelial cells induce expression 
of tissue factor that activates platelets and the coagulation system. 
activated coagulation proteases bind to protease-activated receptors 
(Pars), which may induce additional pro-inflammatory stimuli by 
releasing cytokines that target endothelial cells and mononuclear cells. 
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on monocytes is markedly stimulated by the presence 
of platelets and granulocytes in a P-selectin dependent 
reaction.24 This effect may be the result of nuclear factor 
kappa B (NF-kB) activation induced by binding of activated 
platelets to neutrophils and mononuclear cells.25 This 
cellular interaction also markedly enhances the production 
of IL-1b, IL-8, macrophage chemoattractant protein 
(MCP)-1, and tumour necrosis factor (TNF)-a.26 The 
expression of P-selectin on the activated platelet membrane 
will mediate the adherence of platelets to endothelial cells 
and leucocytes. 

i M P a i r e d  r e G U l a t o r y  P a t H W a y s 
i n  i n f e C t i o n  a n d  i n f l a M M a t i o n 

Procoagulant activity is regulated by three important 
anticoagulant pathways: antithrombin (AT), the protein 
C system and tissue factor pathway inhibitor (TFPI). 
During inflammation-induced activation of coagulation, 
the function of all three pathways can be impaired.27 
The serine protease inhibitor antithrombin is the main 
inhibitor of thrombin and factor Xa. Without heparin, AT 
neutralises coagulation enzymes in a slow, progressive 
manner.28 Heparin induces conformational changes 
in AT that result in at least a 1000-fold enhancement 
of AT activity. Thus, the clinical efficacy of heparin 
is attributed to its interaction with AT. Endogenous 
glycosaminoglycans, such as heparan sulphates, on 
the vessel wall also promote AT-mediated inhibition 
of thrombin and other coagulation enzymes. During 
severe inflammatory responses, AT levels are markedly 
decreased owing to impaired synthesis (as a result of a 
negative acute phase response), degradation by elastase 
from activated neutrophils, and – quantitatively most 
importantly – consumption as a consequence of ongoing 
thrombin generation.29 Pro-inflammatory cytokines can 
also cause reduced synthesis of glycosaminoglycans on 
the endothelial surface, which will also contribute to 
reduced AT function, since these glycosaminoglycans 
can act as physiological heparin-like cofactors of AT.30 
Activated protein C (APC) appears to play a central 
role in the pathogenesis of sepsis and associated organ 
dysfunction.31 There is ample evidence that an insufficient 
functioning of the protein C pathway contributes to the 
derangement of coagulation in sepsis.32,33 The circulating 
zymogen protein C is activated by the endothelial 
cell-bound thrombomodulin once this is activated by 
thrombin.34 APC acts in concert with its co-factor protein 
S to proteolytically degrade the essential coagulation 
co-factors Va and VIIIa, and in that manner functions 
as an effective anticoagulant. The endothelial protein 
C receptor (EPCR) not only accelerates the activation 
of protein C several-fold, but also serves as a receptor 

for APC, and binding of APC to this receptor may 
amplify its anticoagulant and anti-inflammatory effects.35 
A recent study has demonstrated that exposure of 
cultured endothelial cells to APC results in the release 
of microparticles that contain EPCR.36 but the relevance 
of that observation for coagulation or inflammation is 
not yet clear. In patients with severe inflammation, the 
protein C system is malfunctioning at virtually all levels. 
First, plasma levels of the zymogen protein C are low or 
very low, due to impaired synthesis, consumption, and 
degradation by proteolytic enzymes, such as neutrophil 
elastase.37-39 Furthermore, a significant down-regulation of 
thrombomodulin, caused by pro-inflammatory cytokines 
such as TNF-a and IL-1, has been demonstrated, resulting 
in diminished protein C activation.40,41 Low levels of free 
protein S may further compromise an adequate function 
of the protein C system. In plasma, 60% of the co-factor 
protein S is complexed to a complement regulatory protein, 
C4b binding protein (C4bBP). Increased plasma levels of  
C4bBP as a consequence of the acute phase reaction in 
inflammatory diseases may result in a relative protein S 
deficiency, which further contributes to a procoagulant 
state during sepsis. Although it has been shown that the 
b-chain of C4bBP (which mainly governs the binding to 
protein S) is largely unaffected during the acute phase 
response,42 support for this hypothesis comes from studies 
showing that the infusion of C4bBP in combination with 
a sublethal dose of Escherichia coli (E. coli) into baboons 
resulted in a lethal response with severe organ damage 
due to disseminated intravascular coagulation (DIC).43 
Finally, but importantly, in sepsis the EPCR has shown to 
be down-regulated, which may further negatively affect 
the function of the protein C system. Apart from these 
effects, sepsis may cause a resistance toward APC by 
other mechanisms, which are partly dependent on a sharp 
increase in factor VIII levels (released from endothelial 
cells), but partly occur by yet unidentified mechanisms.45 
In experimental models of severe infection fibrinolysis 
is activated, demonstrated by an initial activation of 
plasminogen activation, followed by a marked impairment 
caused by the release in blood of PAI-1.16,46,47 The latter 
inhibitor strongly inhibits fibrinolysis causing a net 
procoagulant situation. The molecular basis is cytokine-
mediated activation of vascular endothelial cells; TNFa 
and IL-1 decreased free tissue plasminogen activator (tPA) 
and increased PAI-1 production, TNFa increased total 
urokinase type plasminogen activator (uPA) production 
in endothelial cells.48,49 Endotoxin and TNFa stimulated 
PAI-1 production in liver, kidney, lung and adrenals 
of mice. The net procoagulant state is illustrated by 
a late rise in fibrin breakdown fragments after E. coli 
challenge of baboons. Experimental data also indicate 
that the fibrinolytic mechanism is active in clearing fibrin 
from organs and circulation. Endotoxin-induced fibrin 
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formation in kidneys and adrenals was most dependent 
on a decrease in uPA.50 PAI-1 knockout mice challenged 
with endotoxin did not develop thrombi in the kidney in 
contrast to wildtype animals.49 Endotoxin administration 
to mice with a functionally inactive thrombomodulin 
gene (TMProArg mutation) and defective protein C 
activator cofactor function caused fibrin plugs in the 
pulmonary circulation, while wildtype animals did not 
develop macroscopic fibrin.51 This phenomenon proved 
to be temporary, with detectable thrombi at four hours 
after endotoxin, and disappearance of clots at 24 hours in 
animals sacrificed at that time point. These experiments 
demonstrate that fibrinolytic action is required to reduce 
the extent of intravascular fibrin formation.
Fibrinolytic activity is markedly regulated by PAI-1, the 
principal inhibitor of this system. Recent studies have 
shown that a functional mutation in the PAI-1 gene, the 
4G/5G polymorphism, not only influenced the plasma 
levels of PAI-1, but was also linked to clinical outcome 
of meningococcal septicaemia. Patients with the 4G/4G 
genotype had significantly higher PAI-1 concentrations 
in plasma and an increased risk of death.52 Further 
investigations demonstrated that the PAI-1 polymorphism 
did not influence the risk of contracting meningitis as 
such, but probably increased the likelihood of developing 
septic shock from meningococcal infection.53 These 
studies are the first evidence that genetically determined 
differences in the level of fibrinolysis influences the risk 
of developing complications of a Gram-negative infection. 
In other clinical studies in cohorts of patients with DIC, 
high plasma levels of PAI-1 were one of the best predictors 
of mortality.54,55 These data suggest that activation of 
coagulation contributes to mortality in this situation, but 
as indicated earlier, the fact that PAI-1 is an acute phase 
protein, a higher plasma concentration may also be a 
marker of disease rather than a causal factor. Interestingly, 
platelet a-granules contain large quantities of PAI-1 and 
release PAI-1 upon their activation. Since platelets become 
activated in case of severe inflammation and infection, this 
may further increase the levels of PAI-1 and contribute to 
the fibrinolytic shut-off. 

i n f e C t i o n - i n d U C e d  t H r o M b o s i s 
a n d  V a s C U l a r  C o M P l i C a t i o n s 

Apart from the generalised response upon systemic 
inflammation as discussed above, specific infections may 
result in thrombohaemorrhagic syndromes, haemolytic 
uraemic syndrome (HUS), thrombotic thrombocytopenic 
purpura (TTP) or vasculitis.56,57 Symptoms and signs 
may be dominated by bleeding, thrombosis, or both.1,58,59 
Clinically overt infection-induced activation of coagulation 
may occur in 30 to 50% of patients with Gram-negative 

sepsis.60 Contrary to widely held belief, this may appear 
as common in patients with Gram-positive sepsis as 
in those with Gram-negative sepsis.60,61 Activation of 
the coagulation system has also been documented 
for non-bacterial pathogens, i.e. viruses,62,63 protozoa 
(malaria),64,65 fungi66 and spirochetes.67 
Viral and bacterial infections may result in an enhanced 
risk for local thromboembolic disease, i.e. deep venous 
thrombosis or pulmonary embolism. In a thromboembolic 
prevention study of low-dose subcutaneous standard 
heparin for hospitalised patients with infectious diseases, 
morbidity due to thromboembolic disease was significantly 
reduced in the heparin group compared with the group 
receiving no prophylaxis. There was, however, no beneficial 
effect of prophylaxis on mortality due to thromboembolic 
complications.68 In chronic viral diseases, such as 
cytomegalovirus (CMV) or human immuno-deficiency 
virus (HIV) infection, the risk of thromboembolic 
complications is relatively low.69-71 Common infections, 
such as influenza and other forms of upper respiratory 
tract infections, have been shown to not only increase 
systemic levels of haemostatic proteins, but also to affect 
the incidence of pulmonary embolism, albeit to a modest 
extent.72,73 Also, these conditions seem to predispose 
for the occurrence of ischaemic stroke.74 A recent paper 
points to the fact that the enhanced thrombotic risk may 
be related to inflammation, either occurring on itself (e.g. 
as a consequence of an autoimmune disorder) or related 
to infection.75 
Viral haemorrhagic fever is complicated by DIC in the 
most severe cases.76-78 DIC is not frequently encountered 
in other viral infections but has been reported in cases 
of infection with rotavirus,79,80 varicella, rubella, rubeola 
and influenza.81-84 TTP and HUS, triggered by a viral 
or bacterial infection,56,85 frequently lead to bleeding 
symptoms, but also platelet and fibrin thrombi may 
be generated in various organs, leading to prominent 
symptoms with organ dysfunction. In specific infections, 
such as viral haemorrhagic fever, bleeding complications 
are prominent.76,77 In other viral and bacterial infections 
associated with TTP or HUS, bleeding is also often 
the prominent and presenting symptom.55 Bacterial and 
viral infections may result in a vasculitis-like syndrome 
with either bleeding manifestations or ischaemic 
injury.86-88 Vasculitis is a well-documented phenomenon 
in CMV infection,89,90 occurring predominantly in the 
vasculature of the gastrointestinal tract where it causes 
colitis,91,92 the central nervous system where it causes 
cerebral infarction,93,94 and the skin where it results 
in petechiae, purpura papules, localised ulcers or a 
diffuse maculopapular eruption.95 HIV infection may be 
accompanied by vasculitis syndromes, e.g. polyarteriitis 
nodosa, Henoch-Schönlein purpura and leucocytoclastic 
vasculitis.96-98 Hepatitis B and C infection may cause 
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polyarteritis-like vasculitis.99,100 Parvovirus B19 has been 
suggested to be associated with vasculitis-like syndromes 
including Kawasaki disease, polyarteritis nodosa and 
Wegener’s granulomatosis.101-103

t H e r a P e U t i C  i M P l i C a t i o n s 

Anticoagulant therapy in patients with severe infection 
remains controversial. Experimental studies have shown 
that heparin can at least partly inhibit the activation 
of coagulation in severe sepsis and other infections. 
However, a beneficial effect of heparin on clinically 
important outcome events in patients with DIC has not 
been demonstrated in controlled clinical trials. Also, 
the safety of heparin treatment is debatable in patients 
with haemorrhagic complications of infection, such 
as in some viral diseases or in DIC, who are prone 
to bleeding.104 A large trial in patients with severe 
sepsis showed a slight but non-significant benefit of 
low-dose heparin on 28-day mortality in patients with 
severe sepsis and no major safety concerns.105 There 
is general consensus that administration of heparin 
is beneficial in some categories of infection-related 
procoagulant states. Heparin is obviously indicated for 
treating thromboembolic complications in large vessels 
in patients with inflammation and infection. Heparin 
administration may be helpful in patients with acute DIC 
when intensive blood component replacement fails to 
improve excessive bleeding or when thrombosis threatens 
to cause irreversible tissue injury (e.g., acute cortical 
necrosis of the kidney or digital gangrene).
Theoretically, the most logical anticoagulant agent to use in 
the setting of hypercoagulability in the setting of infection 
or inflammation is directed against tissue factor activity. 
Potential agents include recombinant TFPI, inactivated 
factor VIIa, and recombinant nematode anticoagulant 
protein c2 (NAPc2), a potent and specific inhibitor of 
the ternary complex of TF/factor VIIa and factor Xa. 
Phase II trials of recombinant TFPI in patients with 
sepsis showed promising results but phase III trials in 
patients with severe sepsis or severe pneumonia and 
organ failure did not show an overall survival benefit in 
patients who were treated with TFPI.106 Recombinant 
human soluble thrombomodulin binds to thrombin to 
form a complex that inactivates thrombin’s coagulant 
activity and activates protein C and, thus, is a potential 
drug for the treatment of patients with DIC. In a phase 
III randomised double-blind clinical trial in patients with 
DIC, administration of the soluble thrombomodulin had a 
significantly better effect on bleeding manifestations and 
coagulation parameters than heparin. Currently ongoing 
trials with soluble thrombomodulin focus on DIC, organ 
failure and mortality rate.

C o n C l U s i o n

There is a tight link between infection and inflammation 
on the one hand and activation of coagulation and 
venous and arterial thrombosis on the other hand. 
Pro-inflammatory cytokines are crucial in mediating 
these effects. The interaction between inflammation 
and coagulation involves significant cross-talk between 
the systems and seems to occur at the interface formed 
by endothelial cells. Several mechanisms contribute to 
an enhanced risk of both venous thromboembolism and 
accelerated atherosclerosis in patients with infections 
and (chronic) inflammation. Although it is likely that 
anticoagulant treatment is important to prevent infection- 
and inflammation-associated thrombotic complications, 
clinical evidence of efficacy and safety of this approach is 
still limited. 
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a b s t r a C t

The haemolytic uraemic syndrome (HUS) is characterised 
by haemolytic anaemia, thrombocytopenia and acute renal 
failure. The majority of cases are seen in childhood and are 
preceded by an infection with Shiga-like toxin producing 
Escherichia coli (STEC-HUS; so-called typical HUS). 
Non-STEC or atypical HUS (aHUS) is seen in 5 to 10% of 
all cases and occurs at all ages. These patients have a poorer 
outcome and prognosis than patients with STEC-HUS. New 
insights into the pathogenesis of aHUS were revealed by the 
identification of mutations in genes encoding proteins of 
the alternative pathway of the complement system in aHUS 
patients. Specific information of the causative mutation 
is important for individualised patient care with respect 
to choice and efficacy of therapy, the outcome of renal 
transplantation, and the selection of living donors. This new 
knowledge about the aetiology of the disease has stimulated 
the development of more specific treatment modalities. 
Until now, plasma therapy was used with limited success 
in aHUS, but recent clinical trials have demonstrated 
that patients with aHUS can be effectively treated with 
complement inhibitors, such as the monoclonal anti-C5 
inhibitor eculizumab.

K e y W o r d s

Atypical haemolytic uraemic syndrome, complement 
system, eculizumab, kidney transplantation, plasma 
therapy 

i n t r o d U C t i o n

The haemolytic uraemic syndrome (HUS) is a rare and 
severe thrombotic microangiopathy (TMA) characterised 

by the triad of haemolytic anaemia, thrombocytopenia 
and acute renal failure. HUS is characterised histologically 
by vascular abnormalities with glomerular endothelial 
damage, swelling of the endothelium, endothelial 
detachment of the basement membrane, intima fibrosis, 
and thrombosis. In table 1, the most important causes of 
thrombotic microangiopathies (both HUS and thrombotic 
thrombocytopenic purpura [TTP]) are shown.1,2 

table 1. Causes of haemolytic uraemic syndrome and 
thrombotic thrombocytopenic purpura

infectious
• Infection with Shiga-like toxin producing Escherichia coli 

(STEC)
• Infection with neuraminidase producing Streptococcus 

pneumoniae
• Human immunodeficiency virus (HIV)

Complement dysregulation
• Genetic abnormalities in complement (regulating) proteins
• Acquired defects (autoantibodies against CFH)

adaMts13 deficiency
• Genetic abnormalities
• Autoantibodies against ADAMTS13

Clinically associated with
• Systemic diseases: SLE, antiphospholipid syndrome, defective 

cobalamin metabolism
• Medication: ticlopedin, mitomycin, bleomycin, cysplatin, 

quinine, tacrolimus, cyclosporin, rifampicin, clopidopogrel 
• Malignancies: chemotherapy
• Viruses: cytomegalovirus, parvovirus
• Transplantation: calcineurin inhibitors, rejection
• Pregnancy: oral contraceptives, pre-eclampsia, HELLP 

syndrome
• Glomerulopathies: MPGN type II
• Bone marrow transplantation: radiation, medication, graft vs 

host disease

adaMts13 = a disintegrin and metalloproteinase with a throm-
bospondin type 1 motif, member 13; CfH = complement factor H; 
HellP = haemolysis, elevated liver enzymes and low platelets; MPGn 
= membranoproliferative glomerulonephritis; sle = systemic lupus 
erythematosus.
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In more than 90% of the cases, the disease is triggered by 
an infection with Shiga-like toxin producing Escherichia 

coli (STEC). Especially young children between two and six 
years of age are sensitive to the development of the disease. 
Three to eight days after contamination with the bacteria, 
the patient develops abdominal pain with watery and/or 
bloody diarrhoea, followed within 24 hours by haemolytic 
anaemia, thrombocytopenia, and acute renal failure. 
This HUS is also called typical or diarrhoea-associated 
HUS (D+ HUS) or STEC-HUS. Mortality in children 
with STEC-HUS is 3 to 5% during the acute phase of the 
disease;3 about 75% of the patients completely recover after 
an episode of STEC-HUS.4

While STEC-HUS is indeed mostly seen in children, in 
the recent world’s largest STEC outbreak in Germany, 
mostly adults above 20 years and predominantly females 
were affected. This was attributed to the changes in the 
microbial characteristics of the bacteria (STEC O104:H4), 
which shares virulence characteristics of typical STEC 
strains and enteroaggregative E. coli strains,5 indicating 
that changes in the bacterial characteristics can lead to 
changes in host profile. Although a greater proportion of 
patients infected with STEC O104:H4 eventually developed 
HUS,5 both clinical course of individual patients and 
mortality (~4%) seemed to be comparable with historic 
reports.5,6

Non-STEC-HUS is seen in 5 to 10% of all HUS cases, can 
appear at any age and may be sporadic or familial. These 
patients have a poor prognosis with a high mortality and 
morbidity in the acute phase of the disease and progression 
to end-stage renal disease (ESRD) in 50% of the cases.7,8 
Many causes of this so-called atypical HUS (aHUS) 
have been identified (table 1). The recently recognised 
disorders of complement regulation will be outlined in 
this review. Other associations include various non-enteric 
infections (especially Streptococcus pneumoniae infections), 
viruses, malignancies, drugs, bone marrow and kidney 
transplantation, pregnancy, and systemic diseases. 
Atypical HUS needs to be distinguished from TTP, 
although they overlap clinically and morphologically. Both 
diseases share features of a thrombotic microangiopathy, 
caused by activation and damage of endothelial cells. 
In aHUS this is mostly confined to the glomerular 
endothelium, while in TTP there is more systemic 
vascular endothelial damage. Histochemical studies 
revealed that thrombi of patients with TTP mostly contain 
thrombocytes, while HUS thrombi are positive for 
fibrin instead of platelets.9 Neurological symptoms and 
thrombocytopenia prevail in TTP, while kidney failure is 
limited. In aHUS, on the other hand, kidney failure is the 
most important clinical symptom. On clinical grounds it 
may be difficult to differentiate between aHUS and TTP 
and this may cause a delay in treatment. The discovery 
of the specific involvement of ADAMTS13 (a disintegrin 

and metalloproteinase with a thrombospondin type 1 
motif, member 13) in the pathogenesis of TTP has allowed 
discrimination between the two TMAs: in patients with 
TTP, ADAMTS13 activity is greatly reduced (5 to 10% of 
normal). This is mostly due to autoantibodies against 
ADAMTS13. Congenital TTP, caused by mutations in the 
ADAMTS13 gene, is an extremely rare autosomal recessive 
disease (incidence 1:1,000,000), which manifests often, 
but not exclusively, at birth or during childhood.10 Ten to 
25% of TTP patients, however, have normal ADAMTS13 
activity, suggesting the presence of as yet unknown 
physiopathological mechanisms.
In this review, we will further focus on the role of the 
complement system in the pathogenesis, outcome, and 
treatment of atypical HUS.

t H e  C o M P l e M e n t  s y s t e M  a n d 
a t y P i C a l  H U s

Already in the 1970s decreased plasma levels of the 
complement proteins C3 and complement factor B (CFB) in 
both sporadic and familial cases of HUS were identified.11 
The presence of increased breakdown products of these 
proteins suggested that activation of the alternative 
pathway of the complement system could be involved in 
the pathogenesis of the disease.12 In the last decade, indeed, 
a clear link was demonstrated between aHUS and genetic 
abnormalities in complement (regulating) genes, which 
can result in hyperactivation of the complement system, 
eventually leading to glomerular endothelial activation 
and thrombosis.

activation and regulation of the complement system
The human complement system is part of the innate 
immunity and consists of more than 40 plasma and 
membrane-associated proteins. The most important roles 
of the complement system are the recognition of pathogens 
(opsonisation), the activation and chemotaxis of leucocytes, 
and the induction of cell lysis by incorporation of the 
membrane attack complex (MAC).13,14 Three activation 
pathways are recognised: the classical pathway, the 
mannose binding lectin pathway, and the alternative 
pathway. In aHUS, the alternative pathway is mostly 
affected. 
To prevent continued and unopposed complement 
activation, and resulting cell damage, the complement 
system is tightly regulated. Each pathway has its own 
regulators (inhibitors), but some regulators work on more 
than one pathway (figure 1; inhibitors shown in italic). 
Activating regulators include complement factor B and 
complement factor D. 
Foreign surfaces that either lack membrane-bound 
regulators or cannot bind soluble regulators are attacked 
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and damaged by the complement system. The key 
regulators of the alternative pathway are complement 
factor H (CFH), complement factor I (CFI), and membrane 
co-factor protein (MCP or CD46). These complement 
regulatory proteins are either constitutively present on the 
endothelial cell membrane or are bound by the endothelial 
glycocalyx. The mechanism of complement regulation at 
the cell surface by these regulators is schematically shown 
in figure 2A.

Mutations in complement genes in aHUs patients
A loss-of-function mutation in a complement-inhibiting 
gene or a gain-of-function mutation in a gene that encodes 
a complement activator will lead to an unopposed activation 
of the complement system, resulting in formation of the 

membrane attack complex on cell surfaces of especially 
endothelial cells in the microcirculation of the kidney. 
As a result, endothelial cells are damaged and leucocytes 
are attracted, releasing oxygen radicals and proteinases, 
which can further damage the endothelium. This will 
eventually result in increased platelet adherence and the 
formation of microthrombi in the kidney, thus explaining 
the characteristic triad of aHUS: acute renal failure, 
thrombocytopenia, and haemolytic anaemia.
In 1998, Warwicker et al. were the first to describe a 
mutation in the gene encoding CFH in familial cases 
of aHUS.15 Nowadays, a genetic aberration in one of 
the proteins of the alternative complement pathway 
can be found in at least 50% of the aHUS patients. 
Mutations, usually heterozygous, have been identified 

figure 1. Schematic overview of the three activation pathways of the complement system
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activation via the classical, lectin, or alternative pathway leads to production of C3 convertases, which can cleave C3 in C3b and the anaphylatoxin 
C3a. active C3b finally initiates the production of membrane attack complexes that can cause lysis of the cells. the regulators of the complement 
system, important in the protection of host cells against complement activation, are shown in italic. C1-inh = C1 inhibitor; C4bp = C4 binding protein;  
Cr1 = complement receptor-1; daf = decay accelerating factor; MaC = membrane attack complex; MasP = mannose associated serine protease; 
Mbl = mannose binding lectin; MCP = membrane cofactor protein.
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in the complement inhibitors CFH, CFI, MCP, and in 
only one single study in thrombomodulin (THBD), and 
in the activators C3 and CFB.16-22 In addition, aHUS is 
associated with the presence of a combination of single 
nucleotide polymorphisms in CFH (CFH

TGTGT
 haplotype) 

or MCP (MCP
GGAAC

 haplotype).23 Not unexpectedly, 
aHUS can also be caused by antibodies that impair 
the action of the complement regulatory proteins. 
Thus far, autoantibodies against CFH (aFH) have been 
identified in aHUS patients.24 These aFH autoantibodies 
can block the epitopes of CFH that are involved in 
binding to the endothelial cell membrane, resulting 
in defective regulation of the complement at the site of 
the endothelium, leading to endothelial damage.25 The 
development of these aFH antibodies is associated with a 
polymorphic homozygous deletion of complement factor 
H related proteins (CFHR1 and CFHR3).24 Mechanisms 
of disease for several mutations are shown in figures 2B-D. 

Complement investigations in aHUs patients
Recent guidelines suggest screening for complement 
abnormalities in patients with aHUS.26,27 Complement 
activity (CH50 and AP50) and serum complement 
components (C3, C4, C3d, CFH, and CFI) can be measured 
in serum, drawn before the start of therapy. It must be 
realised that most assays measure the presence of the 
protein and not the activity. Moreover, abnormalities 
in complement regulation may only occur at the level 
of the endothelial cell surface, and not systemically. 
Therefore, serum levels of the above-mentioned 
complement components may be normal in patients with 
complement dysregulation and thus cannot exclude a 
genetic complement disorder.7,18,28 The surface expression 
of membrane-bound MCP on mononuclear leucocytes 
can be investigated by fluorescent-activated cell sorting 
(FACS). Mutational screening should be performed in the 
complement genes that have been associated with aHUS 

figure 2. Schematic model for the mechanism of alternative complement pathway regulation at host cell surfaces

in normal circumstances small amounts of C3b are deposited on cell surfaces, but these molecules are rapidly eliminated by Cfi, with the help of 
the cofactors CfH and MCP (a). in case of a loss-of-function mutation in CfH (b) or MCP (C), deposited C3b on host cells cannot be efficiently 
eliminated. this is followed by complement activation that can lead to complement-mediated damage of plasma exposed cells, such as glomeru-
lar endothelial cells. a gain-of-function mutation in a molecule that participates in activation of the alternative pathway, endothelial cells will be 
damaged despite the presence of functional regulators (d). adapted by permission from elsevier limited.8
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(CFH, CFI, MCP, C3, CFB, and THBD), irrespective of 
serum C3, CFH, or CFI levels. The presence of aFH can 
be identified in serum by enzyme-linked immunosorbent 
assay (ELISA). ADAMTS13 activity should be measured 
to exclude TTP: an activity below 5 to 10% could indicate 
acquired anti-ADAMTS13 autoantibodies (in the majority 
of the patients) or a genetic abnormality. The possibilities 
of a rare cause of aHUS, such as HIV infection, pregnancy, 

or cobalamin deficiency, should be considered and 
investigated at presentation. STEC infection has to be ruled 
out in aHUS patients as well, as an unusual presentation of 
STEC-HUS can occur. In 10% of the patients no diarrhoea 
occurs 29 and STEC-HUS can occur in adults as well, as in 
the German outbreak. An overview of the investigations to 
be performed in patients with aHUS is shown in table 2.

incomplete penetrance of aHUs
Mutations in complement (regulating) genes can be found 
in healthy family members: the penetrance of disease 
among carriers of mutations in CFH, CFI, and MCP is 
approximately 50 to 60%.18,30 This indicates that the genetic 
aberrations are probably important for the development of 
aHUS, but not the sole cause. Affected patients may carry 
combined mutations, in more than one gene,18,19 or carry a 
mutation in combination with the associated CFH or MCP 
haplotype. Family members who only carried one mutation 
or no polymorphisms were not affected,31 but this could be 
due to incomplete penetrance as well. Atypical HUS may 
not occur until adulthood, even in patients with multiple 
genetic defects. This indicates that an environmental 
factor, such as a complement trigger, is probably needed to 
develop the disease. For instance, Caprioli et al. reported 
that in 77% of the patients with a mutation in CFH, CFI, 
or MCP, the clinical symptoms were preceded by flulike 
symptoms, gastroenteritis, or other infections.18 

o U t C o M e  o f  d i s e a s e

In about 60% of the patients with a mutation aHUS 
is diagnosed during childhood and in more than half 
of the cases, the disease is triggered by an infection or 
pregnancy.18,30,32 Prognosis of patients with aHUS is poor, 
up to 25% of patients may not survive the acute phase and 
up to 50% of the patients progress to ESRD.7,8 However, 
outcome of the disease is dependent on the underlying 
genetic aberrations. Eighty to 90% of the patients with 
an MCP mutation will develop a remission, although 
recurrences often occur.18,30 In contrast, 60 to 70% of the 
patients with a CFH, CFI, or C3 mutation will develop 
terminal renal failure within one year after diagnosis; in 
patients with aFH this amount is 30%. Not many patients 
with an aberration in CFB have been reported yet, but in 
88% of the patients of one study, renal function was lost 
within one year after diagnosis.30 
The underlying complement defect also determines 
whether therapy is needed and if it will be effective. For 
instance, in patients with an MCP mutation alone, plasma 
therapy is of limited added value: remission is achieved in 
80 to 90% of these patients without plasma treatment.30 
Since MCP is a membrane-bound protein, a defect MCP 
protein cannot therefore be substituted by plasma therapy. 

table 2. Overview of investigations to be performed in 
patients diagnosed with atypical HUS

Underlying cause of tMa technique

disorders of complement 
regulation

C3 and C4 levels Nephelometry (serum)*

C3d levels Immuno-electrophoresis 
(EDTA plasma)*,†

CFH and CFI levels Radial immunodiffusion 
(serum)*

Autoantibodies against CFH ELISA (serum)*

Surface expression MCP FACS (EDTA blood)

Mutational screening CFH, 
CFI, MCP, C3, and CFB

Sequencing analysis (EDTA 
blood)

adaMts13 deficiency

ADAMTS13 activity FRETS vWF73 (citrate 
plasma)*

rare HUs causes

Defective cobalamin 
metabolism

- Homocysteine levels HLPC (potassium-EDTA 
plasma)*,†

- Methylmalonic acid levels LC-Tandem MS (potassium-
EDTA plasma)*,†

- Mutational screening 
MMACHC

Sequencing analysis (EDTA 
blood)

HIV Serology

Pregnancy Pregnancy test

HELLP syndrome Liver enzymes

Antiphospholipid syndrome Antiphospholipid antibody

Systemic lupus erythematosus - Antinuclear antibody

- Lupus anticoagulant

STEC infection Culture, PCR, serology, 
anti-O157 antibody

Streptococcus pneumoniae 
infection

Culture, PCR, Coombs 
test, peanut lectin, activity 
test, transferrin isoelectric 
focussing 

*serum and edta plasma samples need to be centrifuged as soon 
as possible after sampling (preferably within 60 minutes). †for 
the analysis of C3d, homocysteine, and methylmalonic acid levels, 
(potassium) edta blood needs to be placed on ice immediately after 
sampling. adaMts13 = a disintegrin and metalloproteinase with a 
thrombospondin type 1 motif, member 13; Cfb = complement factor 
b; CfH = complement factor H; Cfi = complement factor i; edta = 
ethylenediaminetetraacetic acid; elisa = enzyme-linked immunosorb-
ent assay; faCs = fluorescent-activated cell sorting; frets vWf73 = 
fluorescence- quenching substrate for adaMts13; MCP = membrane 
cofactor protein; HellP = haemolysis, elevated liver enzymes and 
low platelets; HiV = human immunodeficiency virus; HPlC = high-
performance liquid chromatography; lC-tandem Ms = liquid chro-
matography–tandem mass spectrometry; MMaCHC = methylmalonic 
aciduria and homocystinuria type C protein.
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t r e a t M e n t  o P t i o n s

The overall outcome of patients with aHUS is poor. To be 
effective, treatment must be started urgently, preferably 
within 24 hours after diagnosis. At this moment it takes 
many weeks to several months to perform the laboratory 
assays and genetic studies that are needed to specify 
the underlying cause. Furthermore, at this moment no 
complement abnormalities can be found in the 40% of 
patients. Therefore, it is advised to start plasmapheresis, 
which replaces missing or deficient proteins and removes 
disease causing antibodies, as the first treatment option. 
New treatment options such as complement inhibitors are 
now available.

Plasma therapy
Although there is no evidence from randomised controlled 
trials, plasmapheresis is the first-choice therapy in patients 
with aHUS due to a complement dysregulation. Cohort 
studies have shown that the mortality rate has decreased 
from 50 to 25% since the introduction of plasma therapy.30

Although plasma infusion would be sufficient in patients 
with a missing or defective complement-regulating protein 
such as CFH, plasmapheresis is advised in the initial 
acute phase of the disease. Moreover, in the absence of a 
diagnosis, treatment should be directed at the removal of 
antibodies. 
If plasmapheresis is not available or cannot be applied 
immediately in the acute phase, we advise to start plasma 
infusion, since a defective protein is the underlying cause 
in the majority of patients with aHUS. After the initial 
period of plasmapheresis, complement deactivation can 
often be accomplished with lesser amounts of plasma and 
the therapy can be switched to plasma infusion, unless the 
tests have demonstrated that antibodies are the cause of 
the disease. Obviously there are risks associated with the 
infusion of plasma in patients who are already hypertensive 
and volume overloaded due to renal impairment.
In the most recent guidelines, it is recommended to 
start plasmapheresis within 24 hours of diagnosis.26,27 
It is suggested to exchange 1.5 times the expected 
plasma volume (60 to 75 ml/kg) and replace plasma 
with fresh frozen plasma or virus-inactivated pooled 
plasma. There are no evidence-based treatment schedules 
for plasmapheresis treatment reported in the literature. 
Guidelines published by the European Paediatric 
Study Group on HUS26 recommend the following: 
plasmapheresis should be performed daily for five days, 
then five sessions a week for two weeks, and then three 
times a week for two weeks. When plasma infusion is used 
instead of plasmapheresis, the suggested dosage is 30 to 40 
ml/kg initially and 10 to 20 ml/kg per day thereafter.7 The 
dose and frequency may be reduced to weekly or biweekly 
intervals if plasma therapy appears to be successful. 

To monitor the response to plasma therapy, the best 
parameters are platelet count, and lactate dehydrogenase 
and haemoglobin levels in serum (haematological 
remission). Haptoglobin levels often remain decreased 
after achieving haematological remission and are therefore 
not used as a parameter. To determine the total treatment 
time, no valid parameter is available, but recommendations 
state that treatment should be continued for at least 
two days after complete remission has been achieved.7 
However, some aHUS patients will be plasma dependent 
and need chronic plasma treatment to stay in remission. 
Furthermore, it is known that in both adults and children 
intercurrent infections as well as vaccinations can trigger 
a relapse of aHUS,32,33 for which plasmatherapy has to start 
again or needs to be intensified.
For patients with an MCP mutation alone, plasma therapy 
has limited value in the treatment of aHUS: remission is 
achieved in 80 to 90% of these patients without plasma 
treatment.30 MCP is a membrane-bound protein and a 
defect MCP protein can therefore not be substituted by 
plasma therapy. However, since it is not known which 
complement genes are involved in the pathogenesis of 
aHUS at first presentation and since it is known that 
combined mutations in complement genes can occur, 
plasma therapy remains the first choice of treatment.
Besides plasmapheresis, avoiding triggers of endothelial 
injury, such as hypertension and hypercholesteraemia, 
by adequate blood pressure control and the use of statins 
are important treatment options in the acute phase of the 
disease and should be maintained once in remission.

transplantation
The clinical outcome of renal transplantation in patients 
with aHUS is dismal. Approximately 50% of patients with 
aHUS will develop recurrent disease and graft loss. There 
are no clinical predictors of outcome, although the use of 
a calcineurin inhibitor after transplantation is associated 
with an even higher recurrence rate.34 Unfortunately, 
patients with aHUS are also more prone to develop acute 
rejections, which also affects graft survival. Knowledge 
of the underlying genetic defect is helpful in predicting 
prognosis. The recurrence risk in patients with a CFH 
mutation is 75 to 90%; for patients with a CFI mutation 
this is 45 to 80%, and in case of a C3 mutation, the risk of 
an aHUS recurrence is 40 to 70%.35 Recurrences have been 
seen in patients with CFB and thrombomodulin mutations, 
as well. On the other hand, patients with a mutation in the 
gene encoding the membrane-bound MCP have a low risk 
to develop a disease recurrence in the graft.
Admittedly, it can be debated whether knowledge of the 
underlying genetic defect affects the management of 
the patient with aHUS after transplantation. Patients 
should be informed of the high risk of recurrence, and 
care should be taken to minimise endothelial injury. 
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Therefore, it is advised to avoid long ischaemia times, 
not to accept kidneys of non-heart-beating donors, and 
not to use calcineurin inhibitors. A recurrence should 
be treated with plasmapheresis, and most centres would 
use prophylactic plasmapheresis. Indeed plasmapheresis 
before and after renal transplantation has been beneficial,35 
but given the poor outcome associated with a recurrence, 
there is a debate on whether isolated renal transplantation 
should be offered to patients at high risk of a recurrence. 
Some authors have suggested that a combined kidney 
and liver transplantation with preventive plasmapheresis 
should be performed in patients with a known CFH of CFI 
mutation.36 However, the risky procedure of a combined 
kidney and liver transplantation must be weighed against 
the estimated risk of recurrence. Hopefully, emerging 
therapies with complement inhibitors will allow successful 
kidney only transplantation in the near future (see below).
Knowledge of the underlying genetic defect is critical 
when considering a living-related kidney transplantation. 
Until recently, living kidney donations were considered 
unjustified in patients with aHUS: there is not only a high 
risk of graft failure in the recipient, more importantly 
the donor may be a carrier of the mutation and could 
develop aHUS due to uncontrolled complement activation 
during the donor procedure.37 If a mutation is identified 
in the acceptor, family members can be screened for this 
mutation, and only donors without this mutation can be 
accepted for donation. Of note, if no mutations are found, 
current policy is to not accept any related donor, as genetic 
aberrations may be present in not yet associated genes.
The burden of endothelial injury in a post-transplantation 
setting, caused for instance by immunosuppressive drugs, 

viral infections or rejection, might trigger de novo HUS 
in the presence of mild genetic susceptibility to HUS.38 
Possible causes of recurrent and de novo post-transplant 
HUS, both genetic and environmental, are shown in 
figure 3. Although the influence of environmental factors 
leading to endothelial injury is probably higher in de novo 

HUS, genetic aberrations in the complement system are 
still found in 30% of the patients diagnosed with de novo 
post-transplant HUS.38 To minimise the environmental 
risks, adequate control of blood pressure and hypercho-
lesterolaemia in combination with the prudent use of 
calcineurin inhibitors during renal transplantation is 
warranted (reviewed by Zuber et al.38).

emerging new therapies
A new drug recently registered by the FDA and EMEA 
for the treatment of aHUS patients is the recombinant, 
humanised, monoclonal anti-C5 antibody eculizumab 
(Soliris®, Alexion Pharmaceuticals, Cheshire, CT, USA). 
Eculizumab specifically binds to C5, thereby blocking the 
cleavage of C5 into C5b (figure 1). In this way the formation 
of the anaphylatoxin C5a and of the membrane attack 
complex C5b-9 is prevented. 
Eculizumab has been approved worldwide for the 
treatment of paroxysmal nocturnal haemoglobinuria 
(PNH), a haematological disease associated with loss 
of regulation of the terminal complement pathway 
on erythrocytes.39 Since the first successful reports 
of eculizumab treatment in aHUS patients, many 
reports have followed, describing patients who received 
eculizumab to rescue their native kidneys or to prevent 
a recurrence in a graft after transplantation (reviewed by 

figure 3. Genetic and environmental factors associated with post-transplant HUS

De novo post-transplant HUS

Recurrent post-transplant HUS

+

+
-

-

Congenital and acquired aberrations 
in complement system
Mutations
CFH/MCP haplotype
αFH autoantibodies

(30%)

(60%)

Endothelial injury
Immunosuppressive drugs
Viral infections
Ischaemia-reperfusion lesions
Rejection

MCP haplotype
present in donor?

endothelial injury in the graft can occur due to genetic aberrations in the alternative pathway of complement system (more often in recurrent post-
transplant aHUs) or by environmental factors (more often in de novo post-transplant HUs). the presence of the MCPGGaaC haplotype, associated 
with the pathogenesis of aHUs, in the donor could influence a recurrence as well, although this has not been investigated extensively.
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Loirat et al.35 and Köse et al.).40 Relapses after eculizumab 
treatment have only been seen when the treatment was 
discontinued or in patients who received a single dose; all 
other patients went into remission. 
Two international multicentre prospective phase 2 
open-label clinical trials in adolescent and adult aHUS 
patients and a retrospective study in children have been 
conducted so far.41,42 The results showed that thrombocyte 
levels increased and renal function already improved from 
the first dose of eculizumab. None of the patients required 
a TMA intervention (plasmapheresis or dialysis) during the 
treatment. Eculizumab was well tolerated in these clinical 
studies. Adverse effects that were most frequently reported 
were hypertension, upper respiratory tract infection, and 
diarrhoea. In STEC-HUS patients, eculizumab is not 
indicated as a treatment option. 
As clearance of Neisseria meningitidis is highly dependent 
on the terminal complement pathway, patients treated 
with eculizumab are at a higher risk for meningococcal 
infection. Therefore, patients should be vaccinated at least 
two weeks before the start of the treatment. As vaccination 
does not protect against all serotypes, both patients and 
physicians should be aware of early signs of meningococcal 
infection.43 Attention also has to be paid to patients treated 
with immunosuppressive drugs, as these therapies can 
reduce the response upon vaccination.
Eculizumab is very expensive: current estimates are up 
to v 300,000 per treatment year. Although this drug 
certainly has changed the future perspectives of patients 
with aHUS, many unsolved questions remain: who should 
receive the drug, what treatment schedules should be 
used, and how long should therapy be continued. It is 
even undecided if prophylactic treatment is needed. 
Cost-effectiveness should be evaluated in carefully 
conducted prospective cohort studies. 

C o n C l U s i o n s

The atypical haemolytic uraemic syndrome is a 
multigenetic and multifactorial disease associated with 
predisposing genetic variation in genes encoding proteins 
involved in regulation and activation of the alternative 
complement pathway. Other factors, including genetic 
polymorphisms, environmental factors, medication, and 
systemic disease, may contribute to the development of 
aHUS. Plasma therapy is still the first choice of treatment, 
but new treatment possibilities, such as the complement 
inhibitor eculizumab, may change this in the near future.
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a b s t r a C t

Background: In patients initially suspected of deep venous 
thrombosis (DVT) the diagnosis can be confirmed in 
approximately 10 to 30% of cases. For the majority of 
patients this means that eventually an alternative diagnosis 
is assigned. 
Objective: To assess the frequency distribution of 
alternative diagnoses and subsequent management of 
patients in primary care after initial exclusion of DVT. In 
addition, assess the value of ultrasound examination for 
the allocation of alternative diagnoses. 
Methods: Data were recorded by general practitioners 
alongside a diagnostic study in primary care in the 
Netherlands (AMUSE). Additional data were retrieved 
from a three-month follow-up questionnaire. A descriptive 
analysis was performed using these combined data. 
Results: The most prevalent diagnoses were muscle 
rupture (18.5%), chronic venous insufficiency (CVI) 
(14.6%), erysipelas/cellulitis (12.6%) and superficial 
venous thrombosis (SVT) (10.9%). Alternative diagnoses 
were based mainly on physical examination; ultrasound 
examination (US) did not improve the diagnostic yield 
for the allocation of alternative diagnoses. In about 30% 
of all cases, a wait and see approach was used (27 to 41%). 
During the three-month follow-up nine patients were 
diagnosed with venous thromboembolic disease, three of 
which occurred in patients with the working diagnosis of 
SVT (p=0.026).
Conclusions: We found that after exclusion of DVT in 
general practice a wait and see policy in the primary care 

setting is uneventful for almost one third of patients, but 
with the alternative diagnosis of SVT, patients may require 
closer surveillance since we found a significant association 
with thrombosis in these patients.

K e y W o r d s

Deep venous thrombosis, alternative diagnoses, general 
practice

i n t r o d U C t i o n

The clinical diagnosis of deep venous thrombosis (DVT) 
is challenging. Unilateral complaints such as painful 
swelling of the leg, with or without accompanying 
redness, are common symptoms of many conditions 
besides DVT. This may explain why only a small 
proportion of patients who are clinically suspected of 
having a DVT and who are subsequently evaluated by 
ultrasound examination do actually have the condition, 
with rates ranging between 10 to 30% for different 
populations.1-4 Therefore an alternative diagnosis is 
eventually assigned for the majority of patients. In order 
to study the distribution of alternative diagnoses in 
patients in whom DVT was excluded, we gathered data 
alongside a diagnostic management study in general 
practice.5 We assessed the frequencies of alternative 
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diagnoses that were allocated and assessed which signs 
and/or symptoms are used to arrive at the different 
alternative diagnoses. In addition we looked at the 
associated disease management in these patients. 
It has been suggested that the reduction of the number of 
ultrasound examinations by the use of a clinical decision 
rule in combination with a D-dimer assay and subsequent 
avoidance of objective testing in 30 to 50% of patients who 
present with complaints suspected of DVT is undesirable 
since these examinations could be helpful to establish an 
alternative diagnosis in the absence of DVT.6

Therefore, our study aims were to assess the frequency 
of common alternative diagnoses and associated disease 
management, to describe the signs and symptoms that 
were used to establish the different alternative diagnoses, 
and to explore the additional value of ultrasound 
examination for the allocation of alternative diagnoses. 

M e t H o d s 

We studied the alternative diagnoses and the 
management of patients suspected of DVT in primary 
care, after DVT was ruled out based on a clinical decision 
strategy. From March 2005 till January 2007 data 
were collected alongside the ‘Amsterdam Maastricht 
Utrecht Study on venous thrombo-Embolism’ (AMUSE), 
a diagnostic management study in primary care.5 We 
performed a descriptive analysis using these data. Briefly, 
the AMUSE study is a management study conducted 
in primary care in three regions of the Netherlands, 
involving 1028 consecutive patients with complaints 
suspect for DVT. In AMUSE the safety and efficiency 
of the use of a clinical decision rule including a point 
of care D-dimer assay to exclude DVT in primary care 
was evaluated. Patients who scored above a predefined 
threshold were referred for ultrasound; patients below 
the threshold were not referred.7 Following the initial 
presentation, all patients were evaluated at day 7±2 by 
the general practitioner. For the present descriptive study, 
data on clinical status that were collected at this one-week 
follow-up visit during the management study and data 
derived from a questionnaire on health problems that 
were experienced during a period of three months after 
the initial presentation were analysed.

data collection
The variables for the analysis were derived from a 
systematic case record form (CRF) filled out by the 
general practitioner at the second patient visit, after one 
week. The following items were recorded: leg complaints, 
onset of complaints, medical history, risk factors for 
venous thrombosis, medication use, findings at physical 
examination, ultrasound result (if ultrasound was 

conducted), result of clinical decision rule, most likely 
diagnosis (working diagnosis) and the therapy that was 
instituted. 
In addition, variables were derived from questionnaires 
that were sent out to all patients three months after 
inclusion. The questionnaires comprised questions on leg 
complaints, office visits in general practice and/or visits 
to hospital-based specialists for leg problems, as well as 
questions on initiated therapy for these problems. All 
patients who did not respond (30%) were contacted. On 
suspicion of a (recurrent) thromboembolic event, based 
on the questionnaires, additional medical information 
was retrieved from the medical records of the treating 
physician.

Venous thromboembolism
Of the 1028 eligible patients available for analysis, 127 
patients were diagnosed with DVT at presentation. During 
three months of follow-up venous thromboembolism 
furthermore occurred in 11 patients who were initially 
not diagnosed with DVT (1.1%). In total 138 patients were 
documented to have thrombotic disease. During the entire 
follow-up period ten patients died (seven were non-VTE 
deaths) and three patients were lost to follow-up.

Of the 1028 patients analysed, 1002 were initially assessed 
according to the AMUSE protocol.5 The diagnostic clinical 
decision rule according to the AMUSE protocol used the 
following dichotomous variables: male gender, use of 
hormonal contraceptives, active malignancy in the past 
six months, surgery in the previous month, absence of leg 
trauma, distension of collateral veins, difference in calf 
circumference ≥3 cm, and D-dimer (Simplify®) abnormal.7 
Twenty-six patients were not assessed in accordance with 
the AMUSE protocol; they all underwent ultrasound 
assessment. All adverse outcome events during follow-up 
were assessed by an independent adjudication committee. 

alternative diagnoses
We analysed the prevalence of different alternative diagnoses 
as recorded by the general practitioners during the 
one-week follow-up visit, thus after results of the ultrasound 
examinations were known for referred patients. The 
general practitioner could choose from a list of ten possible 
alternative diagnoses to be recorded on the CRF: deep vein 
thrombosis (DVT), erysipelas /cellulitis, chronic venous 
insufficiency (CVI), lymphoedema, superficial venous 
thrombosis (SVT), mycosis, muscle rupture/haematoma, 
Baker’s (popliteal) cyst, ankle arthritis and pelvic tumour. 
The general practitioners were asked to record the most 
likely diagnosis, in their opinion. If this diagnosis was not 
among these ten pre-specified diagnoses, they could record 
the preferred diagnosis as open text. The diagnosis of DVT 
could be assigned when the patient had a documented DVT 
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on ultrasound one week earlier or when the diagnosis of 
DVT was still the most likely diagnosis at that point in time, 
according to the general practitioner.

statistical analysis 
We first assessed the frequency of DVT and the frequencies 
of all alternative diagnoses in our study population. 
Then, for each of the four most frequent alternative 
(i.e. non-DVT) diagnoses, the presence of signs and 
symptoms was described and the association of signs and 
symptoms with each diagnosis was estimated. Similarly, 
known risk factors for thrombosis, data on ultrasound 
examination, therapeutic strategies and referral and 
follow-up practices were analysed for frequency and their 
respective association with each alternative diagnosis. 
Associations were described as odds ratios and their 
95% confidence intervals and were calculated comparing 
persons with a specific diagnosis (erysipelas/cellulitis, 
muscle rupture/haematoma, CVI, SVT, DVT, respectively) 
with all of those without that particular diagnosis, 
using univariate logistic regression and tested using the 
Chi-square test for categorical variables (SPSS 17.0 for 
Windows). A p-value ≤0.05 was considered statistically 
significant. 

r e s U l t s

Common alternative diagnoses
At the one-week follow-up visit, 669/1028 CRFs (65.1%) 
contained a specific diagnosis. No specific diagnosis was 
stated on the remaining 359/1028 CRFs (34.9%). At the 
time of the follow-up visit 129/1028 patients had already 
been diagnosed with DVT. For 57/129 of these patients 
no diagnosis was stated on the CRF, leaving 302/1028 
(29%) of patients without an alternative diagnosis at week 
1. Although 29% of cases did not have a diagnosis stated 
at the one-week visit, all but three of the 1028 patients 
were followed up. Among the diagnoses given, the four 
most prevalent alternative diagnoses to DVT were muscle 
rupture/haematoma (18.5%), CVI (14.6%), erysipelas/
cellulitis (12.6%), and SVT (10.9%). The other alternative 
diagnoses mentioned were each present in less than 6% 
(lymphoedema (5.5%), Baker’s (popliteal) cyst (4.5%), pelvic 
tumour (0.6%), ankle arthritis (1.8%), and mycosis (0%)). 
Fifteen percent of the general practitioners described an 
alternative diagnosis other than the ten diagnostic options 
mentioned in the CRF. The added alternatives were mainly 
described as: muscle complaints, lower back hernia, known 
oedema and gonarthrosis.

table 1. Signs and symptoms for each alternative diagnosis besides DVT

disease erysipelas/cellulitis
n = 84

Muscle rupture/
hematoma

n = 124

CVi
n = 98

sVt
n = 73

dVt
n = 138

N (%) P
OR (95% CI)

N (%) P
OR (95% CI)

N (%) P
OR (95% CI)

N (%) P
OR (95% CI)

N (%) P
OR (95% CI)

Signs, symptoms

Right side 38(49) 56(49) 48(53) 49 56(42)

Pain 76(92) 113(92) < 0.05
OR=2.1 

(1.04-4.03)

71(76) <0.01
OR=0.4 

(0.25-0.7)

69(95) <0.05
OR=3.1 
(1.1-8.3)

118(86)

Swelling 80(96) <0.001
OR=8.6 

(2.8-26.1)

86(69) <0.01
OR=0.6 

(0.36-0.86)

80(84) 51(70) 126(91) <0.001
OR=3.4 
(1.9-6.2)

Swelling entire 
leg

15(19) 18(15) <0.05
OR=0.2 

(0.09-0.29)

30(32 ) 0.01
OR=1.9 

(1.2-3.03)

9(13) 0.05
OR=0.5 

(0.24-1.0)

48(35) <0.001
OR=2.1 
(1.5-3.2)

Painful 
palpation vein

39(48) 67(57) 49(47) 57(80) <0.001 
OR=3.7 

(2.0-6.7)

69(53)

Redness 76(91) <0.001
OR=21.3 

(10.2-44.3)

15(12 ) <0.001
OR=0.6 

(0.34-0.99)

30(33) 37(51) <0.05
OR=1.8 
(1.1-2.8)

53(40)

Collateral vein 
dilatation

10(26) 11(9 ) 20 (21) 19(26) 29(21) <0.05
OR=1.7 
(1.1-2.6)

Acute onset 48(61) 71(59) 34(38) <0.01
OR=0.5 

(0.34-0.86)

40(56) 76(57)

P values concern the comparison of patients with single diagnosis present versus all other patients (diagnosis absent) and are only presented if 
<0.05. then, odds ratios and 95% confidence intervals are included as well (n = 669).
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Muscle rupture/haematoma was the only diagnosis that 
was seen equally frequently in men and women, whereas 
the other alternative diagnoses occurred significantly more 
often in women (p≤0.05). 

association with signs and symptoms
Table 1 shows the distribution of signs and symptoms 
for each of the four most frequent alternative diagnoses 
and DVT respectively. ‘Pain’ and ‘swelling’ were common 
findings in all four most frequent alternative diagnoses. For 
most of the alternative diagnoses the onset of complaints 
was acute. An exception was the non-acute onset of CVI in a 
majority (61.8%) of cases: OR 0.5 (0.34 to 0.86). Compared 
with the other alternative diagnoses, CVI also presented 
more often with ‘swelling of the entire leg’. ‘Redness’ was 
the most distinctive feature of erysipelas: OR 21.3 (10.2 to 
44.3) and was present in 91% of these patients. In contrast, 
‘redness’ as well as ‘swelling’ was more often absent in 

muscle rupture/haematoma. ‘Painful palpation of the vein 
was observed to be discriminatory for SVT: OR 3.7 (1.1 to 8.3). 

association with risk factors for thrombosis
The distribution of classic risk factors for venous 
thromboembolism of each alternative diagnosis was 
compared with the distribution of these risk factors in 
patients with confirmed DVT (table 2). Muscle rupture/
haematoma was negatively associated with most risk 
factors for thrombosis. In contrast, positive associations 
with previous SVT (OR 2.9 (1.7 to 5.1)), and previous DVT 
(OR 5.2 (2.8 to 9.5)) were observed for SVT. CVI showed 
positive associations with active malignancy (OR 2.4 (1.6 to 
3.8)) and malignancy not active (OR 2.1(1.0 to 4.4)).

therapeutic strategies
The instituted therapy as recorded in the CRF at week 
1 was analysed for the four most prevalent alternative 

table 2. Risk factors for each alternative diagnosis besides DVT

disease erysipelas/cellulitis
n = 84

Muscle rupture/
hematoma

n = 124

CVi
n = 98

sVt
n = 73

dVt
n = 138

N (%) P
OR (95% CI)

N (%) P
OR (95% CI)

N (%) P
OR (95% CI)

N (%) P
OR (95% CI)

N (%) P
OR (95% CI)

Risk factors

Malignancy
active

2(2) 2(2) <0.05
OR=0.25 
(0.1-0.9)

10(10 ) <0.05
OR=2.4 
(1.6-3.8)

4(6) 15(11) <0.01
OR=2.6 
(1.4-4.9)

Malignancy 
not active

4(5) 4(3) 10(10) <0.05
OR=2.1 
(1.0-4.4)

5(7) 14(10) <0.05
OR=1.9 
(1.0-3.4)

Age > 70 yr 28(35) 22(19) 0.001
OR=0.4 

(0.27-0.7)

42(44) <0.01
OR=2 

(1.3-3.1)

27(38) 39(29)

Previous DVT 5(7) <0.05
OR=0.3 
(0.1-0.8)

13(15) 19 (20) 22(31) 0.001
OR=2.9 
(1.7-5.1)

30(22) <0.05
OR=1.6 
(1.1-2.6)

Previous SVT 8(10) 4(3) < 0.05
OR=0.3 

(0.12-0.8)

7(7) 19(26) <0.001
OR=5.2 
(2.8-9.5)

9(7)

Recent surgery 3(4) 4(3 ) <0.05
OR=0.4 

(0.1-0.98)

11(11) 3(4) 11(8)

Travel 6(8) 13(11) 7(7) 8(11) 20(15) <0.05
OR=1.9 
(1.1-3.3)

Trauma absent 59(70) 77(62) <0.01
OR=0.5 

(0.34-0.8)

77(79) 58(79) 109(79)

Male gender 37(44) 56(45) 30(31) <0.05
OR=0.7 
(0.4-1.1)

19(26) <0.05
OR=0.5 
(0.3-0.9)

69(50) <0.001
OR=1.9 
(1.3-2.7)

Varicositas 24(29) 27(22) <0.001
OR=0.4 

(0.27-0.7)

51(55) <0.001
OR=2.4 
(1.6-3.8)

47(67) <0.001
OR=4.2 
(2.5-7.1)

44(33)

P values concern the comparison of patients with single diagnosis present versus all other patients (diagnosis absent) and are only presented if 
<0.05. then, odds ratios and 95% confidence intervals are included as well (n = 669).
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diagnoses. The preprinted therapeutic options on the CRF 
that the general practitioner could choose from where: 
antibiotic therapy, pain reduction (NSAIDs), antithrombotic 
therapy (LMWH and coumarins), compression therapy, 
physiotherapy or no therapy (observant). 
In almost 30% of cases, a wait and see approach was 
used and no therapy was instituted (27 to 41%). For the 
diagnosis of muscle rupture/haematoma a wait and see 
policy was significantly more often followed than for 
the other alternatives. In contrast, for the diagnosis of 
erysipelas/cellulitis no immediate action was undertaken 
in only 7% of the cases; in 70% antibiotic therapy was 
instituted, which was combined with compression therapy 
in a third of the cases (35%).
For CVI, compression therapy was the most common form of 
therapy (33%) when therapy was stipulated, and furthermore 
diuretics (10%) as well as NSAIDs (7%) were prescribed. In 
the treatment of SVT, compression therapy was observed to 
be the main therapeutic feature (40%). The four additional 
forms of therapy were NSAIDs, LMWH, coumarins and 
antibiotics (19%, 12%, 7% and 6% respectively). 

referral and follow-up
The majority of patients with an alternative diagnosis were 
followed up in general practice. Patients were referred for 
further evaluation and therapy in secondary care in 15 to 
20% of cases. Of the patients with the diagnosis of muscle 
rupture/haematoma and CVI 10% and 9%, respectively, 
were referred to the surgical department for evaluation. 
Patients with the diagnosis of SVT and erysipelas were 
most commonly referred to a dermatologist (9 to 11%).
On average, patients visited their general practitioner in the 
follow-up of leg complaints two to three times (mean 2.4, 
SD 3.7) over the course of three months.
For most alternative diagnoses the maximum number of 
visits was six. 

additional value of ultrasound examination
Ultrasound examination was only performed in patients 
with either a high clinical score and/or a positive result 
on D-dimer testing. The avoidance of ultrasound 
examinations in 50% of patients suspected of DVT 
did not, however, impact the prevalence of the most 
common alternative diagnoses. The same distribution was 
found for SVT and erysipelas irrespective of ultrasound 
examination: SVT without ultrasound in 9.2% (32/349) 
vs 12.8% (41/320) with ultrasound, p=0.13; erysipelas 
without ultrasound in 12.6% (44/349) vs 12.5% (40/320) 
with ultrasound, p=0.97. Both the diagnosis of muscle 
rupture and CVI were more frequent in patients who did 
not undergo ultrasound examination 24.6% (86/349) 
vs 11.9% (38/320), p<0.0001 and 16.9 (59/349) vs 12.2% 
(39/320), p=0.09, respectively. For the less frequently 
observed alternative diagnoses, arthritis of the ankle 

was significantly more often diagnosed in patients not 
undergoing ultrasound: 3.3% (11/341) vs 0.3% (1/327), 
p=0.004. Also lymphoedema was significantly more often 
diagnosed in patients who did not have an ultrasound 
examination: 7.2% (24/309) vs 3.6% (12/321), p=0.04. This 
was also the case for the diagnosis of Baker’s cyst: 32.7% 
(86/263) vs 11.9% (38/320), p<0.001.

thrombotic events in relation to alternative diagnosis
During the three months follow-up period 11 patients 
(1.1%) who were not diagnosed with DVT at presentation 
(7 in the low-score group, 4 in the high-score group) 
were diagnosed with venous thromboembolic disease, 
one of which was fatal. Two of these 11 patients were 
diagnosed with DVT within two days after presentation; 
the alternative diagnoses of the remaining nine patients 
were SVT (3), muscle rupture (1), lymphoedema (1) and 
other (1). For three patients, two in the low-score group 
and one in the high-score group, no alternative diagnosis 
was stated; these patients were eventually diagnosed with 
pulmonary embolism.

d i s C U s s i o n

The alternative diagnoses given were based mainly on 
clinical features. No specific diagnosis was stated in 
29% of patients; this percentage of patients without a 
diagnosis is in accordance with a report from secondary 
care, where all patients underwent ultrasound and no 
diagnosis was affirmed in 24% of patients.6 The use of 
a clinical decision rule and the associated 50% reduction 
of ultrasound examinations, therefore, are not likely 
accountable for the lack of allocated alternative diagnoses. 
Ultrasound did not improve the diagnostic yield; none 
of the alternative diagnoses were more prevalent among 
patients who did have ultrasound examination. After the 
exclusion of DVT a wait and see policy in the primary 
care setting was sufficient in one third of the patients. 
However, patients diagnosed as SVT may require closer 
surveillance because, of the patients who were diagnosed 
with DVT during the follow-up period of three months, 
three out of six were diagnosed as SVT. Although the 
analyses were not pre-specified it is statistically unusual 
(p=0.026) that of the nine missed venous thromboembolic 
events, three occurred in patients with the working 
diagnosis of SVT. None of these patients were treated 
with anticoagulant medication. The omission of treatment 
could very well be influenced by lack of information 
on the extent of the thrombus into the (deep) venous 
system. SVT has been reported in association with DVT 
in several instances, a review of cases of SVT in primary 
care showed that DVT occurred in 2.7% of all SVT 
patients as compared with 0.2% in the controls: OR=10.2 
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(2.0-51.6).8,9 A recently published retrospective evaluation 
of therapeutic management and clinical outcome of SVT 
in a secondary care facility10 also showed that SVT may be 
prone to venous thromboembolism. By using a clinical 
decision rule in combination with D-dimer testing the 
extra information retrieved from D-dimer testing may 
also guide the decision process towards the allocation 
of an alternative diagnosis. SVT was both significantly 
associated with a positive result on D-dimer testing and 
with a more prothrombotic profile. 
Some limitations of this study have to be mentioned. 
First, all alternative diagnoses in our cohort were working 
diagnoses; no objective diagnostic testing was performed 
to confirm these diagnoses. For most diagnoses, however, 
no gold standard diagnostic tests are available or routinely 
used if available; in our opinion, this study is therefore a 
good representation of current practice. Second, for 29% 
of patients no alternative diagnosis was stated; all of these 
patients, however, had a follow-up without incident. 
In conclusion: We found that the reduction in the number 
of ultrasound examinations does not influence the 
diagnostic yield and that after exclusion of DVT based on 
a decision strategy a wait and see policy in the primary 
care setting is uneventful for almost one third of patients. 
Patients with the diagnosis of SVT may require closer 
surveillance since we found a significant association with 
thrombosis in these patients. 
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isolated elevated aspartate aminotransferase:  
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R.R.L. Wener1*, F.J. Loupatty2, W.E.M. Schouten1

Departments of 1Internal Medicine, 2Clinical Chemistry, Onze Lieve Vrouwe Gasthuis, Amsterdam,  
the Netherlands, *corresponding author: e-mail: rrlwener@gmail.com

a b s t r a C t

In this report a case of macro-aspartate aminotransferase 
in a 34-year-old pregnant woman is presented. Awareness 
of the existence of a macroenzyme is important because 
of their ability to cause diagnostic confusion, which 
leads to unnecessary investigations. Confirmation with a 
polyethylene glycol precipitation test is simple to perform 
and not expensive.

K e y W o r d s

Macro-enzyme, macro-ASAT, polyethylene glycol 
precipitation

i n t r o d U C t i o n

Although increased enzyme activity in serum is usually 
associated with disease, benign conditions have been 
described in which serum enzymes are abnormal. 
Indeed, several enzymes can form high-molecular-mass 
complexes either by self-polymerisation or by association 
with other plasma components, i.e. immunoglobulins.1,2 
This phenomenon was first recognised in 1964.3 Although 
serum activity may be unaffected, in some cases, 
immunoglobulin binding to circulating enzymes may lead 
to an increased activity by mechanisms involving reduced 
inactivation, clearance or excretion.1 Unfortunately, routine 
laboratory analysis is inapt to differentiate between enzyme 
activity and a corresponding macroenzyme species. As 
a result, the presence of a macroenzyme may cause 
diagnostic confusion if remained undetected. Here, a 
case of a persistent and isolated elevation of aspartate 
aminotransferase (ASAT) activity in serum due to a 
macroenzyme of ASAT is presented. This report illustrates 
the importance of recognising macroenzyme species and 

clear documentation of this biochemical abnormality 
to prevent misinterpretation and to avoid excessive 
investigations. 

C a s e  r e P o r t

A 34-year old Polish woman (G2P0), who was 34 weeks 
pregnant, presented with pain in the right upper 
abdomen. Her medical history revealed severe abdominal 
and pelvic trauma, nephrolithiasis, benign ovarian cyst, 
haematocolpos and pregnancy after an intracytoplasmic 
sperm injection procedure. She denied fever, jaundice, 
muscle pain or weakness. She occasionally took an antacid. 
Full physical examination was normal, including a normal 
pregnancy. However, laboratory examination demonstrated 
a persistent, isolated elevation of ASAT activity (397 IU/l; 
371 IU/l, reference interval ASAT <30 IU/l). Additional 
laboratory findings included: haemoglobin 7.6 mmol/l 
(7.5 to 10 mmol/l), erythrocytes 3.9 x 1012/l (4.0 to 5.0 x 
1012/l), white blood cell count 14.9 x 109/l (4 to 10 x 109/l), 
platelets 318 x 109/l (150 to 400 x 109/l), creatinine 44 
mmol/l (50 to 95 mmol/l), lactate dehydrogenase 174 IU/l 
(<250 IU/l), creatine kinase 58 IU/l (<45 IU/l), bilirubin 5 
mmol/l (<17 mmol/l), and haptoglobin 1.15 g/l (0.40 to 2.45). 
Imaging studies demonstrated no abnormalities of the 
liver, pancreas, gallbladder and kidneys. Normal values for 
alanine aminotransferase and gamma glutamyltransferase 
made hepatic disease very unlikely. Acute viral hepatitis 
was excluded by serological measurements for hepatitis 
B and C, Epstein-Barr virus and cytomegalovirus. No 
evidence for other sources of ASAT, such as myocardial 
disease, skeletal muscle disorders or haemolysis, was 
found. The patient’s abdominal pain spontaneously 
resolved and the patient became asymptomatic. At this 
point, the presence of macro-ASAT was suggested by the 
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clinical chemist. ASAT activity was determined in the 
human plasma of our patient and two control subjects 
before and after treatment with polyethylene glycol as 
described previously.4 The results are shown in table 1. 
Our patient demonstrated that 98% ASAT activity was 
precipitated with polyethylene glycol, whereas two controls 
showed 24 and 37% PPA (polyethylene glycol-precipitable 
activity, reference values 18 to 53% PPA),4 confirming the 
presence of macro-ASAT.

d i s C U s s i o n

Aspartate aminotransferase is present in significant 
amounts in the liver, heart, skeletal muscle and 
erythrocytes. Injury to any of these organs or cells can 
result in the release of the enzyme into the circulation. 
Consequently, increased serum activities of ASAT 
should prompt clinical evaluation, which may include 
abdominal imaging studies and laboratory assessment of 
hepatocellular, muscular, or cardiac causes. Furthermore, 
several types of medication (i.e. erythromycin) can cause 
solitarily elevated serum ASAT.5 As mentioned earlier, 
our patient was not on any medication and no evidence of 
hepatic disease, skeletal muscle disorders or myocardial 
disease was found in our patient. Hence, in the absence of 
disease, analytical interferences should be an intrinsic part 
of the differential diagnosis. 
Measurement of ASAT activity is clearly affected by 
haemolysed samples as erythrocytes contain ASAT activity 
up to 20 times greater than normal serum. In our 
case, however, lactate dehydrogenase activity, which is 
also abundantly present in erythrocytes, was within its 
reference range. In addition, measurement of the serum 
haptoglobin level was not decreased, excluding haemolysis 
as analytical interference.
Our experiments with polyethylene glycol, however, clearly 
demonstrated the presence of a macroenzyme species for 
ASAT. Until now, several cases of macro-ASAT have been 
reported in the literature, including apparently healthy 
individuals with ASAT activities as high as 50 times the 

upper limit of the reference range.6-8 Although some 
patients have been described with various conditions, 
including malignancies and autoimmune disorders, the 
majority of reported cases are asymptomatic. Indeed, the 
absence of pathology over a long period of time in healthy 
individuals with macro-ASAT argues for the benign 
nature of this phenomenon.6,9 Remarkably, the presence of 
macro-ASAT is not a transient phenomenon. In addition to 
our patient, who already demonstrated an isolated increase 
in ASAT in 2004, numerous cases have been reported 
in which macro-ASAT was persistently present for more 
than ten years.6,9 Hence, it is imperative to document this 
essential information in the patient’s medical records to 
avoid diagnostic confusion, perhaps years in the future. 
Laboratory test results should always be assessed in 
conjunction with the patient’s medical history, clinical 
examination and other findings. However, an important 
clue to the presence of a macroenzyme species is the 
persistent elevation of a single enzyme activity in serum. 
Indeed, our patient demonstrated persistently increased 
ASAT activity, whereas all other laboratory results were 
within their respective reference ranges. Moreover, several 
studies have shown that macro-aspartate aminotransferase 
is the culprit in 40 to 100% of healthy cases with an 
isolated increase in ASAT activity.4,6,10 
The presence of macroenzyme species can be determined 
by laboratory techniques including polyethylene glycol 
precipitation, size exclusion chromatography and protein 
electrophoresis. The polyethylene glycol precipitation 
technique is a low-cost method and can be used for the 
screening of all macroenzyme species (e.g. amylase, 
creatine kinase, prolactine). We recommend this method 
as a rapid initial screening method for the detection of 
macroenzyme species provided carefully defined protocols 
and reference ranges are used.4,11 
Nowadays, several laboratory expert systems that 
permit real-time validation of biochemical data are 
readily available.12,13 These automated systems use 
artificial intelligence techniques to aid decision making 
by the clinical chemist or physician. Clearly, a simple 
algorithm could trigger a reflex test strategy, including 
the polyethylene glycol precipitation technique and 
consequently prevent unwarranted investigations. Still, 
even in the absence of such expert systems, one should 
strongly consider the presence of a macroenzyme species 
if only a single enzyme activity is elevated.

C o n C l U s i o n

Our case demonstrates the need to consider a 
macroenzyme species as a cause of persistent isolated 
elevation of ASAT to prevent unwarranted, invasive and 
expensive investigations. We recommend the use of the 

table 1. Effect of polyethylene glycol (PEG) precipitation

asat activity (iU/l)

- PEG + PEG %PPA

Patient 397 10 98

Control 1 210 160 24

Control 2 264 166 37

the polyethylene glycol-precipitable activity (% PPa) for asat was 
calculated as: % PPa = 100 x [(asat activity – asat activity PeG) / 
(asat activity)]; + PeG = 250 g PeG 6000 per litre 0.9% saline; - PeG 
= 0.9% saline. 
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polyethylene glycol precipitation technique as a simple and 
effective screening test for the detection of macroenzyme 
species.
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C a s e  r e P o r t

A 44-year-old male was admitted with gastrointestinal 
bleeding. His medical history revealed alcohol addiction. 
Besides a haemoglobin level of 2.0 mmol/l, abnormal 
liver function tests were present. Recent history revealed 
melaena and haematemesis for several days. Gastroscopy 
showed a mild gastritis and gastroduodenal varices 
(grade 1-2). The patient was transfused, stabilised and 
admitted to the intensive care unit for further analysis and 
treatment. Ultrasonography of the abdomen was performed 
demonstrating a moderate amount of ascites and signs of 
liver cirrhosis including an enlarged liver with increased 
echogenicity with irregular appearing areas. Paracentesis 
and cultures did not reveal bacteria.
The next day the patient developed septic shock. Six 
out of six blood cultures showed Morganella morganii 

and ciprofloxacin was started. An abdominal computed 
tomography (CT) scan confirmed the suspected liver 
cirrhosis and ascites, although no abscess or clues for 
bowel perforation were seen. The patient’s condition 

stabilised initially. On the 11th day the patient developed 
abdominal distension, hypotension requiring vasopressive 
medication, oliguria, and decreased pulmonary compliance. 
An abdominal CT scan was repeated (figures 1 and 2).

W H a t  i s  y o U r  d i a G n o s i s  ?

See page 142 for the answer to the photo quiz.

figure 1. Axial CT image showing intra-abdominal 
fluid and pneumoperitoneum. The large, white arrows 
indicate the cirrhotic liver with irregular superficial 
areas. The dotted arrows indicate the pneumoperitoneum

figure 2. Coronal CT image showing the massive 
fluid collection surrounding the intra-abdominal organs 
(white arrows)
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C a s e  r e P o r t

A 23-year-old woman presented with painful hands. 
There were no complaints of morning stiffness, night 
pain or swollen joints. Physical examination showed 
no signs of arthritis, no nail or skin lesions. Laboratory 
findings were normal: erythrocyte sedimentation rate 
10 mm/h, C-reactive protein 8 mg/l, leucocytes 13.8 x 
109/l, calcium 2.25 mmol/l, and alkaline phosphatase 
104 U/l. The immune serology (antinuclear antibodies 
(ANA), anti-citrullinated protein antibodies (ACPA) and 
rheumatoid factor IgM) was negative. Plain radiography of 
the hands showed the following picture (figure 1).

W H a t  i s  y o U r  d i a G n o s i s  ?

See page 143 for the answer to the photo quiz.

figure 1. The middle phalanx of the third finger of the 
left hand shows a typical picture of melorheostosis
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C a s e  r e P o r t

A 36-year-old man was referred with a four-month history 
of bone pain that was located in his left hip, lower back 
and ribs. At the same time he had difficulty in walking 
partly due to the pain and partly due to muscle weakness 
of his proximal extremities. His medical history mentioned 
congenital cataract due to aniridia, for which he received 
intraocular lens insertions. He was not on any medication. 
Physical examination showed a pale man wearing 
sunglasses. He had a prominent kyphoscoliosis. He 
reported pressure pain between the first lumbar and first 
sacral vertebrae and all movements of his extremities 
were painful. Further physical examination was normal. 
Neurological examination was also normal except for a 
slight paralysis of both ileopsoas muscles.
Magnetic resonance imaging of the spine showed multiple 
degenerative discs. X-ray of the hip joint was normal. Bone 
scintigraphy showed multiple osseous abnormalities, 
mainly in the ribs, left pubic bone and both sacroiliac (SI) 
joints (figure 1), which were suspicious for bone metastases 
of an unknown primary malignancy. Therefore, computer 
tomography (CT) scanning of the thorax and abdomen as 
well as laboratory tests were performed.

figure 1. Multiple osseous abnormalities, mainly in the 
ribs (left panel) and in the left pubic bone and both SI 
joints (right panel)

 

CT imaging was completely normal, without obvious 
abnormalities in the vertebrae or other osseous 
structures. Laboratory tests showed a normal erythrocyte 
sedimentation rate (6 mm), slight leucocytosis (11 x 109/l), 
decreased calcium (2.08 mmol/l), normal albumin (37 g/l) 
decreased phosphate (0.58 mmol/l), and increased alkaline 
phosphatase (415 U/l).

W H a t  i s  y o U r  d i a G n o s i s  ?

See page 144 for the answer to the photo quiz.
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a n s W e r  t o  P H o t o  Q U i Z  ( P a G e  1 3 9 )

a  C a s e  o f  a b d o M i n a l  t a M P o n a d e

The diagnosis of abdominal compartment syndrome (ACS) 
was confirmed by measuring the intra-abdominal pressure 
(IAP), which proved to be 24 mmHg (normal value 5 to 7 
mmHg). ACS occurs when the abdomen becomes subject 
to increased IAP which results in decreased perfusion of 
abdominal organs and impairs pulmonary function due 
to increased intrathoracic pressure. As dictated by the 
World Society of the Abdominal Compartment Syndrome,1 
the IAP should be indirectly measured via the bladder 
at end-expiration in a supine position.2,3 This ensures 
that abdominal muscle contractions are absent. The 
transducer should be zeroed at the level of the mid-axillary 
line and instillation volume should not be more than 25 
ml of saline. Measurements should be performed 60 
seconds after installation to allow bladder detrusor muscle 
relaxation.
Several syndromes can cause ACS.2 The treatment 
of ACS is aimed to reduce the IAP, e.g. improve the 
abdominal wall compliance, evacuate intra-abdominal fluid 
collections or remove intraluminal contents.2 Furthermore, 
a definitive treatment for the primary cause of the raised 
IAP should be initiated.

In this case the subsequent diagnostic laparoscopy 
demonstrated a perforated caecum with faecal peritonitis 
as the cause of the ACS. Lavage of the peritoneum was 
carried out after drainage of six litres of infected ascites 
and a caecostomy was performed. After the intervention 
the intra-abdominal pressure dropped to 6 to 13 mmHg 
facilitating circulation and ventilation. Despite all 
measures taken, the patient died two days later.
Concluding, in patients with suspected abdominal 
compartment syndrome the intra-abdominal pressure 
should be measured and the underlying cause should be 
treated as soon as possible.
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figure 1. 

a n s W e r  t o  P H o t o  Q U i Z  ( P a G e  1 4 0 )

d r i P P i n G  C a n d l e  W a x

The X-ray shows a very typical example of melorheostosis. 
The etymology of the word originates from the Greek 
‘melo’ which means limb, ‘ rheos’ which means flow and 
‘osteon’ which means bone. It refers to the radiological 
aspect of a dripping candle wax. Melorheostosis is a 
rare disorder of bone development and belongs to the 
sclerotic bone dysplasia disorders. The cause is probably 
a loss-of-function mutation in LEMD3 gene, a protein 
involved in the development of intramembranous and 
endochondral bone.1 It generally becomes manifest after 
early childhood, most cases being apparent by the age of 
20 years. Mostly, it involves one limb but a single bone or 
multiple different bones may be affected. The symptoms 
vary from asymptomatic to pain, stiffness and limited 
range of motion. Most cases are benign, but a chronic 
course with progression of symptoms is also possible. 
The radiographic abnormalities of melorheostosis are 
sufficiently characteristic to allow accurate diagnosis 
in most cases.2 Differential diagnosis comprises 
osteosarcoma in localised forms, myositis ossificans or 
calcified haematoma in cases associated with soft tissue 
calcifications. Treatment is generally symptomatic, but 
surgery might be needed in case of severe deformity or 
contractures.
It is not clear whether this coincidental finding in our 
patient is the cause of her pain. We treated her with 
painkillers (paracetamol) with good results. 
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l i f e  t H r U  a  l e n s

d i a G n o s i s

Altogether the laboratory tests and bone scan suggested a 
possible diagnosis of osteomalacia secondary to vitamin 
D deficiency, which was confirmed by an increased 
parathyroid hormone (84 pmol/l), and decreased 25(OH) 
vitamin D (12 nmol/l). 
When asked specifically, the patient revealed that he 
suffered from severe photophobia due to the aniridia and 
had been avoiding daylight exposure for the past 20 years: 
he worked nightshifts, slept during the day and always kept 
his curtains closed. His food habits mentioned no dairy 
products or fish.
Osteomalacia is a disorder of decreased mineralisation 
of newly formed bone matrix.1 Several different disorders 
cause osteomalacia, but vitamin D deficiency is the 
most common cause. Severe and prolonged vitamin 
D deficiency results in hypocalcaemia, secondary 
hyperparathyroidism, and hypophosphatemia, ultimately 
causing osteomalacia.2 Moreover, vitamin D deficiency is 
associated with cardiovascular risk factors such as arterial 
hypertension, diabetes mellitus, chronic kidney disease 
and dyslipidaemia.3

Clinical manifestations of osteomalacia include diffuse 
bone pain, polyarthralgias, proximal muscle weakness 
and difficulty in walking.1,4 The diagnosis is based on a 
combination of clinical manifestations, biochemical tests, 
radiological features such as pseudofractures (Looser 
zones) and, rarely, bone histomorphometry.1,4 

Vitamin D deficiency should be corrected by 
supplementation of ergocalciferol (vitamin D2) or 
cholecalciferol (vitamin D3) 50,000 IU (1.25 mg) once a 
week for eight weeks, followed by dose adjustments based 
on serum 25-hydroxyvitamin D and PTH levels.1

The extreme photophobia causing the vitamin D 
deficiency was due to congenital aniridia. Aniridia is a 
rare panocular disorder (incidence 1:64,000-1:100,000)5,6 
causing cataract, glaucoma and nystagmus and is due to 
mutations in the PAX6 gene on band p13 of chromosome 
11.5 Iris hypoplasia is the most obvious sign and leads to 
photophobia.
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a b s t r a C t 

Background: Hepatitis C virus infection is a serious health 
threat in today’s society. Improved identification strategies 
have increased the number of patients undergoing the 
expensive treatment with ribavirin and peg-interferon, 
inducing a substantial economic burden. 
Methods: In a retrospective cohort study in three 
treatment centres in the Netherlands, files of patients 
treated between 2001 and 2010 were systematically 
searched for all cost-inducing treatment details. Costs of 
treatment resulting in sustained viral response (SVR), 
relapse, non-response and the costs per cured patient 
were specified for genotype and treatment setting. 
Determinants of costs were determined by multivariate 
linear regression.
Results: The mean ‘real-life’ treatment costs excluding 
side effects for genotype 1/4 and genotype 2/3 were 
approximately v 12,900 and v 9900 for all patients, v 
15,500 and v 10,100 for treatment resulting in SVR and 
v 16,800 and v 12,100 for relapse, respectively. Costs per 
cured patient were v 28,500 and v 15,400 respectively. The 
costs of non-response were approximately v 8000 for all 
genotypes. Costs of side effects can be high and are mainly 
caused by incidental treatment for neutropenia. Medication 
is the main component of treatment costs. Treatment costs 
were higher in the academic setting due to longer duration 
and higher costs of side effects. Regression analysis 
confirms duration as the main determinant of treatment 
costs excluding side effects. 
Conclusion: The ‘real-life’ costs of treatment are mainly 
determined by treatment duration, medication costs and 
costs of side effects. The costs of unsuccessful treatment 
are considerable as are the costs of side effects. Therefore, 
future research should aim at increasing SVR rates, 
reducing treatment duration and preventing side effects. 

K e y W o r d s

Costs, hepatitis C, treatment

i n t r o d U C t i o n

Due to its serious long-term complications, hepatitis C virus 
(HCV) infection is increasingly recognised as a serious health 
threat in today’s society. An estimated 123 to 170 million 
people have been infected globally.1,2 In the Netherlands, this 
number is estimated to be between 15,000 and 60,000.3,4 
An infection with HCV leads to chronic hepatitis in 80% 
of cases, of which 20% develop liver cirrhosis after 20 to 30 
years. Of those with cirrhosis, approximately 5% develop 
hepatocellular cancer.5 As a consequence of these severe 
long-term complications, HCV is considered responsible for 
50 to 76% of all patients with liver cancer and two-thirds of all 
liver transplants in the Western world.6

The lack of clinical signs and low awareness among the 
general public and medical professionals have held back 
detection rates considerably, but in the past decade several 
successful identification strategies have been developed.7,8 
This has led to an increased number of patients eligible for 
and undergoing treatment, causing a substantial economic 
burden on society. Current success rates for treatment 
are dependent on genotype (GT). HCV infections have 
been found in seven genotypes of which genotype 1 to 
4 are responsible for over 98% of the infections in the 
Netherlands.9,10 Of the patients infected with genotype 
1 and 4, approximately 50% can attain sustained viral 
response (SVR), which means the disease has been cured. 
The majority of patients infected with these genotypes 
require 48 weeks of treatment. For genotype 2 and 3 the 
treatment success rate is more favourable at approximately 
80% after 24 weeks of treatment.11
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Costs for HCV treatment result from several components. 
Direct medical costs result from professional workload, 
hospital costs, diagnostic testing, medication use and costs 
of side effects. Indirect costs result from societal burden, 
such as productivity losses associated with absence from 
work. 

A national guideline for the treatment of chronic hepatitis 
C was developed in 2008, initiated by the Netherlands 
Association of Gastroenterologists and Hepatologists 
(Nederlandse Vereniging van Maag-Darm-Leverartsen).12 
This guideline provides recommendations for the 
initial evaluation, the choice of therapy and the required 
follow-up during and after therapy. This guideline aims 
to provide uniformity in treatment and a recent study has 
demonstrated that approximately 85% of treating medical 
specialists in gastroenterology, hepatology and internal 
medicine in the Netherlands adhere to the guidelines.13 
The costs of treatment can diverge considerably as a 
result of varying treatment schedules and disease and 
patient characteristics. In this study we aim to assess the 
‘real-life’ costs of successful HCV treatment, relapse after 
treatment, non-response and the costs per cured patient in 
the Netherlands. In addition, we aim to identify the most 
important determinants of these costs.

M a t e r i a l s  a n d  M e t H o d s

A retrospective cohort study was performed in three main 
HCV treatment centres in the Netherlands (two academic, 
one non-academic). The files of patients treated for HCV 
between 2001 and 2010 were systematically searched 
for details of treatment. The cooperating treatment 
centres provided the files of eligible patients, according 
to the following exclusion criteria: treatment other than 
ribavirin and peg-interferon, previous HCV treatment, 
HIV co-infection, unclosed files (meaning not designated 
as fully completed by the treating physician), excessive 
missing data (e.g. due to change of treatment institution) 
and no information available on treatment outcome. The 
researchers checked the provided files for eligibility in the 
study. In close cooperation with the treating physicians, the 
data were extracted anonymously from the electronic and 
paper patient files. In these files all cost-inducing elements 
were systematically extracted. These include the number 
of consultations, admissions to the hospital and length of 
stay, medication use, number and type of diagnostic tests 
performed, use of specialised homecare (e.g. ‘Pegassist’ 
or ‘HepaZorg’) and other registered use of hospital 
facilities. Side effects were recorded based on the available 
reporting in patient files and additional diagnostic testing 
or treatment outside of the protocol related to side effects 
known for HCV treatment. All data from one month before 

the beginning of drug treatment until the evaluation of 
treatment success at 24 weeks after drug treatment had 
ended were included in the analyses. Diagnostic testing as 
recommended in the national protocol and performed less 
than one year previous to the beginning of drug treatment 
was also taken into account. The costs resulting from the 
aforementioned treatment aspects were retrieved from 
the financial departments of the treating centres and the 
Dutch Health Care Insurance Board.14 The latter costs are 
standardised cost prices that are recommended for use 
in health economic evaluations. Indirect costs, such as 
absence at work due to sickness, were not included in the 
calculations. Hence, the current study takes a healthcare 
perspective and estimates costs for 2010. 
Mean treatment costs were determined for the different 
treatment outcomes and linked to the available patient 
and treatment characteristics. In addition, the ‘costs per 
cure’ were calculated by dividing the sum of treatment 
costs of all patients by the number of patients attaining 
SVR. The latter provides an indication of the average 
investment required for curing disease in one patient. 
Patient and treatment characteristics include age, gender, 
relevant lifestyle such as known hard drug use, presence of 
co-infections such as HBV, genotype, liver damage based 
on the Metavir classification (determined by biopsy or 
fibroscan), treatment duration and treatment setting.15 In 
addition, the theoretical costs resulting from a full term 
and strictly followed treatment schedule according to the 
national treatment protocol were calculated as background 
information. 
To detect the most important patient and treatment 
characteristics determining treatment costs, we performed 
multivariate linear regression. This analysis was performed 
in two steps, the first excluding and the second including 
‘severity of liver damage’ as a parameter in the model. The 
first analysis was performed for all 85 treated patients and 
repeated for both groups of genotypes. Since information 
on severity of liver damage could only be found in the 
files of 59 patients (40 with GT1/4 and 19 with GT2/3), 
the impact of this parameter on treatment costs was 
determined in a separate analysis. 

r e s U l t s

From the study period, 104 patient files were provided by the 
three treatment centres, which were considered to match the 
inclusion criteria, out of an estimated 150 to 200 patients 
treated with peg-interferon and ribavirin. After strict 
application of the exclusion criteria by the research team, 
the files of 85 patients proved suitable for analyses. The main 
reasons for secondary exclusion by the researchers were 
a positive HIV status, unclosed files or change of treating 
institution. Baseline characteristics are demonstrated in 
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table 1. The mean costs and duration of HCV treatment and 
the corresponding standard deviations (SD), specified for 
patients with GT1/4 and GT2/3 and for treatment result, 
are shown in table 2. This table also includes costs per cure. 
Figure 1 demonstrates the different treatment costs for 
different outcomes, specified for costs of diagnostic testing, 
medication, hospital costs and side effects. 
We found a substantial variability in costs of side 
effects, which was caused by only a few patients with 
very high costs and therefore largely determined by 
chance. Therefore, the primary presentation of costs is 
done excluding side effects with the costs of side effects 
presented separately. 

Costs of treatment for all patients
The mean costs of treatment for all treated patients with 
GT1/4, excluding costs of side effects, were approximately 
v 12,900 after a mean treatment duration of 223 days (31.8 
weeks). Mean costs of side effects were approximately v 
2200. The nature of the side effects responsible for these 
costs is provided in the paragraphs below.

The mean treatment costs for all patients with GT2/3, 
excluding costs of side effects, were approximately v 9900 
after a mean treatment duration of 174 days (24.8 weeks). 
Mean costs of side effects were approximately v 2400. 
The theoretical costs of a full-term treatment based on the 
national protocol were v 19,189 for GT1/4 and v 11,204 for 
GT2/3.

Costs of successful treatment 
SVR was attained in 53% of patients with GT1/4 and 74% 
of patients with GT2/3. 
The mean costs of treatment resulting in SVR for 
patients with GT1/4, excluding costs of side effects, were 
approximately v 15,500 after a mean treatment duration 
of 285 days (40.7 weeks). Mean costs of side effects were 
approximately v 3500. The considerable costs of side effects 
were generated by six patients in the academic setting 
for whom v 5818 to v 41,543 was spent on the treatment 
of side effects. These high costs result from treatment 
with pegfilgrastim for neutropenia and epoetin alfa for 
anaemia. 

table 1. Patient characteristics in different settings

all settings academic
department of 

infectious diseases

academic 
department of 

Gastroenterology 

non-academic
department of 

infectious diseases

Genotype 1 and 4
Number of patients 51 15 14 22

Gender – male 40 (78%) 12 (80%) 10 (71%) 18 (82%)

Mean age 46.4 46.1 44.1 48.0

Liver damage known† 40 (78%) 14 (93%) 13 (93%) 13 (59%)

- No scarring 12 (30%) 4 (29%) 4 (31%) 4 (31%)

- Minimal scarring 7 (18%) 2 (14%) 2 (15%) 3 (23%)

- Moderate scarring 9 (23%) 3 (21%) 3 (23%) 3 (23%)

- Bridging fibrosis 6 (15%) 5 (36%) 1 (8%) 0 (0%)

- Cirrhosis or advanced scarring 6 (15%) 0 (0%) 3 (23%) 3 (23%)

Sustained viral response 27 (53%) 9 (60%) 7 (50%) 11 (50%)

Mean treatment duration in days (SD) 223 (120) 260 (144) 225 (103) 196 (110)

Genotype 2 and 3
Number of patients 34 13 7 14

Gender – male 26 (76%) 9 (69%) 6 (86%) 11 (79%)

Mean age 42.5 39.8 48.4 42.1

Liver damage known † 19 (56%) 9 (69%) 7 (100%) 3 (21%)

- No scarring 5 (26%) 5 (56%) 0 (0%) 0 (0%)

- Minimal scarring 5 (26%) 3 (33%) 2 (29%) 0 (0%)

- Moderate scarring 4 (21%) 1 (11%) 2 (29%) 1 (33%)

- Bridging fibrosis 1 (5%) 0 (0%) 1 (14%) 0 (0%)

- Cirrhosis or advanced scarring 4 (21%) 0 (0%) 2 (29%) 2 (67%)

Sustained viral response 25 (73%) 11 (85%) 3 (43%)* 11 (79%)

Mean treatment duration in days (SD) 174 (70) 190 (69) 156 (99)* 167 (56)

*low number due to two dropouts with early side effects; †based on Metavir classification for liver damage; 1. no scarring, 2. minimal scarring, 3. 
scarring has occurred and extends outside the areas in the liver that contain blood vessels, 4. bridging fibrosis is spreading and connecting to other 
areas that contain fibrosis, 5. cirrhosis or advanced scarring of the liver.15
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table 2. Costs (v) and duration (days) of treatment – specified for treatment result

All patients †

Mean 
SD

SVR † 
Mean 

SD

Relapse †

Mean 
SD

Non-response †

Mean 
SD

Costs per cure ‡

Genotype 1 and 4 n=51* n=27 n=7 n=15

Costs excluding side effects 12,856 15,483 16,800 7566 24,283

6060 4980 5466 2840

Costs including side effects 15,104 19,032 18,464 8,014 28,529

9010 9293 5502 2833

Mean treatment duration in days 223 285 287 108

120 90 94 53

Costs if national protocol completed 19,189

Genotype 2 and 3 n=34 n=25 n=5 n=2

Costs excluding side effects 9911 10,095 12,068 8065 13,479

3051 2574 3490 184

Costs including side effects 11,324 10,757 18,340 8078 15,400

7175 3392 16,151 202

Mean treatment duration in days 174 174 235 147

70 55 92 30

Costs if national protocol completed 11,204

†Mean treatment costs and mean treatment duration of patients with the indicated outcome. ‡Costs per cure were calculated by dividing the sum of 
treatment costs of all patients by the number of patients attaining sVr. this provides an indication of the investment made for curing disease in 
one patient. *four patients, two with Gt1/4 and two with Gt2/3, stopped treatment due to side effects after a mean duration of 31.5 days and mean 
treatment costs of v 3796. these patients are only included in the ‘all patients’ group.

figure 1. Components of costs of treatment, specified for treatment outcome*

*four patients, two with Gt1/4 and two with Gt2/3, stopped treatment due to side effects after a mean duration of 31.5 days and total treatment 
costs of 3.796 euro. these patients are only included in the ‘all patients’ group.

Side effects  Side effects are caused by a small group of patients with high costs due to treatment for neutropenia. Costs related to side 
effects are not included in costs of other components.

Hospital costs Hospital costs include workload.

Medication Medication includes specialized home care related to medication use.

Diagnostics Diagnostics include laboratory testing, imaging and biopsies.

TD ‘Treatment Duration in days’ - GT ‘GenoType’ - SVR ‘Sustained Viral Response’ 
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The mean costs of treatment resulting in SVR for 
those with GT2/3, excluding costs of side effects, were 
approximately v 10,100 after a mean treatment duration of 
174 days (24.8 weeks). Mean costs of side effects were lower 
at approximately v 650. 
Costs per cure for patients with GT1/4 were approximately 
v 28,500 including side effects and v 24,300 excluding 
side effects. Costs per cure for patient with GT2/3 were 
approximately v 15,400 including side effects and v 13,500 
excluding side effects. 

Costs of unsuccessful treatment 
The mean costs of treatment of patients with GT1/4 
resulting in relapse after initial success, excluding side 
effects, were v 16,800 after a treatment duration of 
287 days (41.0 weeks). Mean costs of side effects were 
approximately v 1700. The mean costs of treatment for 
patients with GT1/4 resulting in non-response, excluding 
side effects, were v 7600 after a treatment duration of 
108 days (15.4 weeks). Mean costs of side effects were 
approximately v 450. 
The mean costs of treatment of patients with GT2/3 
resulting in relapse after initial success, excluding side 
effects, were v 12,100 after a treatment duration of 235 days 
(33.6 weeks). Mean costs of side effects were approximately 
v 6300. These costs of side effects were high due to the 
treatment of one patient in the academic setting, who 
received filgrastim for neutropenia costing approximately 
v 31,000. The mean costs of treatment for patients with 
GT2/3 resulting in non-response, excluding side effects, 
were v 8100 after a treatment duration of 147 days (21.0 
weeks). Mean registered costs of side effects were only v 
13 in this group. 

determinants of treatment costs
As demonstrated by the aforementioned findings, 
costs of side effects were substantial and consequently 
an important component of total treatment costs. As 
demonstrated in figure 1, the primary constituent of the 
treatment costs was the cost of medication. 
The multivariate linear regression analyses indicated that 
treatment duration was the sole statistically significant 
determinant of treatment costs in all separate analyses 
(p value <0.001). Genotype, gender, age, known injecting 
drug use, treatment setting, somatic comorbidity, 
psychiatric comorbidity and severity of liver damage were 
not independently associated with treatment costs (p value 
>0.05). Tables 3 and 4 demonstrate the full results of the 
multivariate analyses. 

treatment setting 
Table 5 provides an overview of the mean treatment costs 
specified for treatment setting and outcome. 

In the academic setting costs per cure were 33% higher for 
GT1/4 and 43% higher for GT2/3, than in the non-academic 
setting. After adjustment for costs of side effects, this 
difference remained at 14 and 21%. For GT2/3, this 
is mainly the result of the low SVR rate in one of the 
academic centres in which only 43% (3 out of 7) patients 
reached SVR. This low SVR rate was caused by two early 
drop-outs due to side effects and two patients who relapsed. 

table 3. Multivariate linear regression – determinants 
of treatment costs excluding side effects in a model 
excluding liver damage

Unstandar-
dised coeffi-

cients (b)

standardised 
coefficients 

(beta)

P value

All patients - (n=85)
Genotype 2 -809.6 -0.043 0.231

Genotype 3 -442.0 -0.039 0.315

Genotype 4 -11.1 -0.001 0.985

Treatment result 51.6 0.009 0.836

Gender (1=male) 289.6 0.023 0.519

Age 18.0 0.039 0.272

Treatment duration (days) 47.4 0.950 0.000

Known injecting drug use 
(1=yes)

-301.2 -0.029 0.436

Treatment setting 
(1=non-academic)

-494.3 -0.047 0.171

Somatic comorbidity -556.2 -0.037 0.295

Psychiatric comorbidity -244.5 -0.022 0.524

(Constant) 1660.8 0.149

(Explained variance – R2) 0.927

Genotype 1 and 4 - (n=51)
Treatment result 662.7 0.108 0.082

Gender (1=male) 657.7 0.045 0.267

Age 10.7 0.022 0.596

Treatment duration (days) 53.0 1.048 0.000

Known injecting drug use 
(1=yes)

-291.5 -0.024 0.547

Treatment setting 
(1=non-academic)

-446.9 -0.037 0.345

Somatic comorbidity -794.9 -0.048 0.243

Psychiatric comorbidity -213.4 -0.017 0.665

(Constant) -646.9 0.663

(Explained variance – R2) 0.946

Genotype 2 and 3 - (n=34)
Treatment result -603.3 -0.170 0.060

Gender (1=male) 504.4 0.071 0.407

Age -2.1 -0.006 0.935

Treatment duration (days) 36.5 0.838 0.000

Known injecting drug use 
(1=yes)

68.2 0.011 0.902

Treatment setting 
(1=non-academic)

-419.6 -0.069 0.369

Somatic comorbidity 829.2 0.089 0.291

Psychiatric comorbidity -763.6 -0.112 0.151

(Constant) 4389.1 0.005

(Explained variance – R2) 0.870
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An additional explanation for the higher costs in the 
academic setting is the longer mean treatment duration. 
For GT1/4, the number of ‘treatment days per cure’ in the 
academic setting is 441 days vs 392 in the non-academic 
setting (difference 12%). For GT2/3 this difference is 255 
vs 213 days (difference 20%). The highest and lowest mean 

number of treatment days correspond with the highest and 
lowest SVR rates. 
The mean total costs of treatment for all patients were 
approximately 50% higher in the academic setting 
at v 17,500 vs v 12,000 in the non-academic setting. 
Adjustment for investments made for the treatment of 
side effects reduces this difference to approximately 25% 
(v 14,100 vs v 11,100). This resembles the difference in 
treatment duration, which is also approximately 25% (243 
vs 196). Consequently the treatment costs per day were 
similar at v 58.1 in the academic setting vs v 57.2 in the 
non-academic setting. For treatment leading to SVR these 
costs were v 54 (academic) and v 55 (non-academic).

d i s C U s s i o n

summary of findings
The mean ‘real-life’ costs for all patients treated for 
HCV – excluding side effects – were v 12,900 for GT 
1/4 and v 9900 for GT 2/3, while costs were slightly 
higher for treatments resulting in SVR. Treatment 
resulting in relapse increased costs by approximately v 
2000. Non-response costs approximately v 8000 for all 
genotypes. Costs per cured patient including side effects 
are approximately v 28,500 and v 15,400 for GT1/4 and 
GT2/3. Costs of side effects can be substantial and differ 
considerably between patients. Treatment duration and 
medication costs were the most important determinants 
of total costs. Treatment costs were generally higher in the 
academic setting. 
The finding that the higher costs in the academic 
setting result from longer duration is supported by the 
multivariate regression analyses which demonstrate that, 
when corrected for treatment duration, treatment setting 
is not associated with costs of treatment. 
The higher costs of treatment for side effects in the 
academic setting can in part be explained by the treatment 
used for anaemia. In the academic setting epoetin alfa 
was used in the treatment of anaemia, whereas in the 
non-academic setting the treatment was based on blood 
transfusions. The main difference in costs of side effects, 
however, results from the treatment of neutropenia with 
(peg)filgrastim. Since this treatment should only be 
initiated and supervised by physicians with relevant 
experience, availability of this specialised care in the 
different settings at the time of treatment could have been 
of influence. The readiness and possibilities to invest more 
in attaining SVR could be another reason for the difference 
in costs of side effects. However, the costs of side effects 
and corresponding success rates of the different settings 
do not reflect this. Since the number of patients generating 
the costs of side effects is low, the difference in costs of side 
effects between settings could also be due to chance. The 

table 4. Multivariate linear regression – determinants 
of treatment costs excluding side effects in a model 
including liver damage

Unstandar-
dised coeffi-

cients (b)

standardised 
coefficients 

(beta)

P value

All patients - (n=59)
Genotype 2 -1319.7 -0.059 0.181

Genotype 3 -206.6 -0.016 0.757

Genotype 4 -77.3 -0.004 0.921

Treatment result 257.1 0.045 0.472

Gender (1=male) 416.5 0.033 0.483

Age 14.8 0.031 0.512

Treatment duration (days) 49.2 0.986 0.000

Known injecting drug use 
(1=yes)

-264.1 -0.023 0.602

Treatment setting 
(1=non-academic)

-856.3 -0.067 0.113

Somatic comorbidity -659.5 -0.042 0.379

Psychiatric comorbidity -190.5 -0.016 0.729

Severity of liver damage -107.2 -0.027 0.597

(Constant) 1359.8 0.376

(Explained variance – R2) 0.934

Genotype 1 and 4 - (n= 40)
Treatment result 845.6 0.132 0.150

Gender (1=male) 845.6 0.058 0.305

Age 9.3 0.019 0.732

Treatment duration (days) 54.4 1.076 0.000

Known injecting drug use 
(1=yes)

-358.9 -0.028 0.577

Treatment setting 
(1=non-academic)

-574.8 -0.043 0.370

Somatic comorbidity -689.6 -0.039 0.524

Psychiatric comorbidity -380.3 -0.029 0.593

Severity of liver damage -114.9 -0.026 0.667

(Constant) -999.9 0.644

(Explained variance – R2) 0.940

Genotype 2 and 3 - (n=19)
Treatment result -565.1 -0.180 0.101

Gender (1=male) -23.4 -0.004 0.976

Age -36.6 -0.102 0.297

Treatment duration (days) 32.0 0.769 0.000

Known injecting drug use 
(1=yes)

387.9 0.065 0.614

Treatment setting 
(1=non-academic)

-1091.8 -0.135 0.207

Somatic comorbidity -291.1 -0.036 0.757

Psychiatric comorbidity -1234.3 -0.171 0.156

Severity of liver damage 464.4 0.229 0.151

(Constant) 5989.0 0.004

(Explained variance – R2) 0.947
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readiness and possibilities to invest more in realising SVR 
also provides an explanation for the difference in treatment 
duration between the treatment settings. This is supported 
by the finding that longer treatment duration seemed to 
be related to increased success rate. Since our study was 
neither designed nor aimed to assess the determinants 
of treatment success, we did not test this relationship in 
detail. 
A final explanation for the longer treatment duration 
and higher costs for side effects in the academic setting 
are differences in baseline characteristics of the patient 

populations. In general, primary care physicians choose 
to send patients in whom a more complicated treatment 
is expected to more specialised settings such as the 
academic centres. In addition, less specialised medical 
specialists sometimes refer HCV patients who are difficult 
to treat to more specialised treatment centres. Due to 
the limited number of patients for whom liver damage 
could be determined and the lack of information on 
patient characteristics which could influence treatment 
success (such as BMI or ethnicity), we could not test this 
hypothesis.

table 5. Mean treatment costs (v) and duration – specified for treatment setting and outcome

all patients SVR relapse non-response early stop Costs per cure

Genotype 1 and 4 n = 51 n = 27 n = 7 n = 15 n = 2
Costs excluding side effects

All patients 12,856 15,483 16,800 7566 3266 24,283

Non-academic 11,199 13,856 15,320 6000 - 22,398

Academic 14,113 16,601 17,911 9355 3266 25,580

- Gastroenterology 13,351 15,322 15,898 11,094 3486 26,702

- Infectious diseases 14,824 17,596 19,924 7036 3045 24,707

Costs including side effects

All patients 15,104 19,032 18,464 8014 3483 28,529

Non-academic 11,929 14,535 16,985 6449 - 23,858

Academic 17,512 22,124 19,573 9802 3483 31,741

- Gastroenterology 18,320 24,789 17,331 11,094 3921 36,640 †

- Infectious diseases 16,758 20,051 21,815 8079 3045 27,930

Mean treatment duration

All patients 223 285 287 108 21 -

Non-academic 196 250 296 84 - -

Academic 243 309 280 135 21 -

- Gastroenterology 225 285 224 172 21 -

- Infectious diseases 260 327 336 86 21 -

Genotype 2 and 3 n = 34 n = 25 n = 5 n = 2 n = 2
Costs excluding side effects

All patients 9911 10,095 12,068 8065 4061 13,479

Non-academic 9480 9154 12,045 7935 - 12,066

Academic 10,212 10,834 12,083 8195 4061 14,589

- Gastroenterology 9701 11,125 13,203 - 4061 22,635 *

- Infect ious diseases 10,488 10,754 9843 8195 - 12,394

Costs including side effects

All patients 11,324 10,757 18,340 8,078 4110 15,400

Non-academic 9755 9503 12,050 7935 - 12,415

Academic 12,422 11,742 22,534 8221 4110 17,745

- Gastroenterology 15,109 13,261 28,879 - 4110 35,253 *

- Infectious diseases 10,975 11,328 9843 8221 12,971

Mean treatment duration

All patients 174 174 235 147 42 -

Non-academic 167 155 252 126 - -

Academic 178 189 224 168 42 -

- Gastroenterology 156 168 252 - 42 -

- Infectious diseases 190 194 168 168 - -

* High costs due to low sustained viral response rate (43% of total n=7, including 2 early dropouts due to side effects); † High costs due to large 
investment in treatment of a few patients for side effects.
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strengths and limitations
The main strength of our study is that it provides a 
‘real-life’ overview of the costs of treatment as performed 
in daily practice instead of a theoretical profile prescribed 
by the protocol. This leads to a daily practice-based 
estimation of treatment costs assessed in a ‘real-life’ 
population. Given the highly variable population treated 
for HCV and the various factors which could lead to 
treatment adjustment, we expect that our ‘real-life’ study 
provides a more reliable estimation of treatment costs than 
theory-based estimations.
The main limitation is that the input for our calculations 
is restricted to the data that are registered in the patient 
files. This might have led to an underestimation of 
true costs, due to omissions. This underestimation is 
likely to be most relevant for side effects, because files 
will only state what is substantial or complained about. 
Registrations of side effects based on diagnostic testing 
outside the protocol will only detect side effects for which 
additional diagnostic testing is needed. In addition, only 
side effects for which it was certain that they were caused 
by the HCV treatment were registered as being a side 
effect. Comorbidities existing previous to treatment and 
flaring up during treatment were not included because 
treatment could not be confirmed as the causal factor. This 
might lead to an underestimation of side effects and their 
costs. Diagnostic testing is automatically reported by the 
hospital systems and costs of medication were calculated 
based on the initiated treatment and reported changes in 
medication dosage. Therefore underestimation of costs for 
these determinants is expected to be minor. 
Given the retrospective and therefore observational data 
collection, we had limited influence on registration of 
patient characteristics which are related to treatment 
outcome. Consequently we had incomplete knowledge 
of characteristics which could have provided more 
background on the reasons for longer treatment duration 
and higher costs of treatment, such as liver damage, 
specified psychiatric problems, BMI, race and alcohol 
dependency. 
The fact that our data came from three treatment centres 
may limit the generalisability of the conclusions. However, 
HCV treatment is concentrated in a limited number of 
expertise centres and the three centres in our study cover 
most of the HCV treatment in the central and eastern 
region of the Netherlands. 
Even though the costs of HCV treatment are substantial, 
the healthcare costs of not treating HCV are estimated 
to be much higher due to development of complications 
such as cirrhosis and hepatocellular cancer if HCV is left 
untreated.16 Consequently, as demonstrated by previous 
studies, timely identification and treatment with HCV is 
likely to be cost-effective.7,17 In addition, recent findings 
demonstrate increased treatment success rates, particularly 

for genotype 1, Even though this will initially result in 
higher treatment costs, it will eventually lead to further 
improvement of cost-effectiveness.18-20

As a result of the exclusion criteria, our cohort does not 
cover the full range of HCV patients. Consequently, 
our results are best applicable for HIV-negative patients 
undergoing primary HCV treatment. This might have 
led to an underestimation of the overall costs, since costs 
for the excluded population are expected to be somewhat 
higher. 

C o n C l U s i o n

The ‘real-life’ costs of HCV treatment are mainly 
determined by the costs of medication and side effects and 
the duration of treatment. At present, these determinants 
and the costs of treatment for patients who are not treated 
successfully lead to a substantial financial investment 
needed to cure one patient. To reduce costs and improve 
cost-effectiveness of treatment, future research should 
be aimed at increasing SVR rates, reducing treatment 
duration and preventing side effects.
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lyme disease – the challenge for patients

S.R. Huyshe-Shires, S. Pearson

Lyme Disease Action, PO Box 235, Penryn, Cornwall, TR10 8WZ, UK

Dear Editor,

‘The challenge of Lyme disease: tired of Lyme wars’ by 
Kullberg et al.1 came as a welcome relief for patients with 
Lyme disease. The dilemma of the treating physician 
and patient confronted with a limited evidence base is 
the central theme. The uncertainties which threaten 
to undermine the doctor-patient relationship are 
acknowledged with the emphasis on further research, 
proper care and resolution rather than conflict.

In contrast, the editorial ‘Lyme borreliosis: the challenge 
of accuracy’ by Klempner et al.2 portrays the Kullberg 
editorial as a ‘plea’ and the language of conflict is 
resurrected with references to ‘the field’ and to ‘standards’ 
with patient support groups redefined as ‘activists’.

The Klempner editorial attempts to defend the Klempner 
trials3 against the criticism of Kullberg, stating ‘Klempner 
et al. did not find any evidence, based on over 700 samples 
from 129 patients that were examined by culture and 
polymerase chain reaction (PCR) assays, for persistence 
of B. burgdorferi sensu stricto infection in patients with 
persistent treatment for Lyme borreliosis.’

Despite low sensitivity, an exclusion criterion for the 
original study was a positive PCR result for B. burgdorferi 

DNA in plasma or cerebrospinal fluid. It is predictable 
that 129 baseline blood samples and 128 cerebrospinal 
fluid samples tested negative for B. burgdorferi DNA and 
that 458 blood samples during treatment continued to test 
negative, giving a total of 715 negative PCR results. This 
degree of selection bias with absent data on blood cultures 
cannot be accepted as ‘lack of evidence of persistence’. 
Eight patients (6.25%) did show evidence of intrathecal 
antibody production.

Since the Klempner editorial was published, a further 
European study has corroborated Kullberg’s view that the 
performance of serological assays is suboptimal.4 

Patients are disheartened by doctors apparently trying 
to score points off one another instead of directing their 
expertise towards resolving undeniable uncertainties. 
The challenge for patients struggling with Lyme disease 
is not academic. Uncertainty, fear, pain and hardship 
can seem endless. How do patients understand that 
although the Infectious Diseases Society of America 
(IDSA) recommends further treatment for continuing 
objective arthritis, subjective pain does not count? Or 
that because fatigue is non-specific a trial demonstrating 
significant improvement5 is considered a failure?

Lack of good quality evidence concerning diagnosis 
and treatment disempowers doctors and all too often 
disenfranchises and alienates patients. Unfortunately the 
recent editorial by Klempner et al., by foreclosing valid 
questions, can only perpetuate this state of affairs.
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Valproic acid-induced dress syndrome with 
acute liver failure

M.A.D. van Zoelen1,*, M. de Graaf2, M.R. van Dijk3, A. Bogte4, K.J. van Erpecum4, H. Rockmann2,  
L.J. Maarschalk-Ellerbroek1

Departments of 1Internal Medicine, 2Dermatology, 3Pathology and 4Gastroenterology; University 
Medical Center Utrecht (UMCU), Utrecht, the Netherlands, *corresponding author:  

tel: +31 (0)88-7555555, fax: +31(0)30-2518328, e-mail: M.A.D.vanZoelen@umcutrecht.nl

Dear Editor,
Drug rash with eosinophilia and systemic symptoms 
(DRESS) syndrome is a potentially life-threatening 
multisystem adverse drug reaction that must be recognised 
promptly to withdraw the causative drug. It is most 
commonly induced by aromatic anticonvulsants and 
antibiotics. In contrast, non-aromatic anticonvulsants are 
rare causes of DRESS. Therefore, we wish to add a case of 
valproic acid as the culprit drug inducing DRESS.

A 26-year-old man presented with acute liver failure 
with fever, a rash and lymphadenopathy. He had had an 
intracerebral bleed 5 months and an epileptic insult 1.5 
months before presentation after which valproic acid 500 
mg twice daily was prescribed. His remaining medication 
was: baclofen 500 mg three times daily, clemastine 2 mg 
twice daily and acetaminophen 1 g four times daily. He 
had not been abroad and had no history of animal/insect 
bites. As a child he had been vaccinated according to the 
national vaccination schedule for the Netherlands. He 
denied alcohol and intravenous drug use and unprotected 
sexual activities. His skin showed generalised papular-
pustular exanthema, partly confluent to plaques on his 
chest, face and ears. Furthermore, he had facial oedema, 
yellow sclerae, erosions of his oral mucosa, petechial 
haemorrhages and lymphadenopathy at multiple sites. An 
enlarged liver without stigmata of chronic liver disease 
was observed. Laboratory results were compatible with 
severe liver dysfunction (prothrombin time 21.6 sec 
and albumin 27.6 mg/dl; aspartate aminotransferase 
1219 IU/l, alanine aminotransferase 2800 IU/l, lactate 
dehydrogenase 763 IU/l, gamma glutamyl transaminase 
216 IU/l, alkaline phosphatase 456 IU/l, and total and 
conjugated bilirubin 180 and 115 mmol/l). Acetaminophen 
and valproic acid levels were <2 mg/l (undetectable) 
and 47 mg/l (sub-therapeutic), respectively. Serological 
and microbiological assays did not yield an underlying 
cause for the liver failure. Ultrasonography revealed 

hepatosplenomegaly with hilar lymphadenopathy. A skin 
biopsy of a pustule demonstrated extensive superficial 
and deep infiltrates with eosinophils and lymphocytes and 
folliculitis (figure 1A and B). Valproic acid was replaced by 
levetiracetam and acetaminophen was stopped. Prednisone 
was started and within two days the cutaneous symptoms 
improved substantially and the PT shortened. After six 
weeks all symptoms had completely resolved, laboratory 
tests were normal and the prednisone was discontinued 
after 15 weeks.
This case report describes valproic acid-induced DRESS 
syndrome with fulminant liver failure. Valproic acid, a 
non-aromatic anticonvulsant, has not been described 
before as the culprit drug in DRESS. Furthermore, this 
report stresses the importance of a complete drug history 
and the need for clinicians to be aware of the delayed onset 
and the association between DRESS syndrome and liver 
failure.

figure 1. Histological images of a skin biopsy of a 
pustule

detail of epidermis showing extensive subcorneal en perifollicular 
infiltration of eosinophils and lymphocytes. Haematoxylin and eosin 
stain. original magnification x 2 (a) and x 10 (b).
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performed and which measurements were carried out, 
the most relevant results, and what the authors conclude 
from the results. 

Keywords: Include three to five keywords in alphabetical 
order.

The Introduction should be brief and set out the purposes 
for which the study has been performed. 

The Materials and methods should be sufficiently detailed 
so that readers and reviewers can understand precisely 
what has been done without studying the references 
directly. The description may be abbreviated when 
well-accepted techniques are used.

The Results should be presented precisely, without 
discussion.

The Discussion should directly relate to the study being 
reported. Do not include a general review of the topic, but 
discuss the pertinent literature. 
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References should be numbered consecutively as they 
appear in the text (after the punctuation and in square 
brackets). Type the reference list with double spacing on 
a separate page. References should be in the language 
they are published in, conform the ‘Vancouver’ style for 
biomedical journals (N Engl J Med. 1991;324:424-8). 

Journal abbreviations should conform to the style used in 
the Cumulated Index Medicus. Examples:
1. Smilde TJ, van Wissen S, Wollersheim H, Kastelein 

JJP, Stalenhoef AFH. Genetic and metabolic factors 
predicting risk of cardiovascular disease in familial 
hypercholesterolemia. Neth J Med. 2001;59:184-95.

2. Kaplan NM. Clinical Hypertension. 7th ed. Baltimore: 
Williams & Wilkins; 1998.

3. Powell LW, Isselbacher KJ. Hemochromatosis. In: 
Braunwald E, Fauci AS, Kasper DL, et al., editors. 
Harrison’s Principles of Internal Medicine. 15th edition. 
New York: McGraw-Hill; 2001. p. 2257-61.

Please note that all authors should be listed when six or 
less; when seven or more, list only the first three and add et 
al. Do not include references to personal communications, 
unpublished data or manuscripts either ‘in preparation’ 
or ‘submitted for publication’. If essential, such material 
may be incorporated into the appropriate place in the text. 
Recheck references in the text against the reference list 
after your manuscript has been revised.
The use of bibliographic software programmes that are 
designed to generate reference lists such as Reference 
Manager© or Endnote© is highly encouraged. Authors can 
use the predefined output ‘Vancouver’ style from these 
programmes.

Tables should be typed with double spacing each on 
a separate page, numbered consecutively with Arabic 
numerals, and should contain only horizontal lines. 
Provide a short descriptive heading above each table with 
footnotes and/or explanation underneath. 

Figures must be suitable for high-quality reproduction (>300 
DPI). Submit line drawings made in Word or other computer 
programmes but not in a PowerPoint file. Colour figures 
are occasionally possible and will be charged to the authors. 
Legends for figures should be typed, with double spacing, 
on a separate page. 

Case reports
Case reports containing concise reports on original work will 
be considered for publication. Case reports which are relevant 
for understanding the pathophysiology or clinical presentation 
of disease may also be accepted under this heading. Selection 
of case reports will be based on criteria as outlined in a 
special report by the editors (Drenth et al. The case for case 
reports in the Netherlands Journal of Medicine. Neth J Med. 
2006;64(7):262-4). We advise potential authors to take notice 
of the instructions in this report. Articles published in this 

section should be no longer than 1000 words, and supplied 
with a summary of about 60 words, preferably no more than 
two figures and/or tables, and no more than 15 references. In 
addition, we require that authors of case reports answer the 
following two questions (Neth J Med. 2008;66(7):289-90): 
1) What was known on this topic? and 2) What does this add? 
The answers will appear in a separate box in the text. 

Mini reviews
Mini reviews are concise notes that bring the reader up 
to date with the recent developments in the field under 
discussion. The review article should mention any previous 
important reviews in the field and contain a comprehensive 
discussion starting with the general background of the field. 
It should then go on to discuss the salient features of recent 
developments. The authors should avoid presenting material 
which has already been published in a previous review. The 
manuscript should be divided as follows: title page, abstract 
and main text. The text may be subdivided further according 
to the areas to be discussed. The text should not exceed 2500 
words.

Letters to the editor (correspondence)
Letters to the editor will be considered by the editorial 
board. Letters should be no more than 400 words. 
Please use SI units for measurements and provide the 
references conform the Vancouver style (N Engl J Med. 
1991;324:424-8). No more than one figure is allowed. For 
letters referring to articles previously published in the 
Journal, the referred article should be quoted in the list of 
references.

Photo quiz
A photo quiz should not exceed 500 words and include no 
more than two figures and four references conform the 
Vancouver style. Abbreviations of measurements should 
be quoted in SI units.

Book reviews
The editorial board will consider articles reviewing books.

Reviewing process
After external and editorial review of the manuscript the 
authors will be informed about acceptance, rejection or 
revision. We require revision as stated in our letter.

Proofs
Proofs will be sent to the authors to be carefully checked 
for printer’s errors. Changes or additions to the edited 
manuscript cannot be allowed at this stage. Corrected 
proofs should be returned to the editorial office within two 
days of receipt. 

Offprints
These are not available. The first author receives a sample 
copy of the Journal with the published article.
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