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EDITORIAL

Predicting mortality in the critically ill:
a tricky enterprise

N.P. Juffermans

Department of Intensive Care, Academic Medical Center, Amsterdam, the Netherlands,
e-mail: n.p.juffermans@amc.uva.nl

Red blood cell distribution width (RDW) represents
the size variation of all red blood cells in a patient. An
increase in RDW can result from any disease process
that causes the premature release of reticulocytes into
the circulation. Thereby, RDW is determined by a large
variety of conditions, including erythropoiesis, erythrocyte
clearance, iron status, other nutritional deficiencies,
renal insufficiency and haemodilution. Inflammation
is also thought to increase RDW, due to suppression of
erythrocyte maturation and possibly due to enhanced
clearance of erythrocytes.!

RDW is given routinely as part of a complete blood count
panel by an automated flow cytometry machine, rendering
RDW an easily acquired and cheap analysis. Thereby, it is
advantageous to explore the utility of this test in clinical
practice. In this issue, Dr. Meynaar and colleagues report
on results of a study on the performance of RDW to predict
mortality in a cohort of almost 3000 critically ill patients.>
They found that RDW is an independent predictor of
mortality, which remains after correcting for the most
important confounders of mortality. This confirms other
findings of an association between RDW and mortality in
the critically ill.

An association between RDW and inflammation (reflected
by an increase in CRP and leukocyte count) was not found
here. This result differs from a previous study performed
in >50,000 ICU patients, which employed the same study
design, but found that RDW was correlated with infection.
This may perhaps be due to a difference in case mix. In
the present study, half of the patients were elective surgery
patients, who may have experienced blood loss with
subsequent iron deficiency. Iron status was not determined
in the present study.

Regardless of the mechanism, it is intriguing that the
association between RDW and mortality is found not only
in cohorts of critically ill patients, which may differ in case
mix between centres, but also in a wide variety of other

patient populations, including myocardial infarction, heart
failure and the general hospital population. This universal
finding suggests that RDW may reflect a common pathway
in the chain of events that lead to death.

Predicting chances of survival is important in clinical care.
It helps physicians to determine futility of treatment and to
provide an outlook for patient and relatives on chances of
recovery. However, although research in this field is plenty,
not many predictors of mortality are used clinically in the
decision to withhold or withdraw treatment, including
the use of disease severity scores. Consequences of these
decisions are irreversible, which leaves no room for doubt
on the performance of predictors of mortality. Also,
most studies focus on mortality predictors measured
at admission, while discussions on futility of treatment
typically occur later in the course of ICU treatment.
Thereby, with possibly the sole exception of the sensory
evoked potential test, prediction scores are not commonly
used in discussions about end-of-life decisions.

In my opinion, as long as we do not understand the
mechanisms of dying, determining predictors of mortality
are useful to gain understanding of how humans die
and to stimulate research in this field, but not to guide
a treatment decision. Both statements certainly apply to
RDW.

REFERENCES

Scharte M, Fink MP. Red blood cell physiology in critical illness. Crit Care
Med. 2003;31:5651-7.

Meynaar |, Knook AHM, Coolen S, et al. Red cell distribution width as
a predictor for mortality in critically ill patients. Neth | Med. 2013;71:
488-93.

Bazick HS, Chang D, Mahadevappa K, Gibbons FK, Christopher KB. Red
cell distribution width and all-cause mortality in critically ill patients. Crit
Care Med. 2011;39:1913-21.

© Van Zuiden Communications B.V. All rights reserved.

NOVEMBER 2013, VOL. 71, NO 9

447



Netherlands

TheJournal of Medicine

REVIEW

Current concepts in the management of
diabetic nephropathy
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ABSTRACT

Although much progress has been made in slowing the
progression of diabetic nephropathy, renal dysfunction
and development of end-stage renal disease (ESRD) remain
major concerns in diabetes. In addition, diabetic patients
with microalbuminuria have an increased cardiovascular
mortality. Therefore, new treatment modalities or
strategies are needed to prevent or slow the progression of
diabetic nephropathy and prevent cardiovascular disease
in diabetes. In this review we describe current concepts
in pathophysiology, treatment goals and we discuss future
developments in the treatment of diabetic nephropathy.
Common risk factors for diabetic nephropathy and its
progression are longer duration, poor glycaemic control,
hypertension and the presence of albuminuria. Available
treatment options, especially renin-angiotensin aldosterone
system (RAAS) blockade, but also better blood pressure and
blood glucose control, decrease the incidence of cardiovascular
disease and renal disease in diabetes. It is important that
treatment goals are tailored to the individual patient with
individual treatment goals of glycaemic control and blood
pressure, depending on age, type of diabetes and diabetes
duration. Aggressive treatment of glucose control and blood
pressure might not always be best practice for every patient.
Since the proportion of ESRD due to diabetic nephropathy
remains high, optimisation of RAAS blockade is advocated
and can be achieved by adequate sodium restriction and/or
diuretic treatment. Moreover, aldosterone blockade might be a
valuable strategy, which has potency to slow the progression of
diabetic renal disease. Other possible future interventions are
under investigation, but large clinical trials have to be awaited
to confirm the safety and efficacy of these drugs.

KEYWORDS

Diabetic nephropathy, albuminuria, renin-angiotensin
aldosterone system, sodium restriction, tailored treatment

INTRODUCTION

Diabetic nephropathy is one of the leading causes of
end-stage renal disease (ESRD) in the Netherlands. In
2011, 15.6% of the 1950 patients developed ESRD due to
diabetic nephropathy (www.renine.nl). When taking the
group with missing primary diagnoses into account, this
number might even increase to 19.5%. Between 2011 and
2030 the expected number of patients with type 2 diabetes
in the Netherlands will increase by 35% (RIVM. Nationaal
Kompas Volksgezondheid, sectie: Hoe vaak komt diabetes
mellitus voor en hoeveel mensen sterven eraan? Webpage
www.nationaalkompas.nl. June 2013), leading to an increase
in patients reaching ESRD due to diabetic nephropathy.
Moreover, diabetic subjects with microalbuminuria have
an increased mortality risk, especially due to cardiovascular
disease.’ Both renal function decline and albuminuria are,
with a strong synergistic interaction, of prognostic value for
both progression to ESRD and death.>3

The natural history of diabetic nephropathy has mainly been
studied in type I diabetes, since in type I diabetic patients,
the time of onset of diabetic disease is usually evident. For
patients with type I diabetes with a duration of more than
five years, the presence of sustained microalbuminuria
(30-300 mg urinary albumin excretion per day for at
least three months) is associated with the development
of diabetic nephropathy.# In 20-30% of type I diabetic
patients persistent microalbuminuria appears within the
first 15 years of diabetes’ Microalbuminuria precedes
macroalbuminuria (>300 mg of urinary albumin excretion
per day) in both type 1 and type 2 diabetes. Renal endpoints
(ESRD or doubling of serum creatinine) generally occur
within ten years in approximately 20% of microalbuminuric
patients, but in 60% of macroalbuminuric patients.®

In contrast to type I diabetics, the exact duration of diabetes
is unclear in type 2 diabetic patients as time to diagnosis
usually takes 5-7 years. Thus, sustained microalbuminuria in
type 2 diabetes may even be present at diagnosis. However,
only 20% of type 2 diabetic patients with microalbuminuria
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progress to overt nephropathy after ten years of follow-up
in contrast to over 80% of type 1 diabetic patients.” The
rate of development of renal complications, however, is
thought to be more or less similar in type 1 and 2 diabetes.
Glomerular hyperfiltration is present in patients with
non-insulin dependent diabetes from the onset of the
disease until the time macroalbuminuria appears’ After
the development of macroalbuminuria, the glomerular
filtration rate in these patients declines at least as rapidly
as has been reported in patients with insulin-dependent
diabetes” This pattern is consistent with the hypothesis that
glomerular hyperfiltration causes progressive glomerular
damage. Compared with type 1 diabetic patients, type 2
diabetic patients with microalbuminuria have different
patterns of renal damage.® In type 1 diabetes ‘typical’
pathological changes include expansion of mesangium, due
to accumulation of extracellular matrix protein. These lesions
are most closely related to the decline in renal function in
type 1 diabetes as was shown by quantitative morphometric
studies.? Moreover, arteriolar hyalinosis affecting both
afferent and efferent glomerular arterioles, ensuing
thickening of glomerular and tubular basement membranes,
tubulointerstitial fibrosis and glomerulosclerosis occurs in
diabetic nephropathy. ‘Typical’ diabetic nephropathy patterns
are seen in a minority of microalbuminuric type 2 diabetic
patients and only in those patients with (proliferative)
retinopathy and a normal body mass index (BMI), while
‘atypical’ patterns of renal injury (severe tubulointerstitial
and/or vascular lesions disproportionate to the mild
glomerular involvement) are more common among those
with increased BMI and background or no retinopathy.?
Finally, microalbuminuria is a reflection of generalised
endothelial dysfunction in a subset of microalbuminuric type
2 diabetic patients who have near-normal renal structure.®
Although much progress has been made in slowing the
progression of diabetic nephropathy, renal dysfunction and
development of ESRD remain major concerns in diabetes.
In addition, diabetic patients with microalbuminuria have
an increased cardiovascular mortality compared with
normoalbuminuric patients.” Therefore, new treatment
modalities or strategies are needed to prevent or slow the
progression of diabetic nephropathy, decrease albuminuria
and prevent cardiovascular disease in diabetes. In this
review we describe current concepts in pathophysiology,
treatment goals and we discuss future developments in the
treatment of diabetic nephropathy.

PATHWAYS AND MECHANISMS OF
RENAL INJURY

The exact pathogenesis of diabetic nephropathy is
complex and not completely understood. Pathogenetic
factors include hyperglycaemia, increased activity of

the renin-angiotensin aldosterone system (RAAS) and
increased intraglomerular and systemic blood pressure.
Moreover, several cytokines and growth factors, metabolic
and haemodynamic factors, which have complex mutual
interactions, have been identified and may cause damaging
effects on the kidney. Renal response on these noxious
effects further enhances renal damage.

Longstanding exposure to hyperglycaemia results in
renal damage due to metabolic effects as well as direct
haemodynamic effects. In experimental human studies
in patients with type 1 diabetes mildly elevated serum
glucose values resulted in increased blood pressure
and volume expansion.” It is thought that these effects
lead to renal hyperperfusion, glomerular hypertension
and subsequent hyperfiltration. Necessary triggers
for hyperfiltration and subsequent kidney growth in
experimental diabetes are hyperglycaemia and a (transient)
increase in growth factors as insulin-like growth factor-1
(IGF-1), TGF-beta and VEGF.™ Indeed, large kidneys
and a supranormal glomerular filtration rate (GFR),
i.e. hyperfiltration, confer an increased risk for the
development of diabetic nephropathy. Patients with type
1 diabetes and an increased kidney volume have an
increased risk of developing microalbuminuria, as was
shown in a cohort study.? Furthermore, kidney volume and
hyperfiltration have an association with the rate of decline
in renal function.® The exact molecular and cellular
mechanisms linking hyperglycaemia and hyperfiltration
to renal damage are only partially understood. However,
glomerulosclerosis seems to develop from a cascade with
mesangial matrix hypertrophy, proliferation, contraction
and extracellular matrix accumulation. Of note, expansion
of the mesangium, due to accumulation of extracellular
matrix protein, is most closely related to the decline
in renal function in type 1 diabetes, as was shown by
quantitative morphometric studies.s Upregulation of
the RAAS and endothelin-1, upregulated growth factors,
oxidative stress and AGE formation all seem to be involved.
The RAAS is the main homeostatic system for regulation
of extracellular fluid volume, systemic and renal
haemodynamics. Diabetic nephropathy is characterised
by an upregulation of the RAAS, with glomerular
hypertension as a key feature. However, the RAAS
also seems to have non-haemodynamic effects in the
development of diabetic nephropathy. In experimental
studies, long-term hyperglycaemia increases the formation
of mesangial angiotensin II.*® Mesangial angiotension
IT has been implicated in glomerulosclerosis because it
stimulates synthesis of mesangial matrix proteins, as
shown by increases in growth factors as TGF-beta and
inhibition of mesangial matrix degradation, as shown by
decreased collagenase.” Probably not only angiotensin II,
but also other vasoconstrictors may promote proliferative
actions of growth factors. Endothelin-1 is one of the
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most potent vasoconstrictors which also exerts its action
on water and sodium excretion and acid-base balance.
Stimulation of endothelin-1 receptors in mesangial cells
may lead to mesangial cell proliferation and hypertrophy.’®
Mechanisms of renal damage in type 1 and 2 diabetes
probably have multiple similarities. However, as stated
previously, patterns of renal damage differ. Due to
differences in patient characteristics and comorbidity
between type 1 and type 2 diabetes, differences in
pathophysiology of diabetic nephropathy exist. Type 1
diabetic patients are generally non-obese and young,
and renal damage is mainly due to long-term exposure
to hyperglycaemia. The onset of hypertension is closely
associated with the onset of diabetic nephropathy in type
1 diabetes.’92° Interestingly, a familial predisposition to
arterial hypertension increases the risk for development
of diabetic nephropathy in type 1 diabetic patients.”® Type
2 diabetic patients are generally older, have a higher BMI
and more frequent additional morbidities as hypertension
and dyslipidaemia. These comorbidities are thought to play
an additional pathophysiological role in the development of
diabetic nephropathy. Conversely, kidneys affected by these
comorbidities may be more vulnerable to the detrimental
effects of hyperglycaemia. Obesity itself is directly
linked to renal dysfunction, independent of diabetes or
hypertension. One of several possible mechanisms is
that lower levels of adiponectin in obese patients result
in increased oxidative stress. Oxidative stress causes
podocyte damage and fusion of foot processes leading to
the development of albuminuria.> Interestingly, obese type
2 diabetics are characterised by very low adiponectin levels,
which are lower than in obesity per se.?*

BIOMARKERS FOR DIABETIC
NEPHROPATHY AND THE IMPORTANCE
OF THE TUBULOINTERSTITIUM

Albuminuria is the most important biomarker for
diabetic nephropathy, reflecting the extent of glomerular
damage and mesangial matrix expansion. Albuminuria
is a strong predictor for progression of renal disease
and cardiovascular disease and mortality in diabetes.?s2
Lowering albuminuria reduces renal and cardiovascular
risk.»2¢ However, albuminuria is not a perfect biomarker.
The randomised placebo-controlled Renin-Angiotensin
System Study (RASS) investigated whether treatment
with an AT1 receptor blocker (losartan) would prevent
diabetic kidney disease in type 1 diabetic patients.?” In
this study kidney biopsies were taken at baseline and
after five years of treatment. Although there was more
occurrence of microalbuminuria during the study in the
losartan group (17%) compared with the placebo group
(6%), mesangial glomerular volume changes were similar

in all groups as was the decline in renal function. The
onset of microalbuminuria did not adequately reflect
structural renal disease in this study. Experimental data
in rats show that in spite of a reduction in albuminuria
and blood pressure, pronounced progression of renal
interstitial damage can be present.?® And it is the extent
of tubulointerstitial injury that ultimately determines the
rate of renal function decline.? Of note, some diabetic
patients develop biopsy-proven diabetic nephropathy in the
absence of (micro)albuminuria.® Therefore, in some cases,
therapy response to albuminuria and blood pressure can
dissociate from renal interstitial damage. This indicates
that better or additional tools for monitoring therapy
response in diabetic kidney disease are needed. Biomarkers
for interstitial damage could be valuable for this purpose
and for predicting renal outcome. The predictive value of
tubular injury markers for the onset of microalbuminuria
or macroalbuminuria was evaluated in patients with type 1
diabetes mellitus participating in the Diabetes Control and
Complication Trial (DCCT) in a nested case-control study."
Baseline urinary N-acetyl-B-D-glucosaminidase (NAG) as
well as a rise in NAG were independently associated with
the subsequent occurrence of both microalbuminuria and
macroalbuminuria. This suggests that tubular alterations
might either be a first sign of diabetic kidney involvement,
and/or play a pathogenetic role in the development of
diabetic nephropathy.

CARDIO-RENAL INTERACTION

Cardiovascular mortality and morbidity is the major
threat for patients with microalbuminuria and diabetic
nephropathy. An integrated approach for treating the heart
and kidney dysfunction is advocated, since important
interactions exist; these interactions are addressed as the
cardio-renal syndrome.

The cardio-renal syndrome is a disorder of the heart
and kidneys whereby acute or chronic dysfunction in
one organ may induce acute or chronic dysfunction
in the other organ, irrespective of the original cardiac
or renal disease’* The association between heart and
kidney failure is multifactorial, but haemodynamic
factors play a major role as both organs are involved
in homeostasis and management of extracellular and
circulating fluid volume. On the one hand, the kidneys play
a pivotal role in maintaining volume homeostasis via both
vascular and tubular mechanisms. Low renal perfusion
pressure activates baroreceptors in the vascular part of
the juxtaglomerular apparatus in the kidneys, which
activates the RAAS by stimulating these cells to release
the enzyme renin. On the tubular level, volume depletion
is detected by low sodium and chloride delivery to the
macula densa. The macula densa in turn induces afferent
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vasodilation, reducing vascular resistance and increasing
renal perfusion (tubuloglomerular feedback mechanism).
Sympathetic activation also stimulates renin release,
leading to RAAS activation. On the other hand, reduction
in cardiac output due to heart failure leads to a reduction in
renal perfusion pressure. The kidneys respond by sodium
and water retention, thereby increasing extracellular
fluid volume and hence venous return. The increased
venous return increases cardiac output (Frank-Starling
mechanism), which restores renal perfusion pressure at
the expense of volume retention. Furthermore, decreased
cardiac output activates baroreceptors in the carotid sinus
stimulating beta-adrenergic activity and thereby activating
the RAAS. In addition, the cardio-renal syndrome may be
aggravated by atherosclerotic changes and vascular damage
in both the heart and kidneys as well as by hormonal and
immunological factors.

TREATMENT GOALS

Treatment in diabetic nephropathy is aimed at deceleration
of renal function loss as well as prevention or treatment
of its (cardiovascular) complications. In current clinical
practice, treatment is multifactorial and involves prevention
or treatment of cardiovascular and renal risk factors
(hypertension, albuminuria, glycaemic control, overweight,
smoking, dyslipidaemia)» and secondary metabolic
complications of renal failure (anaemia, mineral and bone
disease, acidosis, malnutrition). Here we discuss some
specific treatment goals for diabetic nephropathy (table 1).

Reduction of albuminuria

Diabetic patients have a substantial prevalence of (micro)
albuminuria. Sustained microalbuminuria is associated
with increased renal endpoints as well as cardiovascular
morbidity and mortality in patients with longstanding type
1 diabetes (>5 years) or type 2 diabetes of any duration.+ In
line with this, lowering albuminuria predicts better renal
outcomes in patients with diabetic kidney disease treated
with RAAS blocking agents.>2¢

Prevention of albuminuria, useful?

Because albuminuria predicts higher cardiovascular
and renal risks and lowering existing albuminuria
decreases this risk, one could hypothesise that preventing
albuminuria lowers cardiac and renal risk. Therefore,
trials have been undertaken to determine whether treating
diabetic patients without albuminuria or signs of renal
disease with RAAS-inhibiting agents will lower the risk
of developing albuminuria and subsequently prevent
cardiovascular and renal endpoints.

One such recent study was the European Randomized
Olmesartan and Diabetes Microalbuminuria Prevention

Table 1. Main pillars in the prevention and treatment of
diabetic nephropathy

Blood
pressure (BP)

Type 1 (and young): the lower the BP the better
with orthostatic symptoms limiting further
decrease in BP

Type 2 (and atherosclerosis), systolic BP between
120 and 130 mmHg

Albuminuria Start treatment in patients with sustained
urinary albumin excretion of >30 mg/day
In patients with overt proteinuria treatment goal

is <o0.5 g/day
Interventions to reduce BP and albuminuria

I. Dietary sodium restriction: <too mmol/day, < 6
gram salt/day

Start RAAS blockade with ACEi or AT1 receptor
blockade; aim for maximal dosage

3. Addition of diuretic therapy: first choice

loop diuretics, second choice thiazides
(metabolic side effects as dyslipidaemia and
hyperglycaemia)

When proteinuria goal is not reached: add aldos-
terone receptor blockade (with strict monitoring
of potassium)

5. When blood pressure goal is not reached:

add calcium re-entry blockers, beta-blockers,
(alpha-blockers).

Young, well-informed patients, free of sympto-
matic atherosclerosis: HbA1c <6.5%

Glycaemic

control
Older, advanced renal damage, cardiovascular
disease: HbA1c 7-7.5%

Dyslipidaemia Total cholesterol <4.5 mmol/1

eGFR >15 ml/min/1.73m> advise lipid-lowering

treatment for reduction of cardiovascular events

eGFR <15 ml/min/1.73m>: lipid-lowering

treatment not advised

Advise all diabetic patients to lose weight if BMI

>25 kg/m?

Overweight
Smoking Advise all diabetic patients to quit smoking
Exercise >30 minutes of exercise per day is recommended
for all diabetic patients

(ROADMAP) trial, which was performed in patients with
type 2 diabetes3+ New microalbuminuria developed in
8.2% of type 2 diabetic patients randomised to olmesartan
compared with 9.8% of those receiving placebo, and
the time to onset was also significantly longer in the
olmesartan group. However, more cardiovascular events
occurred in the olmesartan group. Lower blood pressure
perhaps played a contributory role and we assume that
some of these type 2 diabetic patients already had coronary
atherosclerosis, which was as yet undetected. Prevention
of albuminuria at the expense of too low blood pressures
is thus undesirable in patients with type 2 diabetes.
Therefore, RAAS-inhibiting agents in type 2 diabetic
patients with normal blood pressure levels and without
albuminuria are not indicated.

In this respect, type 2 diabetic patients may differ from
type 1 diabetic patients, who might benefit from treatment
to prevent microalbuminuria. As hypertension usually
develops with the onset of kidney disease in type 1
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diabetes, all primary prevention studies in type 1 diabetes
have been performed in normotensive patients. Ramipril
reduced the development of microalbuminuria compared
with placebo in a subgroup of patients with type 1 diabetes
from the micro-HOPE (Heart Outcomes Prevention
Evaluation) study.» Moreover, perindopril prevented the
development of microalbuminuria in normoalbuminuric
patients with type 1 diabetes, even without effects on
blood pressure.s® However, as mentioned earlier, losartan
did not prevent the development of microalbuminuria or
mesangial glomerular volume changes, or the decline in
renal function in type 1 diabetic patients (RASS study).
Thus, RAAS-inhibiting agents for primary prevention in
normotensive normoalbuminuric type 1 diabetic patients
is not justified. In theory, it may not be unreasonable to
consider RAAS-inhibiting agents in a small subset of
normotensive normoalbuminuric type 1 diabetic patients
who are at high risk of developing nephropathy, such as
those with a strong family history of diabetic nephropathy
or hypertension in both parents. Future studies need to
address this issue.

Glycaemic control

Long-term control of hyperglycaemia delays or prevents
development of albuminuria and overt proteinuria.
Intriguingly, after pancreas transplantation, lesions of
diabetic nephropathy can be reversed, although this takes
more than five years of normoglycaemia.® The beneficial
effects of strict glycaemic control persist in the long term
even when glucose control is relaxed. This fascinating
concept of metabolic memory is reported in trials as the
Diabetes Control and Complications Trial (DCCT)¥” and
the observational Epidemiology of Diabetes Interventions
and Complications (EDIC) studys9+4° Four years after
finishing the DCCT study with a follow-up of 6.5 years, the
difference in the median glycosylated haemoglobin values
between the conventional-therapy and intensive-therapy
groups (average, 9.1% and 7.2%, respectively) narrowed
during follow-up (median during four years, was 8.2% and
7.9%, respectively; p<o.oo1). Nevertheless, the proportion
of patients with new onset of microalbuminuria was still
significantly lower in the former intensive-therapy group
(5% of Gor1 patients versus 11% of 573 patients in the former
conventional-therapy group).+

The other way around, it is believed that short-term
hyperglycaemia, for example brief postprandial high
elevations of glucose, may be sufficient to provoke renal
injury in diabetes, probably also based on ‘metabolic
memory’. Recently, a potential role for epigenetic
mechanisms in this metabolic memory was suggested.+
Preliminary work in endothelial cells shows that transient
episodes of hyperglycaemia can induce changes in gene
expression that are dependent on modifications to histone
tails (for example, methylation), and that these changes

persist after return to normoglycaemia.# Moreover,
clamping plasma glucose for just two hours at a high level
results in increased urinary excretion of isoprostanes
and TGF-beta, suggesting that the kidney undergoes
oxidative damage and increased profibrotic growth
factor expression.+* The biochemical mechanism for this
memory is not completely understood, but accumulation
of advanced glycation end products (AGEs) as one of the
carriers of metabolic memory and oxidative stress is
possibly involved.# AGE accumulation can be assessed
noninvasively by measuring skin autofluorescence and it
predicts the development of diabetic nephropathy.++4 The
cell biological basis of metabolic memory as well as the
long-term effects of repetitive short-term peaks in blood
glucose need further investigation.

The importance of tight glycaemic control once diabetic
nephropathy has occurred is less straightforward. In a
Canadian cohort study of 23,296 diabetic subjects with
chronic kidney disease with a median follow-up time
of 48 months, the association between levels of HbA1c
stratified to the level of GFR was studied. In subjects
with an eGFR between 30-60 ml/min/1.73m?* an HbA1c
<7% was associated with a 22% lower event rate of
reaching ESRD compared with subjects with an HbA1c
between 7-9%. In subjects with an eGFR between 15-30
ml/min/1.73m* no significant benefit of tight glycaemic
control in subsequent subgroups was noted. Interestingly
in this study high HbAic levels of >9%, but also low
levels <6.5% were associated with increased mortality
rates.#® The finding that a too strict glycaemic control
is associated with increased mortality is in line with
the results of a large intervention trial aiming at tight
glycaemic control: the Action to Control Cardiovascular
Risk in Diabetes (ACCORD) trial. In this study in type
2 diabetic patients with high cardiovascular risk, tight
glycaemic control did not induce beneficial outcomes, but
was associated with increased mortality.# It is assumed
that these patients with established type 2 diabetes and
major cardiovascular risk factors were more susceptible to
the adverse consequences of hypoglycaemia. A subsequent
analysis on renal endpoints at ACCORD’s end showed
that intensive glycaemic control resulted in a 20-30%
reduction in the risk of new-onset microalbuminuria
and macroalbuminuria, but without a reduction in the
risk of doubling in serum creatinine or the development
of ESRD.# Similar results were recently obtained by a
post-hoc analysis of the Action in Diabetes and Vascular
Disease (ADVANCE) study, in which 11,140 type 2
diabetic patients with an increased cardiovascular risk
were included. Intensive glucose control reduced the
risk of ESRD (20 compared with 7 events), new-onset
microalbuminuria by 9% (1298 compared with 1410
patients), and new-onset macroalbuminuria by 30% (162
compared with 231 patients).#> The most recent randomised
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trial of intensified glycaemic control, the Veterans Affairs
Diabetes Trial (VADT), enrolled 1791 military veterans with
longstanding type 2 diabetes (mean duration 11.5 years),
40% of whom had known cardiovascular disease.s° Patients
were randomised to standard therapy versus intensified
glycaemic control (HbA1c of 8.4% versus 6.9%). After a
median of 5.6 years, there was no difference in the risk of
mortality or microvascular endpoints, other than a reduced
risk of progression of albuminuria; the risks of doubling of
serum creatinine or ESRD were similar between groups.s°
In dialysis patients glycaemic control, measured as HbA1c
level, is not associated with mortality.s

A recently published interesting editorial addresses the
issue of the effects of glycaemic control on diabetic
nephropathy in type 2 diabetes, and, more broadly, on
patient survival and cardiovascular events.s* As discussed,
high-quality data from ACCORD, VADT and ADVANCE all
demonstrate that tight glucose control (HbA1c 6-7%) will
improve albuminuria-based surrogate outcomes, but only
the post hoc analysis of ADVANCE# suggests that such
an intensive strategy may reduce the clinically relevant
outcome of ESRD. In contrast, tight glucose control (HbA1c
<6.5%) increased mortality risk in the ACCORD study,
probably related to the adverse effects of hypoglycaemia in
patients with a high cardiovascular risk.$ Taken together,
intensive glycaemic control appears to have both risks and
benefits. Tailored treatment with a more personalised
approach aimed at the individual patient seems to be
important. Tight glucose control is important in newly
diagnosed type 1 diabetic patients, since they have a long
time to develop diabetic kidney damage. Moreover, tight
glucose control should only be advised to well-informed
type 1 or 2 diabetic patients who are younger, at lower risk
for hypoglycaemia, and free of symptomatic cardiovascular
diseases This is in contrast to older diabetics or subjects
who already have more advanced renal and cardiovascular
disease, in whom an HDbA1c target of 7.5% might be
sufficient.

Blood pressure

The ideal systolic blood pressure for patients with
diabetes and chronic kidney disease would be between
120-130 mmHg. Systolic blood pressure is correlated with
progressive decline in kidney function in patients with
diabetes as shown by the UK Prospective Diabetes Study
(UKPDS). There was a reduction of 13% in microvascular
complications for every 10 mmHg decrease in systolic
blood pressures+ However, the Irbesartan in Diabetic
Nephropathy Trial (IDNT) showed an increase in all-cause
mortality in patients with a systolic blood pressure below
120 mmHg.s The ACCORD trial, in patients with diabetes
and pre-existing peripheral arterial or cardiovascular
disease, showed no benefit but more adverse effects when
aiming at strict blood pressure control of a systolic blood

pressure below 120 mmHg.3 The relation between blood
pressure and cardiovascular morbidity and mortality in
diabetic nephropathy seems to be J-curved. The worse
outcome in diabetic subjects with low blood pressure is
probably a reflection of relative hypoperfusion and/or
hypoxia to major vascular beds as the heart and brain.
Concerning the kidney, a decrease in blood pressure and
thus glomerular pressure contributes to renoprotection
by reduction of albuminuria and glomerular damage.
However, too low perfusion pressure may result in renal
hypoxia, tubulo-interstitial damage and as result in renal
function decline. The optimal level of blood pressure
lowering, where renal protection is outweighed by renal
damage, has to be established.

How to treat diabetic patients with adequately controlled
blood pressure but high residual albuminuria? Further
lowering of albuminuria decreases cardiovascular risk.
As for glycaemic control, tailored treatment with a more
personalised approach aimed at the individual patient
seems to be important. We propose that in young patients,
especially those with type 1 diabetes: the lower the blood
pressure, the better, with orthostatic symptoms limiting
further increase in antiproteinuric treatment. On the other
hand, especially in older patients with type 2 diabetes and
a higher risk of atherosclerosis, systolic blood pressure
targets should be higher. For whom and at which blood
pressure level the downside of a low blood pressure
outweighs the benefit of reduction of albuminuria is
unknown. Unfortunately (as far as we know) this issue
is not answered in subgroup analyses of these large trials
aiming at strict blood pressure control.

Dyslipidaemia

Both diabetes and chronic kidney disease are associated
with increased incidence of cardiovascular disease,
with dyslipidaemia being an important factor in these
associations. Current guidelines recommend treating
nearly all diabetic patients with statins (HMG-CoA
reductase inhibitors). The use of statin therapy in
primary prevention in diabetics without elevated LDL
levels has been studied in the Collaborative Atorvastin
Diabetics Study (CARDS), showing a 37% rate reduction
in cardiovascular events in 3.9 years median follow-up.s5® In
patients with chronic kidney disease, a subgroup routinely
excluded in large statin trials, it has long been debated
whether statins should be used in primary prevention.
Especially Die Deutsche Diabetes Dialysis (4D) study” and
Aurora trial,$® showing no benefit of statin use compared
with placebo on cardiovascular outcomes in patients on
dialysis, outlined the need for studies in subjects with
chronic kidney disease. The Study of Heart and Renal
Protection (SHARP) investigated whether simvastatin plus
ezetimibe reduced renal and cardiovascular risk in 3023
patients on dialysis and 6247 patients with chronic kidney
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disease in a setting of primary prevention.’® During the
median follow-up period of 4.9 years a 17% proportional
reduction on major cardiovascular events was seen in
the lipid-lowering group, with no evident differences
in outcome between patients on dialysis and those who
were not.5® Subsequently performed meta-analysis shows
some evidence that lipid-lowering therapy is effective in
reduction of cardiovascular events in patients with chronic
kidney disease at levels of eGFR >15 ml/min/1.73m.>¢°
In levels below that and in dialysis patients results are
conflicting and lipid-lowering therapy is not advised.

In theory, use of statins could prevent renal damage by
its antiatherosclerotic, anti-inflammatory and antioxidant
effects.® However, secondary outcome measures in diverse
statin trials show conflicting results regarding effects
of statins on albuminuria and rate of renal function
decline. The SHARP trial is the only large randomised
controlled trial with prespecified renal endpoints. The
use of lipid-lowering treatment did not reduce the rate of
renal function decline nor progression to end-stage renal
disease’® In summary, there is no evidence to support
the use of statins for renoprotection only. A concern with
statins that has recently been raised is their association
with an increased risk of developing diabetes in the
Women’s Health Initiative cohort study.®* Although bias by
indication plays a role, this issue deserves more attention
and further investigation.

CURRENT AND EMERGING
TREATMENT APPROACHES

Based on the above-mentioned treatment goals a
multifactorial approach in the treatment of diabetes and
diabetic nephropathy could be advocated (table 1). The
Steno-2 trial showed the success of such a multifactorial
approach in patients with type 2 diabetes and
microalbuminuria.® In this trial patients were treated
during a mean treatment period of ;7.8 years with either
conventional therapy or an intensive regimen consisting of
tight glucose control (target HbA1c <6.5%), RAAS blockade
(regardless of blood pressure; target <130/80 mmHg),
aspirin and lipid-lowering agents (target total cholesterol
<4.5 mmol/l, fasting triglycerides <1.7 mmol/l). After 13.3
years of follow-up, the intensive regimen not only resulted
in a 20% absolute mortality risk reduction, also diabetic
nephropathy developed in fewer subjects (20 versus 37
patients), and ESRD in only one versus six patients. These
results show that a multifactorial approach can slow the
progression of diabetic nephropathy.

RAAS inhibition
Agents intervening in the RAAS are the mainstay in the
management of diabetic nephropathy. Major evidence

for this strategy is provided by the Captopril study in
patients with type 1 diabetes and kidney disease*® and
the Reduction of Endpoints in NIDDM with Angiotensin
II Antagonist Losartan (RENAAL)* and IDNT?* study
in patients with type 2 diabetes and kidney disease. The
long-term benefits of ACEi and ATr receptor blockade
are mainly mediated by the reduction in systemic and
intraglomerular blood pressure. In addition, these agents
are thought to exert a specific antiproteinuric effect
that cannot be fully attributed to the reduction in blood
pressure.

Since inhibition of the RAAS by a single agent
is incomplete, blocking the system at different levels
simultaneously could be advocated. Dual blockade with
both ACEi and AT1 receptor blockade or with a renin
inhibitor further decreases albuminuria and has therefore
temporarily been advocated as treatment for slowing
renal disease. However, the ONTARGET study, a large
(n=25,620) long-term follow-up (56 months) clinical trial
recently reported the effects of dual RAAS blockade with
ramipril and telmisartan on renal endpoints in patients
with cardiovascular disease and a low renal risk. Despite
a beneficial effect on microalbuminuria, dual blockade
was associated with worse renal outcomes.® This may
have been due to more hypotension.® Furthermore dual
RAAS blockade induced more hyperkalaemia.® Recently
the ALTITUDE study was stopped prematurely due to
safety concerns.® This study evaluated the role of renin
inhibition with aliskiren in addition to RAAS blockade
in the prevention of cardiovascular events and hard renal
endpoints in more than 8ooo type 2 diabetic patients.
Although blood pressure and albuminuria were reduced
by aliskiren, the incidence of hyperkalaemia (potassium
levels of >6 mmol/l) was higher. In addition, significant
effects on primary cardiovascular and renal outcomes
were lacking.% Based on the aforementioned studies, dual
blockade with ACEi, AT1 receptor antagonists, or renin
inhibitors is not recommended.

Several studies have shown that the addition of aldosterone
receptor blockade to ACEi or ATr receptor blockade can
lead to further reduction in albuminuria. Classically,
aldosterone exerts its effects on volume status by the
regulation of sodium reabsorption through the mineralo-
corticoid receptor (MR) on epithelial sodium channels,
which are located on cortical collecting duct cells in the
distal nephron. Additionally, there is increasing evidence
that aldosterone is directly involved in the development and
progression of renal disease via nonepithelial MR-mediated
effects. Aldosterone exerts profibrotic effects through
increased production of TGF-beta, reactive oxygen species,
PAI-1 and increased collagen gene expression and synthesis,
which can be abolished by MR blockade.®® RAAS blockade
initially decreases circulating aldosterone levels, but
suppression will not be sustained in 10-50% of patients,
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a phenomenon called aldosterone breakthrough.®” This
is particularly the case during long-term treatment or
during sodium restriction, which potentiates the adrenal
response to angiotensin II. Thus many patients are exposed
to high levels of a hormone with known profibrotic effects
on the kidney. Furthermore, aldosterone breakthrough
is associated with a poor response to antiproteinuric
treatment and an enhanced decline of renal function in
patients with diabetic nephropathy.®® It is suggested that
the worse clinical prognosis of patients with aldosterone
breakthrough is due to direct effects of aldosterone. In
line with this hypothesis, studies in patients with chronic
kidney disease and early diabetic nephropathy show that
MR blockade on top of ACEi and/or ATr receptor blockade
exerts added renoprotective effects.®®7° Interestingly, the
reduction in albuminuria induced by the addition of
spironolactone to ACEi was related to aldosterone levels.®®
This suggests that aldosterone is a component of the renal
damage that is associated with chronic kidney disease and
that its inhibition by RAAS blockade can be incomplete.
In spite of these encouraging results on albuminuria,
long-term data on the efficacy of MR blockade on hard
endpoints, for example the development of ESRD or patient
survival, are still lacking.

Dietary sodium restriction and diuretic therapy

Despite the proven efficacy of RAAS blockade, the risk
of renal and cardiovascular disease remains high, which
is likely due to high residual blood pressure and/or
albuminuria. Sodium status is an important determinant
of the responses of blood pressure and albuminuria to
RAAS Dblockade. ACEi and ATi1 receptor blockers are
largely ineffective during states of volume excess, either
due to renal dysfunction, nephrotic syndrome or to
increased sodium intake. Sodium restriction and diuretic
treatment increase the top of the dose-response curve
to RAAS blockade, and therefore a larger maximum
response can be obtained.”* Correction of volume overload,
or induction of mild volume depletion by dietary sodium
restriction, diuretic treatment or their combination,
increases the therapeutic efficacy of RAAS blockade.”73
Interestingly, the addition of dietary sodium restriction
to ACEi is considerably more effective than dual RAAS
blockade with ACEi plus AT receptor blockade for the
reduction of albuminuria and blood pressure in patients
with overt proteinuria’# In this study sodium intake was
reduced from a level that equals the prevailing sodium
intake in the renal and general population (160-200
mmol sodium/day corresponding with 9.6-12 g salt/day)
to a level conform current recommendations (<zoo mmol/
day, <6 g salt/day).”+75 Accordingly, it should be feasible
to implement the benefits of dietary sodium restriction
in daily clinical practice. A recent study showed an
association of sodium status with hard renal endpoints,

which substantiates these short-term beneficial effects
of dietary sodium restriction on albuminuria and blood
pressure.’® Data from the RENAAL and IDNT trials were
merged and analysed retrospectively, showing that during
AT1 receptor blockade lower dietary sodium intake was
associated with lower albuminuria, less progression to
ESRD and fewer cardiovascular events in patients with
diabetic nephropathy.”® Furthermore, compared with
non-RAAS blockade based therapy, the positive treatment
effects of AT1 receptor blockade on hard renal and
cardiovascular outcomes were completely annihilated in
subjects with the highest sodium intake.”® This implicates
that interventions to reduce dietary sodium intake will
have the potential to greatly improve long-term renal
and cardiovascular outcome in patients with diabetic
nephropathy, particularly those patients who are treated
with RAAS blockade.

Although the importance of sodium restriction seems to
be evident, its importance is debated by some. A recent
meta-analysis from Italy suggested more hospitalisation
and increased mortality in patients with heart failure
on a very strict sodium diet. However, while originally
published in a high-impact journal, this paper was
retracted due to incomplete and non-retraceable raw data.””
We are not aware of any other report showing detrimental
effects of a low-sodium diet.

Diuretic therapy with increased furosemide dosage
together with the avoidance of excessive salt intake on top
of dual RAAS blockade by ACEi and ATr receptor blockade
has been shown to decrease proteinuria in nephrotic
patients (7 out of 18 had diabetic nephropathy).”® Moreover,
in albuminuric patients during high sodium intake the
antiproteinuric as well as the blood pressure response to
ACE inhibition was blunted, but could be restored by the
addition of hydrochlorothiazide’> However, the practical
problems with thiazides are their metabolic side effects,
such as dyslipidaemia and hyperglycaemia, which is
clearly undesirable in diabetic patients with an increased
cardiovascular risk profile.

There is some evidence that the effects of sodium
restriction and hydrochlorothiazide might not be
equivalent, despite the fact that both act on sodium
status. Thiazides mainly exert their antihypertensive
effect by specific vascular changes rather than by volume
depletion.®* In an experimental study in rat, sodium
restriction, but not diuretic therapy, diminished renal
hypertrophy while blood pressure was similar.®" Different
modes of action of diuretics and sodium restriction are
suggested by a randomised placebo-controlled study in 33
proteinuric patients.”> Whereas, the addition of sodium
restriction or hydrochlorothiazide to losartan was equally
effective in reducing proteinuria, the effect of hydrochlo-
rothiazide was associated with blood pressure response,
while this was not the case for sodium restriction.”
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NOVEL THERAPIES

In experimental studies several new targets and drugs for
the treatment of diabetic nephropathy are being developed.
It is beyond the scope of this review to provide a complete
overview of these novelties. However, we want to highlight
some of the most promising possible interventions.

Low vitamin D levels are associated with faster renal
function decline. Experimental studies show that
treatment with paricalcitol, a selective activator of the
vitamin D receptor, decreases urinary albumin excretion
and slows progression of kidney injury. Mechanisms
probably include suppression of the RAAS, and
anti-inflammatory and antifibrotic effects of vitamin
D.%23 Recent experimental work shows that these
beneficial effects especially exert a protective role in the
apoptotic response of podocytes to hyperglycaemia.? The
VITAL study, a short-term randomised controlled trial,
investigated the effect of paricalcitol 1 or 2 ug per day on
microalbuminuria in diabetic patients. After 24 weeks
the patients using paracalcitol 2 ug showed a significant
reduction in albuminuria ranging from -18% to -28%, with
a favourable short-term safety profile.% Long-term studies
with a special focus on long-term safety issues (risk for
adynamic bone disease) are awaited.

The renal endothelin-1 system is activated in patients
with diabetic nephropathy, linked to renal damage by its
action on mesangial cell proliferation and hypertrophy.®®
In experimental studies, blocking endothelin-1 exerted
renoprotective effects and a reduction in albuminuria
was seen.?¢ The endothelin-1 antagonist avosentan indeed
reduced albuminuria in a randomised controlled trial in
almost 1400 diabetic patients.®” However, this trial was
prematurely ended after a follow-up period of four months
because of an increased incidence of cardiovascular adverse
events, especially fluid overload and congestive heart
failure.’” Other endothelin-1 antagonists as atrasentan
and sitaxsentan have been developed and appear to have
fewer side effects and comparable albuminuria-reduction
abilities. Additional trials using this class of drugs in
diabetic nephropathy are ongoing.®

We have discussed the role of advanced glycation
end products (AGEs) in the development of diabetic
nephropathy. The AGE inhibitor pimagedine showed
promising results in animal models and in a human study.
In the ATION 1 study, 454 type I diabetic patients with
nephropathy and retinopathy were treated with pimagadine
during a follow-up period of 2-4 years. Pimagedine reduced
albuminuria and the rate of renal function decline.®
However, pimagedine did not reduce renal endpoints
(doubling of serum creatinine). Further development
of this AGE inhibitor was stopped due to safety
concerns, primarily based on the non-specific actions of
pimagedine.o° Pyridoxine, another AGE inhibitor, has

been tested in experimental studies, and seems to be well
tolerated in humans.?* The results of more trials using
pyridoxine are being awaited. AGE crosslink breakers,
a linked class of drugs able to cleave preformed AGE
crosslinks, show promising results in experimental studies
by showing improvement in structural morphological
cardiac®® and glomerular damage.® In small clinical
trials the AGE-crosslink breaker alagebrium improved
endothelial function and arterial compliance.94 Clinical
trials confirming these potential beneficial effects are
needed.

CONCLUSION

To prevent diabetic nephropathy and cardiovascular
mortality in patients with diabetes it is important to
tailor treatment to the individual patient with individual
treatment goals, depending on age, type of diabetes and
diabetes duration. Aggressive treatment of glucose control
and blood pressure might not always be best practice for
every patient. The three main pillars in the treatment of
diabetic nephropathy are albuminuria, blood pressure
and glycaemic control with RAAS blockade being the
cornerstone of treatment. To potentiate the effects of RAAS
blockade, sodium restriction and/or diuretics can be added.
Moreover, positive effects of aldosterone blockade have
been shown.
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ABSTRACT

Together with the liver, the intestine serves as a
homeostatic organ in cholesterol metabolism. Recent
evidence has substantiated the pivotal role of the
intestine in reverse cholesterol transport (RCT). RCT is
a fundamental antiatherogenic pathway, mediating the
removal of cholesterol from tissues in the body to the
faeces. In humans, faecal cholesterol elimination via the
RCT pathway is considered to be restricted to excretion
via the hepatobiliary route. Recently, however, direct
trans-intestinal excretion of plasma-derived cholesterol
(TICE) was shown to contribute substantially to faecal
neutral sterol (FNS) excretion in mice. TICE was found to
be amenable to stimulation by various pharmacological and
dietary interventions in mice, offering new options to target
the intestine as an inducible, cholesterol-excretory organ.
The relevance of TICE for cholesterol elimination in humans
remains to be established. There is, however, emerging
evidence for the presence of TICE in human (patho)
physiology. This review discusses our current understanding
of TICE and its novel therapeutic potential for individuals at
increased risk of cardiovascular disease.

KEYWORDS

Reverse cholesterol transport, intestine, cardiovascular
disease

INTRODUCTION

In the human body, cholesterol homeostasis is tightly
regulated. This is not only of physiological importance,
but also bears clinical relevance, since excessive cholesterol
accumulation in the arterial wall invariably leads to the
development of atherosclerotic cardiovascular disease

(CVD). Although the inhibition of cholesterol synthesis
by statins has resulted in a powerful reduction of CVD
risk with a mean relative reduction of 25%,' there is
still an unmet need for additional effective therapies to
further reduce the residual CVD risk. In the past decade,
research has mainly focussed on high-density lipoprotein
cholesterol (HDL-C) raising therapies,>3 because of the
strong inverse relationship between plasma HDL-C
concentrations and CVD risk in epidemiological studies.+7
However, recent studies, aimed at increasing plasma
HDL-C concentrations, have not substantiated a significant
CVD risk reduction’' Hence, rather than aiming for
an increase of HDL-C concentration, current research
is focussed on elucidating and, if feasible, quantifying
the mechanisms contributing to the atheroprotective
properties of HDL-C.

The most established protective function of HDL-C is
its role in the reverse cholesterol transport (RCT). This
process was originally defined as the efflux of cholesterol
from peripheral tissues, including arterial intra-plaque
macrophages, subsequent transport in the plasma
and uptake by the liver, followed by biliary secretion
and elimination via the faeces." Faecal excretion is the
predominant way for eliminating cholesterol, because
apart from conversion to bile acids, cholesterol cannot
be catabolised to a significant extent within the human
body. The classical RCT concept rests on two principles:
1. HDL-C is the primary lipoprotein involved in RCT
and 2. biliary secretion is the sole route for intestinal
elimination of plasma-derived cholesterol. In view of recent
findings, both of these principles need to be reconsidered.
The first is beyond the scope of this review. In short, in
contrast to the current consensus, several studies have
shown that plasma HDL-C levels do not determine biliary
or faecal excretion of cholesterol in mice,>™ whereas
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studies in humans have yielded conflicting results.’s®
This review handles the second paradigm, the obligatory
role of hepatobiliary cholesterol secretion in RCT. This
historical concept has recently been challenged by studies
in mice, indicating the existence of direct trans-intestinal
cholesterol excretion (TICE) as an alternative cholesterol-
eliminating pathway.

TRANS-INTESTINAL CHOLESTEROL
EXCRETION: ANIMAL STUDIES

Cholesterol destined for hepatobiliary cholesterol secretion
is taken up at the basolateral side of the hepatocyte via
a number of lipoprotein receptors and is subsequently
secreted at the canalicular membrane by a not fully
elucidated secretion process, mediated for the largest
part by the ATP-binding cassette G5/G8 (abcgs/g8)
transporter.” If hepatobiliary cholesterol secretion were
the primary route for cholesterol elimination, then
inhibition of abcgs/g8 could be expected to result in
extreme reductions of faecal neutral sterol (FNS) excretion.
Interestingly, abcgs and abcg8 double-knockout mice
did not show these expected reductions in FNS loss.2o
Similar observations were made in other murine models
of impaired hepatobiliary cholesterol secretion.?>* These
studies unambiguously point towards the existence of
an alternative, non-biliary cholesterol excretion pathway,
at least in mice with genetically hampered hepatobiliary
cholesterol secretion.

The concept of a non-biliary cholesterol excretion route
is not novel. Already in 1927, it was demonstrated that
FNS loss was paradoxically increased in dogs undergoing
surgical bile diversion, as compared with control dogs.>
These early findings were confirmed in a replication study
in 1973,7 as well as in studies in bile-diverted rats.?%29
Similar observations have been made in the human
situation, as described below.

More recently, additional murine intestinal perfusion
studies and in vivo stable isotope studies substantiated that
this alternative TICE route is also present in mice with
intact hepatobiliary secretion and enterohepatic cycling.3°3*
In these studies, TICE accounted for roughly 20-33% of FNS
loss. Moreover, the intestinal perfusion studies showed that
plasma cholesterol can directly traverse the small intestine
in a basolateral to apical direction, stimulated by the
luminal presence of bile salt and phospholipid acceptors.3
Furthermore, TICE was found to occur predominantly in
the proximal part of the small intestine.?3° Importantly, a
recent study showed that faecal excretion of macrophage-
derived cholesterol can also proceed in the absence of
biliary sterol secretion, suggesting that TICE can also
mediate reverse cholesterol transport from cholesterol-
loaded macrophages.® This implies that TICE may have

antiatherogenic effects. However, a similar study could
not confirm these results, for as yet unknown reasons.34
Hence, it remains to be established whether induction of
cholesterol elimination via TICE results in inhibition of
atherosclerosis progression.

The molecular mechanisms underlying TICE are not fully
understood. Hence, it is not known whether TICE is an
active, transporter-mediated metabolic process. In order to
effectively target this pathway, the following items need to
be addressed: characterisation of plasma donor particles
delivering cholesterol to the intestine for subsequent
excretion via TICE; identification of transporters located
at the basolateral membrane of intestinal cells, involved in
the uptake of cholesterol destined for intestinal excretion;
elucidation of intracellular trafficking mechanisms by which
cholesterol is transported towards the apical membrane of
enterocytes; identification of all apically located transporters
and potential luminal acceptors which facilitate the excretion
of cholesterol to the enteric lumen.

Thus far, some progress has been made, which has been
the focus of recent comprehensive reviewss%” The most
important findings are summarised below (see also figure 1).

Despite its classical role in RCT, several studies indicate
that plasma HDL is not the donor particle delivering
plasma cholesterol for elimination via TICE. Abca: and
apoAi-deficient mice, expressing negligible plasma
HDL-C concentrations, exhibit normal or increased FNS
excretion under normal conditions>™ and intestinal
secretion of radiolabelled plasma-derived cholesterol was
unaltered in abcai-/- mice as compared with their wild-type
littermates 38

Instead, a recent review provides evidence to show that
very-low-density lipoprotein (VLDL) remnants or further
catabolic products of VLDL may serve as plasma donor
particles delivering cholesterol for TICE.3 In line, previous
kinetic studies established a relatively high uptake rate
of LDL cholesterol (LDL-C) into the intestine.® The LDL
receptor (LDL-R) or one of the other receptors in the LDL-R
family have been proposed as the basolateral transporters
that mediate TICE.354° However, experiments in ldl-r-/-
mice failed to substantiate this concept.?3 Further studies
are required to elucidate the intracellular itinerary of
cholesterol destined for excretion via TICE.

The abcgs/g8 transporter, located at the brush border
membrane of the small intestine, is likely to facilitate the
last step of TICE. This is supported by several murine
studies using various methodologies to quantify TICE 344
In contrast, abcgs/g8 function was not found to affect TICE
as measured in intestinal perfusion® most likely reflecting
methodological differences. Hence, TICE cannot be fully
attributed to the activity of abcgs/g8, as a significant
amount of TICE is still present in abcgs or abcg8-deficient
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Figure 1. Schematic representation of cholesterol
fluxes in enterocytes related to the TICE pathway. The
cholesterol pool of the intestinal cell is fuelled by uptake
from the intestinal lumen via apically localised NPC1L1,
endogenous synthesis, and via uptake of cholesterol
from HDL and apoB-containing lipoproteins on the
basolateral side (blood compartment). Apically, the main
contributor to TICE is the ABCG5/G8 heterodimer;
ABCBia/b might also play a role as well as an additional
route that has not yet been identified. On the basolateral
side, the main cholesterol donors for TICE seem to be
apoB-containing lipoproteins in a pathway that is likely
to involve modulation of LDL-R expression. TICE can
be increased by LXR activation as well as dietary plant
sterols, partly dependent on functional ABCGj5/G8
expression. The role of different intracellular pathways
of cholesterol trafficking connecting basolateral uptake
and apical secretion is currently unclear

——
s

P o' el ey

ABC = ATP-binding cassette; apoB = apolipoprotein B; HDL = high-
density lipoprotein; LDL-R = low-density lipoprotein receptor; LXR
= liver X receptor; NPCiL1 = Niemann-Pick C1 Like 1; PCSK9g = pro-
protein convertase subtilisin kexin type 9; PS = plant sterols; TICE
= transintestinal cholesterol excretion. (Adapted from: Tietge UW,
Groen AK. Role the TICE?: Advancing the concept of transintestinal
cholesterol excretion. Arterioscler Thromb Vasc Biol. 2013;33:1452-3).

mice. Other apically located proteins are likely to be
involved. In fact, a recent report suggests that the abcbra/b
protein may serve as an apical excretory transporter
in TICE.4° Finally, it is plausible that acceptors in the
intestinal lumen are required for cholesterol excretion via
TICE. Bile acids and phospholipids in the intestinal lumen
have been shown to stimulate the amount of cholesterol
excreted via TICE3°32 The dependence on phospholipids
is analogous to hepatic cholesterol secretion into the bile.?
In the absence of these acceptors, only a small mass of
TICE could be observed, which was probably attributable
to shedding of enterocytes. Finally, the Niemann-Pick
C2 (NPC2) protein was recently found to stimulate
abcgs/g8-dependent biliary cholesterol secretion without
affecting the abcgs/g8-independent pathway.4+44 Although

speculative, NPC2 might function as an acceptor for TICE
mediated by abcgs/g8. Additional studies focusing on these
acceptors might yield therapeutic interventions that would
not require systemic distribution.

TRANS-INTESTINAL CHOLESTEROL
EXCRETION: HUMAN STUDIES

The extent to which TICE contributes to faecal cholesterol
elimination in humans remains to be established. Until
recently, indications of the presence of TICE in human
physiology were predominantly based on studies in
patients with bile fistulae. In patients with complete biliary
obstruction, a substantial portion of faecal sterols was
found to be of non-dietary origin#® and in another study
in bile-diverted patients, the intestinal mucosa was found
to secrete 250-400 mg of cholesterol per day.#” A human
intestinal perfusion study corroborated the presence
of TICE, showing that approximately 44% of total FNS
output originated from non-biliary origin.4® These and
a number of other reports#*' were mostly disregarded,
likely pertaining to the small series of observations and
the study limitations of the bile-diversion conditions.
These include hampered cholesterol absorption and
strongly upregulated cholesterol and bile acid synthesis.
Furthermore, limitations of intestinal perfusion studies
may have contributed, such as the absence of food, biliary
and pancreatic components in the rinsed and perfused
intestinal segments, together with the specific composition
of the perfusate, which may have influenced the excretory
capacity of enterocytes. Hence, studies on the non-biliary
cholesterol excretion route were not pursued, until the
more recent animal studies described above. Moreover,
recent in vitro experiments using jejunal explants from
humans showed activity of the TICE pathway for the first
time in humans.#° In these experiments, TICE depended
on the presence of oxygen and was significantly decreased
at low temperatures, which suggests that TICE is an active
metabolic process.

Although the currently available human data collectively
lend support to the presence of TICE in human cholesterol
metabolism, a definite answer to this question has
remained elusive. This is largely due to the technical
challenges faced to reliably estimate this flux in humans
in vivo, which requires simultaneous assessment of
cholesterol absorption, biliary secretion and FNS
excretion. We have recently attempted to quantify TICE
in a population of mildly hypercholesterolaemic humans,
by combining our previous experience from validated
stable cholesterol isotope methodologies in mice? and
humans.»5>3 Our unpublished data indicate that TICE is
indeed present in human physiology and that it is sensitive
to pharmacological stimulation, as described below.
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TRANS-INTESTINAL CHOLESTEROL
EXCRETION: FUTURE THERAPEUTIC
POTENTIAL

The TICE pathway was found to be sensitive to various
forms of dietary and pharmacological activation. However,
at present, this is mostly confined to preclinical studies.

Liver-X-receptor agonists

Liver X nuclear receptors (LXRs) play a central role
in cholesterol metabolism. Upon activation, LXRs
induce expression of a series of genes that are involved
in cholesterol efflux, absorption, transport and
excretion’* Consistently, LXRs limit the development
of atherosclerosis in mice and are therefore considered
promising therapeutic targets for CVD risk reduction.’s
However, activation of LXRs concurrently promotes hepatic
de novo lipogenesis, steatosis, and hypertriglyceridemia via
direct activation of the sterol regulatory element-binding
protein-ic (SREBP-1c) gene and fatty acid synthesis
pathways.s® LXR agonists were found to stimulate TICE up
to sixfold in murine studies using different experimental
methodologies.3°3!

Recently, intestine-specific LXR agonists, which evade
the unfavourable LXR-mediated effects on hepatic
lipogenesis, have been developed. Studies indicate that
intestine-specific activation of LXR, either genetic
or pharmacological,®® is crucial for LXR-induced
atheroprotection. Although it is tempting to suggest that
TICE underlies parts of these favourable sequelae, a study
which directly shows that TICE is stimulated by intestine-
specific LXR agonists has not yet been reported. Finally,
although promising in animal studies, the development
of LXR-targeted drugs has largely been discontinued
due to observations of marked increases in plasma apoB
containing lipoproteins and/or a marked liver-steatotic
response. To the best of our knowledge, there are no
ongoing trials with intestine-specific LXR agonists. Hence,
clinical studies evaluating their effects on TICE and
atherosclerosis are not expected in the very near future.

Ezetimibe

Ezetimibe inhibits intestinal cholesterol absorption®® in
both mice and men, accomplished through inhibition
of the Niemann-Pick Cr Like 1 (NPCILI) transporter.®
Despite a compensatory increase in endogenous cholesterol
biosynthesis,®® ezetimibe monotherapy lowers plasma
LDL-C concentrations by approximately 15-20% .5
Ezetimibe has been shown to stimulate RCT from
via as vyet unidentified

macrophages in mice,

mechanisms.®"%* Furthermore, when assessing cholesterol
balance in ezetimibe-treated mice, the enhancement
in FNS excretion cannot be attributed to cholesterol

absorption inhibition or increased biliary cholesterol

secretion alone.# In line, it has been suggested that
ezetimibe might stimulate FNS excretion through
stimulation of TICE,® although this was contradicted
by another murine intestinal perfusion study.®+ Yet, our
unpublished results of in vivo stable isotope studies in both
mice and men showed a striking effect of ezetimibe on
TICE [unpublished results, Jakulj, Stroes, Groen).

The underlying mechanisms by which ezetimibe might
stimulate TICE are unknown. We speculated that the
inhibition of NPCi1L1 disturbs normal intracellular vesicle
trafficking leading to increased transport of cholesterol
to the apical membrane of the enterocytes.# Another
possibility is that ezetimibe exerts its stimulatory effect
on TICE by manipulation of the intraluminal bile acid and
phospholipid content.3>65:66

Although our findings suggest an alternative mode
by which ezetimibe might reduce plasma cholesterol
concentrations and possibly reduce CVD risk, the latter
issue is still precarious. Despite preclinical evidence that
ezetimibe is atheroprotective,®” to date, clinical studies
have not been able to substantiate this: ezetimibe failed to
regress carotid intima media thickness (cIMT) progression
in patients with familial hypercholesterolaemia in
the ENHANCE trial®® and was found to be inferior to
niacin in patients with coronary heart disease in the
ARBITER-6 HALTS trial.® Next to major methodological
disadvantages,®®7° several off-target effects* as well as
upregulation of HMG-CoA reductase expression,/> have
been proposed as potential explanations. However, in
the ARBITER-6 HALTS study, ezetimibe did hamper
cIMT progression in statin-treated patients with fairly low
LDL-C concentrations, who would thereby not likely to be
considered for ezetimibe add-on therapy.®® Furthermore,
not all cIMT trials investigating ezetimibe have been
negative”? A large clinical study of 18,000 patients, the
IMPROVE-IT trial, is underway to determine whether
additional cholesterol lowering by ezetimibe on top of
statins can be translated into a reduction in cardiovascular
event rate’+ Although this trial started in 2005 and
the results were expected in 2011, outcomes are still
awaited, supposedly due to recruitment of additional
patients after an unfavourable interim analysis. This
trial is conducted in patients who have suffered from an
acute coronary syndrome and who expressed low LDL-C
concentrations at baseline, as inclusion of patients with
higher LDL-C concentrations would not have achieved
guideline-recommended LDL-C concentrations under
the trial protocol, which would have been ethically
unacceptable. Hence, it is conceivable that no additional
benefit can be gained in this population, if ezetimibe’s
effect on atherosclerosis is causally related to plasma
LDL-C reductions alone. Release of the study outcomes
has been postponed until September 2014 (ClinicalTrials.
gov:NCT00202878).
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PCSKog

Proprotein convertase subtilisin kexin type 9 (PCSKo) is a
secreted protein that reduces the amount of LDL-R at the
cell surface of primarily the liver. PCSKg circulates in the
blood and binds the extracellular domain of the LDL-R
to produce post-translational down-regulation of this
receptor in lysosomes.”s Loss-of-function mutations in the
PCSKg gene result in 15-18% reductions in plasma LDL-C
concentrations and carriers of these mutations express a
47-88% reduction in CVD risk.7®

Next to the liver, PCSK9g is abundantly expressed in the
intestine and it has been shown that PCSK9 modulates
cholesterol transport and metabolism, as well as
production of apoB-containing lipoproteins, in intestinal
cells.”” A recent report by the same research group revealed
that PCSKg is a repressor of TICE and that acute repression
depended on a functional LDL-R.4°

These findings may be of clinical importance, as Phase
I and II PCSKg-inhibiting treatment modalities, such
as single-stranded antisense DNA-like oligonucleotides
or double-stranded small interference RNA, have shown
promising results in terms of LDL-C lowering.”s Phase III
trials with longer duration and larger patient populations
are currently underway, which should also establish
whether PCSKg inhibition reduces cardiovascular event
rate in humans.

Plant sterols

Plant sterols are not endogenously synthesised by humans,
but are strictly derived from the diet. They perform
functions in plant cells similar to those of cholesterol
in mammalian cells. Campesterol and sitosterol are
the most abundant ones. They share a high degree of
structural similarity with cholesterol, but are much more
hydrophobic. Plant sterols are present in small amounts
of fruits, vegetables, nuts, seeds and edible oils; marketed
sources are primarily derived from soybean and pine tree
oil. Total dietary plant sterol consumption in the average
Western diet is 150-350 mg per day”87% Daily consumption
of 2g of plant sterols is associated with LDL-C reductions
varying from 4-15% in hypercholesterolaemic or normocho-
lesterolaemic adults.®

Plant sterols are thought to displace cholesterol from
incorporation into micelles, thereby limiting cholesterol
absorption in the intestinal lumen by approximately
25-36%.8 However, additional cholesterol-lowering
mechanisms have been postulated.®> Interestingly, the
cholesterol-lowering effects of plant sterol consumption
were recently ascribed to stimulation of intestinal
cholesterol excretion via TICE, as plant sterol feeding
resulted in a sixfold induction of TICE in wild-type
mice.® This is supported by a recent crossover plant sterol
feeding trial in 18 adults, who in random order consumed
dietary plant sterols from negligible (o0 mg) to high (2g)

amounts, resulting in a dose-dependent increase in FNS
output, which could not be explained by the corresponding
reductions in measured cholesterol absorption.®

The mechanisms by which plant sterols could stimulate
TICE are currently unknown. Several mechanisms have
been suggested, including both LXR-dependent and
-independent mechanisms.® It is less likely that the
stimulation of TICE is LXR-mediated, as plant sterols
did not alter LXR target genes in the study by Brufau et
al.# and studies investigating plant sterols as possible
ligands of LXR have been conflicting.>"88 A possible
LXR-independent mechanism might include interference
of plant sterols with cholesterol trafficking within the
enterocyte, as plant sterols have been shown to affect
expression of genes encoding proteins of the annexin
family, which are involved in the regulation of membrane
properties.®® Besides studies aiming to unravel the
underlying molecular mechanisms, human studies to
assess the effect of plant sterols on TICE are also lacking
at present.

CONCLUSIONS

In conclusion, trans-intestinal cholesterol excretion might
serve as an attractive future target for LDL-C lowering
and CVD reduction, provided underlying molecular
mechanisms are elucidated. Although promising, the
therapeutic potential of targeting the TICE pathway is to
date confined to preclinical studies and it is unknown
whether pharmacological targeting of the TICE pathway
will also yield a clinical benefit. Available interventions
that have been shown to stimulate TICE and may therefore
warrant further clinical evaluation include ezetimibe,
PCSKg-inhibitors and plant sterols.
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ABSTRACT

Background: In critically ill patients, dosing of
unfractionated heparin (UFH) is difficult due to
unpredictable pharmacokinetics, which has an impact on
the time to reach therapeutic anticoagulation. We evaluated
the quality of UFH therapy in critically ill patients in terms
of activated partial thromboplastin time (APTT) test values
and time to therapeutic range.

Methods: Patients admitted to the Intensive Care Unit
(ICU) and Medium Care Unit (MCU) were screened for
intravenous UFH administration. Time to therapeutic
range was categorised into o-12, 13-24 and >24
hours. APTT results were classified into categories of
subtherapeutic, supratherapeutic and therapeutic tests.
We identified to what extent the sub- and supratherapeutic
values were aberrant of the limit of the therapeutic range
(<5%, 5-15% and >15%).

Results: In 101 patients admitted to the ICU and MCU,
time to therapeutic range was 24 hours in 56% of the
population, whereas in 10% of the patients no therapeutic
APTT was achieved during UFH treatment. Among the
APTT levels, 29% of all test results measured in 24 hours
were within the therapeutic range. Subtherapeutic values
were found in 53% of the test results, of which 160/203
were more than 15% under the lower limit, whereas 18%
of the test results were supratherapeutic, of which 40/69
more than 15% above the upper limit.

Conclusion: In this cohort of critically ill patients,
therapeutic APTT values were reached within 24 hours
in 56% of the patients. We conclude that intravenous UFH
therapy can be improved in critically ill patients.

KEYWORDS

Activated partial thromboplastin time, unfractionated
heparin, venous thromboembolism

INTRODUCTION

Anticoagulants are the cornerstone of treatment
and secondary prevention of arterial and venous
thromboembolism (VTE). Heparin was one of the first
anticoagulants and is to date still extensively used for
indications other than VTE, such as acute coronary
syndrome (ACS), continuous dialysis techniques and
various surgical procedures. Heparin catalyses the ability
of the plasma protein antithrombin to inhibit the activity
of thrombin, factor Xa, and factor IXa about 1000-fold.!
There are two types of heparin with distinguishable
pharmacological profiles that determine their use in
clinical practice. Unfractionated heparin (UFH) can
be administered by continuous intravenous infusion
or — less commonly — by subcutaneous injection. The
pharmacokinetics of UFH differ highly between individuals
as well as within individuals over time, due to binding to
various plasma proteins.> To establish a safe and optimal
anticoagulant effect within a defined therapeutic range,
close monitoring of UFH therapy is crucial. The activated
partial thromboplastin time (APTT) is generally used for
this purpose and its levels should be maintained between
a predefined interval. An APTT level ranging from 1.5-2.5
times the baseline value is considered to be the optimal
therapeutic range and has gained wide clinical acceptance.
Low-molecular-weight heparin (LMWH) is a derivate
of UFH, but has different and more favourable
pharmacokinetics. Its superiority over UFH is documented
by several trials for the treatment of VTE as well as for
patients across the ACS spectrum in terms of fewer
recurrent thrombotic events and myocardial infarction,
respectively.s However, the magnitude of clinical benefit
from LMWH is lower than estimated, as documented by
cumulative evidence of 14 systematic reviews.® Twelve
other studies involving 4971 patients treated with LMWH
have shown an increased risk of major bleeding for those
with a creatinine clearance <30 ml/min (OR 2.25, 95% CI
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1.19-4.27)7 Because patients with severe obesity or severe
renal failure are often excluded from clinical trials, there
are less data available for these populations. Consequently,
because of the lack of evidence, UFH rather than LMWH
is still often preferred in patients with an increased risk of
bleeding, renal impairment or extreme obesity.

Too high and too low anticoagulant effects can be a
serious threat in terms of either haemorrhage or ongoing
thrombosis, respectively. Because of their severity of
disease and altered metabolism, critically ill patients
are particularly vulnerable for complications. The risk
of overdosing in such cases may be intuitively lower
with UFH compared with LMWH, and there is a
perceived superior possibility to immediately reverse the
anticoagulant effect.

In this pilot study we hypothesised that a stable and
therapeutic APTT can be achieved within 24 hours with
intravenous UFH in patients admitted to the Intensive
Care Unit (ICU) and Medium Care Unit (MCU). An
assessment of the quality of UFH treatment is made in
terms of number of subtherapeutic, supratherapeutic and
therapeutic APTT values.

MATERIAL AND METHODS

Study design and population

This is a retrospective cohort study involving data from
the electronic medical records of patients admitted to the
ICU and MCU. Due to the feasibility of data collection and
analysis within the time frame that was allowed for this
project, we aimed to include 100 patients.

We identified patients by performing a query in the
laboratory database of patients in whom an APTT test was
performed between January 2010 and December 2010.
Inclusion was based on documentation of intravenous
UFH therapy in the electronic general chart database
(AZD). Further identification and exclusion went through
the ICU patient data management system. As listed in
the flowchart, exclusion criteria were non-therapeutic
indications for UFH therapy, patients <18 years, UFH
infusion for less than 24 hours or an interruption of
infusion for 36 hours or more.

Data collection

We collected data from the electronic medical records
including age, gender, weight and indication for
anticoagulant therapy with UFH. Deep venous thrombosis
(DVT) and pulmonary embolism (PE) were considered to
be different manifestations of the same condition — venous
thromboembolism (VTE) — and all other thrombotic
events, such as sinus or abdominal thrombosis in either
arterial or venous vessels were defined as ‘other thrombotic

events’. Patients receiving continuous veno-venous
haemofiltration (CVVH) were reported.

For the current analysis, data are truncated at intervals
of o-12, 13-24 and >24 hours. The APTT results
were classified into categories of subtherapeutic,
supratherapeutic and therapeutic tests based on the
individual therapeutic range. Furthermore, we identified
to what extent the sub- and supratherapeutic values were
aberrant of the lower or upper limit of the therapeutic
range, respectively (<5%, 5-15% and >15%). The therapeutic
APTT range in seconds was defined as set in the medical
record by the treating physician before the start of infusion.
When no individual therapeutic range was documented,
we considered an APTT range of 1.5-2.0 times the upper
normal value of 30 seconds as therapeutic (according to the
local protocol of the AMC, Amsterdam, the Netherlands).
We also measured the number of patients in whom
anticoagulation had to be discontinued, as well as
the number of dose adjustments. We used the ‘Dose
adjustments/non-Therapeutic Test ratio’ (DnTT ratio),
defined as the number of dose adjustments in proportion
to the number of non-therapeutic APTT levels during
time of UFH infusion. The results are presented in the
categories <1 and =I.

Finally, information on events such as (recurrent)
and bleeding during UFH
administration were collected. A bleeding event was

thromboembolism

defined as clinically overt bleeding in a critical location
(intracranial, retroperitoneal, or pericardial), or bleeding
leading to a decrease in haemoglobin level of 1 mmol/l or
more, or leading to transfusion of two or more units of
packed red blood cells.

Dosing regimen

The treating physician was allowed to determine the
dosing regimen based on patient characteristics and
clinical presentation. The target APTT level for each
patient had to be set and documented in the electronic
record. After an initial standard dose at a rate of 1000
units/hour, the treating physician had to evaluate whether
a bolus of 1000-5000 units was indicated. Consensus was
to measure the APTT four hours after the start of infusion;
monitoring tests had to be performed at a six-hour interval,
even when the APTT test value was within the therapeutic
range.

Outcomes

The primary outcome was the time to achieve a therapeutic
APTT level per patient (<12, <24 or >24 hours). The main
secondary outcome was the percentage of subtherapeutic,
supratherapeutic and therapeutic range of all APTT tests
performed after UFH administration in time ranges as
mentioned.
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RESULTS

A total of 1906 patients in whom an APTT test was
UFH
administration. A total of 249 patients were eligible for

performed were screened for intravenous

the current analysis of whom 101 consecutive patients were
included. The mean age was 66 years (range 23-88) and
40% were female. Main indications for UFH therapy were
VTE (24%) and presence of a mechanical heart valve (23%).
Clinical characteristics are listed in table 1.

The time to reach at least one therapeutic APTT test result
is shown in figure 1. Overall, 56% of the patients achieved
a therapeutic APTT within 24 hours and 24% were
therapeutic in both o-12 and 13-24 hours.

Table 1. Baseline patient characteristics of the study
population (n=101)

Characteristic

Age in years, median (range) 69 (23-88)
Female (%) 40

Weight in kg, median (range) 80 (35-120)
Receiving CVVH (%) 24
Indication for anticoagulant therapy, %

VTE (DVT and/or PE) 24

Other locations thrombotic event (i.e. sinus/ 11
abdominal)

Mechanical heart valve 23

Atrial fibrillation 16

ACS or cardiac ischaemia 13

IABP or Impella 5

Cardiac surgery 4

Other 5

Time of UFH infusion in hours, median (range) 86 (24-695)
kg= kilogram; CVVH= continuous veno-venous haemofiltration;
VTE=venous thromboembolism; DVT = deep venous thrombosis; PE=
pulmonary embolism; ACS=acute coronary syndrome; IABP=intra-
aortic balloon pump.

Other outcomes are listed in table 2. Within 12 hours of
UFH infusion, 20% of the APTT measurements were
within the therapeutic range. Additionally, 58% and
22% consisted of sub- and supratherapeutic test results,
respectively. Of the subtherapeutic APTT levels, 105/121
were more than 15% below the lower limit of the target;

Table 2. Primary and secondary outcomes concerning
(non) therapeutic APTT level

Outcome o-12h o0-24h >24h
Number of APTT tests

performed after start of 2.0 (1-9) 4.0 (2-7) 9.0 (o-I11)
UFH infusion per patient,

median (range)

Tests within time range,

n (%)

Total subtherapeutic 121 (58) 203 (53)  551(32)

Of which aberrant from

the lower limit, n (%)

=5% 9 (7) 16 (8)

515% 7 (6) 27 (13)

>15% 105 (87) 160 (79)

Therapeutic 41 (20) 110 (29)

Total supratherapeutic 45 (22) 69 (18)

Of which aberrant from

the upper limit, n (%)

5% 6 (13) 12 (17) 1008 (58)
5-15% 7 (16) 17(25) 170 (10)
>15% 32 (71) 40 (58)

Dose adjustments during 5 (0-34)

time of UFH infusion,

median (range)

DnTT ratio <1, % 18

DnTT ratio =1, % 78

No dose adjustments, % 4

APTT= activated partial thromboplastin time; UFH= unfractionated
heparin; h=hours; n = number; DnTT= dose adjustments/non-thera-
peutic test ratio.

Figure 1. Flowchart of study population

Figure 2. Time to therapeutic range

Query of patients admitted at ICU
and MCU in 2010 with APTT test
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of the supratherapeutic levels, 32/45 were more than 15%
above the upper limit of the target. Among the APTT levels
measured at 24 hours, a therapeutic range was observed in
29% of the test results. Subtherapeutic values were found
in 53% of the test results, of which 160/203 were more than
15% under the lower limit, whereas 18% of the test results
were supratherapeutic, of which 40/69 more than 15%
above the upper limit.

During the course of UFH therapy, ten patients had a
bleeding event and six patients experienced a thrombotic
event. The DnTT ratio was =1 in 78% of the study
population.

In order to perform a medical procedure, UFH infusion
was electively stopped in 44% of the cases. Figure 1
shows that in the subpopulation (n=56) in which
infusion remained continuous, 66% of the patients
were therapeutically anticoagulated in 24 hours; the
subtherapeutic, therapeutic and supratherapeutic rates
were 51%, 33% and 15% respectively.

DISCUSSION

This cohort study demonstrates that among patients
admitted to the ICU and MCU, achieving therapeutic
heparinisation with UFH is challenging. Based on the
time to therapeutic range being 24 hours for 56% of the
study population and high percentages of subtherapeutic
APTT results, we would expect a higher number of
recurrent thrombotic events instead of bleeding. We
identified ten patients in total in whom a bleeding event
occurred; 4/10 patients had at least one supratherapeutic
APTT level in 24 hours, and a small minority (12%) of
all performed APTT tests were above the therapeutic
range. We assume that other factors contributed to the
bleeding events, independent of UFH therapy. Although an
association between the incidence of bleeding and APTT
values has been reported by subgroup analysis of large
randomised trials, other investigators could not confirm
similar results.®1

However, there is evidence that failure to achieve
therapeutic values within the first 24 hours is predictive
of future recurrent VTE.3 Research on patients with
acute PE has also shown that reaching therapeutic
anticoagulation within 24 hours lowers 30-day mortality
and in-hospital mortality, which highlights the importance
of rapid therapeutic anticoagulation.* To what extent
rapid anticoagulation is achieved differs among trials
which demonstrate therapeutic rates as low as 22%, while
subanalysis of several studies found a significantly larger
proportion of the patients reaching a therapeutic APTT
level within 24 hours.’" Whether these results apply for
critically ill patients is uncertain, since these trials are not
carried out in that specific patient category. We observed

that in 56% of our study population, time to therapeutic
range was 24 hours. It should be mentioned that the low
therapeutic rates in our cohort could be due to the high
percentage of patients who had a discontinuation of UFH
infusion. We could not confirm whether an APTT was
measured when the infusion was stopped, thus making
the measured APTT not representative for UFH therapy.
A subanalysis was therefore conducted which showed
that in the subpopulation (n=56) treated with continuous
UFH infusion, 66% achieved a therapeutic APTT within
24 hours, against 56% of the whole population (n=101).
In terms of APTT test results in 24 hours, we noticed
a small increase in therapeutic rates from 29% in the
whole population to 33% in the subpopulation (n=50).
Therefore, we conclude that APTT tests performed during
discontinuation of UFH infusion are only to a small extent
responsible for the low therapeutic rates in our cohort.

Conflicting observations between studies may have arisen
from differences in protocols (e.g. fixed-dose versus
weight-based regimen) or using different analytical
techniques for determining UFH. Which approach
concerning UFH therapy is superior is still inconclusive.
For instance, there is considerable evidence that using
weight combined with height and gender is more
efficient for dosing UFH than weight alone.’>*° But not all
weight-based nomograms are consistent and they require
a considerable amount of time for training healthcare
professionals in their use in order to limit the potential
for medication errors.* The American College of Chest
Physicians (ACCP) therefore recommends — based on
three available RCTs — a fixed-dose or a weight-adjusted
regimen.>

Additionally, the APTT test itself is associated with
significant intra- and inter-patient variability that is not
related to circulating blood heparin activity or patient
variables.® There is a lack of standardisation of methods
since different reagents and instruments are used to
perform an APTT test. To what extent the efficacy of
UFH in general is dependent on (early) APTT test results
is also uncertain.?®? An alternative for APTT would
be monitoring the anti-Xa activity; its advantages have
been discussed by several studies.”? For example, a
weight-based protocol in combination with the use of
anti-Xa as monitoring technique results in a therapeutic
heparinisation rate of 0% within 24 hours.”7?® Despite the
advantages, the anti-Xa assay is not widely incorporated in
clinical use because of high costs and limited availability,
whereas inter-laboratory variation still remains.73-29
Besides dosing regimens and laboratory instruments,
the interpretation of the therapeutic range of the APTT
levels might also play an important role in dosing UFH.
A review performed by Raschke and colleagues included
studies where different APTT reagents were used, so UFH
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concentrations that were associated with a target APTT
ratio of 1.5-2.5 times the control value, differed noticeably
between trials.3° Also, the clinical relevance of the fixed
therapeutic range of 1.5-2.0 times the control APTT is
uncertain and has not been confirmed by randomised
trials.73" Because of that and other methodological
concerns, the ACCP recommends that the therapeutic
APTT range at a particular laboratory should be adapted
to responsiveness of the reagent and coagulometer used”

Our study has several limitations. This analysis was
designed as a pilot study, therefore the study sample
was small. However, the included patients and clinical
setting reflect real-life practice. Since the purpose of this
survey was only to register the number of subtherapeutic,
supratherapeutic and therapeutic APTT levels, we did not
register the administered dose or infusion rate of UFH.
The DnTT ratio was based on the total amount of dose
adjustments per patient during time of infusion. Whether
the dose is consecutively adjusted after a non-therapeutic
APTT level is not represented. However, the DnTT ratio
gives some indication of adherence to the dosing regimen;
based on the ratio being =1 in 78% of the study population,
we believe that the low therapeutic APTT rates are not the
result of inadequate dose adjustment.

To conclude, time to therapeutic range was 24 hours in
56% of in total 101 patients admitted to the ICU and MCU.
Of all obtained APTT results in 24 hours, 71% were sub-
or supratherapeutic of which 200/272 were >15% aberrant
from the therapeutic range. Therefore, intravenous UFH
therapy can be improved in critically ill patients. More
clinical trials are needed to examine optimal dosage
regimens and to investigate the performance of other
alternative anticoagulant therapies in critically ill patients.
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werkingsmechanisme zullen patiénten die Forxiga krijgen positief testen OE glucose in hun urine.
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ABSTRACT

Background: Influenza virus vaccination is recommended
for patients treated with chemotherapy. Little is known
about vaccination coverage in these patients.

Methods: Vaccination coverage in the Netherlands
was analysed by questionnaires completed by general
practitioners, within a catchment area of 1.3 million people,
in the period 2010-2011.

Results: Of 433 eligible adult patients treated with
chemotherapy for breast or colorectal cancer, 144
patients gave permission for us to approach their general
practitioner with a questionnaire. General practitioners
were asked about vaccination coverage, awareness
of recommendations and their opinion about the
responsibility for vaccination. We received 114 (79%)
completed questionnaires. Sixty-seven out of 114 patients
(59%) were vaccinated against influenza. Forty-four (66%)
of these patients also had an indication for vaccination
based on age (age =60 years). According to 48% of the
general practitioners, the responsibility for vaccination
belongs to the competence of the treating medical
oncologist.

Conclusion: Influenza vaccination coverage is limited to
59% of patients treated with chemotherapy. Guidelines for
responsibility (general practitioner or medical oncologist)
may increase the vaccination rate of cancer patients.

KEYWORDS

Chemotherapy, influenza virus vaccination, breast cancer,
colorectal cancer, vaccination coverage

INTRODUCTION

Influenza viruses cause important epidemic infections
with a potential risk of developing acute respiratory disease.
Infection rates are highest in children, but morbidity
and mortality are highest in various high-risk groups.’
Among these groups are patients aged =60 years, patients
with heart or lung diseases and patients with diminished
immune function due to treatment with chemotherapy
or other immunosuppressive drugs.> Patients receiving
chemotherapy or immunosuppressive drugs have
an impaired immune response to bacterial and viral
infections and are therefore at risk of serious post-influenza
complications. In the United States yearly 441 per 100,000
oncology patients are hospitalised due to influenza. This
is 3-5 times higher than in the general population. The
mortality rate is 9% in cancer patients with a relative risk of
4.0 in comparison with the general population.+
Therefore, yearly influenza vaccination is strongly
recommended for patients with reduced function of the
immune system due to treatment with chemotherapy or
immunosuppressive drugs.>

Various factors influence the immune status and the
response to immunisation in patients with cancer. First,
the disease state can be directly immunosuppressive, in
particular in patients with haematological malignancies.
Second, treatment modalities for cancer can have (severe)
immunosuppressive effects. Chemotherapy has its
cytotoxic effects particularly on rapidly growing tumour
cells, but the full functional capacity of the immune system
also depends on rapid proliferation of cells and is therefore
adversely affected.s
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This negative effect of chemotherapy on immune function is,
however, variable, depending on the chemotherapy regimen.
Influenza virus vaccination in this group of patients is
important to reduce the risk of serious complications
of an influenza infection as well as to avoid potential
risk of postponing the chemotherapy treatment due to
infection. However, the immune response to the vaccine
may be suboptimal because the protection conferred by
immunisation is lower in immunosuppressed cancer
patients.s

Despite the recommendations, vaccination coverage in
high-risk patients can be improved. In the Netherlands,
seasonal influenza vaccination is offered by the
government free of charge to elderly and other risk groups
and distributed through general practitioners (GPs).°
Influenza vaccine coverage in 2010-2011 was about 75%
for adults aged =6o years as well as in patients with
reduced immune function (patients with liver cirrhosis,
asplenia, autoimmune diseases and patients treated with
chemotherapy or other immunosuppressive drugs). Vaccine
coverage of patients treated with chemotherapy as a separate
risk group is unknown. Reasons given by physicians not
to vaccinate their patients during chemotherapy are lack of
awareness of the recommendations and concern about the
efficacy of the influenza vaccination in patients with solid
tumours treated with chemotherapy.

The aim of this study was to evaluate GPs current practice
with regard to influenza vaccination in patients treated
with chemotherapy for breast cancer or colorectal cancer
in the Netherlands.

PATIENTS AND METHODS

This study was conducted in patients treated with
chemotherapy for breast cancer or colorectal cancer during
the influenza period 2010-2011. Defining this patient
group was considered to reflect a comprehensive picture of
current practice, because breast cancer as well as colorectal
cancer have high incidence and occur in patients with a
relatively wide age range.

To identify patients the following strategy was used. Six
non-academic teaching hospitals participated in this
study (catchment area 1.3 million people). The principal
investigators of each participating hospital were asked
to register all adult patients treated with adjuvant or
palliative chemotherapy for breast cancer or colorectal
cancer during the influenza period of 2010-2011. Patients
were then approached by letter and asked for written
informed consent to contact their GP for completion of a
questionnaire. The questionnaire consisted of questions
concerning vaccination coverage of patients and their

informal carers, timing of vaccination and influence
of chemotherapy regimen as well as the GP’s opinion
regarding the responsibility of the medical oncologist
for instructions on influenza vaccination during
chemotherapy. The questionnaire is shown in appendix A.
A descriptive analysis has been carried out.

RESULTS

In the six participating hospitals, 433 patients were
identified with breast cancer or colorectal cancer receiving
treatment with chemotherapy in the influenza period of
2010-2011 (figure 1). A total of 418 patients were approached
for informed consent, 35% responded. This percentage
was approximately the same in each participating
centre. Reasons for not participating were not obtained.
Informed consent was given by 98% of the patients. A
total of 141 GPs were approached and asked to complete the
questionnaire of which 79% returned the questionnaire.
Due to the fact that some patients had the same GP, a total
of 107 different GPs participated in this study.

Vaccination

Of the 114 patients, 67 patients (59%) were vaccinated against
influenza (figure 2). Of these patients, 66% already had an
indication for vaccination based on age (age =60 years).
Thirty-four patients’ informal carers (30%) were vaccinated,
two of them had no indication for influenza other than their
partners’ treatment with chemotherapy (figure 3).

Figure 1. Overview of inclusion and response

Assessed for eligibility
(n=433)

Excluded (n=15)
- Not meeting inclusion
criteria (n=4)
- Other reasons (n=11)

Y
’ Included (n=418) ‘

v
v v

Declined to participate (n=274)
- No response (n=271)
- Response ‘no informed
consent’ (n=3)

Signed informed consent
(n=144)

v

Response general practitioners

(n=114) No response general
- Returned questionnaires practitioners (n=30)
(n=114)

Analysed (n=114)
- Excluded from analysis (n=0)
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Figure 2. Vaccination status of patients treated with
chemotherapy in proportions

Refused (6%) Not known (1%)

Not recognised (15%) Vaccinated (59%)

Not vaccinated,
reason unknown
(19%)

Figure 3. Vaccination status of informal carers in
proportions

Not known (7%) Informal carer

vaccinated (30%)

No indication

%
(32%) Not vaccinated,
reason unknown
(8%)
Single (23%)
Information

During the influenza period of 2010-2011, 60% of
the participating GPs were approached 1-5 times by a
patient treated with chemotherapy for advice concerning
influenza vaccination; 8% were consulted 6-10 times.
This consultation was independent of the chemotherapy
regimen or underlying malignancy. Of the GPs, 32% were
not contacted at all.

Awareness of vaccination recommendations

Forty-nine of the participating GPs were not aware of the
fact that yearly influenza vaccination is recommended
in the national guidelines for all patients treated with
chemotherapy or other immunosuppressive drugs.

Of the GPs, 48% would not approach patients treated with
chemotherapy and stated that vaccination against influenza
is the responsibility of the treating medical oncologist.

One-third of the GPs actively approached patients treated
with chemotherapy to provide an influenza vaccination,
18% approached their patients occasionally when they
remembered to do so.

Fifty-two percent of the GPs indicated that their decision to
provide an influenza vaccination to a patient treated with
chemotherapy was not influenced by the chemotherapy
regimen itself. On the contrary, 43% of the GPs stated that
their decision was influenced by the chemotherapy and
the degree of myelosuppression it causes. Only a small
percentage (3%) consulted the treating medical oncologist.

Optimal timing of vaccination

The results regarding the optimal timing of influenza
vaccination during chemotherapy are presented in table 1.
One-third of the GPs would consult the treating medical
oncologist or did not provide an answer to the question on
what is known about the optimal timing of vaccination.
The majority (94%) of the GPs are in need of more
information about the efficacy and optimal timing in
patients treated with chemotherapy.

DISCUSSION

We studied the current practice of GPs with regard
to influenza vaccination in patients treated with
chemotherapy for breast cancer or colorectal cancer in
different parts of the Netherlands. It should be emphasised
that this issue is not only relevant in the Netherlands but
worldwide.

Limitations of the study

The main limitation of the study is the low response rate
of patients. Two-thirds of the identified patients did not
respond for reasons that are unknown. Patients were
not approached by a clinician but by letter which could
have influenced the response in a negative way. The low
response rate might have led to a representation bias:
patients who were not interested in participating in this
study might also not be aware of the risks associated
with their immunocompromised state. It is also possible
that patients not responding were already vaccinated and

Table 1. GPs opinion on optimal timing of vaccination
during chemotherapy (n=GPs)

Optimal timing of vaccination Frequency (n) (n) %

Before the next dose of chemotherapy 25 23
Two weeks after the last regimen 26 24
Not useful to vaccinate, no serological 17 16
response

Other 39 37
Total 107 100

Wumbkes et al. Influenza vaccination coverage in patients treated with chemotherapy.
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informed about the risks and therefore did not feel the
need to participate.

Furthermore, 21% of GPs did not return the questionnaire.
Potentially their proportion of vaccination coverage is lower
than those who actually responded.

In the Netherlands, vaccine coverage in 2010-2011 was
75% for patients with a reduced immune function. No
distinction was made between the different groups of
patients with a reduced immune state, therefore the
vaccine coverage in patients treated with chemotherapy is
not known. In this study of 114 Dutch patients vaccination
coverage was 59%. Since two-thirds of these patients
already had an indication for vaccination based on age (age
=60 years), it is difficult to determine how many patients
were vaccinated because they were receiving chemotherapy.

Awareness of the recommendations

Almost 50% of the participating GPs were not aware of
the fact that yearly influenza vaccination is recommended
in the national guidelines for all patients treated with
chemotherapy or other immunosuppressive drugs
independently of the chemotherapy regimen or the
degree of immunosuppression it causes.? Scarce available
data about the efficacy and optimal timing of influenza
vaccination in this high-risk group might be an explanation.
Despite the guidelines, 40% did not receive the
vaccination; of these patients 37% were not identified
as eligible for influenza vaccination by a computerised
search on ICPC (International Classification of Primary
Care) codes. Since there is no ICPC code for treatment
with chemotherapy, these patients are not automatically
selected. The other 60% were identified as eligible for
influenza vaccination by an ICPC code based on age or
other comorbidity.

The development of an ICPC code for treatment with
chemotherapy could lead to identification of this high-risk
group and therefore improve vaccination coverage.
However, patient records need to be accurately documented
by the GPs to succeed.

Regarding the relatively low vaccination coverage of the
patients’ carers, routine vaccination of informal carers of
a patient treated with chemotherapy is not recommended
in the Netherlands. A GP may decide to vaccinate informal
carers if considered necessary, but the vaccine will not be
covered by health insurance.? Therefore, it is not surprising
that informal carers without an indication of their own are
not vaccinated.

Optimal timing of vaccination

Limited recent data are available on the optimal timing and
efficacy of influenza vaccination while receiving ongoing
chemotherapy treatment.

Vilar-Compte et al. showed that during chemotherapy,
183 patients with breast cancer indeed had a lower
response to vaccination than patients who did not receive
chemotherapy.® Brydak et al. found that immune response
to influenza vaccination in breast cancer patients with or
without chemotherapy was as effective as vaccination of
healthy adults. The patient group, however, was very small
(n=9) and heterogeneous.

In our study, the GPs have various opinions on the
optimal timing of vaccination. This is expected because
of the absence of specific guidelines and the limited
recent data available on the optimal timing of vaccination.
In general it is advised to vaccinate patients before
starting chemotherapy.2'° Because the seasonal influenza
vaccination campaign is restricted to the months October
and November, it is not always possible to administer the
vaccine before the start of the chemotherapy. Ortbals et al.
vaccinated oncology patients on the day of chemotherapy
or at the time of their white blood cell count nadir. Only
50% of the patients achieved seroconversion on the day of
chemotherapy, whereas 93% of the patients vaccinated in
their nadir showed an adequate antibody response. This
study, which was conducted in 1977, still forms the basis
of current recommendations. It should be noted that the
Ortbals study only included a very limited number of
patients with breast cancer (n=11),” (reviewed by Pollyea
et al). Most of the other influenza vaccination studies in
cancer patients were performed in the 1970s and 1980;
over the years considerable changes have been made in
vaccine formulations and chemotherapy regimens.

During the influenza vaccination period in 2009, we
conducted a pilot study in patients with breast cancer
(Meerveld-Eggink et al.) Breast cancer patients received
influenza vaccination during s-fluorouracil, epirubicin
and cyclophosphamide (FEC)-containing chemotherapy
regimens. Thirty-eight patients were randomised for
early (day 4) or late (day 16) vaccination during the
chemotherapy cycle.

In this pilot study, patients vaccinated at day 4 tended
to reach higher antibody levels compared with patients
vaccinated at day 16.3 Studies with larger patient numbers
have to be conducted to confirm this effect.

Responsibility

Of the GPs, 48% did not approach patients receiving
chemotherapy because in their perspective it is the
responsibility of the treating medical oncologist that their
patient is vaccinated against influenza. In the Netherlands,
the influenza vaccine is issued to GPs by the government
and the GPs are primarilly responsible for administering
a vaccine to every eligible patient. However, in our study
GPs considered it the medical oncologist’s responsibility
to vaccinate patients undergoing chemotherapy treatment.

Wumbkes et al. Influenza vaccination coverage in patients treated with chemotherapy.
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Since the awareness of the indication for vaccination, in
combination with specific knowledge on the immune
suppressive effects of the anti-cancer treatment, might be
greater among medical oncologists, we believe that medical
oncologists should identify patients eligible for vaccination.

The high response rate of the GPs (79%), the high
percentage of GPs in need of more information about the
efficacy, optimal timing and recommendations, as well as
the high number of patients consulting the GP for advice
indicate that influenza vaccination is a timely topic and
that further studies have to be conducted to achieve more
information in order to establish (inter)national guidelines.

In conclusion, vaccination coverage in patients treated
with chemotherapy in the Netherlands can be improved.
Different strategies towards improvement of vaccination
coverage could be developed. We suggest better education
and information for GPs.

Further studies have to be conducted to assess the optimal
timing of vaccination during chemotherapy. Medical
oncologists should be encouraged to actively inform the
GP about the need for influenza vaccination of their
individual patients. A national campaign might improve
the vaccination coverage in this high-risk group.
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APPENDIX A - QUESTIONNAIRE

During last influenza season (2010-2011), was the influenza vaccine administered to the patient mentioned above?
a. Yes
Do NO, TRASOII ooeiiiiiiicitctt e e a s

. Did the informal carers of the patient mentioned above get vaccinated with the influenza vaccine?
a. Yes
D N, TRASOMI: weeeeeeeeeeeeeeee ettt e e et e et e et e et e et e e ee st e e ae st eeeseseseeesesaseeesesaseeesesaseeeseeaseenseeeseeantenseeanteeneeenteenee st esnaesasesnnesanesnesns

Do you (actively) approach patients who are treated with chemotherapy during the influenza season to get vaccinated
against influenza?

a. Yes

b. No, responsibility of oncologist

C. SOIMELIINIES, TEASOTL: .eveureuirreieririeteeeretenteresreteree s et ste st et e st b e st e st a et e bt s et e st e s et e st s se s e st eae s e st saesse e eaesaessesesaenaenessensensenessens

. Does the chemotherapy regimen and the degree of myelosuppression it causes influence your decision to administer
the influenza vaccine?

a. Yes

b. No

During last influenza season (2010-2011), were you consulted frequently by patients with a malignancy for advice
regarding influenza vaccination ?

a. Yes, approximately: .......ccoceveviinniinneinienn times

. In your opinion, what is the optimal timing of influenza vaccination in patients on chemotherapy?

a. Just before the next chemotherapy cycle

b. Two weeks after the last gift of chemotherapy

c. Do not administer the vaccine when on treatment with chemotherapy, there will not be an adequate (serological)
response

d. Differently, @XPlanation: .........ccccccirririrririnieieieieieieieieieetees et ese oo sese ettt et s bbb bttt e e s n s s bene

. Would you like more information about the optimal timing of vaccination in this patient category?
a. Yes
b. No

. In your opinion, is this subject relevant?
a. Yes
D. N, TRASOIL ettt ettt
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ABSTRACT

Fasciola hepatica is a worldwide distributed zoonotic
trematode incidentally infecting humans. Although often
symptomatic, fascioliasis can cause a wide spectrum
of disease. The diagnosis can be established by stool
examination detecting ova of the parasite, although
serological testing has a higher sensitivity and specificity in
the acute phase of disease. This case presents a 24-year-old
Somalian man admitted with jaundice and abdominal
discomfort due to fascioliasis after chewing khat. The patient
was treated successfully with a single dose of triclabendazole.

KEYWORDS

Fasciola hepatica, fascioliasis, jaundice, parasitosis, khat

CASE

A 24-year-old Somalian man was admitted because of
jaundice. He had a one-month history of pruritus and
longer existing intermittent upper abdominal discomfort.
He was known for a bilateral panuveitis caused by
tuberculosis for which he had completed tuberculostatic
treatment. He lived in the Netherlands and his last visit to
Somalia was four years ago. Physical examination revealed
jaundice and right hypogastric tenderness. The liver and
spleen were not enlarged. Laboratory findings revealed
a total white blood count of 10.0 x 109/] (normal values
5.0-10.0 x 109/]) with marked eosinophilia of 5.0 x 109/1
(0-0.5x 109/1), as well as elevated liver tests with a total and
conjugated bilirubin of 157 umol/l (<20 umol/l), alanine
aminotransferase 68 U/l (<35 U/l), alkaline phosphatase
394 U/l (<115 U/l), gamma glutamyltranspeptidase 46
U/l (<55 U/1) and lactate dehydrogenase 394 U/l (<248
U/l). Abdominal ultrasound was completely normal.
Serological tests for hepatitis A, B and C, Epstein-Barr
virus, cytomegalovirus, human immunodeficiency virus,

strongyloides and schistosoma infection were negative, as
well as markers for autoimmune hepatitis. Stool samples
sent for microscopic examination did not show any
parasites. MRCP revealed a dilated common bile duct with
distal tapering (figure 1). Serum Fas2 ELISA, detecting
IgG-antibodies of the liver fluke Fasciola hepatica, was
positive at a titre of 1: 350 (negative <1:32). In new stool
samples, ova of the liver fluke were detected (figure 2).
The patient admitted chewing freshly imported khat leafs,
a psychoactive drug traditionally used and cultivated in
the Horn of Africa, which was most likely the source of
infection. Patient was treated successfully with a single
dose of triclabendazole 950 mg orally.

DISCUSSION

Fascioliasis is a zoonotic foodborne disease caused by
the trematode Fasciola hepatica. This parasite, causing
liver rot in sheep and cattle, incidentally infects humans
after ingestion of contaminated water, fish or uncooked
aquatic vegetation. Although the source of fascioliasis in
this case could not be proven, it is very likely attributed to
chewing freshly imported khat leaves. Anecdotal evidence
of fascioliasis after chewing khat has been reported before.
As one of the ‘neglected’ tropical diseases, F. hepatica
has a substantial impact on global public health, with
an estimated 2.4-17 million people infected worldwide.
Nowadays F. hepatica has a worldwide distribution
including Europe, where a watercress-related outbreak in
France was reported.+ However, highest prevalences are
reported in Andean countries, Northern Africa and parts
of the Middle East.>®

After ingestion, metacercariae excyst and migrate in 4-6
weeks through the intestinal wall and Glisson’s capsule to
the liver where they cause parenchymatous destruction,
and migrate to the biliary ducts. Matured liver flukes
release eggs via the biliary system into the small bowel.
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Figure 1. Magnetic resonance cholangiopancreatography
showing dilated bile ducts with distal tapering of the
common bile duct

Figure 2. Stool examination showing an ovum of the

Subsequently the eggs become embryonated and upon
reaching water they release miracidia, which are capable
of invading freshwater snails as their intermediate hosts.
Subsequently cercariae are released and transformed to
metacercariae on aquatic vegetation.

Although often asymptomatic, F. hepatica can cause a
wide spectrum of disease depending on the degree of
fluke burden and disease stage. The acute hepatic phase
is usually mild and is sometimes accompanied by fever,
abdominal pain and hepatomegaly. Biliary colics, epigastric
pain and jaundice can be seen in the chronic biliary
phase, which can last from a matter of months to up to
ten years. Complications such as cholangitis, pancreatitis
and cirrhosis can occur. Marked eosinophilia is the most
common laboratory finding.

Detection of eggs in faeces is considered to be the gold
standard for diagnosing fascioliasis, although eggs are

often undetectable during the acute phase of the disease.
The diagnosis can also be established serologically by Fas2
ELISA, which is able to detect IgG-antibodies against Fasz
antigen as early as ten days after infection.” Therefore it can
be used in the initial phase of disease, having a sensitivity of
92.5% and a specificity of 70.8-92.9%.% In the acute phase,
characteristic findings on imaging studies are multiple
subcapsular small nodular or branching lesions in the liver.
In the chronic phase, bile duct dilatation, gallbladder or bile
duct oedema and even parasites can be seen.?

In any phase of disease, successful treatment can be
achieved with triclabendazole, in a single dose of 10
mg/kg. As in many other countries, in the Netherlands
triclabendazole is only available via veterinary pharmacies.
Cure rates of more than 9o% are reported.”

CONCLUSION

As illustrated in this case, diagnosing fascioliasis can be
challenging in non-highly endemic countries. However,
F. hepatica infection should be considered in patients
with abdominal pain, jaundice and eosinophilia. We
recommend serological testing above stool sample
microscopy in early stages. Special attention should be
given to food, drugs and travel history.
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A male with extensive renal vein thrombosis
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CASE REPORT

A 48-year-old male presented with right-sided flank
pain of three weeks duration, which had radiated to
the abdomen and groins during the last 24 hours. He
reported no haematuria. His medical history included
myocardial infarction (2010) and urolithiasis. Physical
examination demonstrated mild pretibial oedema. His
blood pressure was 111/61 mmHg. Laboratory investigation
showed leucocytes 12.9 (4-10) x 109, C-reactive protein
167 (<10) mg/l, albumin 26 (38-52) g/l and creatinine 111
(60-110) umol/l with an estimated glomerular filtration
rate (eGFR) of 62 (60-125) ml/min. Ultrasound imaging
did not show any signs of urolithiasis, appendicitis or
diverticulitis. Additional computed tomography (CT)
scanning demonstrated a thrombus in the right renal
vein extending into the inferior vena cava and both iliac
veins (figures 1A and 1B), which was confirmed by Doppler
ultrasonography. Anticoagulant therapy was started
instantly. Additional urinalysis revealed erythrocyturia
(z89/ul) without dysmorphia and 14.5 grams protein in
24 hours. Clotting assays showed no abnormalities and
autoimmune serology and screening for malignancies and
chronic infections were negative.

WHAT IS YOUR DIAGNOSIS?

See page 484 for the answer to this photo quiz.

Figure 1. (A) Contrasted CT scan showing a hypodense
mass in the right renal vein suggestive for thrombus. (B)
Thrombus extending into the inferior vena cava and both
iliac veins
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Skin lesions in a patient with head and
neck cancer
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CASE REPORT

A Gr-year-old man presented with a six-month history of
skin lesions. It started with blisters on both hands and
pruritis. Shortly thereafter, his feet were also involved
and they became swollen. After four months, skin lesions
evolved on his nose and ears. The patient reported weight
loss, but no further symptoms. Before presentation in our
clinic, he was treated with class III corticosteroid ointment
oral antibiotics and zinc ointment, without effect.

His medical history revealed a tumour resection followed
by postoperative radiotherapy for a pT' N

4" 2b
carcinoma of the hypopharynx 13 years before presentation

M, squamous cell

with the skin lesions.

On dermatological examination in our clinic, livid
erythematous squamous plaques on the hands, feet, knees
and nose were seen. There was a subungual hyperkeratosis
with onycholysis on both the hands and feet (figure 1).

WHAT IS YOUR DIAGNOSIS?

See page 485 for the answer to this photo quiz.

Figure 1. Our patient at presentation
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Bilateral abdominal mass
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A 58-year-old man presented with abdominal distension
of four months duration. On examination, a ballotable
abdominal mass was palpable on both sides of the
abdomen. Computer tomography (CT) of the abdomen
and pelvis revealed deformed kidneys almost encased by
a bulky soft-tissue dense mass bilaterally (figure 1). CT of
the chest was normal. Renal function tests were normal.
CT-guided biopsy from the mass showed collagen-forming
spindle cells.

WHAT IS YOUR DIAGNOSIS?

See page 486 for the answer to this photo quiz.

Figure 1A. Computer tomography (CT) of abdomen
and pelvis showing deformed kidneys almost encased by
a bulky soft-tissue dense mass bilaterally
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A diagnosis on the basis of a blood smear
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CASE

A G4-year-old women of mixed German and Scandinavian Figure 1. Blood smear
descent presented to the emergency department with a
two-day history of abdominal pain, diarrhoea and dark
urine. There was no fever present. One month before, she
had travelled to Brazil for which no malaria prophylaxis
was recommended. Physical examination revealed an
icteric women with a body temperature of 36.4°Celsius.
Palpation of the upper abdomen was slightly painful.
Hepatosplenomegaly was absent.

Laboratory results showed a Coombs-negative haemolytic
anaemia (haemoglobin 6.4 mmol/l, reticulocytes 206 x
109/, haptoglobin <0.08 g/l and lactate dehydrogenase
744 U/l) with a thrombocyte count of 203 x 109/1 and a
leukocyte count of 13.4 x 109/1. C-reactive protein was 25
mg/1. In figure 1 the blood smear is shown.

WHAT IS YOUR DIAGNOSIS?

See page 487 for the answer to this photo quiz.
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A MALE WITH EXTENSIVE RENAL VEIN THROMBOSIS

DIAGNOSIS

The patient was diagnosed with nephrotic syndrome
complicated by renal vein thrombosis (RVT). He
commenced prednisolone 60 mg once daily for a presumed
diagnosis of idiopathic membranous nephropathy (IMN)
or minimal change disease (MCD). Sodium restriction
and subsequent angiotensin converting enzyme inhibitor
(ACE-I) treatment were installed consecutively. After ten
weeks of therapy, control of proteinuria was inadequate
and tacrolimus 5 mg once daily was added, since both
IMN and MCD have shown favourable clinical responses
to this treatment.”> This led to a significant reduction
in the proteinuria (0.46 grams in 24 hours). After three
months, CT scanning showed almost complete resolution
of thrombus, after which anticoagulant treatment was
stopped and a kidney biopsy was performed, whereupon
the diagnosis of IMN was confirmed.

The nephrotic syndrome is defined by a urinary protein
level exceeding 3.5 grams in 24 hours and is associated
with oedema, hypoalbuminaemia, hyperlipidaemia,
and infectious and thromboembolic complications.?
Thromboembolic disease is a serious complication in
patients with nephrotic syndrome and may arise from
preferential loss of proteins which inhibit systemic
haemostasis, increased synthesis of prothrombic factors
and local activation of glomerular haemostasis.# Venous
thromboembolic complications in nephrotic syndrome
include deep venous thrombosis, pulmonary embolism
and RVT. RVT may be associated with nephrotic syndrome
of any aetiology but most commonly occurs in patients
with membranous nephropathy, with a prevalence of
37%.4 Symptoms of RVT can include acute flank pain,
gross haematuria, and deterioration of renal function but

is usually asymptomatic.+® Doppler ultrasonography is the
primary modality for detection of RVT, alternatives being
contrast-enhanced CT and magnetic resonance imaging.°
Anticoagulant therapy is the treatment of choicet in
addition to treatment of the proteinuria (ACE inhibition,
immunomodulation) and of the underlying disease if
present.
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SKIN LESIONS IN A PATIENT WITH HEAD AND NECK CANCER

DIAGNOSIS

Histopathological examination of a lesion on his left
hand revealed a slightly acanthotic epidermis with
hyperparakeratosis. There was a perivascular, partially
bandlike, mononuclear inflammatory infiltrate with
spongiosis. Furthermore, an interface dermatitis was
seen. Both the clinical and histopathological picture were
compatible with the Bazex syndrome. By means of a fungal
culture, an onychomycosis was diagnosed.

Physical examination by the ENT physician showed a
second primary TN M, hypopharynx tumour with axillary
lymph node metastasis. Because palliative chemotherapy
was not an option due to his low WHO performance score,
we started dexamethasone 10 mg once daily. Within one
week an evident improvement of his skin lesions was
observed (figure 2). The patient continued his treatment
and tapered the dexamethasone gradually with good results
until he died three months later.

DISCUSSION

The Bazex syndrome, also called acrokeratosis
paraneoplastica, is a rare paraneoplastic acral erythema-
tosquamous dermatosis associated with internal
malignancy. This syndrome was first described in
1965 by Bazex et al. in a patient with a squamous cell
carcinoma of the head and neck region in association with
cutaneous lesions which resolved after the malignancy
was treated.’ No cases without underlying malignancy
have been described. The most common associated
neoplasms are squamous cell carcinomas of the upper
aerodigestive tract and other malignancies with cervical
or mediastinal lymph node metastases.”? The syndrome
is more common in men and the mean age is 6o years.
In almost 70% of the cases the cutaneous symptoms
precede the diagnosis of the malignancy by several
months. Therefore diagnosis is often difficult.> The
clinical features are violet to red psoriasiform plaques on
acral sites. The nails are often involved with subungual
hyperkeratosis, onycholysis, yellow discoloration and
ridging Histopathological findings are often aspecific and
clinical and histopathological features can mimic several
other conditions such as psoriasis, eczematous dermatitis
or lichen planus. The pathophysiology of the syndrome is
still unknown, but it is hypothesised that an underlying

Figure 2. Our patient after one week treatment with
dexamethasone

immunological mechanism or tumour-produced growth
factor play a role.># The symptoms improve or resolve after
treatment of the underlying malignancy.>+ Treatment with
dexamethasone has not been described before, but showed
to be effective in our patient with an improvement in his
quality of life.
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BILATERAL ABDOMINAL MASS

DIAGNOSIS

CT-guided biopsy from the mass showed a collagen-
forming spindle-cell lesion suggestive of fibromatosis. A
diagnosis of fibromatosis involving both kidneys was made.
Fibromatosis or desmoid tumour covers a broad spectrum
of benign fibrous tissue proliferations. Fibromatosis is
usually characterised by infiltrative growth and a tendency
towards recurrence. It never develops metastasis.” It
can occur in a variety of anatomic locations such as
intra-abdominal, retroperitoneal or in the thoracic wall.
However, solitary occurrence of fibromatosis involving
both kidneys has not been reported.

Association with surgical trauma and familial adenomatous
polyposis (Gardner syndrome) has been reported.>
Complete resection is the therapy of choice for
fibromatosis. Radiation therapy is accepted as an effective
treatment after incomplete resection. Adjuvant therapy
using non-steroidal anti-inflammatory drugs (NSAIDs),

tamoxifen, interferon, antineoplastic agents is not
promising.

Since our patient had only minimal symptoms with
preserved renal function, no active treatment was given
and he was put on follow-up. The patient has been

asymptomatic for the past four years of follow-up.
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A DIAGNOSIS ON THE BASIS OF A BLOOD SMEAR

Prompt blood smear examination showed mainly blister
cells. Blister cells are characteristic of acute haemolysis
induced by oxidative stress. Because of the oxidative
denaturation of the haemoglobin, it is piled at one side
of the cell."> These blister cells raised a strong suspicion
on the presence of a glucose-6-phosphate dehydrogenase
(GG6PD) deficiency. G6PD deficiency was confirmed by
decreased erythrocytic G6PD activity (5 U/gram Hb).

This X-linked hereditary disorder mainly affects people
from Mediterranean, African, Middle Eastern and South
Asian descent3 Reduced G6PD concentrations render
erythrocytes susceptible to haemolysis under oxidative
conditions induced by oxidant drugs, infection, chemicals
such as naphthalene or ingestion of fava beans.

Our patient had a urinary tract infection and had eaten
fresh fava beans two days before presentation. During

the trip to Brazil, she had put mothballs in her pocket.
Mothballs with naphthalene are not produced anymore.

This case is remarkable for the German/Scandinavian
descent and the age of first symptoms. First presentation
at an older age can be due to X-chromosome inactivation.+
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ABSTRACT

Background: The objective of this study was to evaluate
whether the red cell distribution width (RDW) is a
significant risk factor for hospital mortality in critically ill
patients and to investigate whether RDW is a parameter
indicating inflammation, or a risk factor independent of
inflammation.

Methods: We studied all patients admitted to a ten-bed
mixed intensive care unit in the Netherlands between May
2005 and December 2011 for whom RDW was available,
and who had not received a blood transfusion in the
preceding three months. Inflammation was measured by
C-reactive protein and leucocyte count. Analyses included
correlation, logistic regression analysis, and receiver-
operating characteristic (ROC) curves.

Results: We included 2915 patients, of whom 387 (13.3%)
did not survive to hospital discharge. In univariate analysis
higher RDW values were associated with increased hospital
mortality. In multivariate analysis RDW remained an
independent risk factor for mortality after correction for
APACHE II score, age, admission type and mechanical
ventilation (odds ratio 1.04, 95% confidence interval
1.02-1.06, for each femtolitre of RDW). Adding RDW to
APACHE 11, however, increased the area under the ROC
curve marginally (from 0.845 to 0.849, p<o.oo1r). RDW
was not correlated with C-reactive protein and leucocyte
count, refuting the hypothesis that the association between
RDW and outcome is mediated through inflammation.
Conclusion: In critically ill patients, the RDW on ICU
admission was an independent predictor of mortality.
Since RDW was not correlated with inflammation, the
underlying mechanism of this association warrants further
investigation.

KEYWORDS

Anaemia, critical care, CRP, inflammation, outcome, RDW

INTRODUCTION

Erythrocytes differ in size, getting gradually smaller
during ageing. Their mean volume is quantified by the
mean corpuscular volume (MCV) and the variation in
size by the red cell distribution width (RDW). RDW
is calculated automatically when a full blood count
is requested, but the clinical usefulness of RDW is
limited to the differential diagnosis of anaemia. Recent
studies found associations of an increased variation in
the size of the erythrocytes as measured by RDW with
mortality irrespective of mean cellular volume (MCV)
and haemoglobin levels. Associations were reported
for patients with heart failure,” acute myocardial
infarction,* community-acquired pneumonia,’ pulmonary
hypertension® and in the general population”9 In three
studies involving critically ill patients, an increased RDW
was independently associated with increased mortality.’>*
In patients with pulmonary hypertension, RDW was
superior to N-terminal-pro-B-type natriuretic peptide
(NT-pro-BNP) in predicting outcome.® In patients with
heart failure, RDW was as good as NT-pro-BNP and
superior to New York Heart Association class, renal
function and even ejection fraction in predicting
outcome.3 While the association between increased RDW
and increased mortality seems to be an almost universal
finding, the reason for this remains to be elucidated.
One of the possible explanations, suggested by several
authors, is that an increased RDW is caused by a state of
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inflammation.+ Lippi et al. found a correlation between
RDW and erythrocyte sedimentation rate in their analysis
of routinely acquired haematological data of outpatients.+
Perlstein et al. found an association between RDW and
C-reactive protein in a community-based cohort, but
since no explanation for this association was given it is
conceivable that the association was found by chance
and for instance based on confounding.® Vitamin and
nutritional deficiency, especially deficiencies in iron,
folate and vitamin Bi2, can cause an increased RDW, but
Perlstein et al. found RDW to be an independent predictor
of mortality even after correction for vitamin deficiencies.
Bone marrow dysfunction, haemodilution, renal
insufficiency and abnormalities of erythropoietin response
have also been mentioned as possible explanations.>3

The objective of this study was to evaluate the prognostic
importance of increased red cell distribution width (RDW)
with hospital mortality in critically ill patients. Specifically,
we aimed to test the hypothesis that inflammation explains
the association between RDW and mortality.

MATERIALS AND METHODS

Setting

The study was conducted in the single mixed medical and
surgical adult intensive care unit (ICU) of the Reinier de
Graaf Hospital in Delft, the Netherlands. The hospital is a
500-bed teaching hospital covering all specialities except
cardiac surgery and neurosurgery. The closed format ICU
has ten beds and is intensivist-run with 24/7 availability.
The intensivists decide on admission to and discharge
from the ICU. The nurse to patient ratio is 1:2. During
the study period APACHE II standardised mortality rate
(SMR), the ratio between observed hospital mortality and
expected hospital mortality according to APACHE II, was
0.73. The hospital has an ICU-based medical emergency
team.

Patient selection

All consecutive patients admitted to the ICU between 1
May 2005 and 31 December 2011, for whom a full blood
count with RDW was available in the laboratory database,
were entered into the study. If a patient was readmitted to
the ICU during the study period, only the first admission
was used. The need for ethical approval and informed
consent was waived by the local medical ethics committee
(METZ Zuid West Holland).

Patient data

Demographic data, APACHE II scores, expected mortality
and outcome data (ICU and hospital mortality) were
collected on admission as part of the routine and
mandatory data collection for the Dutch Intensive Care

Registry (National Intensive Care Evaluation, NICE).
Physiological data and data about patient history were
collected on paper by the intensivist on call, demographic
data and laboratory data were collected electronically.
All data were entered into a dedicated ICU database
(Mediscore, Itemedical, Tiel, the Netherlands). Data quality
was checked regularly by external officials from NICE.
In accordance with APACHE II and NICE definitions,
patients were defined as medical patients if they had not
undergone surgery in the preceding seven days and were
not admitted to prepare them for surgery. Planned or
elective surgery was defined as surgery according to the
schedule, emergency or urgent surgery was defined as
surgery that had not been planned beforehand. Patients
fulfil APACHE II criteria when they have been treated in
the ICU for at least eight hours, when they are 16 years or
older and when they have not been admitted to the ICU
before during this hospital admission.

Laboratory investigations

The starting date of May 2005 was chosen because
from that moment on RDW was measured automatically
whenever haemoglobin (Hb) was requested. For
all requested Hb values RDW, haematocrit (Ht),
mean corpuscular volume (MCV), mean corpuscular
haemoglobin (MCH) and mean corpuscular haemoglobin
concentration (MCHC) were available in the laboratory
database. Leucocyte count and CRP were not completely
available. For the study we only included laboratory results
from blood samples that were taken within 24 hours before
until 24 hours after the time of admission to the ICU.
RDW is the standard deviation of MCV and can be given in
femtolitre (fl) as is done in this study. Some authors present
RDW as the coefficient of variation which is calculated as
100 x (RDW/MCV). Normal values for Hb were 7.3-9.8
mmol/] (adult women) and 8.4-10.9 mmol/l (adult men),
for Ht 0.36-0.48 1/l and 0.42-0.51 1/l respectively, for
MCV 83-98 fl, for RDW 37.0-48.0 fl, for leucocyte count
3.5-11.0 x 109/1, for MCH 1.60-2.06 mmol/cell, for MCHC
19.5-22.5 mmol/l and for CRP o-10 mg/l. Haematological
parameters were determined using XE-5000 analysers
(Sysmex Corp., Tokyo, Japan). This analyser calculates the
MCV, MCH and MCHC based on measurement of Hb and
Ht. CRP was determined by a latex immunoassay using the
Architect Ct6000(Abbott, Illinois, USA).

Statistical analysis

The primary study endpoint was hospital mortality.
We studied the association between hospital mortality
and available potential risk factors for mortality, namely
APACHE II score, age, mechanical ventilation during ICU
treatment, sepsis on admission to the ICU, admission type,
and also the laboratory parameters Hb, Ht, RDW, MCV,
MCH, MCHC, leucocyte count and CRP. We only used
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the laboratory results taken within 24 hours before to 24
hours after the time of admission to the ICU. Continuous
data are reported as mean and standard deviation (SD)
when normally distributed or otherwise as median and
interquartile range (IQR) and compared using Student’s
t-test or Mann Whitney U test as appropriate. Normality
was checked using histograms. Categorical data were
compared using the Chi square test and by calculating
odds ratios and 95% confidence intervals (CI). Univariate
association between potential risk factors and mortality
was done by stratified analysis using quartiles. Logistic
regression analysis was used to study risk factors for
hospital mortality. For logistic regression analysis APACHE
II score, age, RDW, Ht, Hb, MCV, MCH, MCHC and
CRP were entered as continuous variables. Sepsis on
admission to the ICU (yes/no), mechanical ventilation
during ICU treatment (yes/no), admission type (medical,
planned surgery or emergency surgery) and leucocyte
count (using quartiles) were entered as categorical
variables. Improvement in model fit was statistically
tested by likelihood ratio statistics and further quantified
by the area under the receiver operating characteristic
(AUC-ROC) curve. To avoid multicollinearity correlation
between parameters this was checked using Pearson’s R
for normally distributed parameters or otherwise with
Spearman’s rho. To test the hypothesis that RDW is
associated with increased mortality because RDW is
associated with inflammation, the correlation between
RDW and leucocyte count and correlation between RDW
and CRP was quantified using Spearman’s rho. Two-sided
comparisons with 95% confidence intervals (95% CI)
were used and p values of less than o.05 were considered
statistically significant. Data were analysed with SPSS 18.0
(SPSS, Chicago, IL, USA).

RESULTS

Between May 2005 and December 2011 there were 4568
ICU admissions of 3954 individual patients. RDW was
available for 3345 patients, and absent for 609 patients.
We excluded the 330 patients who had received a blood
transfusion in the three months preceding ICU admission.
This left us with 2915 patients fulfilling inclusion criteria
to be analysed. Basic characteristics are shown in table 1.
The top 5 primary medical diagnoses were sepsis (n=224,
19.3%), respiratory disease (n=124, 10.7%), pneumonia
(n=119, 10.3%), drug overdose (n=98, 8.5%) and cardiac
arrest (n=94, 8.1%). The top 5 primary surgical diagnoses
were gastrointestinal surgery (n=635, 36.1%), vascular
surgery (n=507, 28.9%), sepsis (n=169, 9.6%), thoracic
surgery for cancer (n=116, 6.6%) and renal/bladder
surgery (n=115, 6.5%). Univariate analysis, using quartiles,
indicated that hospital mortality was associated with

haemoglobin, haematocrit, RDW, MCHC, leucocytes and
CRP, but not with MCV and MCH (table 2). The association
was linear except for leucocytes where the association
was curvilinear: mortality was lowest in the range of
7.94-10.88 x 109/1 and higher below and above that range.
High correlations were found between haemoglobin and
haematocrit (R=0.975), between MCV and MCH (R=0.817),
between MCH and MCHC (R=0.481) and between sepsis
and CRP (R=0.478). We hypothesised that the increase
in RDW would be a sign of inflammation and therefore
there should be a correlation between RDW and CRP
or leucocytes. However, the correlation between RDW
and leucocytes was very low (Pearson R = 0.003) and the
correlation between RDW and CRP (in 1743 patients with
CRP available) was also low (Spearman’s rho = 0.062),
refuting this hypothesis.

Logistic regression analysis showed that RDW was the only
haematological parameter that was an independent risk
factor for mortality (table 3, Wald statistic 14, p<o.oo1).
However, the APACHE II score (Wald statistic 176), age
(Wald statistic 64), and mechanical ventilation (Wald
statistic 31) were strong predictors. Addition of RDW to the
APACHE II score only increased the AUC-ROC from 0.845
to 0.849 (p<o.oor, likelihood ratio test). The interrelated
parameters haemoglobin and haematocrit, MCV and
MCHC, and leucocytes were not independently related to
mortality in a model with age and APACHE II score. When
we used CRP instead of sepsis in similar models (with
1682 patients in whom both APACHE II score and CRP
were available) we found similar results: RDW remained
an independent risk factor for mortality, while CRP was
not (data not shown).

DISCUSSION

The aim of our study was to evaluate the relevance of RDW
as an independent risk factor for mortality of critically
ill patients. In this retrospective study of patients in a
mixed general ICU we found that an increased variation
in the size of a patient’s erythrocytes (RDW) at admission
to the ICU was an independent prognostic factor for
in-hospital mortality after correction for APACHE II score,
age, mechanical ventilation, sepsis and admission type.
However, adding RDW to APACHE II only marginally
increased the area under the ROC curve for the prediction
of mortality. Although it has been suggested that RDW
reflects inflammation, we did not find a correlation
between RDW and CRP or between RDW and leucocyte
count.

This study confirms the findings of the three previous
studies on RDW and outcome in critically ill patients.™
Bazick et al. studied over 50,000 patients from two tertiary
academic hospitals and found RDW to be a strong and
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Table 1. Patient characteristics

All
All patients 2915
Male 1665
Medical 1158
Planned surgery 1418
Urgent surgery 339
Age (years) 65.1 (16.0)
<50 484
50-59 443
60-69 653
70-79 841
80-89 450
>=90 44
APACHE II exp mort’ 10% (5-24)
APACHE II score 12.0 (7.4)
APACHE I o-10 1154
APACHE I 11-20 1247
APACHE II 2130 322
APACHE II >30 107
No sepsis on admission 2459
Sepsis on admission 456
No mechanical ventilation 1846
Mechanical ventilation 1069
LOS ICU (days) 1.2 (0.8-3.3)
LOS hospital (days) 10 (6-18)
Haemoglobin (mmol/l) 6.9 (1.3)
Haematocrit (1/1) 0.33 (0.006)
MCV (fl) 89.8 (6.0)
MCH (fmol/cell) 1.86 (0.14)
MCHC (mmol/l) 20.7 (0.85)
RDW (fl) 473 (6.4)
Leucocytes (x 109/1) 11.9 (6.1)
CRP (mg/ly 48 (11-159)

Discharged alive Died in hospital P>
2528 (86.7%) 387 (13.3%)

1447 (86.9%) 218 (13.1%) ns

915 (79.0%) 243 (21.0%) <0.001
1330 (93.8%) 88 (6.2%) <o0.001
283 (83.5%) 56 (16.5%) <0.001I
63.9 (16.2) 73.0 (12.3) <0.001
467 (96.5%) 17 (3.5%) <0.001
404 (91.2%) 39 (8.8%) <0.001
585 (89.6%) 68 (10.4%) <0.001
711 (84.5%) 130 (15.5%) <o0.001
332 (73.8%) 118 (26.2%) <0.001
29 (65.9%) 15 (34.1%) <0.00I
9% (4-18) 44% (21-72) <0.001
12.1 (6.2) 22.3 (8.8) <0.001
1126 (97.6%) 28 (2.4%) <0.001
1104 (88.5%) 143 (11.5%) <0.001
211 (65.5%) 111 (34.5%) <0.001
29 (27.1%) 78 (72.9%) <0.001
2188 (89.0%) 271 (11.0%) <0.001
340 (74.6%) 116 (25.4%) <0.001
1739 (94.2%) 107 (5.8%) <0.001
2528 (86.7%) 387 (13.3%) <0.001
1.0 (0.8-2.9) 2.4 (0.9-6.0 <0.001
11 (7-19) 7 (3-15) <0.001
6.9 (1.3) 6.7 (1.5) 0.002
0.34 (0.06) 0.33 (0.07) 0.046
89.7 (59) 905 (6.7) 0.023
1.86 (0.14) 1.85 (0.15) ns
20.7 (0.83) 20.5 (0.95) <0.001
46.9 (6.2) 49.7 (6.9) <0.001
11.8 (5.8) 12.6 (8.0) ns

41 (9-152) 88 (28-176) <0.001I

Data are presented as mean (SD), median (IQR) or number (percentage) as appropriate. 'for 2830 patients fulfilling APACHE II inclusion criteria;
>Chi square test, t test or Mann Whitney U test as appropriate; 3CRP was available in 1743 patients; CRP = C-reactive protein; Exp mort = expected
mortality; LOS = length of stay; MCH = mean corpuscular haemoglobin; MCHC = mean corpuscular haemoglobin concentration; MCV = mean
corpuscular volume; ns = not significant; RDW = red cell distribution width.

independent predictor of mortality. Wang et al. found
RDW not only to be an independent predictor for mortality
but also for hospital length-of-stay in a single centre
study involving 6oz patients. In their multicentre study
of 17,922 ICU patients, Hunziker et al. found that RDW
improved prognostication of SAPS I score. Newer and more
frequently used models such as SAPS II, APACHE II or
APACHE 1V, however, were not included in these studies.
The present study is the first to evaluate the predictive
properties of RDW in addition to the commonly used
APACHE II model.

It has been suggested that the association between RDW
and mortality can be explained by RDW being a marker of
inflammation. However, we found no correlation between
RDW and available markers of inflammation. RDW may
also be increased by blood transfusions, by the presence
of anaemia and by dietary status (iron, folate and vitamin
B12). In our study, patients with one or more blood
transfusions in the three months preceding admission to
the ICU were excluded, but information on iron deficiency,
folate or vitamin B12 was not available. An increase in
RDW without a change in MCV implies an increase in
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Hospital mortality OR (95% CI) P

53 (7.4%) Ref=1 <0.001
80 (10.9%) 1.53 (1.06-2.19) <0.001
84 (11.5%) 1.62 (1.13-2.34) <0.001
170 (23.0%) 3.73 (2.79-5.18) <0.001
100 (12.4%) Ref=1 0.001
85 (11.8%) 0.95 (0.70-1.29) 0.001
101 (11.9%) 0.96 (0.71-1.28) 0.001
101 (18.7%) 1.62 (1.20-2.19) 0.001
90 (12.2%) Ref=1 <0.001
83 (11.3%) 0.92 (0.67-1.26) <o0.001
93 (12.0%) 0.99 (0.72-1.34) <0.001
121 (18.2%) 1.61 (1.20-2.16) <0.00I
109 (15.0%) 1.73 (1.25-2.39) <0.001
67 (9.2%) Ref=1 <0.001
88 (12.0%) 1.34 (0.96-1.88) <0.001
123 (16.8%) 1.99 (1.45-2.73) <o0.001I
33 (7.7%) Ref=1 <0.001
79 (18.0%) 2.63 (1.71-4.05) <0.001
97 (22.4%) 3.46 (2.27-5.27) <0.001
98 (22.3%) 3.46 (2.27-5.20) <o0.001
96 (13.5%) Ref=1 ns

86 (11.6%) 0.84 (0.62-1.15) ns

88 (12.2%) 0.89 (0.66-1.22) ns

117 (15.9%) 1.21 (0.91-1.63) ns

95 (12.8%) Ref=1 ns

95 (13.0%) 1.02 (0.75-1.38) ns

85 (11.9%) 0.92 (0.67-1.25) ns

112 (15.4%) 1.23 (0.92-1.66) ns

75 (10.3%) Ref=1 <0.001
90 (10.9%) 1.07 (0.77-1.47) <0.001
91 (13.5%) 1.36 (0.98-1.88) <0.001
130 (19.1%) 2.06 (1.52-2.79) <0.001

'C-reactive protein (CRP) was available in 1743 patients. All parameters except mean corpuscular haemoglobin (MCH) and mean corpuscular volume
(MVC) are associated with mortality. The association is linear (mortality either increases or decreases with increasing value of the parameter) except
for leucocytes where the association is curvilinear (mortality is lowest in the range of 7.94-10.88 and is higher below and above that range). MCHC

Table 2. Univariate analysis of haematological parameters and mortality
Number
RDW <43.20 fl 714
RDW 43.20-46.09 fl 734
RDW 46.10-49.69 fl 729
RDW >49.70 fl 738
Haematocrit z0.37 8oy
Haematocrit 0.33-0.36 719
Haematocrit 0.29-0.32 848
Haematocrit <o0.29 541
Haemoglobin =7.8 mmol/1 740
Haemoglobin 6.9-7.7 mmol/1 737
Haemoglobin 6.0-6.8 mmol/l 774
Haemoglobin <6.0 mmol/l 664
Leucocytes <7.94 728
Leucocytes 7.94-10.88 725
Leucocytes 10.89-14.51 731
Leucocytes =14.52 730
CRP <11 mg/I* 430
CRP 11-47 mg/1 440
CRP 48-158 mg/l 434
CRP >=159 mg/l 439
MCV <86.20 fl 713
MCV 86.20-89.59 fl 744
MCV 89.60-93,09 fl 721
MCV =93.10 fl 737
MCH =1.94 740
MCH 1.860-1.939 729
MCH 1.781-1.859 715
MCH <1.781 728
MCHC =21.30 729
MCHC 20.70-21.29 826
MCHC 20.20-20.69 675
MCHC <20.20 681
= mean corpuscular haemoglobin concentration; ns = not significant; RDW = red cell distribution width.

the number of smaller and an increase in the number of
larger erythrocytes in the blood. The increased number
of smaller erythrocytes may be explained by an increase
in vesicle shedding by erythrocytes potentially due to
membrane damage inflicted by alterations in the injured
tissue capillary bed. Thus, accelerated vesicle shedding
enhances erythrocyte clearance. To compensate this
clearance may result in enhanced, erythrocyte production
and the release of relatively large reticulocytes from

the bone marrow. Future measurement of reticulocyte
counts may indicate whether an increased RDW indicates
enhanced ageing and reticulocyte release. Hence, the
functional implications of RDW as an independent risk
factor for mortality and morbidity needs further study.

From a prediction perspective it appears that RDW is
helpful in refining prognostic estimates for mortality
and length of stay, but only to a minor extent (small
increase in ROC area). Since RDW is a cheap laboratory
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Table 3. Logistic regression analysis in 2830 patients
fulfilling APACHE II criteria of all significant predictors
of mortality

Wald P OR (95% CI)
APACHE II 176 <0.00I I.I4 (1.I2-1.10)
Age 64 <0.00I 1.04 (1.03-1.00)
Mechanical ventilation 31 <0.00I  2.32 (L.72-3.12)
RDW 14 <0.00I 1.04 (1.02-1.00)
Admission type 12 0.003
-Urgent vs planned surgery 7 0.008 176 (1.16-2.66)
(=ref)
-Medical vs planned 10 0.002  1.68 (1.21-2.33)

surgery (=ref)

Final model, showing that even after correction for APACHE II score,
age, mechanical ventilation and admission type, red cell distribution
width (RDW) is an independent risk factor for mortality. When sepsis,
haemoglobin, haematocrit, mean corpuscular volume, mean corpus-
cular haemoglobin, mean corpuscular haemoglobin concentration or
leucocytes were entered in this model instead of RDW, none of these
were significant risk factors (data not shown).

measurement, its addition to risk prediction algorithms
may still be cost-effective.> However, to achieve a
significant improvement in current prediction scores of
APACHE 1I and other prognostic factors, a larger set of
new biomarkers is required.

We acknowledge several weaknesses and limitations in our
study. Firstly, we performed a retrospective study and some
possibly interesting data are lacking: reticulocyte count,
iron status, folate and vitamin Bi2. Secondly, regarding
the association between RDW and CRP, the latter was
only available for 60% of patients and it is most likely that
these patients were more seriously ill. Also the absence
of other markers of inflammation, such as procalcitonin
or interleukin-6, hampered further evaluation of the
relationship between RDW and inflammation. The
strengths of our study include the prospective collection
of clinical and laboratory data, and the observation that
different statistical analyses produced similar results.™

CONCLUSION

In conclusion, an increased variation in the size of
erythrocytes on admission to the ICU, as indicated by
RDW, is an independent prognostic factor for hospital
mortality in critically ill patients. However, adding
RDW to the APACHE II score only marginally improves
mortality prediction. The biological mechanism behind
this association is not one arising from inflammation as
expressed by leucocyte count or CRP. This calls for further
studies with more patients. Since RDW only marginally
improves the prediction of mortality, a possible role of
RDW in outcome prediction also warrants further analysis.
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Dear editor,

Natalizumab is a monoclonal antibody against anti-o4-
integrin, which was registered in the Netherlands in June
2006. It is indicated for severe and highly active relapsing-
remitting multiple sclerosis (MS) in adult patients. In
the product information of natalizumab it is stated that
opportunistic infections such as progressive multifocal
encephalopathy due to reactivation of the John Cunningham
(JC) virus, herpes infections and a fatal case of herpes
encephalitis have occurred during therapy. Human
papilloma virus (HPV) expression is not mentioned and
until now no cases of HPV expression or cervical dysplasia
in association with natalizumab have been reported.

HPV is the major cause of cervical intraepithelial neoplasia
(CIN), the premalignant lesion of cervical carcinoma.
Usually, acquired HPV infections are cleared by the
immune system by 9o% of women within two years.
However, in immunocompromised patients persistent
HPV infections, namely high-risk HPV types 16 and 18,
may lead to progression of cervical squamous epithelial
lesions. The risk of invasive carcinoma is increased in
CIN-I (mild dysplasia), CIN-II (moderate dysplasia) and
CIN-III (includes both severe dysplasia and carcinoma in
situ).

A case series is presented where the use of natalizumab
may have led to persistent HPV infections which resulted
in cervical dysplasia in four patients with MS.

METHOD AND MATERIALS

The Netherlands Pharmacovigilance Centre Lareb
maintains the voluntary adverse drug reaction (ADR)
reporting system in the Netherlands. Lareb receives reports
of ADRs spontaneously from healthcare professionals,
pharmaceutical companies, and patients. Qualified

assessors review each ADR report case-by-case. Reports
are sent to the European Medicines Agency (EMA) and are
submitted to the worldwide database of the World Health
Organisation (WHO).

RESULTS

Until 1 June 2013, Lareb received four reports of cervical
dysplasia associated with the use of natalizumab. Cervical
HPV testing for all four patients was positive but we have
no information on HPV typing. Histological examination
revealed CIN-II (cases 1-3) and CIN-III (case 4) lesions.

Caser

The first report concerns a 30-year-old woman with cervical
smear (PAP-IIIB), 45 months after starting natalizumab,
300 mg once a month for MS. Concomitant medications
were modafinil, drospirenone/oestrogen, sumatriptan,
and temazepam. Natalizumab therapy was interrupted for
an unknown period, as the MS was stabilised at that time,
one year before observation of the cervical dysplasia. Her
past drug therapy was interferon beta-1a. The patient has
a medical history of migraine and urinary tract infection.
The patient has a family history of breast and colon
carcinoma.

Case 2

The second report concerns a 33-year-old woman with
dysmenorrhoea 20 months after starting natalizumab,
dosage unknown. She had a cervical smear using thin layer
cytology and was graded as PAP-IIIA. The patient also had
a positive JC-virus test. Natalizumab was discontinued.
Past drug therapy was glatiramer, which was administrated
for two years.
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Case 3

A 3o0-year-old woman had a pap smear which was
examined with thin layer cytology showing the presence
of PAP-IIIB 35 months after starting natalizumab,
dosage unknown. A control cytology was staged PAP-II.
Natalizumab was continued. She had been using interferon
beta-1a in the past.

Case 4

The final case concerns a 28-year-old woman who was
treated with natalizumab with an unknown dosage for
a period of nine months when a cervical pap smear was
performed as part of the Dutch population screening
programme. Thin layer cytology was graded PAP-IIIB.
Natalizumab was discontinued. She had been using
interferon beta-1a and glatiramer in the past.

DISCUSSION

These reports suggest a possible relation between
natalizumab and cervical dysplasia. Three out of four
reports were reported by one reporter (J.S.), who noted
that over the last year three out of 16 patients treated with
natalizumab were diagnosed with cervical dysplasia.
Cervical dysplasia or HPV infections in association with
natalizumab have not been described before in literature.
Regarding other biologicals acting on the immune system,
two cases of genital HPV infections have been published:
one regarding infliximab and one regarding etanercept.’

The mechanism by which natalizumab may cause cervical
dysplasia is not fully elucidated. Natalizumab is known
to cause opportunistic infections. From the literature it
is shown that clearance of the HPV virus is far less likely
to occur among immune-compromised patients, who are
therefore at increased risk for developing HPV-related
malignancies.? It is for these reasons conceivable that
immune suppression caused by the use of natalizumab
is responsible for the persistence of an HPV infection and
subsequently cervical dysplasia. To what extent the past
drug therapy contributed to the development of the cervical
dysplasia is not clear. In the literature, no information was
found on interferon beta-1a or glatiramer in association
with cervical dysplasia or HPV infections. However, given
the mechanism an effect of interferon cannot be excluded.
In the literature, an increase in cancer risk, including
cervical related cancers, was seen in immune suppressed
patients.>+ Adami et al.3 explored the cancer risk following
organ transplantation in Sweden using a cohort design.
The standardised incidence ratio (SIR) was used
to estimate the relative risk of tumours for different
categories. A small statistically non-significant difference
was seen for cervical cancer in situ following organ
transplantation (SIR 1.3 with 95% confidence interval

1.0-1.8) and for cervix cancer uteri (SIR 2.0 95% confidence
interval 0.7-4.7). Exploring the cancer incidence before and
after kidney transplantation, Vajdic et al.+ found a greater
than threefold increase in risk for cervix cancer. For both
studies the SIR for cervix cancer was not increased before
transplantation; immune suppression may therefore be
responsible for the increased risk.

For now, the number of reports of cervical dysplasia
associated with natalizumab is low. More reports would
make a causal relationship between the use of natalizumab
and cervical dysplasia more likely. In order to make an
estimation of the incidence of the possible ADR, controlled
studies are needed.

CONCLUSION

The reports presented point towards a possible relation
between the use of natalizumab and an increased risk for
the development of cervical dysplasia. On the basis of these
reports it cannot be concluded that frequent monitoring
of these women is required. However, attention for this
possible association is warranted.

Competing interests/funding: Johnny Samijn is a member
of advisory board of Biogen Idec. Other authors have none
to declare.
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Dear editor,

Complementary and alternative medicine (CAM) is
frequently used in patients with cancer, up to 9o0% within
one year for at least part of their therapy.”> Both beneficial
and adverse effects of such therapy remain controversial,
and CAM has even been associated with shorter overall
survivals

The use of amygdalin, usually in the form of laetrile, has
been one of the most popular alternative ‘cancer cures’ in
the past 40 years.+ Importantly, laetrile and amygdalin are
pharmacologically distinct compounds and their names are
often used interchangeably. Amygdalin is a cyanogenetic
glycoside compounds found in the pits of many fruits and
can be applied, e.g. via ingestion of apricot kernels. Laetrile
is an acronym from laevorotatory and mandelonitrile, used
to describe a purified form of amygdalin.

Briefly, the working mechanism of amygdalin has been
proposed to rely on the specific vulnerability of malignant
cells to cyanogenic glycosides because of 1) a higher level
of beta-glucosidases and beta-glucuronidase as compared
with normal cells, leading to a more rapid intracellular
release of cyanide from amygdalin and 2) a deficiency
in rhodanese, an enzyme that converts cyanide into the
harmless compound thiocyanate.

There is circumstantial evidence that amygdalin is a
potential anti-cancer drug, mostly based on in vitro
experimental studies,®” although no clinical evidence
supporting these findings has emerged over the past
decades.® Moreover, it was even associated with toxic
blood cyanide levels and reduced overall survival when
used in the form of laetrile as described.® Despite this,
use of amygdalin is recently increasingly advocated as
an anticancer therapy.® It can be applied by intravenous
administration, tablet or apricot kernel ingestion.

In the present case report we describe the occurrence of
elevated liver chemistry tests in correlation with chronic
cyanide intoxication after apricot kernel ingestion as CAM
in a patient suffering from metastatic colon carcinoma.

Case

A 58-year-old man receiving palliative chemotherapy
(capecitabine, oxaliplatin, and bevacizumab) because
of metastatic colon carcinoma visited our outpatient
clinic before the start of the sixth cycle of chemotherapy.
He did not report any symptoms. However, peripheral
blood analysis revealed abnormal liver chemistry tests
(figure 1). Progression of liver metastases was ruled out as
an ongoing tumour response was observed on computed
tomography. He was not on any relevant concomitant
medication.

The patient then mentioned the use of 7o apricot kernels
per day, which he chopped thoroughly. He had taken them
for 45 days in a row up to a week before the outpatient visit.
He discontinued the use as it was too much work to chop
them.

He was evaluated for cyanide intoxication at the emergency
department but fortunately no lactic acidosis was detected.
The level of thiocyanate, the hepatic cyanide metabolite,
became available a few days later and showed a high level
within the toxic range. Serial measurements of thiocyanate
levels are shown in the perspective of the liver chemistry
demonstrating a time-dependent correlation (figure 2).
We measured a thiocyanate concentration of 71 mg/l a
week after the last intake of kernels. Assuming first-order
kinetics and a calculated elimination half-life of 9.5 days,
thiocyanate concentration on the last day of intake would
have been a toxic 118 mg/l.

DISCUSSION

In the present case report, we demonstrate, for the first
time, elevated liver chemistry tests as a result of chronic
cyanide intoxication after apricot kernel ingestion. Thus
far, elevated liver chemistry tests have not been reported
as an effect of cyanide intoxication. In our patient there is
a clear time-dependent relationship between the levels of
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the toxic cyanide metabolite and the liver chemistry tests
after apricot kernel ingestion.

To our knowledge, therapeutic use of amygdalin has only
been associated with liver failure in one case concerning
cirrhotic liver disease.” Elevated liver chemistry tests are
not a common adverse effect of cyanide intoxication in
humans, although chronic cyanide ingestion was reported
to cause degenerative changes in the liver of rabbits and
pigs.’*2

Most common reported side effects of amygdalin use in
humans are nausea, vomiting, hyperpnoea, headache,
palpitation, cyanosis and obtundation.> None of these
effects were reported by our patient.

In our patient liver chemistry tests were normal before
he started using apricot kernels. In this perspective,
the disturbed liver chemistry tests during follow-up
strongly suggest a correlation with the apricot kernel
ingestion. Liver chemistry abnormalities do not affect
amygdalin pharmacology or metabolism.? Two drugs from
the chemotherapy regimen that our patient received rarely
cause disturbed liver chemistry tests, and in our patient
it is unlikely that this would have been the cause as the
prior four cycles were administered without this adverse
effect. Additionally, he was re-exposed to oxaliplatin
and capecitabin without detrimental effects to the liver
chemistry.

Figure 1. Level of the four different liver enzymes (U/
litre) over time (in months). The grey area indicates the
period of use of apricot kernels. Throughout this period
there is an increase of the four liver enzyme values,
whereas these values rapidly decrease when the use of
apricot kernels is discontinued
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Despite the fact that the apricot kernel ingestion had
already been halted for one week, there were still toxic
levels of thiocyanate, however not resulting in lactic
acidosis.

It is striking that with the large number of apricot kernels
ingested per day, our patient did not present with an
acute cyanide intoxication but a chronic intoxication. In
theory, cyanide binds to the ferric ion of mitochondrial
cytochrome oxidase, which causes an almost total
inhibition of cytochrome oxidase activity, leading to
anaerobic metabolism and subsequent lactic acidosis,
the hallmark of acute cyanide intoxication. The latter
was absent in our patient and we do not have a proper
explanation for this fact. Nevertheless, we demonstrate
a clear time-dependent relationship in the levels of the
cyanide metabolite and the liver chemistry tests.

With an estimated daily intake of 1.4-2 g of amygdalin,
based on an amygdalin content of 4.5-6.5% on dry weight,™
maximal daily cyanide exposure in our patient would
be o.12 g, assuming all the cyanide is released from
amygdalin. This would lead to a near-lethal plasma cyanide
concentration of 3 mg/1 (distribution volume of o0.41 l/kg,
lethal concentration >3 mg/1).5 In practice the degree of
cyanide release is much lower and depends on the intensity
of grinding of the kernels.
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In conclusion, this case report illustrates for the first
time that a daily intake of 7o apricot kernels during
more than six weeks induces abnormal liver chemistry
tests without other toxicity signs. As a remark, this case
report stresses the importance of physicians being aware
of the use of complementary and alternative medicine
when commencing anti-cancer therapy and indicates
that unexplained abnormalities in the follow-up of cancer
patients should prompt the question about the use of
complementary medicine.
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