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E DI  T ORI   A L

Outcome of coronary revascularisation in 
diabetes

P. Smits

Departments of Pharmacology and Toxicology, and General Internal Medicine, Radboud University 
Nijmegen Medical Centre, PO Box 9101, 6500 HB Nijmegen, the Netherlands

In this issue, Timmer et al. present interesting data on the 
outcome of coronary revascularisation in diabetic patients 
in the Netherlands.1 Based on the recommendation of 
an expert panel, they assigned all enrolled patients to 
one of three treatment options: coronary artery bypass 
grafting (CABG), percutaneous coronary intervention 
(PCI) or pharmacotherapy without revascularisation. In 
total 872 patients were analysed, 107 of whom had diabetes. 
The investigators concluded that patients with diabetes 
experience worse outcomes compared with nondiabetic 
subjects. Interestingly, the increased long-term mortality in 
diabetes held true for the PCI subgroup (41 vs 24%) as well 
as for the pharmacotherapy subgroup (65 vs 31%), but not for 
the CABG-treated patients. Long-term mortality after CABG 
appeared to be exactly the same in diabetic vs nondiabetic 
subjects (24 vs 24%). So, the overall conclusions of the 
authors were 1) long-term mortality of revascularisation 
procedures is relatively high in diabetes, and 2) total 
revascularisation by CABG may be superior to PCI or to a 
conservative pharmacological approach in diabetes.
 
The first conclusion of Timmer et al., a higher long-term 
mortality after coronary revascularisation in patients with 
diabetes vs nondiabetics, is a well-known phenomenon.2 
Further analysis of this increased cardiovascular mortality 
shows that this is at least based on three independent 
mechanisms.
•	 Type 2 diabetes accounts for up to 95% of all cases with 

diabetes. Type 2 diabetes often involves the combination 
of classical risk factors such as hypertension and 
dyslipidaemia resulting in a relatively advanced state 
of atherosclerosis in this particular group of patients.2 
Timmer et al. did not discriminate between type 1 
and type 2 diabetes,1 but their data clearly show a 
higher incidence of risk factors in the diabetic patients, 
suggesting a predominance of type 2 diabetes in their 
group. Accordingly, the signs of macrovascular disease 
were much more frequent in the diabetes group as 
compared with the nondiabetic patients. 

•	 Apart from the concurrence of risk factors in type 2 
diabetes, the disease itself appears to be an important 
independent risk factor for cardiovascular events. 
Apparently, the atherosclerotic process in diabetic 
patients has particular features that contribute 
to a worse prognosis and a worse response to 
revascularisation. The majority of mechanistic 
studies point towards a toxic role for high glucose 
in the vascular complications.3 Pathophysiological 
mechanisms such as endothelial dysfunction, increased 
platelet aggregation, inflammation and advanced 
glycosylation end products seem to be crucial in 
glucose-accelerated atherogenesis.3 These mechanisms 
are also relevant for type 1 diabetes. In the DCCT 
trial, intensive glucose lowering was associated with 
a significant decrease in carotid artery intima-media 
thickness, and reduced cardiovascular disease by 42%.4 
Although the progression of atherosclerosis in diabetes 
is often impressive, there does not seem to be a specific 
feature that enables us to distinguish the diabetic 
atherosclerotic plaque from a nondiabetic lesion. 

•	 Vascular disease ultimately results in cardiovascular 
events. The outcome of such an event is not only 
dependent on the severity of the atherothrombotic 
process, but is also determined by mechanisms that 
modulate ischaemia-reperfusion injury. Animal 
experiments have convincingly shown that a certain 
vascular obstruction of a coronary artery results in a 
larger myocardial infarction under hyperglycaemic 
conditions than under normoglycaemic conditions.5 
Apparently, the diabetic or hyperglycaemic state 
inhibits endogenous cardioprotective mechanisms. 
One of the most important protective mechanisms 
against ischaemia is the well-described phenomenon of 
‘ischaemic preconditioning’.6 Ischaemic preconditioning 
is defined as an increased tolerance to ischaemia and 
reperfusion induced by a previous sublethal period of 
ischaemia. Other than timely reperfusion, ischaemic 
preconditioning is the most powerful mechanism for 

© 2006 Van Zuiden Communications B.V. All rights reserved.
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limiting infarct size. The myocardial ATP-dependent 
potassium channel (KATP channel) plays a crucial role 
in the cellular signalling of ischaemic preconditioning.6 
Recent research has shown that diabetes attenuates 
KATP channel function,7 thereby explaining reduced 
ischaemic preconditioning in these patients.8 

It is interesting to realise that all three aforementioned 
mechanisms may have been modulated by the use of 
prescribed drugs in the study of Timmer et al. For 
example, blood pressure and cholesterol-lowering drugs 
would certainly reduce the impact of the concurring 
risk factors in type 2 diabetes. From a theoretical point 
of view, blood glucose lowering drugs are expected to 
reduce glucose-accelerated atherogenesis, and the positive 
clinical data of the biguanide derivative metformin on 
cardiovascular complications may be compatible with 
this view.9 Interestingly, blood glucose lowering drugs 
may also affect ischaemic preconditioning. Sulphonylurea 
derivatives, and in particular glibenclamide, have been 
shown to block the myocardial KATP channel, thereby 
resulting in a negative effect on ischaemia-reperfusion 
injury in the human in vivo setting.10-12 Indeed, the use 
of sulphonylurea drugs is associated with an increased 
mortality in patients with diabetes mellitus after direct 
angioplasty following acute myocardial infarction.13 
In contrast, insulin, metformin and thiazolidinedione 
derivatives appear to limit ischaemia-reperfusion injury 
in experimental conditions.14-16 Unfortunately, the study 
by Timmer et al.1 did not analyse the different pharmaco-
therapeutic regimens of the included patients. As such, the 
impact of the aforementioned drug-induced mechanisms 
cannot be evaluated in their set of data. 

The second conclusion of Timmer et al. refers to the 
superiority of CABG vs PCI. In a recent article, Flaherty 
and Davidson reviewed the outcome of subgroups of 
diabetic patients in six randomised clinical trials comparing 
CABG with PCI in a total of 950 patients.2 This overview 
confirms the superiority of CABG vs PCI as far as balloon-
only PCI is concerned. However, the data do not support 
a superiority of CABG vs stent-assisted PCI. It seems 
important to realise that the use of drug-eluting stents has 
led to dramatic reductions in restenosis in diabetes. Finally, 
the use of glycoprotein IIb/IIIa antagonists has improved 
the outcome of PCI in diabetes. As such, the conclusion 
on the superiority of CABG vs PCI may not hold for 
current strategies with drug-eluting stents and with new 
pharmacological agents to inhibit coagulation. 

In conclusion, studies have shown that the outcome of 
coronary revascularisation, in particular of balloon-only 
PCI, is relatively poor in patients with diabetes. However, 
a thorough analysis of the respective factors that are 
considered to contribute to this poor outcome can help to 
optimise the chance of long-term survival after coronary 
revascularisation. 
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The Netherlands Journal of Medicine is on the move. Slowly, 
we have entered the electronic age. First, we opened 
up our windows and made the complete content of the 
Journal available to everyone who is interested.1 All issues 
from January 2002 onwards are available online at www.
njmonline.nl and it is possible to access individual articles 
via NLM’s PubMed (www.pubmed.gov). As a further 
step, we implemented an online submission system, 
(http://mc.manuscriptcentral.com/nethjmed) in order 
to streamline the submission process. This has been 
greatly successful as the number of submissions has 
increased sharply. For prospective authors this means that 
competition will be stiffer and that it will be harder to get 
into the Journal. On the other hand, this will increase the 
quality of the content of the Journal. On balance we think 
that this is a positive development, which will benefit the 
readers of the Journal. 
We, as Editorial Board, are also curious whether and to 
what extent our readers access the online content of the 
Journal. Therefore, we analysed the number of downloads 
for articles that were published in 2005. We believe 
that our analysis serves several goals. First, it informs 
us which types of papers (i.e. reviews, case reports) are 
the most popular and it also gauges which subject areas 
enjoy popularity among readers. This might influence the 
path we are taking as Editorial Board. Next, it has been 
suggested that the number of downloads correlates with 
the number of citations in subsequent years.2 As such, 
the number of downloads is a potentially useful measure 
of the scientific value of a paper. Also, download requests 
can be regarded as a highly dynamic measure as it is a 
direct reflection of immediate research interest rather 
than citation measurement which only comes to light 
years after publication of the article.3 Lastly, everybody 
likes a pat on the back and the list serves as a tribute to 
those authors who made it to the list. Our analysis has 
some inherent limitations. The analysis of our user log 
file is a rather crude measure as we cannot exclude counts 

© 2006 Van Zuiden Communications B.V. All rights reserved.

that arise from multiple accesses to the same page by the 
same person. Furthermore, hits by search machines such 
as Google generate counts that have not been excluded. 
Lastly, page views alone may not be an accurate measure 
of user interest or user perceived quality and usefulness of 
accessed pages. 

Table 1 depicts the first ten most accessed articles. We only 
adopted the open access model in August 2005 and the 
analysing software came into place in November 2005, 
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Download hit list for articles published in  
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Table 1. Top 10 of downloaded articles accessed between 
22 November 2005 and 10 August 2006

Rank Title Reference Hits

1 Psoas abscess: report of a series and 
review of the literature

4 1067

2 Mediastinal mass 5 473

3 ANCA seropositivity in HIV: a 
serological pitfall

6 407

4 Establishment of reference values 
for endocrine tests. Part IV: Adrenal 
insufficiency

7 402

5 A severe (type II) hepatopulmonary 
syndrome in a patient with 
idiopathic portal hypertension and 
treatment with paroxetine

8 402

6 Idiopathic focal segmental 
glomerulosclerosis: a favourable 
prognosis in untreated patients?

9 382

7 Cytokines and biotrauma in 
ventilator-induced lung injury:  
a critical review of the literature

10 371

8 Reverse epidemiology of blood 
pressure in dialysis patients: 
implications for treatment?

11 367

9 Helicobacter pylori, obesity and 
gastro-oesophageal reflux disease.  
Is there a relation? A personal view

12 352

10 Reverse epidemiology: paradoxical 
observations in haemodialysis 
patients

13 347
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Editorial Board. Download hit list for articles published in the Netherlands Journal of Medicine in 2005.

so only downloads after this date are counted. As a 
consequence articles published in the autumn of 2005 
enjoy a head start. There are three reviews, three case 
reports, two editorials, one original article and, much to 
our delight, one photo quiz among the most downloaded 
papers. As you can see it is topped by a case series from 
Van den Berge et al. This article gives clinical details of 
a series of twelve patients with a psoas abscess and gives 
an overview on the causes of this disorder.4 Over the 
last months this paper was accessed over 1000 times, 
which is considerable. The photo quiz on mediastinal 
mass by Monteban-Kooistra and colleagues follows. This 
paper deals with an atypical presentation of a pancreatic 
pseudocyst, which happened to be located in the posterior 
mediastinum.5 Jansen and colleagues’ paper on a false-
positive ANCA again hits our headlines.6 This article won 
the NJM award for the best case report in 2005, and most 
deservingly so. 
The subjects covered by our highest download list are 
diverse and range from endocrinology, nephrology to 
gastroenterology, thus representing the broad interest of 
our readers. 

As a service to our readership and authors, from 1 January 
2007 onwards, we will start publishing a monthly list of 
top downloads from the issue of the preceding month. We 
hope that you will appreciate this feature in the Journal.
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A b s t r act 

Iatrogenic hypoglycaemia is a well-known complication 
of insulin therapy in patients with diabetes mellitus 
and a limiting factor for glycaemic control. In a setting 
of endogenous insulin deficiency (type 1 and advanced 
type 2 diabetes), one episode of hypoglycaemia reduces 
both counterregulatory hormone responses to and 
subjective awareness of subsequent hypoglycaemia, thus 
impairing physiological defences against hypoglycaemia. 
This phenomenon may lead to a vicious cycle of 
recurrent hypoglycaemia and glucose counterregulatory 
failure, of which hypoglycaemia unawareness (i.e. the 
inability to perceive symptoms of hypoglycaemia) is the 
clinical representative. The underlying mechanism of 
hypoglycaemia-induced counterregulatory failure has not 
yet been disclosed. Patients with clinical hypoglycaemia 
unawareness are at high risk of severe hypoglycaemia 
that requires third-party assistance. Management options 
include avoidance of hypoglycaemic events and optimisation 
of insulin therapy to limit deterioration of glycaemic 
control associated with hypoglycaemia avoidance. Several 
counterregulatory-stimulating agents have been found to 
improve hypoglycaemic awareness in small clinical trials, 
but none have been tested in sufficiently large randomised 
studies to justify their use in daily practice. More research is 
required to elucidate the pathogenesis of counterregulatory 
failure and to develop adequate treatment strategies.

K e y w o r d s

Diabetes mellitus, glucose counterregulation, hypoglycaemia 
unawareness, insulin treatment

C a s e  r e p o r t

At her three-monthly visit to the outpatient clinic, a 37-
year-old woman with type 1 diabetes reported having 
had a severe hypoglycaemic incident recently. Her five-
year-old daughter found her unconscious on the floor 
and called the neighbours. Only after administration of 
glucagon intramuscularly did she regain consciousness. 
She has a 33-year history of diabetes without microvascular 
complications and is currently being treated with aspart 
insulin before meals and one injection of glargine at 
bedtime. Glycaemic control has always been reasonable 
(but not optimal), with HbA1c values ranging from 7.2 
to 8.5%. Hypoglycaemic events are recognised by loss 
of concentration, diminishing visual acuity, or not at 
all. Home blood glucose measurements disclose a high 
number of biochemical hypoglycaemias, the majority of 
which – the patient admits – were not perceived. Family 
members often recognise her hypoglycaemic events before 
she is aware of them herself. She feels insecure, especially 
when she is alone with her children. She wants to know 
why hypoglycaemias are so common, why symptoms are no 
longer perceived, and what led to the severe episode.

Clinical hypoglycaemia rarely occurs in healthy human 
beings, but it is a fact of life for people with type 1 diabetes 
mellitus (T1DM) and (advanced) insulin-treated type 2 

**P. Smits was not involved in the handling and review process of this paper.
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diabetes (T2DM). Hypoglycaemia is feared by many patients 
not only because of the associated physical discomfort, 
but mainly because of the risk of cognitive function 
deterioration that may lead to loss of personal control and 
adequate conscious behaviour, and eventually to coma. 
Iatrogenic hypoglycaemia has been described ever since 
the introduction of insulin,1 and especially those patients 
attempting to optimise glycaemic control may suffer 
multiple episodes a week.2 Numerous studies, including 
the Diabetes Control and Complications Trial (DCCT)3 and 
United Kingdom Prospective Diabetes Study (UKPDS),4 
have established the inverse relationship between HbA1c 
and risk for hypoglycaemic events. Despite recent advances 
in insulin treatment, however, iatrogenic hypoglycaemia 
remains the principal barrier to obtaining true glycaemic 
control, i.e. blood glucose values that remain within 
normoglycaemic limits for an indefinite period of time.5 
Thus, microvascular and macrovascular complications 
of diabetes associated with chronic hyperglycaemia are 
to a certain extent the consequence of (the risk for) 
hypoglycaemia. By far not all hypoglycaemic events are 
recognised, which leads to underreporting of events and 
increases the risk of hypoglycaemia complicated by coma or 
epileptic seizures, as the current case exemplifies. In this 
article, we discuss the pathophysiology of hypoglycaemia in 
diabetes, its potential to cause harm, and the implications 
of hypoglycaemia in daily clinical practice, including tactics 
to reduce its frequency. 

Role of insulin in risk for hypoglycaemia
When discussing potential causes of a hypoglycaemic event 
with a diabetic patient, it is common to search primarily for 
the classical risk factors for hypoglycaemia such as missed 
meals, excess insulin administration, alcohol consumption, 
and physical activity or sport. However appropriate this 
may be, many instances of hypoglycaemia are not the 
result of patient mistakes, but relate to imperfections in 
therapeutic insulin as opposed to endogenous insulin. 
In the nondiabetic individual, endogenous insulin 
release is instantaneous and tailor-made to the amount 
of carbohydrates that enter the circulation or to any other 
increase in the blood glucose level. Moreover, after its 
release by the pancreatic b-cell, insulin first reaches the 
liver via the portal vein to stimulate hepatic glycogen 
synthesis and to inhibit hepatic gluconeogenesis. Within 
the liver, insulin is degraded by approximately 50%,6,7 so 
that only half of the insulin released reaches the periphery 
to stimulate skeletal muscle glucose disposal or to inhibit 
lipolysis in adipose tissue. With therapeutic insulin, 
insulin levels are unregulated and do not decrease until 
the subcutaneous depot is depleted, even though the 
plasma glucose level may have started to fall (too low). 
In addition, insulin injected subcutaneously enters the 
circulation much slower and follows the reverse route, so 

that elevated insulin levels persist considerably longer. 
Variations in insulin absorption may explain why a 
dose of insulin sufficient to maintain normoglycaemia 
at one time may be too much at other times. All these 
factors may lead to inappropriate hyperinsulinaemia, i.e. 
despite corrected hyperglycaemia, hence creating a risk for 
hypoglycaemia.8 

Normal glucose counterregulation 
In the nondiabetic individual, declining blood glucose 
levels trigger a characteristic and hierarchically organised 
sequence of responses (figure 1).9,10 First and foremost, 
insulin secretion is suppressed when blood glucose levels 
fall within the physiological range (below 4.5 mmol/l). 
The resultant reduction in peripheral glucose uptake 
and increase in hepatic glucose production usually 
terminates the decline in blood glucose and prevents true 
hypoglycaemia almost without exception. In addition, 
the fall in intra-islet insulin appears to have a signalling 
role for the glucagon response to hypoglycaemia by 
alleviating its suppressive effect on pancreatic a-cells, 
thus permitting glucagon release.11-13 The release of both 
glucagon and adrenaline is triggered when plasma glucose 
values fall below ~3.8 mmol/l. They promote hepatic 
glucose production by stimulation of glycogenolysis and 
gluconeogenesis. In addition, adrenaline inhibits peripheral 
glucose uptake, thus contributing to mobilisation of 
gluconeogenic precursors. Yet adrenaline is normally 
not critical, provided the glucagon response is intact. 
Cortisol and growth are released in response to prolonged 
hypoglycaemia, but have a low significance for acute 
glucose counterregulation. Plasma glucose values of 3.0 to 
3.5 mmol/l trigger central nervous system (CNS) mediated 
onset of autonomic warning symptoms such as hunger, 
sweating and palpitations, all of which are fundamental for 
subjective awareness of hypoglycaemia. These symptoms 
are aimed to provoke eating behaviour and can be seen as 

Figure 1. Schematic presentation of physiological 
glycaemic threshold values for counterregulatory 
responses to and physical consequences of insulin-
induced hypoglycaemia

Classification Counterregulatory response or
physical consequence

Lower boundary of 
physiological euglycaemia

Hypoglycaemia

Symptomatic hypoglycaemia

Endogenous insulin   

Release of glucagon and adrenaline
Release of growth hormone

Release of cortisol
Onset of autonomic symptoms

Cognitive deterioration

Coma, seizures

Neuroglycopenia

Severe neuroglycopenia
1.0

2.0

3.0

4.0

5.0

Plasma glucose level (mmol/l)
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a last resort before neuroglycopenia develops and cognitive 
function declines, both of which reflect CNS glucose 
deprivation (table 1). The glucose levels at which these 
counterregulatory responses to hypoglycaemia occur, also 
referred to as glycaemic thresholds, are reproducible in 
healthy subjects, yet they can be altered to higher glucose 
levels following chronic hyperglycaemia14 or to lower 
glucose levels following repeated hypoglycaemia.15-17 The 
magnitude of counterregulatory function as a whole tends 
to decrease with age18 and is more prominent in men than 
in (premenopausal) women.19 

avert hypoglycaemia and are at a specifically high risk 
for severe, disabling hypoglycaemia (e.g. complicated 
by coma or seizures) that requires external assistance.27 
Various terms are used for the combination of defective 
hormonal counterregulation and hypoglycaemia 
unawareness, such as counterregulatory failure, 
hypoglycaemia-associated autonomic failure (HAAF)28 
and hypoglycaemia unawareness syndrome. Risk factors 
other than recent antecedent or recurrent hypoglycaemia 
include good glycaemic control (which by inference is 
also an index of hypoglycaemic incidence), C-peptide 
negativity, male sex, and advanced diabetes duration. 
Diabetic autonomic neuropathy causes many of the 
counterregulatory defects that are found in patients 
with hypoglycaemia unawareness.29-31 However, most 
patients with hypoglycaemia unawareness have no 
signs of autonomic neuropathy or microangiopathy. 
In cross-sectional studies, classical diabetic autonomic 
neuropathy was not associated to counterregulatory failure 
or hypoglycaemic incidence.32,33 
In T2DM, residual b-cell function largely preserves the 
first-line defence against hypoglycaemia. Consequently, 
the glucagon response is retained, hypoglycaemic 
risk is limited and further counterregulatory defects 
are prevented.34 Indeed, hypoglycaemic rates are >15-
fold lower in orally treated and still approximately 
sixfold lower in insulin-treated T2DM patients 4 than in 
patients with T1DM.3 Insulin resistance and – possibly 
– increased sensitivity to plasma catecholamines35 may 
contribute to prevention of iatrogenic hypoglycaemia 
and preservation of glucose counterregulation. However, 
the concept of hypoglycaemia-induced diminution in 
counterregulatory function also applies to T2DM.36 
Moreover, insulin deficiency in T2DM causes an absent 
glucagon response to hypoglycaemia37 and a steep rise 
in the risk for hypoglycaemia that approaches that of 
T1DM.38 T2DM patients who approach the insulin-
deficient state are prone to the same counterregulatory 
defects as patients with T1DM, including hypoglycaemia 
unawareness.37 Recent data indicate that 8 to 31% of 
insulin-treated T2DM patients report having trouble 
in correctly identifying hypoglycaemic events,39,40 and 
that these patients have a ninefold higher risk for severe 
iatrogenic hypoglycaemia than patients with normal 
hypoglycaemic awareness.39

 
Pathogenesis of counterregulatory failure
Although the role of antecedent hypoglycaemia in the 
development of counterregulatory failure is undisputed, 
the underlying mechanism has yet to be determined. 
It has been hypothesised that increased cortisol levels 
during antecedent hypoglycaemia could act as mediator 
to reduce counterregulatory responses to subsequent 
hypoglycaemia. This hypothesis was based on the finding 

Table 1. Symptoms of hypoglycaemia

Autonomic symptoms Neuroglycopenic symptoms

Sweating Blurred vision

Tingling Difficulty speaking

Trembling Feeling faint

Feeling shaky Difficulty thinking

Feeling hungry Confusion

Palpitations Dizziness

Anxiety Feeling drowsy

Irritability

Glucose counterregulation in diabetes
Glucose counterregulation in patients with T1DM is 
typically impaired. The loss of insulin-producing capacity 
disrupts the first-line defence against falling blood glucose 
levels and the consequent lack of paracrine control of 
the pancreatic a-cell precludes an adequate glucagon 
response. Therefore, hypoglycaemia usually fails to 
trigger glucagon responses in TIDM within years after 
diagnosis. When glucagon responses to hypoglycaemia 
are deficient, adrenaline and autonomic warning 
symptoms become critical for the integrity of glucose 
counterregulation. Iatrogenic hypoglycaemia, however, 
attenuates the magnitude of adrenaline and autonomic 
symptom responses to a subsequent hypoglycaemic 
episode, shifts the glycaemic threshold for these responses 
to lower levels of glycaemia,20,21 impairs hypoglycaemic 
perceptibility clinically,22 and possibly reduces b-
adrenergic sensitivity.23,24 Any hypoglycaemia, whether 
mild, asymptomatic,17 nocturnal,25 or brief,26 can provoke 
this phenomenon. Consequently, a downward vicious 
cycle of worsening counterregulation and recurrent 
hypoglycaemia may ultimately lead to hypoglycaemia 
unawareness. Hypoglycaemia unawareness is defined 
as onset of neuroglycopenia before the appearance of 
autonomic warning symptoms, and typified clinically 
by the inability to perceive hypoglycaemia by symptoms 
(figure 2). Patients with hypoglycaemia unawareness are 
unable to manifest an adequate behavioural response to 
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that prior supraphysiological elevation of plasma cortisol 
was able to mimic some of the – primarily metabolic 
– effects of antecedent hypoglycaemia41,42 and that failure 
to secrete cortisol could prevent the phenomenon.43 
However, prior cortisol elevation did not affect symptomatic 
awareness of subsequent hypoglycaemia, and lower cortisol 
levels comparable with those elicited by hypoglycaemia 
could not reproduce the phenomenon.44-46 Thus, the 
cortisol hypothesis provides no explanation for clinical 
hypoglycaemia unawareness.
Since the CNS plays such a pivotal role in the sensing of 
hypoglycaemia and the activation of counterregulation, many 
studies on the pathogenesis of counterregulatory failure have 

focussed on the brain. In humans and rodents, prolonged 
(days to weeks) hypoglycaemia was found to increase 
cerebral glucose uptake,47,48 possibly mediated through 
increased expression of cerebral GLUT-1 and GLUT-3 glucose 
transporters.49,50 These data led to the suggestion that 
recurrent hypoglycaemic events preserved or increased brain 
glucose uptake, thereby shifting hypoglycaemic symptom 
perception and onset of counterregulatory responses to 
lower levels of (systemic) hypoglycaemia.51-53 Observations 
of increased cerebral glucose content in T1DM patients 
with near-normal HbA1c values,54 or with hypoglycaemia 
unawareness55 compared with controls seem to support 
this hypothesis. However, the induction of hypoglycaemia 

S e p t e m b e r  2 0 0 6 ,  V o l .  6 4 ,  N o .  8

Figure 2. Responses of glucagon, adrenaline and cortisol to insulin-induced hypoglycaemia in nondiabetic control 
subjects (light grey bars), T1DM patients with intact hypoglycaemic awareness (black bars) and T1DM patients with 
hypoglycaemia unawareness (dark grey bars)121,122
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unawareness was not accompanied by alterations in global 
blood-to-brain glucose transport when shorter periods of 
antecedent hypoglycaemia were used, neither in humans56 
nor in animals.57,58 Moreover, no differences in blood-
to-brain glucose transport were found using positron 
emission tomography between hypoglycaemia aware and 
hypoglycaemia unaware T1DM patients.59 
Another possibility is that recent antecedent hypoglycaemia 
causes alterations in the brain’s glucose-sensing neurons 
in the ventromedial hypothalamus (VMH) that initiate the 
glucose counterregulatory response (except glucagon). As a 
result, the onset of counterregulatory responses would then 
shift to deeper levels of hypoglycaemia. Increased glucokinase 
activity,60 KATP channel closure,61 decreased AMP-activated 
protein kinase activity,62 and reduced insulin signalling63 
have all been suggested as underlying mechanism, but none 
have been universally established. Finally, hypoglycaemia-
induced alteration of brain (glucose) metabolism may be 
involved in the pathogenesis of counterregulatory defects. 
Administration of 2-deoxyglucose, a glucose compound 
that cannot be metabolised, leads to stimulation of glucose 
counterregulation and hyperglycaemia.64 Conversely, 
administration of nonglucose substrates for metabolism, 
such as b-hydroxybutyrate or lactate, during hypoglycaemia 
suppress counterregulatory responses.65-67 Recent data 
indicate that hypoglycaemia causes twofold higher increases 
in brain acetate in T1DM patients than in healthy controls68 
without affecting brain energy metabolism,69 suggesting 
that increased blood-to-brain transport of alternative 
metabolic substrates could be the mechanism underlying 
counterregulatory failure. How hypoglycaemia affects brain 
glucose metabolism and if alterations therein occur after 
repeated hypoglycaemia is still unknown. Localised 13C 
nuclear magnetic resonance (NMR) spectroscopy, provides 
a novel highly sophisticated tool to study brain glucose 
metabolism in vivo. Under optimal conditions, it has become 
feasible to use 13C NMR spectroscopy in humans under 
hypoglycaemic conditions.70

Morbidity and mortality of severe hypoglycaemia
Severe decrements in blood glucose levels that interfere 
with the individual’s ability for self-management have 
the potential to cause significant physical harm. It has 
been estimated that 2 to 4% of all deaths in T1DM occur 
under hypoglycaemic conditions.71 In most instances, death 
cannot be attributed directly to hypoglycaemia, but relates 
to the circumstances under which the hypoglycaemic event 
evolved, e.g. in traffic, during swimming or scuba diving, at 
heights, et cetera. To avoid hypoglycaemia while driving, it 
is recommended to test blood glucose before and at regular 
intervals during driving, to ingest prophylactic carbohydrates 
when blood glucose is below 5 mmol/l, and to keep an 
emergency supply of carbohydrates for treatment purposes 
and to cope with unexpected delays, such as traffic jams.72 

A direct relation between hypoglycaemia and death 
has been proposed in the dead in bed syndrome, a rare 
disorder characterised by an unexpected death in a young, 
previously healthy, tightly controlled T1DM patient, often 
with a history of recurrent (nocturnal) hypoglycaemia.73,74 
Death in this syndrome is thought to be the result of a fatal 
ventricular arrhythmia caused by hypoglycaemia-induced 
lengthening of the QT interval.75 It is not yet known to what 
extent hypoglycaemia contributes to mortality in T2DM, yet 
the fact that hypoglycaemia can induce arrhythmia may be 
clinically relevant in a population prone to cardiovascular 
disease (such as T2DM).76 Moreover, hypoglycaemia as a 
cause of out-of-hospital mortality may be easily missed in 
the elderly T2DM population.
It is unclear whether severe hypoglycaemia constitutes a 
risk factor for persistent loss of cognitive function. There 
are occasional case reports of serious brain damage induced 
by severe hypoglycaemia,77-80 and a recent study reporting 
altered brain structure after severe hypoglycaemia.81 In 
addition, insulin-treated diabetic patients with a history 
of repeated severe hypoglycaemia were found to perform 
slightly worse on an IQ test than patients without such a 
history.82 Prospective studies83-85 and a recent cross-sectional 
study,86 however, have been unable to establish an association 
between severe hypoglycaemia and cognitive decline. 
On the contrary, cognitive dysfunction and structural 
abnormalities on brain MRI scans appeared to be more 
prevalent in patients with microvascular complications such 
as diabetic retinopathy than in those with a history of severe 
hypoglycaemia.86 Indeed, evidence is accumulating that 
loss of cognitive function may result from hyperglycaemia 
or hyperglycaemia-induced micro- or macroangiopathy, a 
condition for which the term ‘diabetic encephalopathy’ has 
been proposed.87 As a corollary, cognitive function may 
benefit more from strict glycaemic control and prevention 
of hyperglycaemia than from meticulous avoidance of 
(severe) hypoglycaemia. Studies with extended follow-up, 
preferably 30 years or longer, are needed to identify whether 
or not diabetic patients with diabetic encephalopathy are at 
increased risk of hypoglycaemia-induced brain damage.

Diagnosis of clinical hypoglycaemia unawareness 
There are no tests available to definitively establish the 
presence of hypoglycaemia unawareness or defects in 
hormonal glucose counterregulation in daily practice. 
Diagnosis of hypoglycaemia unawareness is subject to 
clinical judgment, the assessment of which is clinically 
relevant because of its predictive value for the frequency 
of severe hypoglycaemic episodes.39,88 Self-reported 
failure to perceive hypoglycaemic symptoms is associated 
with a ninefold higher risk of severe hypoglycaemic 
events,88 underscoring patients’ capability for reliable 
self-diagnosis. Clinical signs suggestive of hypoglycaemia 
unawareness include self-reporting of biochemical 
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hypoglycaemia unaccompanied by symptoms, loss of 
autonomic symptoms as initial sign of hypoglycaemia, a 
(recent) history of severe hypoglycaemia (e.g. coma), or 
the reporting that lower blood glucose levels are required 
to elicit symptoms. Nocturnal hypoglycaemias should 
be specifically addressed as they are more frequent then 
previously acknowledged and go typically unnoticed.89 
Continuous glucose monitoring (CGMS) may help to detect 
nocturnal or otherwise asymptomatic hypoglycaemia, 
but its tendency to overestimate the time spent under 
hypoglycaemic conditions and its relatively low accuracy 
during hypoglycaemia should be taken into account.90,91 
It may prove valuable to interview spouses and family 
members, as they often recognise (the neuroglycopenic 
symptoms of) hypoglycaemic events before the patient 
with hypoglycaemia unawareness perceives them. As 
irritability or even frank aggression may be a consequence 
of neuroglycopenia,92 such instances can be disturbing 
for both patients and their relatives, especially when the 
patient denies being hypoglycaemic and refuses to take 
appropriate action. A peculiar observation concerns the 
expression of odd behaviour by dogs whose owners are in 
a hypoglycaemic state,93,94 a phenomenon that might be 
utilised for hypoglycaemia alerting.94 

T r eatment        o f  h y p o g l y caem    i a 
u na  w a r ene   s s  an  d 
c o u nte   r r e g u l at  o r y  d e f ect   s

Table 2 shows all the treatment options for the management 
of hypoglycaemia unawareness and the counterregulatory 

defects. 

Hypoglycaemic risk reduction
Several studies have found that hypoglycaemia 
unawareness is reversible, at least in part, when 
hypoglycaemic events are meticulously avoided. 
Avoidance of hypoglycaemia for two to three weeks 
appears sufficient to restore symptomatic awareness 
of hypoglycaemia, to improve the adrenaline response 
to hypoglycaemia, to shift the glycaemic thresholds for 
these responses to higher plasma glucose levels,95-97  
and to normalise b-adrenergic sensitivity.98 Not all 
counterregulatory defects respond to this strategy: 
glucagon responses typically remain unaffected, 
whereas adrenaline responses improve but usually 
do not normalise, possibly reflecting more or less 
permanent loss of adrenaline-releasing capacity.99 By 
close monitoring of blood glucose excursions (including 
at night) and intensifying patient-doctor contacts, it 
has been reported feasible to limit deterioration of 
glycaemic control to <1% increase in HbA1c.

100 However, 
in daily practice the associated worsening of glycaemic 
control is often much greater, constituting a significant 
drawback to the strict hypoglycaemia avoidance approach. 
Therefore, this strategy should be reserved for patients 
for whom the benefit of avoiding hypoglycaemias clearly 
outweighs the long-term harm of poorer metabolic 
control. For example, patients with a history of severe, 
complicated hypoglycaemia, patients who run the risk 
that hypoglycaemias result in potentially fatal (traffic) 
accidents and perhaps patients – or whose relatives – who 
cannot cope mentally with the burden of recurrent 
hypoglycaemias.101 Preferably, tight glycaemic control 
should be gradually re-introduced once hypoglycaemic 
awareness has returned.

Table 2. Treatment options for the management of hypoglycaemia unawareness

Options Mechanism Comment 

Reducing hypoglycaemia risk Avoidance of hypoglycaemia Two to three weeks is sufficient to improve 
hypoglycaemia unawareness clinically

Optimising insulin treatment Idem Effect on counterregulation depends on 
effectiveness of hypoglycaemia avoidance

Pharmacological therapy

•	 Alanine Stimulation of glucagon response Not tested in clinical trials

•	 b2-adrenergic agents Enhancement of adrenaline effect Not tested in clinical trials

•	 Methylxanthine derivatives CNS stimulation May be efficacious, but emergence of 
tolerance may limit effect of long-term use 

•	 KATP channel modulators Modulation of hypoglycaemia sensing Not effective in humans, possibly due to 
inability to cross blood-brain barrier

•	 Fructose Idem Promising, but not tested in clinical trial

Miscellaneous

•	 Blood glucose awareness training Improving accuracy of hypoglycaemia 
detection

Intensive programme that has only been 
found effective at the hands of its founders

•	 High-intensity exercise Prevention of exercise-induced 
hypoglycaemia

Single observation in a limited number of 
subjects

S e p t e m b e r  2 0 0 6 ,  V o l .  6 4 ,  N o .  8
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Optimisation of insulin treatment: insulin analogues and 
CSII 
Because of its pivotal role in counterregulatory 
impairments, any reduction in the rate of iatrogenic 
hypoglycaemia will automatically support the integrity of 
counterregulatory function and contribute to prevention 
of subsequent episodes. Practising hypoglycaemia risk 
reduction within the boundaries of glycaemic control can 
be attained by selecting insulin preparations that best 
mimic the physiological profile of rapid bursts of insulin 
secretion at mealtimes and stable, peak-less insulin levels 
between meals and overnight. In general, short-acting 
insulin analogues, such as lispro or aspart, are associated 
with a lower rate of hypoglycaemia, especially in the 
postabsorptive state,102-104 and preserve counterregulatory 
function better105 than regular insulin. Basal insulin is 
best replaced by a long-acting insulin analogue.103,106-

109 These agents produce a lower peak concentration 
and have a more predictable pharmacokinetic profile 
than NPH insulin, which may specifically reduce the 
risk of nocturnal hypoglycaemia. Finally, continuous 
subcutaneous insulin infusion (CSII), preferably with a 
short-acting insulin analogue, is viewed as the best method 
to match insulin administration to daily fluctuating 
requirements,110-113 for which clinical hypoglycaemia 
unawareness is an accepted indication. Conceptually, use 
of CGMS may be of adjunctive value to optimise insulin 
therapy, yet studies addressing this issue are few and have 
produced conflicting results.114 An extensive discussion 
on treatment optimisation, however, is beyond the scope 
of this review.

Pharmacological management of hypoglycaemia 
unawareness 
Although providing therapeutic insulin in a more physiological 
fashion can minimise the risk of iatrogenic hypoglycaemia, 
this alone is often insufficient to normalise hypoglycaemic 
awareness or hormonal glucose counterregulation. From 
a pharmacological point of view, several agents have the 
potential to stimulate or support glucose counterregulation 
more directly. A number of approaches have been tested.
A first approach is to stimulate hormonal counterregulation 
directly in order to prevent the occurrence of or promote 
recovery from hypoglycaemic events. Alanine can enhance 
the glucagon response to hypoglycaemia and has been found 
to support recovery from experimental hypoglycaemia115 and 
to prevent nocturnal hypoglycaemia somewhat better than 
a bedtime snack.116 The remarkable finding of a discernible 
glucagon response to hypoglycaemia in patients with long-
term T1DM in the postprandial period has been attributed to 
alanine in the meal.117 Analogously, the b2-adrenergic agonist 
terbutaline provides similar clinical effects by enhancing the 
glucose-stimulating action of adrenaline.115,116 Theoretically, 
reduced b-adrenergic sensitivity may limit its usefulness in 

patients with hypoglycaemia unawareness,23,24 but recent 
evidence indicates that responsiveness to b2-adrenergic 
agonists is unaltered in these patients.118 Neither alanine nor 
terbutaline have been studied in a clinical trial. 
A second approach to enhance glucose counterregulation 
is by CNS stimulation. Several studies have examined 
the central stimulant effects of the methylxanthine 
derivatives theophylline and caffeine for their capacity to 
ameliorate hypoglycaemia unawareness. Both agents have 
been found to enhance counterregulatory hormone (except 
glucagon) responses to, the perception of, and recovery from 
hypoglycaemia in uncomplicated T1DM patients119,120 and in 
T1DM patients with hypoglycaemia unawareness.121 Despite 
the well-known emergence of tolerance associated with 
prolonged use of methylxanthines under nonhypoglycaemic 
conditions, some of the glucose counterregulation 
enhancing effects are retained during hypoglycaemia.122 In 
a clinical setting, three months of caffeine use in a group of 
nonselected T1DM patients resulted in increased reporting of 
symptomatic hypoglycaemia and a reduction in biochemical 
(i.e. asymptomatic) hypoglycaemia, whereas glycaemic 
control remained unaffected.123 These promising data need 
confirmation by larger controlled studies of longer duration 
before use of caffeine or theophylline can be recommended 
for the management of hypoglycaemia unawareness.
A final approach is to manipulate cerebral hypoglycaemia 
sensing, for instance by agents that alter glucokinase 
activity or KATP channel opening. Fructose, which may 
enhance cerebral hypoglycaemia sensing by modulation of 
glucokinase activity, has been found to stimulate glucagon 
and adrenaline responses to hypoglycaemia, to stimulate 
hepatic glucose production and to inhibit peripheral glucose 
uptake.124,125 Whether fructose ameliorates hypoglycaemia 
unawareness and if so, whether the effects of fructose are 
sustained with long-term use has, however, not been studied 
so far. In nondiabetic subjects, neither glibenclamide 
(a KATP channel blocker) nor diazoxide (a KATP channel 
opener) have been found to affect counterregulatory 
responses to hypoglycaemia,126 possibly because the agents 
were unable to cross the blood-brain barrier.

Nonpharmacological interventions
Focusing primarily on the clinical problem of 
hypoglycaemia unawareness, Cox and co-workers developed 
what is known as blood glucose awareness training 
(BGAT), a specific training programme to improve the 
accuracy of blood glucose level estimation.127 The BGAT 
programme involves instruction on (discrete) physical 
symptoms as internal cues and on the effect of diet, 
physical exercise, insulin pharmacology, and last blood 
glucose reading as external cues to allow more adequate 
assessment of blood glucose level. Although originally 
developed to improve detection of hyperglycaemia, BGAT 
has been found to support the accuracy of hypoglycaemia 
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detection and to decrease the number of asymptomatic 
hypoglycaemia without compromising glycaemic control,128 
even in the long term.129 Counterregulatory function may 
benefit from this reduction in hypoglycaemic incidence 
– and the detection of falling blood glucose levels at 
earlier stages – in that a near-normal adrenaline response 
to insulin-induced hypoglycaemia can be retained.130 
Attempts to translate BGAT into a Dutch version have only 
been partially successful, as its effect on hypoglycaemia 
detection was far less evident.131,132 
Patients who experience hypoglycaemia during or shortly 
following low- or intermediate-intensity exercise may benefit 
from a brief period of high-intensity exercise to revert the 
fall in blood glucose. In seven T1DM patients who exercised 
for 20 minutes at 40% of maximal capacity, 10 seconds of 
sprinting on a cycle ergometer was sufficient to stabilise 
glucose levels and to prevent hypoglycaemia without 
reductions in insulin use.133 Interval training, in which low- 
and high-intensity exercise is alternated, may be equally 
effective to avoid exercise-induced hypoglycaemia.134

C o nc  l u s i o n

In insulin-treated diabetic patients, iatrogenic 
hypoglycaemia is typically the result of the interplay of 
insulin excess on the one hand and counterregulatory 
failure, as ref lected by defective hormonal 
counterregulation and hypoglycaemia unawareness, on 
the other. Although rarely causing direct physical harm, 
iatrogenic hypoglycaemia constitutes an important burden 
for patients with T1DM or advanced T2DM, and is the 
limiting factor in the glycaemic management of diabetes. 
Use of insulin analogues, both short- and long-acting, 
and insulin pumps may help to limit hypoglycaemic risk. 
However, provided that insulin treatment and blood glucose 
self-monitoring are optimised, improvement of glycaemic 
control can at some point only be achieved at the expense 
of increased hypoglycaemic incidence. Conversely, it may 
prove difficult, if not impossible, to apply hypoglycaemia 
risk-reducing strategies without compromising glycaemic 
control to a certain extent. Unless we learn to overcome 
the imperfections of therapeutic insulin by providing 
insulin in a much more physiological way (e.g. by glucose-
regulated insulin replacement), iatrogenic hypoglycaemia 
will remain a daily issue for all diabetic patients requiring 
insulin treatment. More effort should be exercised to 
understand the pathophysiology of counterregulatory 
impairments and hypoglycaemia unawareness more 
thoroughly, in order to develop targeted strategies that 
support glucose counterregulation and – consequently –  
reduce hypoglycaemic incidence.
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A b s t r act 

Obstructive sleep apnoea (OSA) is a complex disease entity 
strongly influenced by genetic factors, especially those that 
affect obesity and fat distribution, upper airway muscle 
tone, craniofacial morphology, ventilatory control and 
sleep, giving rise to the OSA phenotype. OSA can also be 
considered a metabolic syndrome which adversely affects 
multiple organ systems, especially the cardiovascular system 
and the brain. The most widely used clinical marker for the 
diagnosis of OSA is the apnoea-hypopnoea index, calculated 
by polysomnography. A percentage of 35 to 40% of its 
variance can be attributed to genetic factors. Therefore, the 
identification and elucidation of the genes implicated in the 
pathogenesis of OSA becomes a matter of extensive research 
and could lead to the development of therapeutic agents that 
can have a beneficial effect on the natural course of OSA. 

K e y w o r d s

Genetic susceptibility, OSA, polymorphism 

Int   r o d u ct  i o n

Obstructive sleep apnoea (OSA) is defined by a constellation 
of signs and symptoms; specifically, the occurrence of 
repetitive episodes of complete or partial obstruction of 
the upper airway during sleep, usually in association 
with loud snoring and daytime sleepiness. Such episodes 
are often associated with arousals, sleep fragmentation, 
intermittent hypoxaemia and hypercapnia, and nocturnal 
hypertension.1,2 Associated nocturnal symptoms include 
restlessness, excessive salivation and sweating, nocturia, 
and gastro-oesophageal reflux. The patient frequently wakes 
in the morning with a headache and dry mouth or throat. 
OSA is now recognised to occur commonly, affecting 2 to 
3% of children,3 2 to 4% of middle-aged adults4 and 10% of 
the elderly population. Among people over 55 years of age, 
30 to 60% meet the polysomnographic diagnostic criterion 

of an apnoea-hypopnoea index (AHI) of ≥5.2 Its association 
with several chronic health conditions, particularly obesity, 
hypertension, diabetes, and cardiovascular diseases,5-7 has 
underscored the broad public health importance of this 
condition. An elucidation of the aetiology of OSA, and 
the extent to which the disorder is due to genetic factors, 
is needed to better develop screening and treatment 
approaches. Very important is the role of apnoea-hypopnoea 
index (AHI), which is simply a count of the number of 
apnoeas and hypopnoeas per hour of sleep.8 Apnoea is 
defined as a pause of at least ten seconds in the oral-nasal 
flow of air, despite the movement of the chest or abdomen, 
which leads to a reduction in O2 saturation (≥2.5%) and 
awakening, while hypopnoea occurs when mild obstruction 
leads to a decrease in air flow by 50%. This index may be 
moderately correlated with various indices of night-time 
oxygen desaturation and sleep fragmentation measured 
using overnight polysomnography, which includes 
recording of oronasal flow (thermocouples), thoraco-
abdominal movements (strain gauges), electrocardiogram, 
submental electromyogram, electro-oculogram, 
electroencephalogram (C4-A1, C3-A2) and transcutaneous 
SaO2. Subjects are often considered ‘diseased’ if the AHI 
exceeds the threshold value of 5.9 

As with blood pressure, increasing values of AHI indicate 
increasing disease severity.10 Most studies of the genetics 
of OSA have used the AHI as the major disease-defining 
variable, and these studies have demonstrated significant 
familial aggregation. Advantages of the use of AHI are 
simplicity and high night-to-night reproducibility,11 
whereas its major disadvantages include the between-
laboratory variability in measurement technique, the lack 
of information it provides on the severity of individual 
events (duration, associated hypoxaemia and arousal) and 
its uniformity regarding the functional and physiological 
impact of the disorder.10 OSA seems to be a complex 
disorder that includes multiple genes, environmental 
influences, and developmental factors. Specific gene 
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products may more directly influence lower level 
phenotypes than higher level phenotypes. Traits such 
as facial and head form, ventilatory chemosensitivity, 
load compensation, sympathetic nervous system activity, 
connective tissue laxity, muscle fatigability and central 
obesity are possible intermediate phenotypes for OSA. 
Examples of low level phenotypes include hormone levels 
or receptor subtypes.10

Inheritance and observed aggregation within families
Descriptive reports of families with multiple affected 
members12,13 show that there is likely to be role for inheritance 
apart from familial influences related to obesity. Preliminary 
results from segregation analysis have further defined the 
likely magnitude of genetic influences. Relatives of patients 
with the sleep apnoea-hypopnoea syndrome reported snoring, 
daytime sleepiness and had more apnoeas and hypopnoeas, 
arousals from sleep, poorer sleep quality and more oxygen 
desaturations compared with relatives of controls.14 Another 
study15 calculated the estimated risk ratios for relatives of 
patients with OSA and found that they were increased. The 
risk ratio for first-degree relatives was 2.0 for parents and 1.9 
for siblings. For second-degree relatives (half-sibs, uncles/
aunts, grandparents) the estimated risk ratios were 1.9, 1.3 
and 1.3, respectively, with the first two being significant. 
The estimated risk ratio for cousins was 1.3, which was also 
statistically significant. The more severely affected group 
(continuous positive airway pressure (CPAP)-treated) shows, 
in general, somewhat higher risk ratios. OSA was reported in 
members of the same and different generations. It was found 
in children as well as adults, and in obese and nonobese 
family members. One report cited the co-occurrence of 
OSA, seizures and anosmia in affected family members as 
suggesting an inherited syndrome.16

Twin studies and familial clustering of snoring
First of all, the concordance for snoring was greater 
between monozygotic (MZ) twins than between dizygotic 
(DZ) twins, suggesting a role for inheritance.17 Recent 
twin studies have also shown higher concordance in 
monozygotic than in dizygotic twins for habitual snoring.18 
Furthermore, habitual snoring, excessive daytime 
sleepiness, and snorting, gasping, or apnoeas were reported 
two or four times more frequently among the first-
degree relatives of patients with OSA than among control 
subjects.19 In another study a significant relationship 
was demonstrated between family history of snoring and 
self-reported snoring.20 Risk of snoring was increased 
approximately threefold when at least one first-degree 
relative was reported to be a snorer, and increased fourfold 
when both parents were reportedly snorers. First-degree 
relatives of patients with OSA have consistently been shown 
to be at increased risk. Familial aggregation is generally 
explained by the fact that most risk factors involved in the 
pathophysiology of OSA are, to a large extent, genetically 

determined.16,21-24 The major risk factors for OSA include 
obesity, ventilatory control abnormalities, and craniofacial 
dysmorphism (disproportionate craniofacial anatomy).

AHI and reported frequency within families
There were studies in which the definition of the disease 
was based on various threshold values of the AHI. In the 
studies the prevalence of OSA among first-degree relatives 
of probands with OSA varied from 21% (in the Cleveland 
Family Study) to as high as 84%.21 When OSA was 
defined by an AHI >5 occurring with daytime tiredness 
or sleepiness and one other symptom, prevalence among 
first-degree relatives was 84%.21 Changing the definition 
by requiring an AHI >15 and the occurrence of daytime 
sleepiness reduced the prevalence to 13%. This remark 
emphasises the importance of carefully considering how 
phenotype is defined. The Cleveland study also found an 
association between sudden unexpected death in infancy 
and OSA, suggesting that there are some families that may 
be predisposed to both syndromes.25

Results of racial, sex and ethnic variation in AHI and BMI
Obesity is the most characteristic feature of OSA in both 
European-American and African-American adults, and is 
most commonly measured by an elevated body mass index 
(BMI). Although relatively little is known about OSA in non-
European populations, emerging data from the United States 
suggest that both old and young African-Americans have 
higher levels of AHI than European-Americans. Obesity is 
more prevalent and is more epidemic in African-Americans 
than in European-Americans, with the greatest ethnic 
differences observed for females. OSA appears to present 
at a younger age in African-Americans than European-
Americans, and may also be more severe. Hypertensive end 
organ disease (kidney and cerebral vascular disease) and 
cardiovascular mortality are two- to threefold more prevalent 
among African-Americans than European-Americans. 
Higher levels of AHI are seen in African-Americans than 
Caucasians, particularly among case families.26 Elderly 
African-Americans were at an approximately twofold 
increased risk for sleep apnoea compared with elderly 
Caucasians, and also had more severe sleep apnoea. In 
the Cleveland family study, racial differences were most 
prominent in individuals <25 years of age and even higher 
among children <13 years (odds ratio >3.0).27 Racial variations 
may be due to variations in upper airway anatomy and other 
physiological factors. Anatomic risk factors in African-
Americans appeared to be related to increased upper airway 
soft tissue rather than bony features that reduce airway 
size. It has also been shown that the familial aggregation 
of OSA in Caucasian males may be largely determined by 
influences related to obesity. Another observed difference 
was that Pacific Islanders and Maori living in New Zealand 
suffer from more severe OSA compared with individuals 
of European descent.28 These racial effects were attributed 
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to group differences in neck size and body mass. Further 
light needs to be shed on the extent to which environmental 
or cultural vs genetic factors explain such difference in 
underlying pathogenetic mechanisms for OSA.
Strong genetic effects underlying the BMI have been shown 
by studies conducted on Nigerian, Jamaican, and African-
American families, with the heritability of adult BMI ranging 
from 48 to 58%.29 The heritability for AHI has also been 
shown to have a strong genetic predisposition, in a study 
conducted in African-American families it was around 32%.26 
A wide genomic scan showed some evidence of linkage 
for both AHI and BMI to a broad region on chromosome 
8q, namely 8q24. It could represent a locus affecting AHI 
and BMI independently. Other regions showing linkage 
with obesity-related phenotypes include chromosome 4q23, 
connected with abdominal subcutaneous fat and trunk-
to-extremity skinfold ratio. The 4q23 region contains the 
intestinal fatty acid-binding protein 2 (FABP2) and uncoupling 
protein 1 (UCP1) genes, which have been associated with BMI, 
percentage of body fat, abdominal fat, and weight loss.26 The 
8q21 region linked BMI and leptin levels, and the 10q26 
region associated BMI levels with measures of abdominal fat. 
The chromosome 8q22 region also contains a core-binding 
factor (runt domain, P subunit) gene (CBFA2T1), which has 
been previously associated with BMI, percentage of body fat, 
and waist-and-hip circumference in a study of Pima Indians.26 
The 10q24–26 region contains the ponsin (SH3D5) and  
P-2A-adrenergic receptor (ADRA2A) genes, which have been 
associated with measures of obesity or fat distribution. QRS 
was also linked with loci on chromosomes 2p, 7p, and 12p. 
Regions that showed strong linkage with AHI were located 
on chromosomes 1p, 2p, 12p, and 19p.26 It therefore seems 
that although they appear to be independent parameters, 
two important markers associated with OSA (AHI and BMI) 
have both shared and unshared genetic determinants and the 
analysis of the various genetic loci linked with them, through 
mapping efforts, could give more information on the genetics 
of OSA and its phenotypes

Obesity, fat distribution and implicated genes
Obesity appears to increase risk of OSA approximately 10 to 
14-fold.30,31 In contrast, weight loss may reduce the severity 
of the condition.32 Obesity may lead to OSA through fat 
deposition in upper airway tissues, reducing nasopharyngeal 
caliber and/or from hypoventilation occurring in association 
with reduced chest wall compliance. Twin studies also 
showed that 70% of the variance in obesity within the 
general population can be attributed to genetic factors.23,24 
Familial studies of abdominal visceral fat reveal that the 
familial transmission reaches >50% of the age, sex and 
total body fat adjusted variance.24 Obesity is believed to be 
secondary to abnormalities in autonomic, endocrine, and 
hypothalamic function which, in turn, are associated with 
genetic factors that influence metabolic rate, fat storage, 
and eating behaviour. About a quarter of the between-

twin variability in regional body fat distribution may be 
influenced by genetic factors.24 Hence, upper-body obesity 
may be a relatively greater risk factor for OSA than total 
body fat mass. The heritability of the amount of upper body 
fat or the level of upper body fat relative to lower body fat 
ranges from approximately 30 to 50% of the phenotype’s 
age, sex and total body fat adjusted variance.24 Even relatively 
nonobese individuals with OSA may have regional excess fat 
deposition, especially in the anterolateral upper airway.33

The coaggregation of OSA, central obesity, hypertension, 
and type 2 diabetes suggests that OSA may be part of a 
‘metabolic’ syndrome, which may be largely influenced by 
genes that have an effect on insulin resistance and body 
fat distribution. Candidate genes for obesity are therefore 
relevant for studies of the genetics of OSA both because 
of the prominence of obesity in the OSA phenotype, and 
because of the potential impact of these genes on the 
expression of other traits of potential relevance to OSA. 
Previous genetic studies of obesity have not evaluated 
OSA, which may occur in as many as 66% of obese 
individuals. The term ‘syndrome Z’ has been introduced 
for the combination of hypertension, central obesity, insulin 
resistance, hyperlipidaemia, and OSA.34 Some studies 
have shown combined metabolic abnormalities in patients 
with obesity (metabolic syndrome or syndrome X), and 
sleep deprivation itself has been shown to have metabolic 
consequences.35 It is plausible that OSA may increase the risk 
of obesity. For example, OSA causes sleep fragmentation and 
sleepiness, effects that may promote weight gain through 
reduced physical activity and hypercytokinaemia.36

There are a number of studies showing the pleiotropic 
effects of leptin (an adipose-derived circulating hormone), 
not only in appetite regulation but also in lung growth 
and respiratory control as well as in sleep architecture. 
A genome wide scan conducted on ten extended Mexican-
American families showed an established linkage between 
serum leptin levels and areas on chromosomes 2 and 8.37 
These regions respectively encompass genes encoding for 
pro-opiomelanocortin (POMC), which may be important 
in appetite regulation, and for X-3-adrenergic receptor 
(ADRB3), which may influence the regulation of energy 
expenditure. A more recent family study in Germany has 
additionally implicated mutations in the melanocortin-4 
receptor gene (MC4-R) in extreme and moderate obesity.38 
A number of candidate genes for obesity (e.g. leptin, 
adenosine deaminase and melanocortin-4 receptor) are 
expressed in a variety of tissues and brain sites important 
in the regulation of breathing.39,40 In knockout mice models 
leptin deficiency causes depressed ventilatory responses to 
hypercapnia in both wakefulness and sleep.41 Finally, leptin 
administration also influences sleep architecture in rats.42

Craniofacial morphology in the aetiology of OSA
Craniofacial morphology is very important since it 
determines the anatomy and the diameter of the upper 
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airways. OSA occurs when the size of the upper airway 
is reduced.43 Structural abnormalities that cause this are 
reduction of the anteroposterior dimension of the cranial 
base,44 reduction of the size of the posterior and superior 
airway spaces,45 inferior displacement of the hyoid,46 
elongation of the soft palate, macroglossia, adenoidotonsillar 
hypertrophy and increased vertical facial dimension, with 
a disproportionate increase in the lower facial height.44 
Retrognathia and micrognathia have also been linked 
with OSA, although the link was not as strong.47 Also a 
brachycephalic head form often creates a problem since it 
is associated with sudden unexpected death in infancy and 
an increased risk of OSA in Caucasians while in people 
of African descent, this head form is uncommon, and 
therefore does not appear to increase risk of OSA. Finally, 
OSA is common in individuals with Down’s syndrome, 
which is commonly associated with a number of craniofacial 
dysmorphisms, a clue that provides another link between 
genes affecting craniofacial morphology and OSA. Another 
study in 60 MZ and 40 DZ twins estimated the heritability 
of a number of measures of craniofacial structure. The 
heritability of one of these, the cephalic index, was extremely 
high (0.90 in males, 0.70 in females). Heredity appeared 
to account for 40% of the variability of dental and facial 
characteristics associated with malocclusions. In humans, 
micrognathia can be found in a myriad of chromosomal 
deletion syndromes, suggesting that genes affect and alter 
normal craniofacial growth.
Studies in mice have shown that deficiency in transforming 
growth factor-X2,46 endothelin-1,47 retinoic acid receptor-aZ48 
and collagen gene mutations (types II and XI) leads to various 
craniofacial abnormalities, including retrognathia and 
micrognathia. Various other genetic syndromes are known to 
cause problems in the organisation of the extracellular matrix 
and are associated with craniofacial dysmorphism and upper 
airway connective tissue laxity. One of these syndromes, 
the Marfan syndrome, causes abnormalities in fibrillin 
and may contribute to both.49 A recent50 study showed the 
volume of the lateral pharyngeal walls, tongue and total soft 
tissue demonstrated significant levels of heritability and that 
heritability of the upper airway soft tissue structures is found 
in normal subjects and patients with apnoea.

Ventilatory control and chemoreceptor sensitivity
Inherited abnormalities of ventilatory control may 
predispose to obstructive or central sleep apnoea or both 
by influencing ventilation during sleep and increasing the 
propensity to upper airway collapse. Altered ventilatory 
drive may participate in sleep apnoea and periodic 
breathing, while ventilatory control instability could cause 
blunted or augmented chemosensitivity.51,52 This notion is 
supported by the demonstration that the degree of oxygen 
desaturation is the greatest and the duration of apnoeas 
the longest in subjects with OSA in whom ventilation 
in response to hypoxia during wakefulness is the most 

blunted. A study by El Bayadi et al. demonstrated blunted 
ventilatory responses to progressive eucapneic hypoxia 
ventilatory challenges in all five of the affected subjects 
studied.16 Thus, in this family, the underpinnings of OSA 
may have been associated with inherited abnormalities 
in the control of ventilation. A genetic basis for the 
chemoresponse to blood oxygen saturation is suggested by 
several twin studies that have demonstrated similarities in 
ventilatory responses to hypoxia or hyperoxia to be greater 
in monozygotic than in dizygotic twins.53,54 The variance 
of responses using a single-breath hypoxic stimulus 
was greater within dizygotic pairs than in monozygotic 
twins.54 Heritability estimates for chemoresponsivity 
to oxygen saturation levels vary between approximately 
30 and 75%, suggesting a substantial contribution of 
inheritance to this trait.54 Evidence for a role for genetics 
in the ventilatory response to hypercapnia in humans is 
less consistent. Members of OSA families significantly 
demonstrated a reduced ventilatory response to progressive 
eucapnic hypoxia measured during wakefulness compared 
with members of control families.55 The finding was a 
significantly greater increase in ventilatory impedance 
with inspiratory resistive loading in OSA family members 
compared with control subjects. The familial aggregation 
of OSA may in some instances be based on inherited 
abnormalities in ventilatory control, perhaps related to 
chemoregulation and/or load compensation. The upper 
airway of genetically susceptible individuals appears 
vulnerable to excess collapsibility during conditions of 
mild inspiratory loading. This may occur especially during 
sleep as the balance between upper airway and chest wall 
activation changes or intrathoracic airway pressure during 
inspiration becomes more negative. Also, it has been 
shown that tidal volume is reduced in relatives of apnoea 
sufferers under resistive loading.56

There are numerous case reports of children with 
frequent apnoeas and daytime hypoventilation that appear 
attributable to severe chemoregulatory dysfunction, manifest 
as profound blunting of the hypercapnic and hypoxic 
ventilatory responses.57 Developmental abnormalities of the 
brainstem or cerebral cortex have been found in some of 
these cases. It is worth noting that Hirschsprungs disease, 
a congenital disorder characterised by intestinal dysmotility 
and absence of myenteric and submucosal ganglia in the 
distal bowel, may occur in as many as 50% of cases of 
idiopathic congenital central hypoventilation (CCH), known 
as Ondine’s curse.58 Mutations of both the RET proto-
oncogene, encoding a receptor tyrosine kinase thought to 
be involved in neural crest migration and proliferation, 
and the RET ligand, glial cell line-derived neurotrophic 
factor (GDNF),59 have been described in children with 
Hirschsprungs disease, and in CCH occurring in association 
with Hirschsprungs disease.60,61 More recent studies, 
however, implicate the PHOX2b gene as the most important 
cause of this syndrome. PHOX2b is mapped to chromosome 
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4p12 and encodes a highly conserved homeobox domain 
transcription factor (314 amino acids), with two short and 
stable polyalanine repeats of nine and 20 residues.62 It has 
an early embryological function as a transcriptional activator 
in promotion of pan-neuronal differentiation including 
upregulation of proneural gene and mammalian achaete-
scute homologue-1 (MASH1) expression, and expression of 
motoneural differentiation.63 Likewise, genes pertinent to 
early embryological development of the autonomic nervous 
system (ANS) and their effect on respiratory drive are 
now a major area of interest and active research, such as 
mammalian achaete-scute homologue-1 (MASH1), bone 
morphogenic protein-2 (BMP2), engrailed-1 (EN1) TLX3, 
endothelin-converting enzyme-1 (ECE1), endothelin-1 
(EDN1), PHOX2a and PHOX2b.63 Two studies62,63 showed 
that children with CCH are heterozygous for the PHOX2b 
polyalanine expansion mutation, although the frequency 
observed in the incidence of this mutation as well as in the 
incidence of any PHOX2b mutation differed (97 and 98.5% 
in the Weese-Mayer et al. study, 62 and 69% in the Amiel 
et al. study). Association between the polyalanine repeat 
mutation length and severity was also found,63 while the 
Amiel et al. study found no such association.62 The Amiel 
et al. study suggested that the mutation arises de novo while 
the later study suggests that it is heritable, in an autosomal 
dominant fashion. These associations suggest that CCH 
syndromes may sometimes be caused by abnormalities in 
migration of neural crest cells to central respiratory control 
centres and can provide critical information concerning 
the effect of genes on respiratory drive and its dysfunction. 
Other genes involved in the endothelin signalling pathway 
(endothelin B receptor gene, EDNRB and endothelin 
3 gene, EDN3) have also been implicated in Hirschsprungs 
disease and could be considered candidate genes for CCH 
syndromes and sleep apnoea.64 Other loci of interest may be 
identified on chromosome 15, mutations of which may result 
in a number of somatic abnormalities (e.g. Prader–Willi 
syndrome) as well as OSA.
Heterozygous and homozygous RET knockout mice, 
who survived only briefly, demonstrated reductions in 
hypercapnic ventilatory responses.65 Endothelin-1 (ET-1), a 
potent vasoactive peptide, may also participate in control 
of ventilation. In a knockout mouse model, absence of 
ET-1 results in respiratory failure, ventilatory control 
abnormalities, craniofacial abnormalities and hypertension, 
characteristics remarkably similar to traits found in OSA. 
Mutant mice deficient in ET-1 have impaired ventilatory 
responses to both hypoxia and hypercapnia.66 A zinc 
finger protein, namely Krox-20, has been identified which 
affects the development of the hindbrain. If deleted by 
homologous recombination in mice, they demonstrate slow 
respiratory frequencies and long apnoeas.67 Loss of another 
factor, brain-derived neurotrophic factor (BDNF), results 
in reduced survival of neurons in the nodosepetrosal 
ganglion.68 Homozygous mice demonstrated irregular and 

depressed ventilation, including spontaneous apnoeas, and 
abnormalities in chemoregulation specifically related to 
hyperoxia but not to hypercapnia. Nonlethal alterations in 
the genetic control of neural growth factors may contribute 
to phenotypic variations in ventilatory traits.67 A small 
cluster of genes seem to play the major role in inheritance. 
These are candidate genes that encode neuroreceptors 
(e.g. glycine receptor, glutamate receptor) and genes that 
influence the postnatal development of the lung (e.g. 
basic fibroblast growth factor, bFGF), in the mouse model 
described by Tankersley.68 Another link made between 
respiratory control and genetic loci was one pointing to 
the 8q22 chromosomal region. It contains three genes for 
carbonic anhydrase (CA) isoenzymes: CA1, CA2, and CA3. 
The roles of CA in modulating respiratory control, and the 
role of CA inhibitors as potential treatment for conditions 
with underlying respiratory instability, including sleep 
periodic breathing and sleep apnoea, have been the 
subjects of numerous animal and human studies.69-71

Sleep regulation, REM sleep, orexins and OSA
Some of the most exciting work on sleep-wake control has 
come from recent studies of narcolepsy (cataplexy, REM-
onset sleep and hypersomnolence). Studies resulted in the 
discovery that canine narcolepsy, which is transmitted as a 
single autosomal recessive trait with full penetrance, is caused 
by mutations in one of the receptors for the newly discovered 
lateral hypothalamic neuropeptides, the hypocretin-1 (HCRT-
1) and hypocretin-2 (HCRT-2) (also called orexins A and 
B, respectively),72 two polypeptides that are ligands for two 
G protein-coupled receptors in the brain. At around the 
same time, mice with targeted disruption of the hypocretin 
precursor (preprohypocretin) gene were shown to have 
periods of behavioural arrest and EEG patterns that resemble 
human narcolepsy.73 These findings in animals have now 
been extended to human beings and most of the narcolepsy-
cataplexy patients studied have been shown to have low or 
undetectable hypocretin in their CSF.74,75 Few post-mortem 
studies of the human brain have been conducted, but these 
studies have shown that patients with narcolepsy have much 
lower than normal hypocretin levels in the brain.76,77

So far, only one case of narcolepsy has been associated with 
a mutation in the gene that encodes preprohypocretin.76 
This case is unusual in that the onset of narcolepsy was at 
a very early age (cataplexy at age 6 months). The mutation 
in the preprohypocretin gene (a polar substitution in the 
hydrophobic core of its molecule, specifically arginine 
insertion in the polyleucine stretch of neutral, hydrophobic 
amino acids) results in abnormal trafficking of the mutant 
peptide precursor.76 Mutations in the hypocretin 2 receptor 
have been identified in canine narcolepsy and disruption 
of the prepro-orexin /hypocretin ligand gene results 
in both an animal model of narcolepsy and sporadic 
cases of the human disease. Orexin neurons have been 
demonstrated to have widespread projections to areas 
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in the ascending cortical activating system, including 
the tuberomamillary nucleus, locus ceruleus, the dorsal 
and median raphe and pedunculopontine nuclei.73 The 
pedunculopontine nuclei are thought to be especially 
critical to the control of REM sleep. Abnormalities in 
orexin genes, or genes coding for their receptors, could be 
relevant to studies of OSA because of the potential impact 
of these neuropeptides on arousal and muscle tone, both 
of which influence the behaviour of respiratory systems, 
and/ or because of the close proximity of these neurons 
to central respiratory control centres, with potential 
interactions between arousal and respiratory centres.
An alternative way to access the molecular biology of 
respiration is to characterise the genetic variation involved 
in individual differences in the control of respiratory 
behaviour. A large twin-sibling study77 tested the 
heritability of 24-hour respiration rate and its genetic 
linkage through a whole genome scan. Four genomic 
regions were identified as having a high likelihood of 
harbouring loci that influence respiration rate, in particular 
loci 10q26, 22q12, 3q27 and 7p22. Positional candidate 
genes with the strongest evidence of linkage that are 
implicated in this study are the glial cell line-derived 
neurotrophic factor family receptor alpha-1 gene (GRFA-1, 
implicated in CCH), fibroblast growth factor receptor 2 
gene (with its major role in craniosynostosis syndromes) 
and the homeobox genes HMX2 and EMX2 (with an as 
yet unknown function in respiratory rhythmogenesis) in 
the proximity of 10q, the adenosine A2A and A2 receptor 
genes (ADORA2A and ADORA2L respectively, known to 
affect REM sleep and respiratory drive) in the proximity 
of 22q12 and the 5-HT receptor 3C gene (HTR3C, the role 
of serotonin is discussed further below). It should also 
be noted that another finding of this study is that the 
heritability of respiration rate was found to be moderate 
during the daytime (41 to 50%), but to sharply increase at 
night (81%).77 This shift in genetic architecture suggests 
that respiration rate is under more control during sleep 
than during awake periods. This makes sense since many 
environmental factors such as speech or physical activity 
impact respiration during the daytime, whereas, during 
sleep, respiratory frequency will be a more pure reflection 
of intrinsic rhythmogenesis by the brain stem. 
 
Polymorphisms in serotonin receptor, transporter genes 
and OSA
Patency of the human upper airway is mostly maintained 
by muscle activation and soft tissue structures. The activity 
of the muscles responsible for maintaining patency of the 
upper airway is increased during inspiration, thus stiffening 
and dilating the upper airway and acting to counteract the 
collapsing influence of negative airway pressure.78 During 
sleep there is a loss of both tonic premotor input (and 
neuromuscular compensation) and reflex-driven muscle 
activation leading to a large decrement in electromyogram 

and ultimately airway collapse. 5-HT plays an important role 
in the patency of the upper airway. 5-HT excites upper airway 
dilator motor neurons in adults79,80 and provides intrinsic 
excitation of brainstem motor neurons in un-anaesthetised 
animals.81 The activity of neurons supplying 5-HT to 
motor neurons declines during sleep.82,83 Furthermore, 
pretreatment of upper airway dilator motor neurons with 
5-HT reduces sleep state-dependent suppression in upper 
airway dilator muscle activity.84

5-HT acts through a large family of receptors.85 The 5-
HT 2A/2C receptor subtype plays an important role in 
the maintenance of upper airway stability and normal 
breathing in obesity. 5-HT 2A is the predominant excitatory 
5-HT receptor subtype at the hypoglossal motor neurons.86 
The excitatory effects of the 5-HT 2C receptor are of a 
lower magnitude.86 Based on these data, polymorphisms 
in the 5-HT 2A/2C receptor genes were studied in order to 
investigate whether or not they are associated with OSA, but 
the results showed no significant relationship.87 Synaptic 
5-HT is inactivated by presynaptic reuptake, which is 
mediated by the serotonin transporter. The aim of another 
study was the polymorphism of the serotonin transporter 
gene, the associated alterations in serotonin level and their 
importance in OSA.88 The serotonin transporters are coded 
by the serotonin transporter gene (STG) that is located on 
chromosome 17q12. A polymorphism of the gene coding 
for the serotonin transporter has been identified,89,90 and 
two polymorphisms, VNTR (variable-number-tandem-
repeats of 17 bp sequence in the second intron and has 
several alleles) and 5-HTTLPR, have been described. The 
function of VTNR is thought to affect enhancer function 
and thus transcription of the gene. 5-HTTLPR (5-HTT 
gene-linked polymorphic region) is a deletion insertion 
polymorphism located at the 5’-flanking regulatory region 
of the STG and creates short (S) and long (L) alleles. The 
uptake of serotonin in cells homozygous for the L form (or 
L/L) of the promoter polymorphism was found to be 1.9 
to 2.2 times greater than that in cells carrying one or two 
endogenous copies of the S (or S/L, or S/S) allele. That is, 
S allele corresponds to low serotonin uptake activity.91

Although the study did not reveal any significant difference 
between the patients and controls regarding the genotypes 
and allele frequencies, there were significant differences 
between the results of male and female patients as well as 
between male patients and male controls.88 These findings 
may suggest a genetic predisposition to OSA, especially in 
male patients, which results in an alteration in the activity 
of serotonergic system. These results are supported with 
the finding that there is a five- or sixfold increased risk of 
obstructive sleep apnoea in men compared with women 
according to sleep laboratory data, and two- or threefold 
increased risk in men vs women according to community-
based studies.92,93

The presence of the S allele is associated with decreased 5-
HT reuptake, which, in turn, results in longer serotonergic 
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activity. The frequency of S allele and S/S genotype was 
less frequent in male patients than in male controls and 
female patients. This condition may result in increased 
serotonin reuptake and shorter serotonergic activity in 
male patients with OSA.88 On the other hand, the presence 
of the L allele results in shorter serotonin activity because 
of the relatively faster reuptake of 5-HT. The L/L genotype 
was more frequent in male patients than in female patients. 
This genotype difference between the sexes may also be 
associated with serotonin depletion in male patients. On 
the basis of these genotype differences, serotonin depletion 
caused by fast 5-HT reuptake appears to predispose male 
patients to OSA. The L/S genotype was more frequent in 
male OSA patients than in male controls.88 This genotype 
results in a moderate serotonin reuptake activity and 
appears to be associated with the occurrence of OSA in 
male patients. It was suggested that the S allele of the 
5HTTLPR may identify patients at risk for developing 
insomnia with fluoxetine (a serotonin reuptake inhibitor 
drug) treatment. This is also an indirect support of 
the finding of this study that the presence of S allele is 
protective against OSA.88 Despite the fact that functional 
results of VNTR polymorphism are unclear, the genotype 
differences found in this study suggest that polymorphism 
of 5-HT transporter gene may be associated with OSA.
The use of serotonergic antidepressants may cause sleep 
disorder.94 However, many of the drugs tested to evaluate 
the effects of 5-HT receptor antagonists have not produced 
significant improvement in sleep apnoea.95 Serotonin 
receptor subtypes may affect efficiency of the 5-HT receptor 
antagonists. Systemic administration of serotonin 2A 
and 2C receptor agonists were shown to improve upper 
airway collapsibility, at least in rats.96 It is possible that the 
serotonergic activity is shorter in male patients because of 
STG polymorphism. Further studies are necessary to discover 
the affect of serotonergic antagonists in male OSA patients.

OSA in children and leukotriene receptor genes
Cysteinyl leukotriene receptors 1 and 2 (LT1-R and LT2-R) 
are expressed in human tonsils, and are deeply involved 
in inflammatory and allergic responses.97 Tissue damage 
through inflammation during respiratory infection or 
through recurrent vibratory trauma will in turn promote 
the development of an inflammatory response. This 
could lead to mucosal swelling and subsequently to upper 
airway obstruction, suggesting that LT1-R and LT2-R gene 
upregulation may underlie components of the pathophysi-
ological mechanisms linking the enlargement of the 
tonsillar tissue to the emergence of sleep apnoea in snoring 
children. This may possibly occur through enhanced 
upper airway inflammation linked to mechanical irritation 
of the upper airway mucosa due to snoring.98 Therefore, 
upregulation of LT-R expression would occur, leading 
ultimately to accelerated growth of the tonsillar tissue and 
to upper airway obstruction during sleep. 

The rapidly accumulating body of evidence in adult OSA 
patients lends credible support to the theory that the 
recurrent vibration of the air column in the upper airway due 
to snoring will induce mechanical trauma. The study showed 
no expression of these receptors in cells located in germinal 
centres of the tonsillar lymphoid tissue and one possible 
explanation is that these cells have migrated from the 
vasculature to occupy their sites within the tonsils.99 LT1-R 
antagonists such as montelukast have found their application 
in the treatment of asthma and allergic rhinitis in children, 
while no antagonist for the LT2-R has been developed thus 
far. The use of LT-R antagonists may be a potential future 
therapeutic consideration in treating children with OSA. 
This has been shown by a recent study that demonstrated 
improved breathing during sleep in children with sleep-
disordered breathing after oral therapy with montelukast.100

OSA and other associations
OSA has been linked with various loci of the major 
histocompatibility complex (MHC) complex. A study 
showed a twofold increase in the HLA-A2 antigen.101 HLA-
A2 positive subjects with OSA were more obese than OSA 
patients negative for this antigen, suggesting a relationship 
between this genetic marker and obesity. Another study102 
implicated HLA-A33, HLA-DRB1*03, DQB1*02 with 
OSA and HLA-B7, B65, B63, B73 with primary snoring, 
although the significance was not consistent.
An increased frequency for the Lewis blood group 
phenotype Le (a+b-) is also seen in snorers compared with 
non-snorers, although the implications of this finding have 
not yet been clarified.
Also conflicting are the findings regarding the possible 
link between apolipoprotein E genotype 4, and OSA. 
Apolipoprotein E is a polymorphic protein arising from 
three alleles at a single gene locus on chromosome 19q13. 
Although no difference was found in the apolipoprotein 
E levels between OSA patients and controls, a higher 
proportion of homozygotes for the E4 genotype was 
observed in the sleep apnoea group, although the finding 
was not statistically significant.103 Another study showed 
that the risk for AHI >15 was doubled among homozygotes, 
independently of sex and BMI.104 In a third study no 
association was found.105 A recent paper showed that there 
is a disease susceptibility locus for obstructive sleep apnoea 
in the region of ApoE (chromosome 19), but ApoE itself is 
unlikely to be the causative locus.106

A study reported an association between angiotensin-
converting enzyme (ACE) gene polymorphism and severity 
of sleep apnoea, something that shows a potential link 
between this gene and severity of OSA.107 Another study 
compared ACE activity in patients with OSA and control 
subjects and showed that ACE activity is increased in 
patients with OSA, a finding independent of the presence 
of arterial hypertension, but the distribution of ACE 
genotypes and of allelic frequency in OSA patients did 
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not differ from that determined in healthy subjects.108 
Therefore, although the increased ACE activity would 
seriously jeopardise the endothelial function and vascular 
structure, increasing the prevalence for cardiovascular 
events, no significant correlation was found between AHI 
and ACE activity in OSA patients. A more recent study 
found no association between ACE and OSA.109

Elevations in various factors have been found in serum 
from patients with OSA, and could also serve as biological 
markers. Increased levels of circulating endothelin-1,110,111 a 
peptide with vasoconstrictor effects, have been demonstrated 
in OSA subjects as compared with control subjects and its 
levels declined after therapy with CPAP. Another study, 
however, showed that plasma endothelin-1 precursor but 
not endothelin-1 levels are elevated and decline after therapy 
with nasal CPAP.112 The inflammatory cytokine, tumour 
necrosis factor (TNF)-a, has also been shown to be elevated 
in OSA patients when compared to controls.113,114 Plasma 
fibrinogen concentration and whole blood viscosity have 
been reported to be higher in the morning than afternoon 
in a small number of untreated OSA patients, with no such 
diurnal change in OSA patients treated with CPAP.115 Also, 
variations in the levels of heat shock proteins, proteins 
thought to respond to stresses such as hypoxia, have been 
examined in small numbers of OSA patients, with results 
that were ambivalent.116

C o nc  l u s i o n

OSA is a multifactorial entity and only recently the complex 
genetical and environmental links begun to be elucidated. 
Racial studies and chromosomal mapping, familial studies 
and twin studies have provided evidence for the possible 
link between the OSA phenotypes and genetic loci that 
could prove to be markers for further research, including 
obesity, fat distribution, snoring, and sleep regulation. 
Also, the potential role of serotonin and the regulation 
of upper airway tone during sleep could prove a field of 
pharmaceutical intervention. Tissue damage, through 
recurrent vibratory trauma induced by snoring, and the 
role of inflammatory mediators could also be a target for 
drug therapy. On the other hand, if their exact significance 
is clarified, the importance of the increased levels of 
certain molecules, such as TNF-a, ET-1 and plasminogen, 
could give physicians a quantitative tool, apart from the 
AHI index, for determining the severity of OSA and the 
risk for adverse cardiovascular effects, making it possible 
for a scoring system to be developed.
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A b s t r act 

Phaeochromocytoma is a rare catecholamine-secreting 
neuroendocrine tumour with a high cardiovascular 
morbidity and mortality if left untreated. Surgical resection 
is the only curative therapy. During surgery there is a 
high risk of massive release of catecholamines, which 
can result in potentially fatal hypertensive crises and 
cardiac arrhythmias. Administration of vasoactive drugs 
such as (non)selective a- and b-antagonists and calcium 
channel blocking agents have reduced the operation risk. 
Guidelines for the preoperative medical management of 
the patient with a phaeochromocytoma are mainly based 
on retrospective studies and case reports. We reviewed the 
relevant literature on this subject. In addition, we compared 
the several preoperative treatment protocols of the eight 
university medical centres in the Netherlands. 

K e y w o r d s

Phaeochromocytoma, preoperative management

Int   r o d u ct  i o n

Phaeochromocytoma is a rare catecholamine-secreting 
neuroendocrine tumour, with an estimated prevalence 
among hypertensive patients of 0.1 to 0.6%. Approximately 
90% of phaeochromocytomas arise in the adrenal gland, 
and about 10% originate from extra-adrenal chromaffin 
tissue.1 In hereditary cancer syndromes such as multiple 
endocrine neoplasia type 2 and von Hippel-Lindau 
syndrome, phaeochromocytoma can occur bilaterally 
in both adrenal glands.2 Symptoms and signs of a 
phaeochomocytoma result from an uncontrolled release of 
catecholamines (norepinephrine, epinephrine, dopamine). 
Catecholamines are agonists of a- and b-adrenoceptors 

(table 1). Most patients suffer from hypertension, which can 
be paroxysmal or sustained.3 The classic triad of complaints 
consists of headache, perspiration and palpitations. 
Other clinical findings can be orthostatic hypotension, 
tremor, pallor, panic attacks, visual disturbances and 
weight loss.4 A phaeochromocytoma is a potentially 
life-threatening disease with a highly increased risk for 
cardiovascular complications as myocardial infarction, 
coronary spasms, arrhythmias, cardiomyopathy, stroke 
and pulmonary oedema.3,5-8 Surgical resection is the 
only curative therapy. The first successful operation was 
performed by Roux in 1926.9 Initially, surgical resection of 
a phaeochromocytoma was faced with a high perioperative 
mortality rate of 20 to 45%.10 This mortality rate dropped 
to 0 to 2.9% during the second half of the last century.11 
Important developments which have contributed to this 
major reduction in perioperative mortality rate are better 
imaging techniques for accurate preoperative tumour 
localisation, improvements in surgical and anaesthetic 
techniques, and better preoperative medical management. 

ORIGI     N A L  A R T I C L E

Preoperative pharmacological management of 
phaeochromocytoma

A.N.A. van der Horst-Schrivers*, M.N. Kerstens, B.H.R. Wolffenbuttel

Department of Endocrinology, University Medical Centre Groningen, University of Groningen, 
Groningen, the Netherlands, *corresponding author: tel.: +31 (0)50-361 61 61,  

e-mail: a.n.a.van.der.horst@int.umcg.nl

Table 1. Catecholamine effects on a- and 
b-adrenoceptors

Receptor Effect Catecholamine

a1 Vasoconstriction (venous & 
arterial), intestinal relaxation, 
stimulation of glycogenolysis, 
uterus contraction, mydriasis

Norepinephrine

a2 Inhibition norepinephrine release 
(presynaptic), vasoconstriction, 
lowering insulin release, sedation

Epinephrine and 
norepinephrine

b1 Positive chronotropy, positive 
dromotropy & positive inotropy, 
stimulation renin release, lipolysis

Epinephrine and 
norepinephrine

b2 Vasodilatation (muscle), 
bronchodilatation

Epinephrine
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We reviewed the relevant literature on the preoperative 
pharmacological management of a phaeochromocytoma. 
Original studies written in English and published between 
1960 and 2005 were retrieved by a search in PubMed 
using the following MESH headings and/or text words: 
phaeochromocytoma, preoperative management or surgery 
and phenoxybenzamine or doxazosin or prazosin or 
calcium channel blockers. We also used the references of 
the articles found. We included only articles with sufficient 
information on the outcome of one or more preoperative 
regimens. For this article we identified 26 articles, one 
prospective study, seven case or patient series and the 
remaining retrospective studies.

P h ae  o c h r o m o c y t o ma   an  d 
p e r i o p e r at  i v e  r i s k s

Surgery in itself carries a very high risk of evoking a massive 
release of catecholamines into the circulation, resulting in 
one or more of the serious cardiovascular complications 
mentioned previously. Induction of anaesthesia, intubation, 
first incision, creation of a pneumoperitoneum and tumour 
manipulation are critical moments for such an uncontrolled 
catecholamine release.12-14 Postoperatively, the sudden drop 
in catecholamine levels may result in hypotension and 
hypoglycaemia. Catecholamines inhibit insulin secretion 
and stimulate glycogenolysis and lipolysis. Normalisation 
of the excessive catecholamine secretion after tumour 
resection in the presence of empty glycogen storages can 
lead to a ‘rebound’ hyperinsulinaemia, thus resulting in 
hypoglycaemia. There is a positive correlation between 
the perioperative complication rate and the size of the 
tumour, length of the operation and the serum levels of 
catecholamines.15 

P r e o p e r at  i v e  p h a r mac   o l o g i ca  l 
mana    g ement   

The goals of preoperative pharmacological treatment 
are optimal control of hypertension and of the other 
phaeochromocytoma-related symptoms, and prevention 
of perioperative complications. Several drugs have been 
recommended for this purpose, including selective and 
non-selective a- and b-adrenoceptor antagonists, calcium 
channel blockers, and drugs that inhibit catecholamine 
synthesis. However, there are no randomised controlled 
trials addressing the optimal medical treatment of a 
phaeochromocytoma, and it is doubtful whether these 
will ever be performed in view of the low prevalence of 
this disorder. Therefore, the best available evidence is 
derived from retrospective studies, patient series and 
case reports. According to some studies, preoperative 

treatment with adrenoceptor blocking agents is not 
obligatory.16,17 No difference in perioperative mortality or 
morbidity was found in a retrospective study comparing 31 
patients receiving adrenoceptor antagonists preoperatively 
with 29 patients who did not, although intraoperative 
blood pressure rises were more pronounced in the latter 
group.18 It should be noted, however, that a- and b-
antagonists were administered during surgery in both 
groups if indicated. Besides preoperative pharmacological 
treatment, preoperative restoration of the circulating 
volume is also recommended by most authorities. 
The prevailing hypothesis is that the patient with a 
phaeochromocytoma has a reduced intravascular volume 
as a result of catecholamine-mediated vasoconstriction.19,20 
Administration of a-antagonists results in vasodilatation, 
leading to intravascular volume depletion. This needs 
to be compensated for by a high sodium diet or a saline 
infusion. 

N o n s e l ect   i v e  a - anta    g o n i s t s 

Since the early 1950s, phenoxybenzamine has been widely 
used as the main drug for preoperative management of 
a phaeochromocytoma. It is a noncompetitive a1- and 
a2-antagonist, with a maximal effect four to six hours 
after administration and a pharmacological half-life of 
24 hours. A regular starting dose is 10 mg twice daily, 
which can be increased to a daily dose of 80 to 100 mg/day 
(maximum 1 mg/kg). To ensure adequate blood pressure 
control, it is recommended that the blood pressure should 
not be higher than 160/90 mmHg, with orthostatic 
hypotension not exceeding 80/45 mmHg.5 Disadvantages of 
phenoxybenzamine are the occurrence of reflex tachycardia 
and excessive orthostatic hypotension. Reflex tachycardia 
is caused by blockade of a2-receptors localised in the 
presynaptic membrane. Stimulation of the a2-receptor 
inhibits norepinephrine release. Therefore, a2-receptor 
blockade will interrupt this negative feedback mechanism, 
eliciting undesirable chronotropic and inotropic effects 
(figure 1). Other disadvantages of phenoxybenzamine 
are central sedation and prolonged duration of action. 
Continuing a-receptor antagonism in combination with 
the postoperative decrease in catecholamine levels can 
result in prolonged hypotension after surgery. Despite 
these disadvantages, several retrospective studies suggest 
that preoperative treatment with phenoxybenzamine has 
resulted in a significant reduction in operation mortality.21-27  

The need for intraoperative a2-receptor blockade 
(phentolamine) is also reduced in pretreated patients.25 
It is probably sufficient to start phenoxybenzamine four 
to seven days preoperatively, as no clinically relevant 
benefit has been demonstrated with a longer preoperative 
treatment period.13,21 
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Se  l ect   i v e  a 1 - anta    g o n i s t s

Theoretically, selective a1-antagonists offer several 
advantages when compared with phenoxybenzamine. 
These drugs do not elicit reflex tachycardia, in the 
absence of a2-receptor affinity ( figure 1). In addition, 
these drugs have a relatively short duration of action as 
a result of their competitive inhibition. Consequently, 
adequate dose titration could be achieved more quickly 
and the risk period for postoperative hypotension could 
be shortened. The a1-antagonists doxazosin and prazosin 
are registered in the Netherlands. Doxazosin has a half-
life of 16 to 30 hours and can be administered in a single 
dose varying between 1 to 16 mg. Prazosin has a much 
shorter half-life of two to three hours and needs to be 
ingested three to four times daily. In a retrospective 
study including 35 patients with phaeochromocytoma, 
eight patients were treated with phenoxybenzamine 
(20-120 mg per day) and 27 patients with doxazosin  
(2-16 mg per day).28 All patients in the phenoxybenzamine 
group received a b-blocker as standard treatment vs only 
nine patients in the doxazosin group. Administration 
of doxazosin was accompanied by a lower preoperative 
diastolic blood pressure (78 vs 92 mmHg) and a lower 

intraoperative heart rate (78 vs 94 beats/min) during 
tumour manipulation. The patients receiving doxazosin 
required more phentolamine intraoperatively, although 
this difference (11.1 vs 9.6 mg) was not statistically 
significant. However, they required less labetalol (15.8 vs 
33.1 mg, p=0.080). In addition, postoperative recovery 
seemed to be better with doxazosin, as reflected by a 
higher blood pressure (116/64 vs 100/55 mmHg) and a 
lower demand for intravenous fluids with less oedema. 
Mortality rate, however, was not different between the 
two groups.28 Another retrospective study was not able to 
demonstrate a difference between phenoxybenzamine, 
doxazosin and prazosin with respect to blood pressure 
control and amount of postoperative fluid replacement.29 
In yet another report with only four patients, adequate 
blood pressure control was not achieved with prazosin, 
which even resulted in postponement of surgery in one 
patient.30

Beta    - anta    g o n i s t s

The main goal of preoperative b-receptor blockade is 
prevention of cardiac arrhythmias.22,31,32 Propranolol, 
atenolol and metoprolol are commonly used for this 
purpose. Administration of a b-antagonist is absolutely 
contraindicated in the absence of effective a-receptor 
blockade, as unopposed stimulation of a-receptor 
mediated vasoconstriction and loss of the b-receptor 
mediated vasodilatation may cause a dangerous rise 
in blood pressure.33 This has also been described with 
the use of the combined a- and b-antagonist labetalol, 
which demonstrates a relatively stronger antagonism 
towards the a-receptor.34 Caution is warranted when 
administering b-antagonists to patients with severe 
left ventricular dysfunction, a condition which is 
not uncommon with a phaeochromocytoma due to 
cardiomyopathy induced by chronic exposure to high 
catecholamine levels.3 Preoperative treatment with 
b-antagonists is likewise predominantly based on 
pathophysiological considerations and retrospective 
studies. Beta-antagonist sometimes fail in preventing 
cardiac arrhythmias, and these drugs are not indicated 
in every patient.3 Orchard et al. describe 108 patients 
with a phaeochromocytoma, 95 of whom received an 
a- and b-antagonist. Of these, five patients developed a 
cardiac arrhythmia, despite the fact that they all were on 
b-antagonists.21 In another retrospective study, patients 
were pretreated with phenoxybenzamine alone or with 
the combination of phenoxybenzamine and propranolol. 
The frequency of cardiac arrhythmias during surgery 
was not found to be different between individuals who 
were treated preoperatively with propranolol and those 
who were not.36 

Figure 1. Mechanism of action of a1- and a2-adreno- 
receptor antagonists
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C a l c i u m  c h anne    l  b l o cke   r s

Calcium channel blockers cause smooth muscle 
relaxation in peripheral and coronary arteries through 
inhibition of the epinephrine-stimulated calcium influx. 
Consequently, peripheral vascular resistance is reduced 
and catecholamine-induced spasms of coronary arteries 
might be prevented.37 As with b-antagonists some 
calcium channel blockers have to be used carefully in 
patients with left ventricular dysfunction. Although it 
has been found that calcium channel blockers influence 
the release of catecholamines in vitro, this has not been 
demonstrated in vivo.38-40 Calcium channel blockers can 
also be given intravenously during surgery. There are 
a few studies describing the effect of calcium channel 
blockers administered before or during surgery. 
Proye et al. reported good results with intraoperative 
use of nicardipine. They measured a 42% reduction of 
systemic vascular resistance and achieved an effective 
blood pressure control, despite a significant rise in 
catecholamine levels during tumour manipulation.37 
In another study, 29 out of 113 phaeochromocytoma 
patients undergoing surgery were successfully treated 
with a calcium channel blocker.17 Lebuffe et al. recently 
described a group of 105 patients who had been treated 
preoperatively with a calcium channel blocker. Blood 
pressure was well controlled intraoperatively, and the 
perioperative mortality rate in this retrospective series was 
relatively low at 2.8%.41

M et  y r o s i ne  

Metyrosine (a-methylparatyrosine) is a competitive 
inhibitor of tyrosine hydroxylase, the key enzyme in 
catecholamine synthesis, catalysing the conversion of  
l-tyrosine into L-Dopa (figure 2).42 It is usually chosen as a 
second-line drug, if blood pressure cannot be adequately 
controlled with a- and b-antagonists. The regular dose is 
0.5 to 4 g per day. Side effects of metyrosine are fatigue, 
diarrhoea, anxiety, depressive mood and crystalluria. Two 
retrospective studies suggested that addition of metyrosine 
to phenoxybenzamine results in a better intraoperative 
blood pressure control, less need for intraoperative 
phentolamine and a decreased postoperative demand of 
vasopressors.23,43

P r e o p e r at  i v e  v o l u me   t h e r a p y

Based on the concept that phaeochromocytoma is 
accompanied with a reduced intravascular volume, it has 
been common practice to increase sodium intake (orally 
or intravenously) simultaneously with antihypertensive 

therapy. However, study data supporting this clinical 
approach are limited. Retrospective studies demonstrated 
fewer complications and less use of vasopressor agents 
during the postoperative period in patients who received 
preoperative volume therapy compared with those who 
did not.44,45 It should be noted that these studies included 
historic controls and, therefore, observed benefits could 
also be the result of other factors, such as improvements 
in surgical and anaesthetic techniques during the study 
period.
 

P r e o p e r at  i v e  mana    g ement      o f 
p h ae  o c h r o m o c y t o ma   i n  t h e 
N et  h e r l an  d s 

The different preoperative treatment protocols for 
patients with a phaeochromocytoma which are currently 
applied by the eight Dutch university medical centres are 
described in table 2. It is shown that the choice between 
phenoxybenzamine and doxazosin is equally distributed, 
whereas calcium channel blockers are not prescribed. 
Intravenous volume therapy to prevent postoperative 
hypotension is part of most protocols. Preoperative 
preparation takes at least seven days in the majority of 
university medical centres, which also depends on the 
waiting time before surgery. Patients were routinely 
admitted to hospital in some centres, but most often 
preoperative treatment was started in the outpatient 
clinic.

Figure 2. Metyrosine inhibits the synthesis of 
norepinephrine and epinephrine by inhibiting the 
enzyme tyrosine hydroxylase (TH) which catalyses 
the conversion of L-tyrosine into L-Dopa
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C o nc  l u s i o n

During the past decades resection of a phaeochromocytoma 
has been accompanied with a major decrease in the 
perioperative morbidity and mortality. Although 
randomised, prospective, controlled trials are lacking, 
data from most retrospective studies demonstrate that 
preoperative administration of effective antihypertensive 
agents has contributed to this improvement in surgical 
outcome. In the absence of solid study data, the choice for a 
particular blood pressure lowering regimen is also based on 
pathophysiological considerations and personal experience. 
Both the nonselective a-antagonist phenoxybenzamine 
and the selective a1-antagonist doxazosin are very effective 
agents for preoperative blood pressure regulation in 
patients with phaeochromocytoma. If tachycardia occurs, 
addition of a b-antagonist is often indicated.
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A b s t r act 

Background: The optimal method of revascularisation 
in diabetic patients with coronary artery disease (CAD) 
remains controversial. It was our aim to evaluate long-term 
outcome in diabetic patients with CAD in daily practice, in 
whom an invasive approach was considered.
Methods: A prospective follow-up study of patients with 
CAD in whom a coronary revascularisation procedure was 
considered. Follow-up data were obtained on the vital status 
up to ten years after inclusion.
Results: Of the 872 included patients, a total of 107 patients 
(12%) had diabetes. Patients with diabetes were older 
and more frequently female. Long-term mortality was 
higher in diabetics than nondiabetics (36 vs 25%, p=0.01). 
This association was observed in both medically treated 
patients (65 vs 31%, p=0.01) and in those treated by 
percutaneous coronary intervention (41 vs 24%, p=0.02). 
There was, however, no difference in mortality in diabetes 
vs nondiabetes patients after coronary artery bypass grafting 
(24 vs 24%, p=0.89). Multivariate analysis did not change 
these findings. 
Conclusion: Diabetic patients with significant CAD had a 
higher long-term mortality compared with patients without 
diabetes. In patients with diabetes, survival was highest 
after coronary artery bypass grafting and appeared to be 
comparable between diabetic and nondiabetic patients. 
Complete revascularisation may decrease the influence of 
diabetes on survival. 

K e y w o r d s

Diabetes, CABG, revascularisation

Int   r o d u ct  i o n

Diabetes is associated with impaired outcome after 
coronary revascularisation.1,2 The optimal method of 
revascularisation remains controversial. In the BARI 
trial, coronary artery bypass grafting (CABG), when 
compared with percutaneous coronary intervention (PCI), 
was associated with a significant seven-year mortality 
reduction in patients with diabetes.3 However, this long-
term benefit was not confirmed by other randomised 
trials.4,5 Furthermore, patients in daily practice may differ 
from those included in randomised trials, as was shown in 
the registry of the BARI trial.6 To evaluate the long-term 
outcome of diabetic patients with coronary artery disease 
(CAD) in daily practice in whom an invasive approach was 
considered, we carried out a follow-up study of patients 
included in the DUCAT (Dutch Inventory of Invasive 
Coronary Atherosclerosis Treatments) study. 

Pat   i ent   s  an  d  met   h o d s

The DUCAT study was initiated in 1992 with the purpose 
to determine how appropriate treatment decisions are 
concerning invasive treatment of patients with CAD.7 
Assessment of appropriateness of medical decisions was 
achieved using the RAND/UCLA method.8 Six cardiothoracic 
surgeons and six interventional cardiologists from 12 heart 
centres in the Netherlands were asked to participate in a 
panel to determine appropriateness of treatment decisions 
in all consecutive patients presented to ten heart teams, 
consisting of at least one surgeon and one interventional 
cardiologist. This panel method has been proven to be 
consistent and reliable in assessing appropriateness.8
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Enrolment began in February 1992 for a period of three 
months. Each case was presented by a clinical cardiologist 
in person or by letter, fax, or telephone, and eventually led 
to an intention-to-treat decision in favour of PCI, CABG, 
or medical treatment. All presentations were based on 
clinical data and coronary angiographic results. Enrolment 
was approved for all patients with significant CAD, defined 
by the DUCAT panel as a minimum of 50% narrowing of 
the left main coronary artery, or at least one artery with 
70% narrowing and other arteries with 50% narrowing in 
multivessel disease, and one artery with 70% narrowing in 
one-vessel disease. Patients who had previously had CABG 
or in whom CABG was to be combined with other surgery 
(cardiac or general) were excluded. During presentation to 
the heart team, several variables were collected, including 
demographics, medical history, risk factors for CAD, 
symptomatology, ischaemia detection tests, coronary 
angiographic evaluation, left ventricular function tests, 
urgency status and intention of treatment. The main 
findings of the DUCAT study have been published 
previously.7,8 In summary, 3646 consecutive patients 
were included. Unstable angina was the most appropriate 
clinical status for intervention, whereas asymptomatic 
coronary disease was the least.
The present study is a two-centre follow-up study of 
all patients consecutively presented to the heart team 
of the heart centres of Zwolle and Groningen in the 
Netherlands. In these two centres, a total of 1047 patients 
were presented to the heart teams during the study 
period. Follow-up data were obtained on the vital status 
up to ten years after inclusion. Follow-up data were 
collected via the registry office, the general practitioner 
or via a direct contact with the patient or his relatives by 
telephone.

De  f i n i t i o n s

Diabetes was defined as the use of oral hypoglycaemic 
agents, insulin, or a diabetes-related diet with diabetes 
documented in the medical history. The presence of 
hypertension and a positive family history were derived 
from the data in the medical history. Lipid disorder was 
present when lipid-lowering medication was used or when 
stated in the medical history. Peripheral vascular disease 
was defined as the presence of symptomatic claudication 
or a history of peripheral vascular surgery. Stroke was 
defined as either an ischaemic or a haemorrhagic cerebral 
vascular accident with permanent sequelae. Decreased LV 
function was defined as an ejection fraction ≤40%. Type 
C lesion was defined as a stenosis longer than 20 mm, 
or with rugged contours or tortuous shape, or located at 
spots not readily accessible for a catheter, or total vessel 
occlusions older than three months.

Stat    i s t i c s

Differences between group means were tested by two-
tailed Student’s t test. A 2 statistic was calculated to test 
differences between proportions. Survival functions were 
calculated, using the Kaplan-Meier product limit method. 
Mantel-Cox (or log-rank) test was applied to evaluate the 
differences between survival functions.
Multivariate Cox proportional-hazards regression analysis 
was applied to assess the independent relation between 
revascularisation strategy and ten-year survival after 
adjustment for baseline characteristics.

Re  s u l t s

Patients
Of the 1057 included patients, ten cases were censored because 
they were presented to the heart team for the second time. Of 
the remaining 1047 patients, 877 (84%) met the inclusion 
criteria and were enrolled in the study. The diabetic status was 
unknown for five patients; these patients were not included in 
our analysis. Our analysis therefore consisted of 872 patients. 
A total of 107 patients (12%) had diabetes. Patients with 
diabetes were older (66 ± 8 vs 62 ± 10 year, p<0.001), were 
more frequently female (55 vs 21%, p<0.001) and had a 
higher prevalence of hypertension (46 vs 27%, p<0.001) 
when compared with patients without diabetes. Furthermore, 
patients with diabetes more often had multivessel CAD. 
Differences in baseline characteristics between patients with 
and without diabetes are shown in table 1.
 
Coronary revascularisation
In patients without diabetes, PCI was recommended in 
333 patients (44%), CABG in 333 patients (44%) and a 
conservative approach was advised in 99 patients (13%). 
In patients with diabetes the type of revascularisation 
was comparable with those without diabetes, with 
percentages of patients recommended for PCI, CABG or 
conservative approach of 36, 48 and 16%, respectively. 
There were several differences between diabetic patients 
treated conservatively and those treated invasively. There 
were no differences in baseline characteristics between 
diabetic patients treated with PCI and those treated with 
CABG with regard to age, sex, risk factors, coronary 
history, comorbidity or left ventricular ejection fraction 
(LVEF). However, patients with diabetes treated with PCI 
more often had single-vessel disease (56 vs 4%, p<0.001) 
compared with those treated with CABG. 

Long-term mortality 
In the total study group, long-term mortality was 
associated with increasing age, no revascularisation, 
diabetes (36 vs 25%, p=0.01), peripheral artery disease 
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and an LVEF ≤40%. As compared with revascularisation 
by either PCI or CABG, medically treated patients had 
an increased mortality. The increased mortality in 
patients with diabetes was observed in both medically 
treated patients (n=116) (diabetes 65 vs nondiabetes 
31%, p=0.01) and in those who received PCI (n=372) 
(diabetes 41 vs nondiabetes 24%, p=0.02). There was, 
however, no difference in mortality between diabetes 
and nondiabetes after CABG (n=384) (24 vs 24%, 
p=0.89). Survival curves of patients with and without 
diabetes according to type of revascularisation are shown 
in figures 1 to 3. 

Table 1. Baseline characteristics of all patients according to diabetic status

Diabetes (n=107) Nondiabetes (n=765) P value

Age in years (mean SD) 66 ± 8 62 ± 10 <0.001

Male 48 (44.9%) 601 (78.6%) <0.001

Risk factors

•	Hypertension 49 (45.8%) 208 (27.3%) <0.001

•	Smoking 17 (18.9%) 209 (29.7%) 0.033

•	Lipid disorder 35 (35.7%) 261 (37.1%) 0.786

•	Family history 24 (28.9%) 278 (42.4%) 0.018

•	Obesity 17 (21.3%) 77 (13.2%) 0.054

Coronary history

•	Previous myocardial infarction 35 (32.7%) 292 (38.3%) 0.266

•	Previous PCI 13 (12.1%) 83 (10.9%) 0.694

Comorbidity

•	COPD 12 (11.2%) 66 (8.7%) 0.389

•	Peripheral vascular disease 17 (15.9%) 70 (9.2%) 0.030

•	Stroke 12 (11.2%) 41 (5.4%) 0.018

Vessels diseased

•	One vessel 28 (26.2%) 275 (35.9%) 0.047

•	Two vessels 36 (33.6%) 214 (28.0%) 0.224

•	Three vessels 37 (34.6%) 223 (29.2%) 0.250

•	Left main coronary artery 6 (5.6%) 53 (6.9%) 0.610

•	Type C lesion 58 (54.2%) 382 (49.9%) 0.408

LVEF 20 to 40% 17 (16.3%) 116 (15.6%) 0.843 

 <20% 5 (4.8%) 20 (2.7%) 0.218

SD = standard deviation; PCI = percutaneous coronary intervention; COPD = chronic obstructive pulmonary disease.  

Figure 1. Ten years’ follow-up of 116 medically treated 
patients

Log rank 7.5; p=0.006
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Figure 2. Ten years’ follow-up of 372 PCI-treated 
patients

Log rank 5.8; p=0.016
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Figure 3. Ten years’ follow-up of 384 CABG-treated 
patients
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Multivariate analysis
To study the independent prognostic  importance of 
diabetes on clinical outcome, multivariate analysis was 
performed. We included age, gender and all univariate 
predictors of long-term mortality in the multivariate 
model. After multivariate analysis increasing age, diabetes 
and a decreased LV function were independent predictors 
of long-term mortality (table 2). The independent predictive 
value of diabetes was most pronounced in patients treated 
without revascularisation and in those treated with PCI 
(OR 2.1, 95% CI 1.3 to 3.3). In patients treated with CABG, 
diabetes was not an independent predictor of long-term 
mortality (OR 1.2, 95% CI 0.6 to 2.4). 

increase infarct size and might predispose to ventricular 
arrhythmias.12 Interestingly, in patients with extensive 
CAD, who are generally treated with CABG, the difference 
in mortality between diabetes and nondiabetes seems to 
be much less clear.13

PCI as revascularisation strategy
Mortality was higher in PCI-treated patients with diabetes 
compared with those without diabetes. There may be 
several explanations for this difference. Patients with 
diabetes have smaller calibre vessels and higher rates of 
restenosis than patients without diabetes.14 Furthermore, 
more progressive atherosclerosis in diabetes may also 
affect coronary segments not significantly stenosed at the 
time of the initial decision to perform revascularisation. 
As diabetic patients already have a comprised LV function, 
display impaired preconditioning and have glycometabolic 
disturbances potentially increasing ischaemic myocardial 
damage, they might be more prone to die when suffering 
subsequent coronary events.11,15

CABG as revascularisation strategy
There was no difference in mortality in diabetic patients 
treated with CABG compared with nondiabetic patients 
treated with CABG. Previous studies show conflicting 
results. Several studies report that diabetes is associated 
with a worse outcome after CABG.1,16 The randomised 
EAST trial and the recently published study by Calafiore et 

al., however, did not find an association between diabetes 
and a long-term adverse prognosis after CABG.5,17

 
Revascularisation in diabetes
In patients with diabetes, those treated medically had 
the highest mortality, whereas the lowest mortality was 
found in diabetic patients treated with CABG. Differences 
in baseline characteristics between medically treated 
patients and those undergoing revascularisation may 
partly explain the differences in outcome. Medically 
treated patients were older and had a higher prevalence 
of peripheral artery disease and COPD than those treated 
with coronary revascularisation. The improved prognosis 
after CABG in diabetic patients can be caused by the fact 
that PCI in diabetes is associated with a higher restenosis 
rate, whereas graft patency after four years between 
patients with and without diabetes may be comparable.18 
Also, incomplete revascularisation might be detrimental 
in diabetic patients treated with PCI. Coronary artery 
bypass grafting may be superior in reaching complete 
revascularisation leaving PCI-treated patients with an 
increased area at risk for future ischaemic events.19 
Furthermore, there seems to be a protective effect from 
the use of an internal thoracic artery (ITA) in CABG, 
especially in patients with diabetes.20 The mortality risk 
after myocardial infarction in diabetic patients without 

Table 2. Independent predictors of mortality

OR 95% CI

Male gender 1.36 0.98 to 1.89

Age (per year) 1.09 1.07 to 1.12

Conservative treatment# 1.24 0.86 to 1.79

Diabetes	 1.46 1.01 to 2.13

Peripheral vascular disease 1.28 0.85 to 1.91

Decreased left ventricle function 1.58 1.15 to 2.18
#As compared with revascularisation by either PCI or CABG. Adjusted 
for differences in the other variables. OR = odds ratio; CI = confidence 
limit.

D i s c u s s i o n

In patients with coronary artery disease in whom an invasive 
approach was considered, diabetes was associated with 
increased long-term mortality. However, in patients treated 
with CABG this association was not observed. Our analysis 
reflects real-world clinical practice and has additional value 
regarding the still ongoing debate about the optimal method 
of revascularisation for patients with diabetes.

Diabetes vs nondiabetes
Patients with diabetes had a higher long-term mortality 
compared with patients without diabetes. This could be 
due to differences in baseline characteristics. In general, 
patients with diabetes were older, were more often female 
and had a higher prevalence of hypertension. However, 
after multivariate analysis diabetes was still a significant 
predictor of mortality. There may be several mechanisms 
for this increase in mortality. A procoaguable state and 
more unfavourable lipid levels in diabetic patients might 
play a role.9,10 Atherosclerotic coronary abnormalities 
may be more progressive in diabetes. Furthermore, pre-
existing left ventricular failure, either diastolic or systolic, 
may contribute to an increase in mortality.11 Moreover, 
glycometabolic disturbances during acute coronary events 
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ITA is much higher when compared with diabetic patients 
who had received revascularisation with an ITA. In our 
study the majority of patients were treated with an ITA. 
It is still unclear whether the type of antidiabetic 
treatment used interacts with the success of different 
revascularisation procedures. Although the use of drug-
eluting stents has reduced the occurrence of restenosis 
in diabetic patients, diabetic patients using insulin still 
appear to be at an increased risk.21,22 It is possible that 
particularly this patient group could benefit from surgical 
revascularisation compared with PCI.23

Other studies
In the BARI trial, 1829 patients with multivessel disease 
were randomised to CABG or PCI.3 This study found 
a better seven-year survival in diabetic patients (n=353) 
treated with CABG compared with PCI (76 vs 56%). 
However, other randomised trials, as the CABRI trial and 
the EAST trial, did not find a significant beneficial effect 
after CABG compared with PCI in diabetic patients.4,5 
Moreover, the RITA trial including 62 patients with 
diabetes found a nonsignificantly worse outcome for 
diabetic patients randomised to CABG compared with 
PCI.24 Observational studies also found contradicting 
evidence regarding the optimal method of reperfusion. The 
Duke and EMORY analyses did not find a benefit for CABG 
vs PCI in diabetic patients, although insulin-treated diabetes 
seemed to benefit from CABG.1,2 The MAHI study found 
an unadjusted survival benefit of diabetic patients when 
treated with CABG compared with PCI.25 Interestingly, 
in diabetic patients from the registry of the BARI trial 
there was no significant difference in mortality between 
the two revascularisation methods.6 Niles et al., however, 
did find a significant reduction in mortality in more than 
7000 diabetic patients treated with CABG vs PCI after five 
years of follow-up.26 Our study also found a survival benefit 
for diabetic patients when treated with CABG compared 
with PCI after a long follow-up period of ten years. 

St  u d y  l i m i tat   i o n s 

This was an observational study without randomisation. 
This could have led to differences in unmeasured baseline 
characteristics for which no correction or adjustment could 
be made. 
Unfortunately, no detailed information about medication 
use or the type of antidiabetic treatment was available. 
During the study period, intracoronary stenting and 
treatment with glycoprotein IIb-IIIa inhibitors or 
clopidogrel were not available. These new therapeutic 
modalities may well have a profound effect on clinical 
outcome and may, in particular, improve clinical outcome 
in patients with diabetes when treated with PCI.27,28 

C o nc  l u s i o n

Diabetic patients with significant CAD had a higher long-
term mortality compared with patients without diabetes. In 
patients with diabetes survival was highest after coronary 
artery bypass grafting and appeared to be comparable between 
diabetic and nondiabetic patients. Complete revascularisation 
may decrease the influence of diabetes on survival. 

Re  f e r ence    s

1.	 Barsness GW, Peterson ED, Ohman EM, et al. Relationship between 
diabetes and long-term survival after coronary bypass and angioplasty. 
Circulation 1997;96:2551-6.

2.	 Weintraub WS, Stein B, Kosinski A, et al. Outcome of coronary bypass 
surgery vs coronary angioplasty in diabetic patients with multivessel 
coronary artery disease. J Am Coll Cardiol 1998;31:10-9.

3.	 The BARI Investigators. Seven-year outcome in the Bypass Angioplasty 
Revascularization Investigation (BARI) by treatment and diabetic status. 
J Am Coll Cardiol 2000;35:1122-9.

4.	 Kurbaan AS, Bowker TJ, Ilsley CD, Sigwart U, Rickards AF, on behalf 
of the CABRI Investigators. Difference in the mortality of the CABRI 
diabetic and nondiabetic populations and its relation to coronary artery 
disease and the revascularization mode. (Coronary Angioplasty vs Bypass 
Revascularization Investigation). Am J Cardiol 2001;87:947-50.

5.	 King SB III, Kosinski AS, Guyton RA, Lembo NJ, Weintraub WS. Eight-year 
mortality in the Emory Angioplasty vs Surgery Trial (EAST). J Am Coll 
Cardiol 2000;35:1116-21.

6.	 Detre KM, Guo P, Holubkov R, et al. Coronary revascularization in 
diabetic patients: a comparison of the randomized and observational 
components of the Bypass Angioplasty Revascularization Investigation 
(BARI). Circulation 1999;99:633-40.

7.	 Rigter H, Meijler AP, McDonnell J, Scholma JK, Bernstein SJ. 
Indications for coronary revascularisation: a Dutch perspective. Heart 
1997;77:211-8.

8.	 Meijler AP, Rigter H, Bernstein SJ, et al. The appropriateness of intention 
to treat decisions for invasive therapy in coronary artery disease in The 
Netherlands. Heart 1997;77:219-24.

9.	 Winocour PD. Platelet abnormalities in diabetes. Diabetes  
1992;41(suppl 2):26-31.

10.	 Kreisberg RA. Diabetic dyslipidemia. Am J Cardiol 1998;82:U67-73.

11.	 Norhammar A, Malmberg K. Heart failure and glucose abnormalities: an 
increasing combination with poor functional capacity and outcome. Eur 
Heart J 2000;21:1293-4. 

12.	 Oliver MF, Opie LH. Effects of glucose and fatty acids on myocardial 
ischaemia and arrhythmias. Lancet 1994;343:155-8.

13.	 Ishihara M, Sato H, Kawagoe T, et al. Impact of diabetes mellitus on long 
term survival after acute myocardial infarction in patients with single 
vessel disease. Heart 2001;86:133-8. 

14.	 Van Belle E, Bauters C, Hubert E, et al. Restenosis rates in diabetic 
patients: a comparison of coronary stenting and balloon angioplasty in 
native coronary vessels. Circulation 1997;96:1454-60. 

15.	 Ishihara M, Inoue I, Kawagoe T, et al. Diabetes prevents ischemic 
preconditioning in patients with a first acute anterior wall myocardial 
infarction. J Am Coll Cardiol 2001;38:1007-11.

16.	 Brooks MM, Jones RH, Bach RG, et al. Predictors of mortality and 
mortality from cardiac causes in the bypass angioplasty revascularization 
investigation (BARI) randomized trial and registry. For the BARI 
Investigators. Circulation 2000;101:2682-9.

17.	 Calafiore AM, Di Mauro M, Di Giammarco G, et al. Effect of diabetes 
on early and late survival after isolated first coronary bypass surgery in 
multivessel disease. J Thorac Cardiovasc Surg 2003;125:144-54.



301

s e p t e m b e r  2 0 0 6 ,  V o l .  6 4 ,  N o .  8

Timmer, et al. Revascularisation in diabetes.

18.	 Schwartz L, Kip KE, Frye RL, Alderman EL, Schaff HV, Detre KM. Coronary 
bypass graft patency in patients with diabetes in the Bypass Angioplasty 
Revascularization Investigation (BARI). Circulation 2002;106:2652-8.

19.	 Zhao XQ, Brown BG, Stewart DK, et al. Effectiveness of revascularization 
in the Emory angioplasty vs surgery trial. A randomized comparison of 
coronary angioplasty with bypass surgery. Circulation 1996;93:1954-62. 

20.	 Detre KM, Lombardero MS, Brooks MM, et al. The effect of previous 
coronary-artery bypass surgery on the prognosis of patients with 
diabetes who have acute myocardial infarction. Bypass Angioplasty 
Revascularization Investigation Investigators. N Engl J Med 
2000;342:989-97.

21.	 Ortolani P, Ardissino D, Cavallini C, et al. Effect of sirolimus-eluting 
stent in diabetic patients with small coronary arteries. Am J Cardiol 
2005;96:1393-8. 

22.	 Yang TH, Park SW, Hong MK, et al. Impact of diabetes mellitus on 
angiographic and clinical outcomes in the drug-eluting stents era. Am J 
Cardiol 2005;96:1389-92. 

23.	 Brandt M, Harder K, Walluscheck KP, et al. Coronary artery bypass surgery 
in diabetic patients. J Card Surg 2004;19:36-40. 

24.	 Henderson RA, Pocock SJ, Sharp SJ, et al. Long-term results of RITA-1 trial: 
clinical and cost comparisons of coronary angioplasty and coronary-artery 
bypass grafting. Randomised Intervention Treatment of Angina. Lancet 
1998;352:1419-25.

25.	 Gum PA, O’Keefe JH Jr, Borkon AM, et al. Bypass surgery vs coronary 
angioplasty for revascularization of treated diabetic patients. Circulation 
1997;96(suppl II):7-10.

26.	 Niles NW, McGrath PD, Malenka D, et al. Survival of patients with 
diabetes and multivessel coronary artery disease after surgical or 
percutaneous coronary revascularization: results of a large regional 
prospective study. Northern New England Cardiovascular Disease Study 
Group. J Am Coll Cardiol 2001;37:1008-15.

27.	 Van Belle E, Perie M, Braune D, et al. Effects of coronary stenting on vessel 
patency and long-term clinical outcome after percutaneous coronary 
revascularization in diabetic patients. J Am Coll Cardiol 2002;40:410-7.

28.	 Lincoff AM, Tcheng JE, Califf RM, et al. Sustained suppression of ischemic 
complications of coronary intervention by platelet GP IIb/IIIa blockade 
with abciximab: one-year outcome in the EPILOG trial. Evaluation in PCI 
to Improve Long-term Outcome with abciximab GP IIb/IIIa blockade. 
Circulation 1999;99:1951-8.

A BOU   T  T H E  C OV  E R
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Manuela Jalimsing was born in 1971 in Paramaribo. She 
now lives and works in The Hague. Manuele attended the 
College of Art in Utrecht and the Royal Academy of Art in 
The Hague.
Her work can be seen in many group and solo exhibitions 
in the Netherlands. 
With the shape of fish, she designs a composition on a surface. 
The expression of the fish and the transparency due to the 
drying in salt attract her. Every fish is put in its own position, 
thus creating a certain tension, trying to reach a balance. 
After observation the images are put onto paper. She often 
uses desiccated fish, bought at the Chinese supermarket. 
Her passion for the wooden print is probably based on the 
fact that it is a near to nature and practical technique in 
the course of which you can create images without using 
lots of material. 

In her childhood, fish was one of her main sources of 
inspiration. Her father was a fisherman on the Atlantic 
Ocean from the age of eleven, just as his father and his 
brothers. The many stories about the rough sea and his 
catches made a great of impression on her. 
During her studies at the Academy of Art, Jalimsing 
was pregnant and she avoided the studios because of the 
chemical substances. When making wooden prints she 
only used a board, a wooden spoon and a gouge, and she 
experienced the natural art of wooden print. 
Later, she attended a workshop by a Japanese master, who 
taught her how to use only pure materials. 
An original print (71 x 100 cm) is available at a price of Z 525 
and can be ordered from Galerie Unita, Rijksstraatweg 
109, 6573 CK Beek-Ubbergen, the Netherlands, e-mail:  
Galerie-Unita @planet.nl, www.galerie-unita.com.
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A b s t r act 

We describe four cases of HIV-positive patients, two from 
Surinam, one from the Dutch Antilles and one from 
Nigeria, who presented with a febrile illness and a high 
lactate dehydrogenase plasma level. In all four, the diagnosis 
of disseminated histoplasmosis was made, in three of them 
by liver biopsy. Two patients had retinal abnormalities 
compatible with a systemic fungal infection. Three patients 
were treated successfully with antifungal agents. One 
patient died. Between 2000 and 2006, only 14 patients 
with HIV have been found to have histoplasmosis in the 
Netherlands. Although histoplasmosis is not endemic in 
the Netherlands, physicians are more likely to see cases 
because of a growing number of HIV-positive immigrants 
from endemic regions.

K e y w o r d s

Histoplasma, HIV, lactate dehydrogenase

Int   r o d u ct  i o n

Although disseminated histoplasmosis is a common 
AIDS-defining condition in endemic countries, it is rarely 
encountered in Northwest Europe.1 In the Netherlands, 
histoplasmosis was diagnosed in 14 HIV-positive patients 
from January 2000 to January 2006 (data from the HIV 
Monitoring Foundation). Only one patient was born in the 
Netherlands. The other patients originated from Western 
Africa (5) and Southern and Central America (8). Since 
physicians from Western Europe may not be familiar with 
this life-threatening disease, there may be a fatal delay in 
diagnosis. In this article, we describe four patients, all 

of whom had high plasma lactate dehydrogenase (LDH) 
levels. LDH might be used to decide about the treatment 
of histoplasmosis empirically before definite identification 
of the organism is available. 

C a s e  r e p o r t  1

A 41-year-old Negroid man from Surinam with a two-
year history of HIV infection presented with pain in the 
upper abdomen and fever for a couple of days. Physical 
examination did not reveal any abnormalities. Laboratory 
results showed panleukopenia (1.5 x 109/l), normocytic 
anaemia (5.0 mmol/l), thrombopenia (88 x 109/l), 
erythrocyte sedimentation rate (ESR) 135 mm/h, aspartate 
aminotransferase (ASAT) 50 U/l, alanine aminotransferase 
(ALAT) 20 U/l, LDH 1413 U/l, and CD4 count 8/mm3. 
Microbiological examination commonly used in HIV 
patients to find the origin of fever remained negative. On 
bone marrow examination granulomatous lesions were 
found without any micro-organisms. The patient was first 
treated with tuberculostatic drugs without effect on the 
fever. Finally, histoplasmosis was found in a liver biopsy 
(figure 1). He was treated with amphotericin B, followed by 
itraconazole 200 mg twice daily for four years. The fever 
resolved within three days. He finally died four years later 
of other complications of his HIV infection. 

C a s e  r e p o r t  2

A 54-year-old Negroid woman from Curacao was admitted 
from another hospital for treatment of progressive renal 
insufficiency with proteinuria and a coincidentally 
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diagnosed HIV infection. She had a six-year history of 
diabetes mellitus and had experienced an episode of 
erythema multiforme of unknown aetiology after a visit 
to Curacao, four years prior to her admission. She had not 
returned to Curacao after that last visit. She complained 
of episodes of fever, fatigue and frontal headache for a few 
months. She had a systolic ejection murmur. There was no 
stiffness of the neck. White retinal lesions were seen on 
fundoscopy. Leucocytes were 5.0 x 109/l with lymphopenia 
(0.6 x 109/l), microcytic anaemia (6.4 mmol/l), thrombocytes 
288 x 109/l, ESR 95 mm/h, creatinine 1100 µmol/l, urea 
32 mmol/l, total protein 47 g/l, albumin 14 g/l, ASAT 
176 U/l, ALAT 59 U/l, LDH 3715 U/l, γ-glutamyltransferase, 
141 U/l, CD4 count 6/mm, HIV-RNA >106 copies/ml, and 
urinary protein 15 g/24h. Standard microbiological and 
mycobacterial cultures remained negative. Radiological 
examination with ultrasound and computed tomography 
(CT) scan showed pleural effusion, enlarged liver, enlarged 
echogenic kidneys, few iliacal lymph nodes and some 
ascites. Kidney biopsy revealed HIV-associated nephropathy. 
Finally, histoplasmosis could be diagnosed from liver 
biopsy, performed one week after admission (figure 2). The 
patient was treated with itraconazole 200 mg twice daily, 
but died two days later of multiple organ failure. At autopsy 
histoplasmosis was found in most of her organs.

C a s e  r e p o r t  3

A 26-year-old Negroid Surinam HIV-positive male, who 
had been in the Netherlands for one year, was admitted 
because of fever for two weeks, 10 kg weight loss and loss 
of vision of his left eye. On physical examination an oral 
Candida infection, a skin ulcer on the chin and a palpable 
liver were found. A white exudate and a retinal detachment 
were seen at fundoscopy. Leucocytes were 3.6 x 109/l with 

a left shift. Haemoglobin was 6.5 mmol/l, thrombocytes 
151 x 109/l, creatinine 113 µmol/l, ASAT 242 U/l, ALAT 
50 U/l, LDH 3100 U/l, CD4 count 12/mm3 and HIV-RNA 
>106 copies/ml. Standard examination of blood, faeces 
and pleural fluid did not yield any micro-organisms. Viral 
culture of the chin ulcer revealed a herpes simplex type 
2 infection. Mild spleen and liver enlargement was seen 
at ultrasound. The patient refused a liver biopsy. Based 
on earlier experience, disseminated histoplasmosis was 
suspected. Amphotericin B was started five days after 
admission, followed by itraconazole. No antibodies against 
Histoplasma could be detected with an immunodiffusion 
test. The fever receded and the LDH normalised within 
two days. Blood cultures grew Histoplasma capsulatum 
13 days after admission. He was treated with antiviral 
combination therapy and continued itraconazole. Within 
three months, CD4 cells rose to 170/mm3 and HIV-RNA 
became undetectable. Six months later he was readmitted 
with extensive cutaneous histoplasmosis after he had 
stopped all medication.  

C a s e  r e p o r t  4

A Negroid man from Nigeria had resided in the Netherlands 
for 3.5 years. He had a history of malaria (Plasmodium 

vivax) and presented with fever and chills after a root canal 
treatment at the dentist. He reported weight loss of 15 kg 
in the previous months. On physical examination he had 
a systolic cardiac murmur at the apex. No abnormalities 
were found at fundoscopy. A HIV test was positive. 
Leucocytes were 3.9 with 3.4 granulocytes and 0.5 x 109/l 
mononuclear cells. Haemoglobin was 5.3 mmol/l with a 
mean cellular volume of 81 fl, thrombocytes 237 x 109/l,  
ESR 128 mm, C-reactive protein 40 U/l, creatinine 
92 µmol/l, ASAT 67 U/l, ALAT 28 U/l, LDH 1516 U/l, and 

Figure 1. Grocott stain of the liver (630 x) of the 
patient in the first case report

Histoplasma is abundantly present, some with smaller buds. 
Examples are highlighted with arrows.

Figure 2. PAS coloured liver specimen (630 x) of the 
patient in the second case report

The arrow points at the  Histoplasma lesion. 
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LDH iso-enzymes: lactate dehydrogenase 1 iso-enzyme 
(LD1) 270, LD2 347, LD3 312, LD4 174, and LD5 162 U/l. 
The CD4 count was 14/mm3 and HIV-RNA >106 copies/ml.  
Initial standard microbiological and mycobacterial cultures 
remained negative. Histoplasma serology was negative. 
Reticulonodular lesions were seen on plain chest X-ray. 
CT scan of the neck, thorax and abdomen showed alveolar 
infiltrates, mediastinal lymphadenopathy and an enlarged 
spleen (14 cm). Bone marrow aspiration revealed HIV 
myelopathy and foamy histiocytes with micro-organisms 
resembling Histoplasma, intense iron staining and 
sideroblasts. Lung, liver and cervical lymph node biopsy 
all showed Histoplasma. Treatment with amphotericin B 
was started two weeks after admission. One week later, 
blood cultures grew Histoplasma. The fever receded in six 
days, and he recovered fully. Nine months later, he was in 
excellent condition on antiviral therapy and itroconazole. His 
CD4 cells were 370/mm3 and HIV RNA was undetectable. 

D i s c u s s i o n

Histoplasmosis encapsulatum is a dimorphic organism. The 
hyphae or conidia of the organism are inhaled and can 
reach the alveoli, where they can germinate at 37°C into 
the yeast phase and invade the body.2 In tissue, these yeast 
cells are found in the macrophages as small buds. The 
acute infection is mostly asymptomatic, but can present 
as a flu-like illness, with pulmonary symptoms, skin 
lesions, pericarditis or rheumatological manifestations. 
The infection can be cured or develop into a chronic 
pulmonary disease mimicking tuberculosis. In patients 
with an immunodeficiency or in those who encounter a high 
inoculum, Histoplasma may spread throughout the body via 
the reticulo-endothelial system, and cause disseminated 
histoplasmosis infecting nearly all the organs.3 The organs 
most often involved are liver, spleen, lymph nodes, bone 
marrow, adrenal glands, gastrointestinal tract and central 
nervous system.2,4 As with mycobacteria, the organism can 
stay viable in calcified lesions. These dormant organisms can 
reactivate and in some cases cause systemic disease in case 
of waning immunity. T-cell immunity plays a paramount 
role in the activity of the human defence system against 
Histoplasma. T-cells and cytokines such as interleukin 
(IL)-12, tumour necrosis factor a. (TNF-a) and interferon-γ 
trigger macrophages to kill intracellular Histoplasma.5 

Endemic areas for Histoplasma are the mid-west of the 
USA, the Caribbean, Central America, Africa and other 
tropical parts of the world.4 The Netherlands is not a 
reservoir. In HIV infection, systemic infection may either 
be caused by exogenous exposure in endemic regions, 
or in nonendemic areas such as the Netherlands, by 
reactivation of latent infection. In nonendemic areas, 

clusters of cases of infection are sometimes caused by 
micro-foci of Histoplasma.6,7 With the increasing number 
of immigrants from Africa and the (former) Dutch colonies 
in the Caribbean and Surinam, Dutch physicians are more 
likely to encounter cases of histoplasmosis. Data from the 
HIV Monitoring Foundation show that in the Netherlands 
all patients with histoplasmosis except one originated 
from endemic areas, pointing to reactivation of infection 
secondary to severe immunodeficiency. 

The diagnosis of disseminated histoplasmosis requires 
knowledge of the various often nonspecific modes of 
presentation. Common symptoms and signs are fever (92-
95%), weight loss (63-95%), diarrhoea (50%), pneumonitis 
(50%), lymphadenopathy (20%) and hepatosplenomegaly 
(25-42%).1,8 Less commonly occurring symptoms are 
gastrointestinal, skin, mucosal and central nervous system 
abnormalities. Keys to diagnosis are laboratory findings 
suggesting multiorgan involvement, blood cultures (positive 
in 85%), chest X-ray (interstitial or reticulonodular infiltrates 
with or without mediastinal adenopathy in 45-70%) and 
cerebral fluid examination.6,9,10 Bone marrow infection is 
suggested by anaemia, leucopenia and thrombocytopenia. 
Pancytopenia is present in 35% of cases, and cultures of bone 
marrow are positive in over 75%. Liver involvement is often 
accompanied by serum elevations of transferases (48%), 
alkaline phosphatase, bilirubin and LDH. Because the fatality 
rate is high in disseminated histoplasmosis in HIV infection, 
prompt diagnosis is of great importance. Blood cultures 
yield a sensitivity as high as 85% with AIDS.10 However, the 
organism grows very slowly, as was the case in our patients. 
An easy method is to detect antigen or antibodies against 
the capsule of the fungus in urine or blood.10-12 Sensitivity 
during an outbreak in Indiana was reported to be 92% for 
antigen tests and 71% for serology. For both the antigen and 
serological tests, cross-reactivity with other fungal infections 
hampers its use. Besides, the antibodies are often absent 
in case of severe immunodeficiency. The sensitivity for the 
antigen test is higher in urine than in serum and is especially 
useful in monitoring the progress of therapy.6 

Especially LDH is a useful tool in diagnosis. In a study by 
Corcoran and coworkers, AIDS patients with disseminated 
histoplasmosis were found to have an average LDH 
of 1356 IU/l compared with 332 IU/l in patients with 
other pulmonary processes. LDH levels were more 
than 600 IU/l in 73% of patients with disseminated 
histoplasmosis compared with 10% of controls (p<0.001).13 
A descriptive study of patients in an endemic area found 
elevated LDH levels of >3 times the normal level in 
74% of patients.1 Other studies have also identified a 
high LDH as a positive predictor for histoplasmosis, 
especially if there are differential diagnostic problems with 
mycobacterial disease and Pneumocystis pneumonia.14-17  

S e p t e m b e r  2 0 0 6 ,  V o l .  6 4 ,  N o .  8
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Furthermore, a high LDH is associated with a fatal 
outcome in disseminated histoplasmosis.18 The high 
enzyme levels might have their origin in the bone 
marrow where they are formed in a process called 
haemophagocytosis or the reactive haemophagocytic 
syndrome.17,18 One study indeed found an association 
between high serum LDH levels and bone marrow stain 
positivity for histoplasmosis.16 Haemophagocytosis is 
due to inappropriate monocyte activation associated 
with a number of infections, immune diseases and 
malignancies. Its characteristics are high fever, anaemia, 
coagulation disorders, hypotension, liver dysfunction 
and systemic proliferation of mature histiocytes showing 
haemophagocytosis. Microscopically, histiocytes can 
be seen with an abundant load of intracytoplasmic 
Histoplasma and phagocytosed normoblasts. The incidence 
in disseminated histoplasmosis has been observed to be 
as high as 67%.17 To our knowledge, no research has been 
done on the predominant isoforms of the high LDH levels. 
In case report 4, the LDH isoenzymes were measured by 
electrophoresis. All iso-enzymes seemed to be elevated 
in the patient’s serum, with the elevation of LD3 (H2M2 
tetramere type) being most pronounced. The chemical 
patterns of the iso-enzymes are therefore nonspecific, but 
resemble those in mononucleosis, myeloid leukaemia, 
carcinomatosis and pancreatitis. Further research is 
needed to the origin of the LDH. Possible aetiological 
processes include liver damage, haemophagocytosis and 
general tissue destruction by massive dissemination.

Histology is of highest importance to the diagnosis. In 
tissue samples, typical intracellular budding yeast can 
be observed within the macrophages with a periodic acid 
Schiff  (PAS) or Grocott stain. The liver is almost always 
infected, making it a good target organ for biopsy.

Untreated, acute disseminated histoplasmosis in 
immunosuppressed patients is fatal.19,20 With treatment, 
the mortality can be decreased to less than 25%.20 The 
Guidelines of the Infectious Disease Society of America-
Mycoses Study Group (IDSA-MSG) might well be considered 
the gold standard for treatment.20 Therapy is divided into a 
12-week induction phase and, in case of immunodeficiency, 
a lifelong maintenance phase to prevent relapse. A recent 
study suggested that maintenance therapy might be safely 
discontinued after successful treatment with highly active 
anti-retroviral therapy (HAART).21 Due to the small number 
of studied subjects, the IDSA still advises lifelong prophylaxis 
to prevent relapse. Amphotericin B is recommended for 
induction, followed by itraconazole 200 mg twice daily 
when possible. As an alternative, itraconazole can be given 
to less ill patients. Fluconazole, though less efficacious, is an 
alternative for patients intolerant to itraconazole. Recently, 
posaconazole was suggested as a rescue treatment modality 

after its efficacy against histoplasmosis had been proven in 
animal models.22 Another promising but even less studied 
agent is voriconazole.

Many investigators, for instance the Swiss HIV Cohort 
Study Group and the HIV Outpatient Study Investigators 
(USA), have demonstrated a decrease in AIDS-related 
diagnoses with HAART.23-25 However, to our knowledge, 
large studies on the effect of HAART on the prevalence and 
treatment of disseminated histoplasmosis are not available. 
Since disseminated histoplasmosis usually occurs with a 
CD4 count of less than 100,1 the use of potent antiretroviral 
therapy is likely to decrease the incidence of disseminated 
histoplasmosis. 

C o nc  l u s i o n

In Northwest European HIV patients originating from 
the Antilles, Surinam and other endemic areas, fever 
and a high LDH should raise suspicion of disseminated 
histoplasmosis, especially in the presence of retinal fungal 
infection. Liver biopsy has a high diagnostic yield. LDH 
might be used to treat histoplasmosis empirically before 
definite identification of the organism is available. Between 
2000 and 2006, only 14 patients with HIV were diagnosed 
with histoplasmosis in the Netherlands. Disseminated 
histoplasmosis is a treatable HIV complication if recognised 
and treated early and has an excellent prognosis with 
antiviral treatment and secondary itraconazole prophylaxis. 
The low incidence and growing number of patients at risk 
make a higher awareness of the disease and its symptoms 
in nonendemic areas critically important.
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A b s t r act 

Haemochromatosis is a hereditary iron-overload syndrome 
caused by increased intestinal iron absorption and 
characterised by accumulation of potentially toxic iron in 
the tissues. Sometimes this disease presents as a cutanea 
porphyria. We describe a patient with joint complaints 
and blistering skin lesions on sun-exposed skin. After 
identifying the porphyria cutanea tarda by urine analysis 
we found that the serum activity of uroporphyrinogen 
decarboxylase (UROD) was normal, meaning a partial 
inactivation of UROD in liver tissue due to external factors. 
Further investigation showed the homozygous Cys282Tyr 
missense mutation and high levels of serum ferritin. It is 
important to recognise the symptoms of iron overloading at 
an early stage because hereditary haemochromatosis needs 
to be treated immediately. We therefore advocate routine 
sampling of ferritin levels in patients with unexplained 
joint complaints.

K e y w o r d s

Arthralgias, blistering skin lesions, ferritin, 
haemochromatosis, porphyria cutanea tarda

Int   r o d u ct  i o n

Haemochromatosis is an iron-overload syndrome caused 
by increased intestinal absorption and characterised 
by accumulation of potentially toxic iron in the tissues. 
There are primary genetic forms expressed in adults (the 
Cys282Tyr and H63D mutations) and hereditary juvenile 
and neonatal forms. Secondary haemochromatosis can be 
a result of excessive intake of iron, augmented by the use of 
alcohol and vitamin C, and of multiple blood transfusions, 
usually seen in patients with persistent anaemias. In its 

early stages systemic iron deposition leads to mild symptoms 
such as fatigue, arthralgias and arthrosis. Untreated though, 
it can result in major organ damage such as congestive 
heart failure, cardiac arrhythmias, bronze diabetes, hepatic 
cirrhosis, impotence and infertility.1 Early recognition of 
the symptoms is of crucial importance to prevent further 
tissue destruction of the various organ systems. The direct 
or indirect effect of prolonged iron overloading on the skin 
is the first sign of haemochromatosis. We present a patient 
referred because of untreatable arthralgias of the hands and 
blistering lesions on sun-exposed skin.

C a s e  r e p o r t

A 56-year-old male presented with arthralgias, blistering 
skin lesions on sun-exposed skin and slightly raised 
liver enzymes: bilirubin 18 mmol/l (0-17), aspartate 
aminotransferase 75 U/l (<31), alanine aminotransferase 
122 U/l (<31), and g-glutamyltransferase 75 U/l (<35). He 
consumed two glasses of wine a day. The patient did 
not have any close relatives such as children, brothers 
or sisters. Physical examination did not reveal any signs 
of arthritis or an enlarged liver. However, remarkable 
blistering skin lesions on his hands and lower legs were 
seen. Ultrasound of the liver suggested steatosis hepatis 
without focal lesions. Hepatitis B/C virus, Epstein-Barr 
virus and cytomegalovirus serology were normal, as were 
serum levels of the rheumatoid factors. The differential 
diagnosis consisted of porphyria cutanea tarda (PCT) or 
parapemphigus. Subsequent 24-urine analysis revealed 
elevated levels of uroporphyrinogen III at 116 nmol/mmol 
creatinine (<2.0), hepta-carboxyl porphyrin 72 nmol/mmol 
creatinine (<1.6), hexa-carboxyl porphyrin 8.0 nmol/mmol 
creatinine (<2.4) and penta-carboxyl porphyrin 20 nmol/
mmol creatinine (<0.5), indicating partial blockage of the 
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decarboxylation of uroporphyrinogen III. The activity of 
uroporphyrinogen decarboxylase (UROD) in erythrocytes, 
which was normal, differentiated between an acquired 
and inherited subtype of PCT. To confirm the diagnosis 
of sporadic type I PCT due to iron overload in case of 
haemochromatosis, we tested ferritin levels in plasma 
(>1450 mg/l), iron saturation (105.5%) and HFE gene analysis. 
This gene turned out to be homozygously changed with 
the Cys282Tyr missense mutation. A liver biopsy was not 
performed, considering the highly invasive nature of this 
test without any clinical consequences, because there were 
no radiological and biochemical signs of fibrosis. 

Our patient was strongly advised to stop the use of 
alcohol-containing products and repeatedly underwent 
phlebotomy, resulting in a decrease in the ferritin levels of 
up to 150 mg/l with acceptable haemoglobin levels. The skin 
abnormalities disappeared rapidly and his joint complaints 
were controllable with non-steroidal anti-inflammatory 
drugs. Outpatient visits were continued to control the 
ferritin levels and six-monthly serum tests of a-fetoprotein 
levels (AFP) will be performed because of the increased 
risk of hepatocellular carcinoma in this patient.

D i s c u s s i o n

In the patient described above, hereditary haemochromatosis 
was found with a mutation in the HFE gene. Why were 
iron overload and skin blistering related here? The key 
to this question is incomplete haemsynthesis, producing 
toxic precursors. In our patient, the blockage in the 
haem pathway was found at the level of UROD which 
decarboxylates uroporphyrinogen III to coproporphyrinogen 
III in four steps producing hepta-, hexa- and penta-carboxyl 
porphyrin as by-products (figure 1; decarboxylation by-
products are not shown). The effects of iron on the 
formation of haem precursors are thought to consist of 
three cornerstones. First, iron catalyses the formation 
of reactive oxygen molecules enhancing uroporphyrin 
formation, secondly iron enhances the production of 
nonporphyrin products directly inhibiting UROD and 
thirdly iron induces d-aminolaevulinic acid synthetase 
and thus the production of d-aminolaevulinic acid, the 
precursor of uroporphyrinogen.2

Deficiency or inactivation of UROD causes 
accumulation and skin deposition of the haem precursor 
uroporphyrinogen. This molecule is potentially toxic to 
our skin because of its photosensibility for ultraviolet light 
(400 nm). The excited energy state leads to complement 
activation and release of histamine resulting in blistering 
skin lesions. Expression of this sporadic subtype of PCT 
(s-PCT) is usually observed in the third or fourth decade, 

since substantial accumulation of iron is required to 
successfully block the pathway. Hepatitis C infection, 
alcohol use and usage of oestrogens contribute to the 
expression of s-PCT.3,4 Combining these risk factors 
with hereditary or secondary derived haemochromatosis 
predisposes even more to the expression of s-PCT.5,6

Buljai et al. performed a study to investigate the correlation 
of hereditary haemochromatosis (HH) and sporadic 
porphyria cutanea tarda in an American patient population; 
they found a significantly higher incidence of s-PCT in 
homozygous HH patients compared with heterozygous 
patients and nonaffected controls.7 
The performance of liver biopsies used to be considered 
the gold standard in diagnosing haemochromatosis. With 
modern gene analysis, diagnosing HH is much easier 
and liver biopsies are only performed for prognostic 
reasons because of potential cirrhosis and hepatocellular 
carcinoma (HCC). Furthermore, several authors have 
shown that with simple clinical and biochemical variables 
(ferritin, platelet counts and aspartate aminotransferase 
values, absence of hepatomegaly) an accuracy of 77 to 
90% can be reached for correctly diagnosing the absence 
of fibrosis, thus reducing the need for liver biopsy.8,9 
Organ-specific imaging techniques such as magnetic 
resonance imaging (MRI) will be used in the evaluation 
of the HH patient in near future. Monitoring is of growing 
importance, since there is a 20-fold increased risk of 
developing HCC, especially in men. The highest risk of 
developing HCC is found in patients with established 
cirrhosis, thus screening should be focused in that 
direction. 

Figure 1. The biosynthetic pathway of haem
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As in our patient, the recognition of the skin lesions led 
to the final diagnosis of hereditary haemochromatosis. 
In retrospection, he had a history of nonspecific joint 
complaints for two years without any significant skin 
lesions. Rheumatologists in our country usually perform 
routine blood tests containing ferritin sampling on patients 
with arthralgias. Whether or not this is cost-effective in 
screening for HH in patients with joint complaints is 
unknown, especially because of the low sensitivity and 
specificity of the test. The issue remains that we probably 
would have diagnosed our patient with HH in an earlier 
stage if we had performed a ferritin sample because of his 
joint complaints on his first visit to the outpatient clinic. 
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A b s t r act 

A patient previously treated for bilateral breast cancer 
with mastectomy, radiation therapy and in remission on 
hormonal therapy for more than five years presented with 
abdominal symptoms from breast cancer relapse. She 
developed inappropriate polyuria and hypernatraemia, 
which responded to desmopressin. In combination with 
the absence of a high signal from the posterior lobe of 
the pituitary on MRI, these data indicated the presence of 
partial central diabetes insipidus. The anterior pituitary 
showed partial failure (low follicle-stimulating hormone, 
luteinising hormone and insulin-like growth factor-1 
levels). Furthermore, primary adrenal insufficiency had 
developed, ascribed to bilateral tumour invasion of the 
adrenals. This rare combination of endocrinological 
failures in a patient with metastatic breast cancer is 
discussed.

K e y w o r d s

Breast cancer, central diabetes insipidus, primary adrenal 
insufficiency

Int   r o d u ct  i o n

Endocrine syndromes can occur as a result of tumour 
metastases. Diabetes insipidus has been described in 
patients with advanced breast cancer, although in general 
clinical manifestations of metastases due to involvement 
of the hypothalamic-pituitary region are rare.1 Adrenal 
metastases occur frequently, but only rarely cause adrenal 
failure.2 We present a 57-year-old patient with breast cancer 
who developed partial central diabetes insipidus (CDI), 
partial anterior pituitary failure and primary adrenal 
insufficiency from metastases.

C a s e  r e p o r t

A 57-year-old woman presented in 2004 with a two-month 
history of abdominal pain, dysphagia and occasional 
vomiting. Her medical history revealed bilateral breast 
cancer in 1997, for which radical mastectomy and 
bilateral axillary dissection were performed. Histological 
examination showed bilateral infiltrating ductal carcinoma 
and bilateral axillary node metastases; a left supraclavicular 
lymph node also showed tumour infiltration (left breast: 
pT1N1M1, right breast: pT1N1M0). The oestrogen receptor 
was weakly positive for both tumours and the progesterone 
receptor was weakly positive for the left and positive for 
the right breast. In addition, she was treated with bilateral 
locoregional radiotherapy including the left supraclavicular 
lymph node metastasis and started on systemic adjuvant 
endocrine therapy with tamoxifen. In 1998 she developed 
lymphangitis of the chest wall. Subsequently, the hormonal 
therapy was switched to anastrozole and she attained a 
complete remission for five and a half years. 
Evaluation of her abdomen by a computed tomography 
(CT) scan showed bilateral hydronephrosis and 
extensive retroperitoneal, mesenterial and para-aortal 
lymphadenopathy, as well as bilateral large adrenal 
glands (right: 41 x 21, left: 44 x 24 mm). Double J stents 
were inserted. Biopsy from one of the adrenal masses 
revealed infiltrative ductal carcinoma (oestrogen 
receptor positive with weak expression of progesterone 
receptor). Overexpression of HER2 could not be detected 
on the biopsy specimen nor on either of the primary 
tumours. She started palliative chemotherapy consisting 
of cyclophosphamide and doxorubicin. Six days later, 
she was admitted to our hospital with dysphagia and 
vomiting, but was still able to drink. She had lost three 
kilograms in weight. On physical examination a tired 
looking woman was seen with a body weight of 67 kg. 
Blood pressure was 100/60 mmHg, pulse rate 68 beats/
min and body temperature 37.4 °C. Apart from scars from 
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the bilateral mastectomy there were no abnormalities on 
physical examination. Laboratory investigations showed 
the following results: haemoglobin 7.0 mmol/l (7.5-10.0), 
mean cell volume 89 fl (80-100), leucocytes 1.6 x 109/l 
(4.5-10) with 81.3% neutrophils, thrombocytes 221 x 109/l 
(150-450), sodium 128 mmol/l (136-144), potassium 3.7 
(3.6-4.8), urea 10.0 mmol/l (2.5-7.5), creatinine 106 mmol/l 
(<80), albumin 39 g/l (40-50), and calcium 2.45 mmol/l 
(2.25-2.55 mmol/l). 
Three days after admission she developed fever with 
neutropenia. One blood culture revealed Escherichia 
coli, whereas urine cultures were negative. Ultrasound 
examination of the abdomen showed persistent 
hydronephrosis of the right kidney. The right double 
J stent was therefore exchanged. After four days she 
developed hypernatraemia with a highest value of 
165  mmol/l (figure 1) and hypokalaemia (2.5 mmol/l). 
She admitted being thirsty. One week after admission, 
she became polyuric (3.5-5.5 litres/day) and somnolent and 
the suspicion of diabetes insipidus arose. Her medical 
condition deteriorated and she had to be transferred to the 
intensive care unit because of haemodynamic instability 
and fear of respiratory arrest. During her stay in intensive 
care, she required mechanical ventilation for four days and 
was persistently polyuric and hypernatraemic (figure 1) 
in the presence of inappropriately low urine osmolality. 

Desmopressin resulted in a reduction in the polyuria 
associated with an increase in urine osmolality (figure 1). 
Because of persistently low blood pressures, an adrenocorti-
cotropic hormone (ACTH) stimulation test was performed. 
This test showed a basal cortisol level of 0.29 µmol/l with a 
maximal increase of cortisol to only 0.41 µmol/l on ACTH 
administration (0.25 mg, table 1), indicating primary 
adrenal failure. Therefore hydrocortisone was started (100 
mg three times daily). 
After returning to the oncology ward, she gradually 
recovered from her somnolent state. She then told us that 
she had been drinking about four litres of fluid a day since 
1997, also during the night time. Magnetic resonance 
imaging (MRI) of the brain with gadolinium enhancement 
revealed no visible tumours. However, the posterior lobe 
of the pituitary did not reveal the usual enhanced signal, 
suggesting tumour infiltration. Hormonal evaluation 
of other pituitary axes showed low levels of follicle-
stimulating hormone (FSH) and luteinising hormone 
(LH), despite her postmenopausal status (table 2). The 
ACTH stimulation test was repeated as the first test was 
carried out under high stress conditions (after cessation of 
hydrocortisone), and showed a normal basal cortisol level 
in the presence of elevated basal ACTH (584 ng/l) and 
an absent cortisol response (table 1). Insulin-like growth 
factor-1 (IGF-1) levels were low compared with age- and 

Figure 1. Time course of serum sodium levels and 
osmolality in serum and urine
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Table 1. Results from ACTH stimulation tests

Cortisol (mmol/l) ACTH  
(<75 ng/l)

t = 0 t = 30 t = 60 t = 0

Day 12 0.29 0.41 0.38

Day 35 0.51 0.53 0.52 584

Days are counted from admission. t = time in minutes after 
administration of 0.25 mg ACTH. Normal ACTH values are given 
in parentheses.

Table 2. Laboratory results from anterior pituitary 
hormones

Day 18 Day 27 Day 41 N

FT4 7.7 14.4 10-24 pmol/l

TSH 2.36 5.62 0.3-4.8 mU/l

LH 0.9 6.8 7.2 11-75 U/l

FSH 6.3 17 14 >30 U/l

Prolactin 13 25 <30 mg/l

GH 0.75 0-5 mU/l

IGF-1 7.8 5.3 11.6-48.4 nmol/l

Days are counted from admission. N = normal values; FT4 = free 
thyroxin; TSH = thyroid stimulating hormone; LH = luteinising 
hormone; FSH = follicle-stimulating hormone; IGF-1 = insulin-like 
growth factor-1; GH = growth hormone.
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gender-matched values. This could be explained by her 
clinical condition and/or growth hormone (GH) deficiency. 
Because of the contraindications for GH replacement (i.e. 
presence of cancer), we did not perform a GH stimulation 
test to confirm a diagnosis of GH deficiency.
Firstly, it was concluded from the clinical symptoms, 
laboratory results and MRI that she had a partial central 
diabetes insipidus, possibly present for several years, most 
likely caused by breast cancer metastases. In addition, she 
had partial anterior pituitary failure, reflected in low FSH, 
LH and IGF-1 (table 2). Secondly, she had bilateral adrenal 
gland metastases leading to primary adrenal insufficiency 
under stressful clinical conditions. She was treated with 
hydrocortisone in a substitution dose (20-10-10 mg daily) 
and desmopressin nasal spray 10 mg twice daily, after 
which the sodium levels returned to normal and the 
polyuria diminished. 
Follow-up in the outpatient department showed a regression 
of the lymphadenopathy and reduction in the volume of 
adrenal gland metastasis on abdominal CT scan after six 
cycles of cyclophosphamide and doxorubicin. 

D i s c u s s i o n

Diabetes insipidus is a syndrome characterised by hypotonic 
polyuria and polydipsia, either as a result of inadequate 
antidiuretic hormone (ADH) secretion (central diabetes 
insipidus (CDI)), inadequate renal response to ADH 
(nephrogenic diabetes insipidus) or primary polydipsia. 
Causes of CDI are congenital or acquired lesions that 
disrupt the neurons that originate in the supraoptic and 
paraventricular nuclei of the hypothalamus axis. These 
lesions are malformations, damage resulting from surgery 
or trauma, tumours, haemorrhage, thrombosis, infarction 
or granulomatous disease. Some 30 to 50% of cases are 
idiopathic.3,4 Primary tumours are craniopharyngioma, 
meningioma or germinoma, but secondary tumours can also 
occur. Metastases in the posterior pituitary lobe are more 
common than in the anterior lobe, possibly caused by the 
direct blood supply of the posterior lobe from the systemic 
circulation. Metastases in the hypothalamic-pituitary region 
at autopsy are relatively common in breast cancer, varying 
from 5.3 to 28%.1,5 However, clinical symptoms of CDI in 
patients with metastatic breast cancer are rare.

On MRI the posterior pituitary is identified by 
hyperintensity, probably caused by phospholipids 
or secretory granules in pituicytes.6 A lack of this 
hyperintensity on sagittal T1-weighted images, as was 
observed in our patient, is the hallmark of hypothalamic-
posterior pituitary disorders and may represent an early 
stage of tumour infiltration.4,7 A thickened pituitary stalk 
could be another indicative finding. 

Our patient developed hypernatraemia and hyperosmolarity 
while producing many litres of urine of a low osmolality 
(figure 1), probably triggered by insufficient water intake. 
There was no glucosuria or other causes of osmotic 
diuresis. A water deprivation test was not performed 
because of the high clinical suspicion of central diabetes 
insipidus, the instable condition of the patient and the good 
response to desmopressin, which indicates insufficient 
endogenous ADH secretion. Our patient stated that she 
had been drinking many litres a day for years, suggesting 
that she had pituitary metastases while being in complete 
remission for five years on anastrozole.
All anterior pituitary gland hormones could be involved in 
the metastatic process. In our patient serum gonadotropin 
levels were inappropriately low for a postmenopausal 
woman. In contrast to tamoxifen, which reduces 
gonadotropin levels by its weak oestrogen agonistic effect, 
anastrozole, an aromatase inhibitor, is expected to increase 
FSH and LH.8 Furthermore, IGF‑1 levels, controlled by 
GH, were also low. These findings are in accordance 
with the diagnosis of partial pituitary insufficiency. 
The abnormalities found in free thyroxin and thyroid-
stimulating hormone could be ascribed to nonthyroidal 
illness, as these levels returned to normal values.

Primary adrenal insufficiency is usually caused by 
autoimmune disease. Other causes are infections or 
haemorrhagic infarction of the adrenals. Infiltration of 
the adrenal glands by metastases (lung, breast, melanoma, 
lymphoma) is common, but this rarely leads to adrenal 
insufficiency, probably because not all cortex tissue is 
destroyed.2,9 However, there are reports that patients with 
bilateral adrenal gland metastases are prone to develop 
partial adrenal insufficiency, requiring corticosteroid 
replacement therapy.10,11

During critical illness and stress situations, such as in 
intensive care units, relative adrenal insufficiency can be 
caused by maximal endogenous cortisol stimulation. An 
increase in cortisol after exogenously administered ACTH 
can than be absent, as was found in the first ACTH test in 
our patient.12 The second test showed a higher basal cortisol 
level, but in the presence of increased ACTH levels and no 
response to exogenous ACTH administration, indicating 
primary hypoadrenalism.13,14 Probably the combination of 
illness together with adrenal gland tumour invasion led to 
(subclinical) adrenal insufficiency. 

The serum electrolyte abnormalities known to be caused by 
adrenal insufficiency are in contrast to those found in our 
patient. This can be caused by diminished glucocorticoid 
production rather than mineralocorticoid deficiency and 
by the simultaneously occurring hypernatraemic CDI. 
The hyponatraemia associated with adrenal insufficiency 
is caused by volume contraction and inappropriate ADH 
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secretion15 and upregulation of aquaporin-2 (the water 
channels regulated by ADH).16 As ADH production 
could not be increased, hyponatraemia did not occur 
in our patient. Another interaction between ADH and 
the hypothalamus-pituitary-adrenal gland axis is the 
association of CDI with higher ACTH and cortisol levels 
by as yet unclear mechanisms.17,18 On the other hand, 
secondary adrenal insufficiency results in higher ADH 
levels.19 Mineralocorticoid treatment was not started 
because of the good clinical response to hydrocortisone 
alone and the possibility of electrolyte disturbances from 
the simultaneously occurring CDI and hypokalaemia.
Our patient needed potassium chloride suppletion during 
her hospital stay. She received parenteral feeding for 
several weeks because oral feeding resulted in vomiting 
and subileus, probably due to the intra-abdominal 
metastases. The loss of potassium was likely caused by 
gastric secretions and renal loss from the polyuria. After 
correction of the potassium, polyuria persisted. Short-
lived nephrogenic diabetes insipidus can result from 
hypokalaemia, but the mild concentrating defect does not 
cause hyperosmolality and responds to correction. This 
probably results from downregulation of aquaporin-2 and 
does not respond to desmopressin.20 

The combination of failure in the hypothalamic-pituitary 
area and primary adrenal insufficiency is rarely reported.21 
Trincado et al. described a male patient with bronchogenic 
carcinoma whose first clinical manifestation was diabetes 
insipidus secondary to metastases to the hypothalamic-
pituitary area who developed anterior pituitary failure, as 
well as primary adrenal insufficiency due to metastases in 
both adrenals.
 
In conclusion, we present a patient with breast cancer 
relapse after having been in remission for more than five 
years on hormonal therapy, who developed partial CDI, 
partial anterior pituitary insufficiency and primary adrenal 
insufficiency. 
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PHO   T O  QUIZ  

A patient with diabetes mellitus and recurrent 
peristomal bleeding 

E.J. van der Wouden*, B.D. Westerveld

Department of Gastroenterology, Isala Clinics, location Sophia, Zwolle, the Netherlands, 
*corresponding author: tel.: +31 (0)38-424 50 00, fax: +31 (0)38-424 76 54,  

e-mail: e.j.van.der.wouden@isala.nl

K e y w o r d s

Diabetes mellitus, peristomal bleeding

C a s e  r e p o r t

A 75-year-old obese man presented to the Department of Gastroenterology. His medical history included a rectal 
amputation and colostomy 19 years ago for rectal carcinoma. Furthermore, he had been treated for diabetes mellitus type 
2 for 17 years. His diabetes mellitus was complicated by micro-albuminuria and peripheral neuropathy. Finally, he was 
being treated for hypertension and dyslipidaemia.
During the preceding six months, he had been treated several times for recurrent peristomal bleeding. Severe bleeding 
from the stoma edges started spontaneously or during stoma care. Although local pressure was applied and coagulation 
therapy was performed several times, which stopped the bleeding, he had to be admitted twice for blood transfusions due 
to severe blood loss. A colonoscopy showed no abnormalities. Inspection of his stoma showed multiple peristomal varices 
(figures 1 and 2). 

W h at   i s  y o u r  d i a g n o s i s ?

See page 316 for the answer to this photo quiz.

Figure 1. Patient’s stoma with multiple purple blue 
varices

Figure 2. Detail of the patient’s stoma
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L E T T E R  T O  T H E  E DI  T OR

Gastro-oesophageal reflux in morbidly obese patients is 

associated with hiatal hernias but not with body mass index

In a recent issue of this Journal (2005;63:344-7) Loffeld concluded that there is a definite relation between body mass index (BMI) 

and the occurrence of gastro-oesophageal reflux disease (GERD). He also discussed the relation between obesity, GERD, and 

Helicobacter pylori. The exact relation and the consequences are not yet entirely clear.

As Loffeld describes, the most important pathophysiological mechanism causing reflux is long-lasting spontaneous relaxation of 

the lower oesophageal sphincter (LOS) or low pressure in the LOS. A hiatal hernia is an additional risk factor. Finally, increased 

intra-abdominal pressure plays an important role in the mechanism of reflux. Since these factors are generally accepted to be 

present in patients with obesity, these patients are expected to be at risk of developing GERD.

We studied the association between BMI and hiatal hernia or GERD in patients with morbid obesity. We retrospectively 

analysed the preoperative data of 198 morbidly obese patients (BMI >40 kg/m2, or BMI > 35 kg/m2 in combination with relevant 

comorbidity) treated by gastric banding between March 1995 and December 2000. Data of the extensive preoperative protocol 

were analysed for BMI, symptoms of GERD, use of PPI or H2 blockers, and result of gastroscopy. Endoscopy was performed in 

170 patients (157 females, 13 males; age 37 years, range 20 to 69 years; BMI 44.9 kg/m2, range 35.6 to 60.9 kg/m2). GERD 

symptoms were reported in 50 patients (29.4%), eight of whom were treated by PPI or H2 blockers. Hiatal hernias were seen in 

81 patients (47.6%) and symptomatic in 30 (37.0%). Of the patients without hiatal hernia, 27.6% reported symptoms of GERD. 

Endoscopic signs of reflux oesophagitis were present in 61.7% of patients with hiatal hernia, vs 12.4% in those without (p< 0.001). 

There were no differences in the BMI in patients with and without GERD symptoms (44.9 ± 5.2 kg/m2 vs 45.0 ± 5.8 kg/m2).

We concluded that in morbidly obese patients, GERD symptoms occur independent of BMI, but are related to the presence of hiatal 

hernia. Nevertheless, based on our findings, overweight cannot be excluded as a risk factor for GERD, since we did not compare our 

morbidly obese population with the general population. However, it seems that being obese or getting more obese does not increase 

the risk of developing GERD. Treatment of GERD in morbidly obese patients is medical. 

However, treatment of obesity and especially surgical treatment of morbid obesity is relevant. The number of patients with obesity 

is growing and will give rise to serious health problems, such as, diabetes, hyperlipidaemia, hypertension, and obstructive sleep 

apnoea.1-3 Recent follow-up studies have demonstrated that bariatric surgery resulted in long-term weight loss, and an improved 

lifestyle. Furthermore, a substantial majority of patients with diabetes, hyperlipidaemia, hypertension, and obstructive sleep apnoea 

experienced complete resolution or improvement.2-4

R.M. Kiewiet, A.C.M. van Vliet*

Department of Internal Medicine, Albert Schweitzer Hospital, PO Box 444, 3300 AK Dordrecht, the Netherlands, 
*corresponding author: tel.: +31 (0)78-654 11 11, fax: +31 (0)78-652 33 77, e-mail A.C.M.vanVliet@asz.nl
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D i a g n o s i s

Laboratory evaluation showed a haemoglobulin of 4.6 mmol/l (8.5-11.1), MCV 79 (80-100), leucocytes 4.2 (4.0-10.0) 
thrombocytes 101 (150-400), a prothrombin time of 1.0 INR (0.9-1.1 INR), and an antithrombin III of 67% (80-120%). 
Electrolytes, renal function and liver tests were in the normal range. A gastroduodenoscopy revealed oesophageal varices 
grade II. A computed tomography scan of the abdomen showed an enlarged vena mesenterica with aberrant veins 
running to the stoma (figure 3). Furthermore, large aberrant veins from the stoma were running through the subcutis 
to the vena iliaca. The portal vein was not occluded. A diagnosis of portal hypertension was made, probably from liver 
cirrhosis. Further evaluation revealed no cause for the liver cirrhosis. His medical history of diabetes mellitus type 2, 
obesity and dyslipidaemia suggested cryptogenic liver cirrhosis due to nonalcoholic fatty liver disease. A liver biopsy was 
not performed.1

The patient was treated with propranolol and sclerotherapy of the peristomal varices.2,3 So far, no recurrent bleeding has 
occurred.

A N SW  E R  T O  PHO   T O  QUIZ     ( O N  P A G E  3 1 4 )

A  p at i ent    w i t h  d i a b ete   s  me  l l i t u s  an  d  r ec  u r r ent    p e r i s t o ma  l  b l ee  d i n g

Figure 3. Computer tomography of the abdomen of 
the patient with oral contrast showing large aberrant 
vascular structures running to the stoma
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