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HEART RATE VARIABILITY AND ELECTRODERMAL ACTIVITY 
AS NONINVASIVE INDICES OF SYMPATHOVAGAL BALANCE 

IN RESPONSE TO STRESS

Visnovcova Z., Calkovska A., Tonhajzerova I.

Department of Physiology, Jessenius Faculty of Medicine, Comenius University, Martin, Slovak Republic

A b s t r a c t

The autonomic nervous system (ANS) is a principal regulatory system for maintaining homeostasis, adaptabili-
ty and physiological flexibility of the organism at rest as well as in response to stress. In the aspect of autonomic
regulatory inputs on the cardiovascular system, recent research is focused on the study of exaggerated/dimin-
ished cardiovascular reactivity in response to mental stress as a risk factor for health complications, e.g. hyper-
tension. Thus, the analysis of biological signals reflecting a physiological shift in sympathovagal balance during
stress in the manner of vagal withdrawal associated with sympathetic overactivity is important. The heart rate
variability, i.e. “beat-to-beat” oscillations of heart rate around its mean value, reflects mainly complex neurocar-
diac parasympathetic control. The electrodermal activity could represent “antagonistic” sympathetic activity,
the so-called “sympathetic arousal” in response to stress. The detailed study of the physiological parameters
under various stressful stimuli and in recovery phase using traditional and novel mathematical analyses could
reveal discrete alterations in sympathovagal balance.  This article summarizes the importance of heart rate vari-
ability and electrodermal activity assessment as the potential noninvasive indices indicating autonomic nervous
system activity in response to mental stress.

Key words: cardiovascular system, electrodermal response, heart rate variability, mental load 

INTRODUCTION

Autonomic nervous system (ANS) – sympathetic and parasympathetic subsystem - is prin-
cipal regulatory mechanism for maintaining homeostasis, adaptability and physiological flex-
ibility of the organism. It is well-known that cardiovascular system regulation is extremely
sensitive to autonomic regulatory inputs. Psychological stress elicits increased sympathetic
activity resulting in changes of cardiovascular system – tachycardia, hypertensive reaction
with consequent redistribution of blood flow. This physiological strategy enhanced the proba-
bility of survival for mammals faced with a physical threat in nature (1). Proper functioning of
the sympathetic-parasympathetic dynamic balance at rest as well as in response to stress
enables adaptive response to load – allostasis (2). In contrast, the autonomic imbalance, in
which one branch of the autonomic nervous system dominates over the other, is associated
with a lack of dynamic flexibility and health. Therefore, the sympathetic overactivity associat-
ed with parasympathetic hypoactivation could represent potential pathomechanism leading to
increased risk of cardiovascular adverse outcomes and all-cause mortality (3). 

However, with recent life-style associated with daily mental load, the impact of psychoso-
cial stress has been a challenge for the cardiovascular system and body homeostasis. Thus,
psychological stress is considered as a component of the so-called cardiovascular risk (4).
For example, symptoms of elevated sympathetic activity are commonly observed in patients
with white coat hypertension – elevated blood pressure as a potential consequence of
increased anxiety in a clinical setting (1, 5). From this point of view, the more attention
focuses on the evaluation of psychological stress impact on the cardiovascular system.
Although numerous studies indicate that exaggerated cardiovascular reactivity to stress is
linked with cardiovascular complications (6), recent study referred also to diminished car-
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diovascular reactivity as a risk factor for health complications (7). It seems that further
research on this issue is necessary, in particular with regard to the application of noninva-
sive peripheral markers in the evaluation of the ANS activity. Thus, this work is focused on
the potential noninvasive indices of sympathovagal balance assessment – heart rate vari-
ability and electrodermal activity - in response to mental stress. 

I. Heart rate variability – a potential noninvasive index of complex cardiac parasym-
pathetic control

Principal cardiovascular parameter – heart rate – represents a sensitive marker with rapid
adaptation to different stimuli, the mean value of which is determined by intrinsic activity
as well as by the parasympathetic and sympathetic neurons terminating at sinoatrial node.
Moreover, the heart rate is characterized by continual “beat-to-beat” oscillations around its
mean value. This physiological phenomenon is called heart rate variability (Fig. 1). Heart
rate variability (HRV) is a reflection of the sophisticated complex central-peripheral regula-
tory mechanisms mainly through activity of autonomic nervous system, continual dynam-
ic interaction of excitatory and inhibitory effects as well as the impact of exogenous and
endogenous factors – inheritance, sex, age, physical/mental state, and others. 

Fig. 1. The example of heart rate beat-to-beat changes - heart rate variability (Fig. 1B) determined by RR intervals
from QRS complex (Fig. 1A) (according to Voss et al. (8)).

A critical idea that HRV could reflect central nervous system (CNS) activity was hypothe-
sized in recent studies (9, 10). Benarroch (11) has described the central autonomic network
- medial prefrontal cortex, amygdala, hypothalamus, midbrain, nucleus of the solitary tract,
nucleus ambiguous, ventrolateral and ventromedial medulla - as an integrated component
of an internal regulation system through which the brain controls visceromotor, neuroen-
docrinne, and behavioural responses that are critical for physiological flexibility and adapt-
ability. Neurovisceral theory discussed that the interplay of sympathetic and vagal outputs
of the central autonomic network through sinoatrial node produces the complex beat-to-
beat heart rate variability indicating a healthy and adaptive organism (9, 10). Interestingly,
integrative theories that link CNS structures to cardiac vagal regulation, such as the poly-
vagal theory (12), have of late emerged. A central feature of this theory is the exist ence of
separate brainstem centres involved in parasympathetic cardiac control, with distinct evo-
lutionary origins and significance and with divergent influences on cardiac vagal tone relat-
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ed to psychological and behavioral processes (13, 14). Specifically, series of neuroimaging
studies have provided evidence that activity of the prefrontal cortex is associated with
cardiac vagal function evaluated by heart rate variability analysis (15). For example, Ahs
et al. (16) concluded that vagal modulation of the heart is associated with activity in striatal
as well as medial and lateral prefrontal areas in patients with social phobia. Another study
reported the correlations in the superior prefrontal cortex, the dorsolateral prefrontal and
parietal cortices activities with parasympathetic-linked cardiac control indexed by the heart
rate variability spectral analysis (15). Thus, these objective and sensitive methods confirm
the fact that the heart rate variability serves to index central-peripheral autonomic
nervous system integration, and consequently, is a psychophysiological marker for
adaptive environmental engagement (13, 14), especially as a potential marker of stress (17).

HRV analysis 

The RR intervals can be analyzed by traditional - linear methods as well as novel nonlin-
ear methods that describe variability from different aspects. Conventionally used linear
methods – time and frequency (spectral) analysis - provide the information about the HRV
magnitude, especially the information concerning the parasympathetic (vagal) neural out-
f low. In addition, these methods are best suited and recommended to short-term RR inter-
val recording (5-15 min.) which hold the advantage over long recording: it is more feasible
to maintain fixed and strictly standardized conditions necessary for a valid recording (3). In
addition, the short-term HRV analysis allows the evaluation of autonomic nervous system
activity and the baroreflex-mediated changes in the ANS developing immediately after the
onset of physiological stress, i.e. vagal withdrawal associated with sympathetic activation.
From this point of view, the recent research is focused on other application of new mathe-
matical nonlinear approaches for short-term recordings suitable for clinical use. 

The nonlinear methods of HRV analysis measuring qualitative characteristics of the car-
diac time series – i.e. complexity, have been shown to be more suitable for a detailed descrip-
tion of heart rate autonomic control system (18, 19). Specially, the symbolic dynamics is
novel nonlinear analysis designated mainly to short-term recordings and the symbolic
dynamics parameter 0V% - parameter which describes the change of heart beat in symbol
units, i.e. patterns with no variation (all three symbols are equal), may provide the addi-
tional information about sympathetically mediated heart rate f luctuations (8, 20, 21). It
could be very important for study of sympathovagal balance changes in stress. Further
research on this issue is needed. Detailed description of different methods of HRV analysis
is addressed in Table 1.    
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Table 1. Methods of heart rate variability analysis suitable for short-term recordings (according to Voss et al. (8), Javorka et al. (22)). 

Parameters

Time analysis

mean HR
SDNN                                         
rMSSD

pNN50

spectral analysis

HF – HRV
LF – HRV

Number of

points

300 
300
300

300

300
300

Physiological significance

– to inform about the magnitude of HRV 

– mean of heart rate 
– standard deviation of NN intervals - index of total HRV
– the square root of the mean squared difference of successive NNs - index of parasympathetic activity
– the proportion of NN50 divided by total number of NNs 
– index of parasympathetic activity

– to inform about individual rhythms amplitude within certain frequencies in HRV – quantitative char-
acteristics of heart rate beat-to-beat changes

– index of parasympathetic activity reflecting respiratory sinus arrhythmia
– baroreceptor activity  ?

LINEAR ANALYSIS
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II.   Electrodermal activity – a potential noninvasive marker 
of sympathetic activity

At the beginning of the research concerning the stress, the investigators focused mainly
on the sympathetic branch of ANS as one part of complex response to stress, e.g. American
physiologist Cannon (26) described warning reaction of organism (“fight or flight”) in the
aspect of sympathoadrenal activation including plasma catecholamine changes. One of
potential noninvasive markers reflecting sympathetic activity is electrodermal activity
(EDA) used in psychophysiological research (7, 10, 27, 28, 29). 

Method of EDA measurement is based on content of water and electrolytes in individual
parts of organism and on spread of weak electrical current through two electrodes localized
on skin surface. It records the voltage changes arising between electrodes. The skin con-
ductance is assessed by Ohm`s law - a reciprocal value of resistance. Value of skin con-
ductance depends on amount of sweat produced by eccrine sweat glands regulating by sym-
pathetic nervous system. When the sweat duct is filled with sweat, more conductive area
originates on the nonconductive corneu. Origin of lower resistance is caused by more sweat.
The changes of sweat level involved modification of resistance, so we could observe EDA
alternations (30).

Moreover, several studies referred to modulation of electrodermal activity by limbic sys-
tem. This system, together with amygdala activity, influences to changes EDA, which are
related with cognitive challenge and autonomic arousal (31). Decline of EDA depends on
type and duration of stressor (31).

EDA analysis
Methods of evaluation of EDA can be divided into two main groups: exosomatic and endo-

somatic – invasive manner of EDA recording (32, 33, 34). The exosomatic measurement is
based on the recording of tonic and phase level (30). Measurement in tonic level represents
skin conductance level providing the information of baseline sympathetic activity without
stimulus for environment. The recording in phase level reflects changes of discrete stimu-
lus (e.g. ocular, auditory, olfactory perception) providing the information about sympathet-
ic arousal (32, 36). The EDA evaluated parameters are following: amplitude of skin conduc-
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Symbolic 
dynamics

0V%
1V%
2UV%
2LV%

Time 
irreversibility
P%

G%
E%

300
300
300
300

300

300
300

– to evaluate physiological systems from aspect of complexity in cardiac time series – HRV qualitative
characteristic 

– potential index of sympathetic activity
– ?
– ?
– potential index of parasympathetic activity

– feature of a nonlinear dynamical system   

– Porta´s index – to evaluate percentage of negative ΔRR with respect to total number of ΔRR Δ from 0 (23)
– Guzik´s index – to evaluate percentage of cumulative square values of positive ΔRR to the cumulative

square of all ΔRR (24)
– Ehlers´ index – to evaluate of the skewness of distribution of ΔRR (23)

NONLINEAR ANALYSIS

Abbreviations: E% – Ehlers´ index; G% - Guzik´s index; HF-HRV – heart rate variability in high frequency band; HR – heart rate; HRV
– heart rate variability; LF-HRV – heart rate variability in low frequency band; NN – normal to normal beats of heart; NN50 - the num-
ber of pairs of successive NNs that differ by more than 50 ms; P% - Porta´s index, pNN50 - the proportion of NN50 divided by total
number of NNs; rMSSD - the proportion of NN50 divided by total number of NNs; RR - interval between successive Rs; SDNN - stan-
dard deviation of NN intervals; 0V – patterns with no variation (all three symbols are equal); 1V – patterns with one variation (two con-
secutive symbols are equal and the remaining one is different); 2LV – patterns with two like variations (the three symbols form an
ascending or descending ramp); 2UV – patterns with two unlike variations (the three symbols form a peak or a valley).
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tance response (SCR), latency, rise time, half recovery time of SCR (Fig. 2) (30, 36). EDA, as
an index of sympathetic activity, increases during the cognitive and emotional stressors.
Consequently, the sympathetic activity decreases during recovery phase, so the EDA activ-
ity reduced too (Fig. 3). The EDA can be evaluated by nonlinear analysis as a recurrence
quantification analysis, which it evaluates changes in function of ANS.  

Fig.2. Evaluated parameters of electrodermal activity (EDA) in phase level. Detailed explanation of the parameters
is discussed in the text (according to Dawson et al. (30), Murphy (34), Sokolov (35), Boucsein (37)).  

Fig. 3. Continual recording of electrodermal activity before, during and after mental load in young healthy man.
T1, T3, T5, T7 – rest phase; T2, T4, T6 – mental load (Department of Physiology, JFM CU)

III. Stress - impact on the sympathovagal balance indexed by HRV and EDA
Autonomic nervous system dynamic balance in response to acute stress is changed in the

manner of sympathetic excitation (arousal) associated with reciprocal decrease of the
parasympathetic activity (vagal withdrawal) (38, 39). Interestingly, simple mean value of
heart rate could provide important information concerning the ANS activity during stress
(Fig. 4). For example, Oldehinkel et al. (40) referred to low mean heart rate as a marker of
stress resilience. Our study (41) revealed tachycardic reaction and decrease of parasympa-
thetic activity indexed by HRV high-frequency band indicating vagal withdrawal in response
to arithmetic test (Fig. 5). These results were in agreement with other studies (42). Moreover,
several authors found out altered heart rate variability complexity evaluated by nonlinear
analysis (43). It seems that novel nonlinear approach for HRV analysis could represent sen-
sitive method for neurocardiac regulation/dysregulation providing important information
concerning qualitative characteristics of cardiac time series - nonpredictability (44), irregu-
larity (45, 46) or asymmetry (25, 47) in response to stress.
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Fig. 4. The changes of mean heart rate (HR) in response to stress stimulus characterized by HR deceleration before
stress stimulus (anticipatory response), the HR acceleration in response to stress and consequent HR deceleration
to another stimulus (according to Tonhajzerova et al. (41)).

Fig. 5. Mean values of heart rate and logarithmic values of spectral activity in high-frequency band (logHF) of heart
rate variability before, during and after mental load (ML) in healthy young people. *p<0.05 (according to
Tonhajzerova et al. (41)).

However, the sympathetic activity evaluation using HRV spectral analysis is questionable:
although several studies referred that low-frequency band reflects mainly sympathetic
activity (48), other recent studies emphasized vagal impact on the low frequency band.
Sloan et al. (49) determined the changes in low-frequency band of HRV spectral analysis
(LF-HRV) and plasma concentration of catecholamines as a gold index of sympathetic activ-
ity. This study revealed decreased LF-HRV in spite of the increased concentration of plasma
catecholamines in response to mental stress. Similarly, our results pointed out the reduced
LF-HRV during the arithmetic test (41). We assume that a change of the ANS dynamic bal-
ance could depend on the baroreceptor’s activity. If the parasympathetic activity decreases
and sympathetic activity rises in response to stress, the resulting low-frequency band activ-
ity will depend on proportional change in these subsystems (50, 51). 

On the other hand, the electrodermal activity could provide clear information about sym-
pathetic excitation in response to stress. Our pilot results showed the increased EDA indi-
cating sympathetic arousal in response to cognitive stressor (arithmetic test, Stroop test) in
young medical students. Surprisingly, these EDA values did not return to baseline level dur-
ing the time period of 5 minutes after stress. It seems that sympathetic hyperactivity
remains prolonged in recovery phase; however, these findings need further elucidation (52).  
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The mechanisms of sympathovagal balance modification in response to stress are still
unclear. Their understanding is complicated by the large number of cortical, subcortical
and brainstem structures regulating autonomic activity (53). Lovallo (7) referred to neuro-
physiological model individual structure consists of central and peripheral nervous system,
connected to stress reactivity (psychological stressor) at three basic levels: 1. limbic system
and its interaction with prefrontal cortex; 2. hypothalamus and brainstem; 3. peripheral
organs (e.g., heart).  Thus, level I interactions between the prefrontal cortex and the limbic
system also establish the outflow to Level II, which includes the hypothalamus and brain-
stem. Consequently, the hypothalamus and brainstem forms the final common pathways for
outputs to the body. They can be influence reactivity because of variations in homeostatic
set points and output gain factors. Finally, at Level III are the peripheral tissues that can
determine response magnitudes. Individual differences in response may reflect distinction
in autonomic outputs or intrinsic differences in tissue structure (7). The recent studies refer
to function dorsomedial hypothalamus and other central pathways involved in the cardio-
vascular response to emotional stress (1). 

The second pathway participating in individual response to stress could involve behav-
ioural and psychological factors. For example, the change of individual subsystems auto-
nomic nervous system is similar to orthostatic test as a physical stimulus. In contrast, the
response to psychological stressors (e.g. mental arithmetic test) is associated with higher
interindividual reactivity depending on individual personal characteristics (e.g. type A/B/X
behaviour, low or high responders, emotion, habituation, adaptation, etc.) (27, 54). Thus,
interpretation of these results is complicated. We suggest that autonomic nervous system
activity in response to stress might reflect a combination of the biological/nonbiological
mechanisms mentioned above or other unknown factors modulating final response to
stress. 

CONCLUSIONS

Dynamic balance of autonomic nervous system is changed in response to stress in the
manner of parasympathetic activity decline (vagal withdrawal) with reciprocal increased of
sympathetic activity (arousal). Importantly, the altered autonomic reactivity during stress is
associated with higher risk of health complications including cardiovascular system.
Therefore, the detailed study of physiological reactivity using cardiovascular parameters
(e.g. heart rate variability as an index of parasympathetic activity) analysis by novel math-
ematical approach as well as other variables characterized autonomic nervous system activ-
ity (e.g. electrodermal activity as an index of sympathetic activity) under various stressful
stimuli and recovery phase could provide important information of a “stress” issue. 
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A b s t r a c t

The term thrombelastography / thrombelastometry was used to describe the trace produced from measurement
of the viscoelastic changes associated with fibrin polymerization. The result of measurement is a compact map-
ping of  the various stages of haemostasis. One of the first real clinical applications of this method was the haemo-
static monitoring of liver transplantation and  cardiac surgery using extracorporeal circulation. In trauma patients
the thrombelastography /thrombelastometry was proved to predict early transfusion requirements. Another
authors suggest thrombelastography /thrombelastometry as a possible tool for early identification of pregnant
women at increased risk of fetal loss. This article provides overview on the development of thrombelastography /
trombelastometry and its possible use in laboratory of haemostasis.

Key words : thrombelastography (TEG), rotation thrombelastometry (ROTEM), global haemostasis tests

INTRODUCTION

The thrombelastography (TEG) was first described by Hartert in 1948 as a measurement
of the viscoelastic changes associated with fibrin polymerization as well as the overall clot
strenght is assessed. TEG and also rotation thrombelastometry (ROTEM) as real-time clot-
ting tests enable a complete evaluation of the process of clot initiation, formation and sta-
bility, using whole blood or plasma. The advantage the TEG/ROTEM offers is its bedside
capability to deliver within 30 min a representation of the sum of platelet function, coagu-
lation proteases and inhibitors, and the fibrinolytic system. The time to clot formation is
used as a guide for fresh frozen plasma (FFP), the clot strength to judge platelet infusion,
addition of heparinase to assess protamine dosage. It is only recently that the TEG/ROTEM
has been used within haemostasis laboratories. The poor acceptance of the technology
stems largely from the lack of agreement with standard laboratory variables (1).

The use of this method in the laboratory setting represents a significant change of use for
the instrument. It was originally designed as a bedside monitor using native whole blood.
To perform tests within the laboratory it is not practical to use native blood and citrated
samples are used for analysis (2). In the laboratory the technology has been applied to areas
where conventional testing is inadequate. The present report gives an overview of the devel-
opment related to TEG/ROTEM, and its application in haemostasis and thrombosis labo-
ratory.
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TERMINOLOGY AND PRINCIPLE OF MEASUREMENT

The term thrombelastography (TEG) has been used generically in the literature since the
first description of the technique. However, in 1996 the term TEG became a registered trade-
mark of the Haemoscope Corporation and from that time has been used to describe the
assay performed using Haemoscope instrumentation. Alternative instrumentation market-
ed by Pentapharm GmbH uses the terminology thromboelastometry (ROTEM) for the
process of measurement. The descriptive data associated with the either the Haemoscope
or Pentapharm instruments is summarized in Table 1 (1).

Table 1. Nomenclature used for TEG and ROTEM (1)

TEG/ROTEM is intended for in vitro diagnostic use as a „point of care“ instrument in lab-
oratory or as bedside test. The system graphically records kinetic changes of citrated whole
blood samples during the clot formation and during its lysis. The result is a compact map-
ping the various phases of haemostasis in the form of tromboelastogram (TEM-gram). The
technology is based on a solid cup containing a blood sample with reagents and constant-
ly oscillating vertical pin. If there is no clot formation, rotation is not blocked. If a clot forms,
there is a link between the cup wall and pin and rotation is blocked. Rotation of measuring
pin is converted graphically to amplitude, where free rotation corresponds to the amplitude
of 0 mm (non-coagulated blood) and no rotation amplitude corresponds to 100 mm (maxi-
mum possible strength of the clot). The result is interpreted by special software. The soft-
ware uses a special algorithm and filter eliminates potential errors of mechanical or elec-
tronic noise. The parameters are determined in real time during the test, calculated and
graphically interpreted in TEM-gram (see Figure 1) (3).
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Fig. 1. Main thrombelastometry parameters (3)
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Fig. 2. Examples of normal and abnormal ROTEM traces (4)
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Coagulation activators, such as  tissue factor (EXTEM test) or ellagic acid (INTEM test)
speed up the analysis and falicitate more specific exploration of the related extrinsic path-
way with EXTEM and intrinsic pathway with INTEM. The FIBTEM test evaluates the fib-
rinogen component to clot formation and uses a platelet inhibitor. The APTEM test evalu-
ates fibrinolysis by using fibrinolysis inhibitor (aprotinin) (4).

TEG/ROTEM is currently irreplaceable in the laboratory diagnosis of haemostasis disor-
ders. As a dynamic global coagulation test provides valuable information involving clot for-
mation and degradation. It is a very sensitive indicator of fibrinolysis. TEG/ROTEM enables
to use the heparinase method to assess the level of heparinization, including the detection
of residual heparinization after exercise. Examples of curves generated by various patho-
logical conditions are depicted in Figure 2 (4).

APPLICATION OF THROMBELASTOGRAPHY / THROMBELASTOMETRY IN SURGERY

One of the first clinical applications of TEG was the haemostatic monitoring of orthotopic
liver transplatation (OLT).  During OLT the haemostasis is often disturbed and coagulation
monitoring is mandatory. Coagulation abnormalities are characterised by decreased coag-
ulation factors, antifibrinolytic factors and endogeneous anticoagulant factors. The results
of the study suggest that point of care methods can reliably detect these large changes in
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Fig. 3. Algorithm of rotation thrombelastometry (6)
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coagulation. A further advantage of point of care assays is that diagnosis of coagulopathy
can be achieved within 10–15 min, while other laboratory assays commonly require 30–45
min (5).

TEG/ROTEM has been used to predict blood loss in patients undergoing cardiac surgery
using extracorporeal circulation. ROTEM diagnostic algorithm is shown demonstrating the
consecutive analytical steps beginning with the search-tests EXTEM and INTEM followed by
differential diagnosis in case of a pathological finding utilizing HEPTEM, APTEM, and
FIBTEM (Figure 3). Cumulative costs for treatment of perioperative coagulation disorders
can be reduced by ‘bedside’ ROTEM analysis to achieve a selective substitution manage-
ment. Saved costs for blood products (- 32%) and coagulation products (- 50%) clearly out-
weighted the expenses of ROTEM (6).

SCREENING FOR HYPERCOAGULABLE STATES

In the laboratory the ‘global’ aspects of the TEG/ROTEM are used to identify or monitor spe-
cific defects. It has been demonstrated that the TEG/ROTEM can clearly distinguish a group
of patients as hypercoagulable from a cohort of patients who is not necessarily identified by
routine thrombophilia screening. It was demonstrated that 34% of patients had a positive
thrombophilia screen whereas 45% had a positive TEG/ROTEM trace. This study did arise
questions whether these individuals are at higher risk of further thrombotic events (7).

The considerable success of this method has been observed  in the assessment of coagu-
lation changes in pregnant women.  Study using TEG / ROTEM confirmed that the healthy
pregnant women develop increased coagulation status, which minimizes the risk of bleed-
ing during pregnancy and after birth. This phenomenon was observed by ROTEM also in
our group of healthy pregnant women (unpublished data) as well as in the study of
Huissoud et al.  (Figure 4) (4). Other study of the same authors suggests postpartum as
a period at high risk for thrombosis. Conventional coagulation screening and thrombelas-
tometry objectively indicate that the risk period may remain very high until 25 days after
delivery. The study showed that reactive thrombocytosis is a common phenomenon during
the postpartum period which is associated with an increased incidence of thrombosis (8).

A C T A  M E D I C A  M A R T I N I A N A  2 0 1 3   13 / 118

Fig. 4. EXTEM and FIBTEM temograms  of non-pregnant woman and  woman  in third trimester of pregnancy (4).
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TEG/ROTEM also identified a subset of women with recurrent fetal loss (RFL) as a group
with hypercoagulation. Those who had an increase in the maximum amplitude before preg-
nancy were found to have an increased risk of miscarriage (9). Another group of authors
suggests TEG/ROTEM as a possible tool for early identification of women at risk of fetal
loss. Consideration should be taken about the possibility of initiating antithrombotic pro-
phylaxis before pregnancy after positive analysis (10).

SCREENING OF HYPOCOAGULABLE STATES AND MONITORING 
OF PHARMACOLOGICAL AGENTS

There are few reports about the use of TEG/ROTEM for the screening of inherited bleed-
ing disorders in association with the monitoring of therapeutic intervention using coagula-
tion factor concentrates, fresh frozen plasma (FFP), cryoprecipitate, activated prothrombin
complex concentrate or recombinant activated factor VII (11,12).

Recent data suggest that whole-blood viscoelastic tests, such as TEG/ROTEM reproduce
trauma induced coagulopathy (TIC) more accurately and substantially faster than standard
coagulation tests. There is an increasing evidence that these coagulation monitoring devices
are helpful in guiding coagulation therapy for heavily bleeding trauma patients according to
their actual needs. Figure 5 displays an ROTEM example of the patient with severe bleed-
ing and therapy according to the guideline (13).
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Fig. 5. Rotation thrombelastometry traces from trauma patients before and 40 min. after treatment with pro-
thrombin complex concentrate and fibrinogen concentrate (13).
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The use of heparinase-modified TEG to monitor haemostasis in the presence of heparin
is commonly found in cardiac surgery using extracorporeal circulation. TEG/ROTEM can
be of benefit to monitor the effect of unfractionated heparin, low molecular weight heparin
and heparinoid. A dose-dependent change in TEG/ROTEM was generally observed but the
degree of abnormality did not always agree with the plasma anti-Xa levels (14).

CONCLUSIONS

The TEG/ROTEM has been used for many years as a guide to blood product and drug
administration during cardiac and hepatic surgery. Both global coagulation methods are
able to provide an effective and inexpensive monitoring of haemostasis. The search for an
ideal ‘global’ assay of haemostasis continues and the TEG/ROTEM or a derivative of this
technology may provide the answer, or part of the answer, to that question. There is more
work to be carried out particularly with regard to standardization and reagent optimization
before this potential can be fully evaluated.
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A b s t r a c t

Dual antiplatelet treatment with clopidogrel and aspirin represents standard regimen in prevention of throm-
boembolic events in patients with ischemic heart disease undergoing percutaneous coronary intervention (PCI).
One of the greatest pitfalls of clopidogrel treatment is large inter-individual variability in response. Large amount
of patients does not respond adequately and therefore are not „protected“ even in spite of receiving the therapy.
Poor responders are exposed to three-fold increased risk of myocardial infarction, stent thrombosis and cardiac
death. 

Clopidogrel is an antiplatelet prodrug, whose active metabolite inhibits platelet function by irreversible binding
to the (adenosine diphosphate) platelet receptor P2Y12. Receptor P2Y12 plays primal role in ADP-mediated platelet
activation, and also in mechanism of action of ADP inhibitors such as clopidogrel, prasugrel etc. Reasons stated
above, raised the necessity for implementing reliable laboratory test in order to identify the unprotected patients.
In an ideal scenario, such test would serve to adjust the dose and guide the individual tailored treatment. 

Vasodilator Stimulated Phosphoprotein (VASP) is an intracellular platelet protein which is non phosphorylat-
ed at basal state. Since its relation in cascade with P2Y12 receptor, VASP phosphorylation corerlates with inhibi-
tion of P2Y12 which is the receptor of prime importance in ADP mediated activation of platelets and as is primary
target of ADP inhibitors action. Outcome of the assay is represented as the value of platelet reactivity index (PRI),
where PRI values above 50% are considered inadequate response to treatment and signal exposure to increased
risk of  myocardial infarction, post-PCI stent thrombosis and cardiac death. VASP-P flow cytometric assay is emerg-
ing into the spotlight as the promising method, mostly for its specificity for ADP inhibitors, better outlook for stan-
dardising results and lesser sample manipulation compared to multiple electrode aggregometry. 

Keywords : acute coronary syndrome, clopidogrel, flow cytometry, platelet reactivity, vasodilator stimulated
phosphoprotein (VASP)

ROLE OF P2Y RECEPTORS IN PLATELET ACTIVATION

Proaggregatory effect of ADP is mediated through interaction between ADP and G-protein
coupled thrombocyte surface receptors : P2Y1 and P2Y12. Following its activation by ADP
, receptor P2Y1 triggers change in thrombocyte shape and mediates weak transient aggre-
gation. However, it is receptor P2Y12 whose activation is necessary for complete platelet
response to ADP, as well as ADP-mediated response to other inductors (such as thrombin,
TXA2, collagen etc.). P2Y12 also maintains prominent role in stimulating platelet secretion
(platelet degranulation and production of thrombin) and activation of GPIIb/IIIa which
binds fibrinogen and links platelets. Its presence is limited to platelets, endothelial cells and
smooth muscle cells. This fact along with receptors‘ importance in platelet activation makes
P2Y12 an attractive target for effective prevention of thromboembolism [1].
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Fig. 1. Thrombocyte P2Y receptors and their role in ADP mediated platelet activation  (Adapted from: Cattaneo M.et
al , Aspirin and Clopidogrel : Efficacy, Safety, and the Issue of Drug Resistance ,Arteriosclerosis, Thrombosis, and
Vascular Biology. 2004; 24: 1980-1987; Montalescot G, Wiviott SD, Prasugrel compared with clopidogrel in patients
undergoing percutaneous coronary intervention for ST-elevation myocardial infarction (TRITON-TIMI 38): double-
blind, randomised controlled trial. Lancet 2009; 373: 723-731) [2,3].

CLOPIDOGREL

Mechanism of action of thienopyridine derivatives such as  ticlopidine and clopidogrel is
based on binding to platelet ADP receptor. Thienopyridine compounds are prodrugs and
need to be metabolized in liver (CYP450) to attain their therapeutic effect. Clopidogrel has
widely replaced ticlopidine due to its better safety and tolerability profile. The combination
of clopidogrel and aspirin represents the mainstay in the prevention of major adverse car-
diovascular events (MACEs) in patients with acute coronary syndromes [4,5]. 

Clopidogrel is a prodrug, that first needs to be metabolized to an active metabolite in order
to exert its pharmacological effect. After absorbtion, 85% of the drug is broken down by
blood esterases, while only 15% reaches liver. Formation of active metabolite involves two-
step process, regulated by isoforms of hepatic cytochrome 450. Active metabolite then irre-
versibly binds to P2Y12 receptor, which prevents ADP binding and subsequent thrombocyte
activation. 

Variable levels of active metabolite generation are considered the key concept behind
altered response to clopidogrel [5].

Variability in clopidogrel response
Despite high effectivity, thromboembolic events occur even when patients are adminis-

tered antiplatelet therapy. Interindividual variability in clopidogrel response is considered to
be large. Even when data are not accurate, and threshold values vary , studies conclude
that poor responders represent between 10 to 40% of patients [6,7], while coronary stent
thrombosis occurred in 5-10%. Thienopyridine resistance results in inadequate platelet

A C T A  M E D I C A  M A R T I N I A N A  2 0 1 3   13 / 122

maketa 13/1_MAKETA  7/1  4/26/13  7:23 AM  Stránka 22



inhibition and high on-treatment platelet reactivity. Therefore, low responding patients are
exposed to risk of arterial thrombosis and other major adverse cardiovascular events
(MACEs) [6]. High on-treatment platelet reactivity is also an established risk factor for
occurrence of subacute intrastent thrombosis in patients who underwent percutaneous
coronary intervention (PCI). Prospective study of Buonamici et al. [8]  monitored patients
(n=804) who uderwent coronary stent implantation. Results show that patients with
impaired response to clopidogrel were exposed to 3-fold higher risk of stent thrombosis and
cardiac death. 

Fig. 2. Clopidogrel metabolism and its conversion to an active metabolite (Clopidogrel- AM) via cytochrome system
(CYP). Appx. 85% of absorbed clopidogrel is broken down by blood esterases (carboxylesterase,CES; butyryl-
cholinesterase,BChE). (Adapted from : Cattaneo M., Response variability to clopidogrel: is tailored treatment, based
on laboratory testing, the right solution? J Thromb Haemost 2012; 10: 327–36.)

Genetic basis of clopidogrel resistance is considered among the primal mechanisms. It
can be either caused by polymorphism in genes encoding enzymes of cytochrome system or
genetic defects resulting in limited intestinal absorption of prodrug (genes encoding efflux
pump P-glycoprotein). Polymorphism in platelet surface receptors is also thought to be one
of the inherited mechanisms. Part of variability also depends on clinical patient character-
istics, and/or results from interaction with drugs such as some of the proton pump
inhibitors (omeprazole), lipophilic statins (i.e. atorvastatin) and calcium channel blockers.
Needless to say, non-compliance is considered a frequent cause of poor response to clopi-
dogrel (according to studies these numbers may be as high as 20%). Other variables asso-
ciated with decreased response include advanced age, high body mass index, diabetes mel-
litus and renal insufficiency in diabetes mellitus. On the other hand, tobacco smoking is
associated with increased response via stimulation of CYP1A2 activity [5].

VASP-P ASSAY AND MONITORING RESPONSE TO CLOPIDOGREL

Reasons stated above, raised the necessity for implementing reliable laboratory test in
order to identify the vast group of poor responding patients. While multiple electrode aggre-
gometry (MEA) represents the golden standard for platelet function testing, it does not tar-

A C T A  M E D I C A  M A R T I N I A N A  2 0 1 3   13 / 1 23

maketa 13/1_MAKETA  7/1  4/26/13  7:23 AM  Stránka 23



get primarily P2Y12 linked cascade. Paradoxically, despite being referred to as „golden stan-
dard“ , another major pitfall is standardising the results between multiple laboratories. In
recent years, VASP-P flow cytometric assay is emerging into the spotlight as the most prom-
ising and most sensitive method. Along with high sensitivity, assay requires only minimal
manipulation with sample [9].

Vasodilator Stimulated Phosphoprotein (VASP) is an intracellular platelet protein which
is non phosphorylated at basal state. VASP phosphorylation is regulated by the cAMP (cyclic
Adenosine Monophosphate) cascade. PGE1 (Prostaglandin E1) activates this cascade (1)
whereas it is inhibited by ADP (Adenosine Diphosphate) through P2Y12 receptors. In the
test conditions, VASP phosphorylation correlates with the P2Y12 receptor inhibition,
whereas its non-phosphorylation state correlates with the active form of P2Y12 . The effect
of thienopyridines (3) can be demonstrated with PLT VASP/P2Y12 by the persistence of
VASP phosphorylation induced by PGE1 even with the simultaneous addition of ADP.
According to the publication from Aleil B. et al  PLT VASP/P2Y12 test is strongly correlated
with the inhibition of ADP-induced platelet aggregation due to in vitro specific P2Y12 block-
ade ( r = 0.72 ; p < 0.0001) [10].

Fig. 3. VASP phosphorylation and ADP mediated platelet activation. (adapted from : http://www.american-diag-
nostica.de/fileadmin/user_upload/Biocytex/7014-english.pdf) [11].

Method and result interpretation : Sample of citrate blood is incubated with PGE1 and
PGE1+ADP. After a cellular permeabilization, VASP under its phosphorylated state is
labeled by indirect no wash immunofluorescence using a specific monoclonal antibody(flu-
orescein izotiocyanate, 16C2, FITC). Dual color flow cytometry analysis allows to compare
the two tested conditions and to evaluate for each sample the capacity of ADP to inhibit
VASP phosphorylation. In the final step,  platelet reactivity index (PRI) is calculated using
corrected mean VASP fluorescence intensities (MFIc) in the presence of PGE1 alone (resting
platelets) or PGE1+ ADP simultaneously (activated platelets) [9]. PRI represents the ratio of
activated/ resting platelets, and is calculated according to the following equation :

PRI = [(MFIcPGE1 – MFIc(PGE1 + ADP)) / MFIc PGE1] x 100

The result is PRI value representing index of platelet reactivity to ADP in range of 0-100 %.
PRI values above 50% are considered inadequate response to treatment and signal expo-
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sure to increased risk of  myocardial infarction, post-PCI stent thrombosis and cardiac
death. In patients undergoing coronary stenting  the high on-treatment platelet reactivity
was associated with higher incidence of major cardiac adverse effects (MACEs) and peripro-
cedural myonecrosis [6].

B.Aleil et al [10] monitored PRI values in group of healthy donors (n=47) compared to  the
group of patients with ischemic heart disease on clopidogrel antiplatelet  treatment (n=33).
PRI values of donors were 78.3±4.6% compared to 61.1±17.0% in clopidogrel receiving
group. The PRI of patients treated with clopidogrel for more than 1 week, displayed wide dis-
tribution range with values  varying from 6.6% to 85.8%. Moreover, about one-third of the
patients treated with clopidogrel had a platelet reactivity equivalent to values in healthy
donors or patients not receiving clopidogrel, indicating that desired decrease in platelet
reactivity was not attained [10,11,12]. The importance of VASP-P assay was also confirmed
by Bonello et al who found that adjusting clopidogrel loading dose according to PRI result-
ed in lower incidence of post-PCI stent thrombosis without the concomitant risk of bleeding
[12].

CONCLUSIONS

Several studies report that further laboratory tests revealed suboptimal response in 15 to
40% of patients receiving clopidogrel treatment. High on-treatment platelet reactivity is con-
sidered a risk factor for occurrence of major cardiovascular events (MACEs) and subacute
stent thrombosis. On the contrary, hyperresponders are expected to be in risk of excessive
bleeding. 

VASP-P flow cytometric assay is emerging as the most promising and most sensitive
method to detect patients with suboptimal response. Method is strongly correlated with the
inhibition of ADP-induced platelet aggregation due to in vitro specific P2Y12 blockade ( r =
0.72 ; p < 0.0001). In comparison with light transmission aggregometry, VASP-P assay is
more valuable for monitoring treatment with ADP inhibitors since it reflects specifically
activity of the P2Y12 receptor. VASP-P assay also gives stable results for more than 24 h
after blood sampling (in contrast to 2 h for LTA). Results show that more than 33% of
patients are not protected by clopidogrel treatment. However, challenge remains in stan-
dardising in vitro results and proposing benchmarks to predict actual clinical outcome, and
most importantly, to guide the effective tailored treatment with individual approach.
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EARLY POSTNATAL CHANGES IN THE SUPERIOR MESENTERIC ARTERY BLOOD
FLOW PARAMETERS IN LATE PRETERM NEWBORNS – A PILOT STUDY

Lenka Kocvarova L., Lucanova L., Zibolenova J., Paulusova E., Matasova K.

Department of Neonatology, Jessenius Faculty of Medicine, Comenius University and University Hospital in
Martin, Slovak Republic

A b s t r a c t

Significant hemodynamic changes happen in the abdominal region at the moment of birth and during the first
week of life in premature newborns. The aim of the study was to assess early postnatal changes of Doppler sono-
graphic blood flow parameters in the superior mesenteric artery (SMA) occurring during the first three days of life
in late preterm infants. 10 infants were enrolled into the prospective study. Abdominal blood flow velocities (ABFV)
in the SMA were obtained at the age of 2, 24 and 72 hours (h), before feeding. Screening parameters included the
peak systolic velocity (PSV), end-diastolic velocity (EDV), time-averaged mean velocity (TAMV). Doppler indices (DI)
- resistance index (RI) and pulsatility index (PI) were calculated. EDV changed significantly from 2 h to 24 h [-13.08
cm/s (-20.46 – -9.34) to 12.79 cm/s (11.83 – 24.72); p < 0.01] with a further statistically insignificant increase
within 72 h [12.79 cm/s (11.83 – 24.72) to 17.90 cm/s (16.93 – 19.25)]. The EDV values were negative in 9 out of
l0 neonates at 2 h of age. The SMA PSV showed a daily increase from 2 h to 72 h.  The ABFV and characteristics
of vascular resistance (DI) in the SMA change significantly in near term infants within the first 3 days. At 2 h of
age a negative blood flow and elevated parameters characterizing vascular resistance were documented in the
superior mesenteric artery.

Key words: late-preterm newborn, superior mesenteric artery, splanchnic circulation, Doppler ultrasonography

INTRODUCTION

According to the statistics of the U.S., preterm birth rate accounts for 11.99 % of all births.
Late preterm children is a vulnerable group of premature infants born between 34th and 36th

weeks of gestation and comprise the bulk of all preterm births (71 % in 2010) (1). Although
these infants fare better than those born before 34 weeks of gestation, they experience sub-
stantially increased morbidity and mortality compared with neonates born after 37 weeks
of gestation (2). Late preterm newborns are at risk for clinical complications related to pre-
maturity, including respiratory distress syndrome, temperature instability, hypoglycemia,
feeding problems, hyperbilirubinemia and acute bilirubin encephalopathy, infection and
gastrointestinal complications (3).

Under physiological conditions, the gastrointestinal tract receives about 20 – 25 % of the
total cardiac output. The superior mesenteric artery (SMA) supplies the small bowel and
parts of the colon and originates only 1.5 to 2 cm below the celiac trunk (4,5). Regulation
and characteristics of the intestinal blood flow in the early perinatal period in preterm
infants is not completely understood. A progressive increase in the SMA abdominal blood
flow velocities (ABFV) was documented from birth and throughout the first week and month
of life in preterm babies (6,8). Based on the results of the scientific studies, it is assumed
that the rate of the early postnatal SMA ABFV increase may be of clinical significance.
Pathological blood flow parameters in the SMA already present on the first day of life or after
the first feeding, can help to predict intestinal motility and difficulties in later enteral feed-
ing of premature infants (9,10). And, moreover, a high-resistance pattern of blood flow veloc-
ity in the SMA on the first day of life in preterm neonates was associated with an increased
risk of developing necrotizing enterocolitis (NEC) (11). There are only limited data about
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intestinal blood flow velocity changes after birth in near term newborns. Comprehensive
knowledge would help to decrease the gastrointestinal morbidity and feeding intolerance in
such premature infants. The main purpose of this investigation was to evaluate early post-
natal hemodynamic changes in the splanchnic circulation in late preterm neonates. 

METHODS

Informed consent was obtained from parents of each enrolled infant and the study proto-
col and consent forms were approved by the Ethical Committee of the Jessenius Faculty of
Medicine (EK 1187/2012). The study group consisted of 10 healthy late preterm infants born
after uncomplicated pregnancies. Late preterm birth was defined as a delivery between 34
0/7 and 36 6/7 weeks of gestation. All patients included in the study had uncomplicated post-
natal adaptation and none of them suffered from respiratory, infectious or gastrointestinal
complications. All the conditions which could alter the SMA ABFV were eliminated (i. e. pho-
totherapy, ventilatory support, various pharmacologic agents, umbilical arterial catheteri-
zation).

An ALOKA alpha 10 machine (Tokyo, Japan) with a 7.5-MHz linear Doppler probe was
used to measure the peak systolic velocity (PSV), end-diastolic velocity (EDV), time-averaged
mean velocity (TAMV) in the SMA at the age of 2, 24 and 72 hours. The examinations were
performed preprandially – approximately 2 hours after the last feeding. The neonates were
in the supine position, and the probe was placed on the mid abdomen above the umbilicus,
in the sagittal plane. Color flow imaging was used for identification of the SMA, in the local-
ity where the SMA is leaving from the abdominal aorta. The sample volume was measured
about 5 mm distally from the origin of the SMA by using a pulse-wave Doppler mode. An
angle correction of ≤ 30º was used when necessary. The SMA blood flow parameters were
obtained from minimally 5 homogenous consecutive blood flow wave patterns. Three sets of
measurements were realized. Doppler indices (DI) were calculated using standard formulas
for resistance index and pulsatility index: RI = (PSV-EDV)/PSV; PI = (PSV – EDV)/TAMV.
Comparisons of the ABFV and DI for several time points were statistically analyzed.
Friedmann’s Test was used for the analysis, P values < 0.05 were considered significant. 

RESULTS

10 infants (7 female and 3 male infants) were enrolled into the study. Mean gestational age
was 35.5 weeks, all infants were appropriate for gestational age, mean birth weight was
2493 g. None of the subjects developed significant feeding intolerance or NEC during hos-
pitalization. The postnatal changes in the SMA perfusion over time documented in this
study are shown in Tab. 1. 
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Table 1. Abdominal blood flow velocities and Doppler indices in the superior mesenteric artery in 10 late preterm
newborns measured at the ages of 2, 4, and 6 h. Variables are expressed as median (interquartile range).  p total
is a level of significance of the Friedmann test; p (1 - 2), p (2 - 3), p (1 - 3) are the significance levels of pairwise
comparisons between the first and the second measurement, the second and the third measurement, and the first
and the third measurement, respectively.    Peak systolic velocity (PSV), end-diastolic velocity (EDV), resistance
index (RI), pulsatility index (PI), time-averaged mean velocity (TAMV).

DISCUSSION

In the present study we assessed the relationship between ABFV and characteristics of
vascular resistance in association with the increasing postnatal age. An increase in abdom-
inal perfusion was found characterized by an ABFV increase, associated with a decrease in
vascular resistance. These changes are caused by the effort of neonatal  gastrointestinal
tract to provide sufficient blood flow and oxygen delivery for intense gut metabolism after
birth. 

The EDV values were negative in 9 out of l0 neonates at 2 h of age, one infant had zero
EDV. In fact, it reflects that there is only a very low or absent flow in the SMA and the gut
blood supply is limited. Our results are in agreement with the previous results published
by Matasova et al. (12) who reported negative values in 46 out of 50 term infants and by
Paulusova et al. (13) who reported negative values in 13 out of 15 term infants. As this phe-
nomenon was detected in majority of healthy children, it is considered to be physiological
and can be explained as a ductal steal phenomenon due to the left-to-right shunt via per-
sistent ductus arteriosus Botalli (PDA) (12). As in the studies mentioned above (12, 13), the
PDA was not evaluated in this study, as the babies were hemodynamically stable (therefore
a presence of hemodynamically significant PDA was not supposed) and the PDA was expect-
ed to be physiologically open at 2 h of age and closed at 3 days of age in all of the newborns.
This assumption was based on Martinussen’s study findings (14). The main function of steal
phenomenon in the SMA is probably the effort to supply the blood to the neonatal vital
organs such as brain, heart, adrenal glands and liver. There is only a little chance of ade-
quate feeding immediately after birth, so that the gastrointestinal tract’s digestive function
may be attenuated within the first 2 hours after birth. The SMA blood flow can be used as
a mechanism to the DAB compensation (13). According to the report by Matasova et al., neg-
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Fig. 1. Postnatal changes of end-diastolic velocity (EDV). Mean EDV measured at 2, 24 and 72 h after delivery.

Fig. 2. Postnatal changes of resistance index (RI). Mean RI measured at 2, 24 and 72 h after delivery.

ative EDV values are associated with an increased end organ vascular resistance, charac-
terized by high RI (7). The recently reported elevated RI values at 2 h also support the state-
ment (Fig. 1 and 2). All EDV measurements were positive at the time points of 24 h and 72
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h, and these findings are similar to those reported by other authors (12,13,14). EDV changed
significantly from 2 h to 24 h with a further statistically insignificant increase to 72 h. These
results are similar with those reported by Papacci et al. who measured in infants born
between 33 - 36 gestational weeks. Papacci and colleagues also reported positive EDV val-
ues in all late preterm infants at the day of age 3, 7, 14, 21 and 28 (6).

PSV values showed a daily increase in the SMA, but the increase was statistically insignificant
(Tab. 1). Significant increases in the SMA PSV were documented by Matasova et al. (2011) in the
group of term infants, although the measured PSV values were lower than in the presented late
preterm infants (24 vs.72 h: 62.5 vs. 82.2 cm/s; p < 0.001) (12). TAMV values in the SMA
changed significantly over time.  This is similar to the Papacci’s report showing a progressive sig-
nificant daily increase of TAMV values in preterm infants. The values were in contrast to the term
infants’ characteristics, which remained stable during the first week of life (6). 

The Doppler indices reflect vascular resistance. An inverse correlation between RI and
arterial blood flow has been proved (12). In the presented study a significant decrease in RI
and PI values occurred between 2 h to 24 h and also between 2 h and 72 h. This change
was associated with a significant increase in EDV and improvement of intestinal perfusion
(Fig. 1 and 2). Murdoch et al. found a positive correlation between gestational age at birth
and the SMA PI on the first day of life. Premature neonates tend to have lower values of
Doppler indices indicating their lower vascular resistance (11). If an increased resistance
pattern in the SMA of preterm infants on the first day of life is documented, an increased
risk of NEC development must be considered (11).

The increases in PSV and EDV and the decreases in RI and PI presented in this study
characterize the changes in mesenteric perfusion during the first 3 days of life. Papacci et
al. reported that the ABFV values in near term infants change during the first month of life
and on the 28th day of life they are nearly the same as the values in term babies (6). Not only
the closure of DAB may be associated with the ABFV improvement, but also the initiation
of enteral feeding plays a role in those changes. The most important factors related to post-
prandial increase of the SMA blood flow velocity include feeding volume, feeding interval
and meal composition (12).

In conclusion, this study provides physiological values of abdominal blood flow velocities
and of Doppler indices in the superior mesenteric artery in late preterm infants. The pre-
sented data contribute to a comprehensive knowledge on early postnatal changes in the
mesenteric circulation. 
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A b s t r a c t

The prospective study analyses prevalence of coronary heart disease, stroke, elevated serum levels of ALT and
GGT and  prevalence of cancer diseases in patients with newly diagnosed  type 2 diabetes mellitus,  and  usage of
this epidemiological  data in everyday clinical practice. Outpatients with newly diagnosed type 2 diabetes mellitus
were monitoring during the period of August 2007 – August 2011. The patients with previously treated type 2 dia-
betes mellitus were eliminated from the monitoring. The population consists of 117 males and 83 females aged 30
to 92 years sent by GPs and various specialists.

The relatively low prevalence of known coronary artery disease was recorded  in men (34%) and in women (19%).
Prevalence of stroke history was confirmed in 12% of men and 7% of  women. The elevated serum ALT levels > 0.55
μkat/l was recorded in 45% of men and 45% of women and elevated serum GGT levels > 0.45 μkat/l was record-
ed in 81% of men and 68% of women. Prevalence  of cancer diseases was recorded 5% in women and 5.26% of
men. In the studied group of patients there was recorded the occurrence of colon cancer in men over 64 years old
and the occurrence of breast cancer, endometrial cancer  and colon cancer in women over 62  years old.  

Key words: prevalence, newly diagnosed type 2 diabetes mellitus, stroke, coronary heart disease, cancer, steatosis 

INTRODUCTION

Cardiovascular (CV) disease remains a leading cause of death in developed countries
and excess mortality from cancer. High mortality from cardiovascular disease is related to
the increasing prevalence of the metabolic syndrome and type 2 diabetes mellitus. Coronary
heart disease occurs in patients with type 2 diabetes  early and is more difficult than in non
diabetics (1). Screening for macrovascular complications at time of diagnosis of type 2 dia-
betes would be useful in determing individual treatment target values. Strict glycemic con-
trol may not be as beneficial in patients with  macrovascular complications. ACCORD
(Action to Control Cardiovascular Risk in Diabetes) and ADVANCE (Action in Diabetes and
Vascular Disease: Preterax and Diamicron Modified Release Controlled Evaluation) studies
tried to measure the impact of strict glycemic control of cardiovascular risk. The conclusion
of both studies was, that intensive treatment type 2 diabetes in the person from 3.5 to 5
years did not show any reduction of cardiovascular events (2, 3, 4).

Patients with pre-existing CV disease or multiple CV risk factor are not eligible for inten-
sive treatment to achieve HBAlc target values to the normal non-diabetic ranges. As the
problem can be hypoglycemia leading to cardiac contractility disturbances and to cardio-
vascular events and stroke. We have long known that intensive glycemic control can reduce
the incidence of microvascular complications. Study ADVANCE have confirmed the reduc-
tion of microalbuminuria and nephropathy (2). It is advisable to evaluate screening meth-
ods for detecting latent cardiovascular disease. 
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According to the Demographic Research Centre the life expectancy of the Slovak women
in 2008 was 78 years and of the Slovak men was 70.4 years. For comparison, the life
expectancy in 2008 of the German women  was 84 years and of the French women was 83
years. The life expectancy in 2008 of the German men was 76.5 years and of French men
was 75.9 years (5). This difference is probably related to the standard of living between
countries, which includes better quality and variety of food in countries with higher life
expectancy. Table No.1 shows the mortality rates per 100 000 people for coronary heart dis-
ease (CHD) in the countries of the European Union (EU) in 2010 (6). According to the
Eurostat data published in 2012 standardised death due to coronary heart disease  in
Slovakia was 263 per 100 000 population ( i.e. the second highest in the EU countries). We
need to take into account a routine presentation of selected cardiovascular disease as
a cause of death which is a frequently encountered loading situation in practice and may
significantly affect the statistical results. In this time in the Slovak Republic is created
a National Register of patients with type 2 diabetes which could specify the data of coronary
heart disease mortality in patients with type 2 diabetes. This Register could compare the
mortality in diabetic and non - diabetic subjects. The data form Register could facilitate
international comparisons. 
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Table 1. Standardised death due to CHD in EU  per 100 000 population in 2010  (6)

Romania 

Bulgaria

Hungary 

Slovakia

Slovenia

Poland

Czech 

Austria

Lithuania 

Germany

Ireland 

Estonia 

UK

Greece

Netherlands

Denmark 

Cyprus

Belgium

Italy 

Luxemburg

Sweden 

Malta

Finland

France

Latvia 

Spain

Portugal

187

114

215

263

63.6

90,6

161

96

313

80.9

91.2

199

77.3

62.1

40.6

64

54.6

45.2

79.6

106

120.7

30

248

43.8

40.8

Non-alcoholic fatty liver disease (NAFLD) is now recognized as the most common cause of
liver disease and accidental elevation mainly alanine-aminotransferase (ALT) and glutamyl
transferase (GGT). The prevalence of NAFLD in different countries related to the prevalence of
the metabolic syndrome. Insulin resistance is an independent predictive factor for steatosis
and also a predictive factor for the transition to NASH (nonalcoholic steatohepatitis) and
hepatic fibrosis, respectively. Currently steatofibrosis is one of the  causes of liver transplan-
tation. The actual prevalence of NAFLD in other countries is unknown. In the US, NAFLD is
estimated  to affect  from 20% to 30%  of the general population. Prevalence  of NASH ranges
from 3.5 to 5% (7). The boundary between steatosis and steatohepatitis is histological (8). It is
estimated, that in 12 – 40% of NASH  patients develop early fibrosis. Advanced hepatic fibro-
sis is found in 5 - 10% of patients and about half of them will result in cirrhosis. Over a 10
year period hepatocellular carcinoma occurs in 7% of them (7) Overall it is estimated that in
about 15 -30 % of NASH may occur cirrhosis over a 10 year period (9). 

Metabolic syndrome and type 2 diabetes are associated with an increased incidence of
cancer: breast, colorectal, hepatocellular, pancreas, endometrial and bladder (10). Some
studies bring correlation between type 2 diabetes and lymphoproliferative diseases (11). The
relative risk is most increased for hepatocellular carcinoma (2.5-fold) in diabetics. Type 2
diabetes is associated with 2-fold increased risk of pancreatic cancer and endometrial can-
cer. Approximately (1.2-1.5 fold) increased risk of cancer is described for colorectum, blad-
der and non-Hodgkin lymphoma.  The studies found a borderline 1.2-fold increased risk of
breast cancer. Only for prostate cancer is diabetes associated with a lower risk (12).
According to some works type 2 diabetes is associated with a 10-fold increase risk of hepa-
tocellular carcinoma (HCC) (13). There is theoretical assumption, that the improvement of
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insulin resistance may have a protective effect on the tumour prevalence (14). Options  to
reduce cancer risk in patients with type 2 diabetes will be subject of intense research in the
coming years. National registry of patients with type 2 diabetes could significantly con-
tribute to the explanation of the prevalence of cancer in patients with metabolic syndrome. 

The aim of this study was to access the use of input data from the proposed National
Registry of patients  with type 2 diabetes. The main objective of the study was to assess the
incidence of macrovascular complications (coronary heart disease and stroke, elevation of
ALT and GGT and cancer) associated with the metabolic syndrome at the time of diagnosis
type 2 diabetes. 

METHODS

We were monitoring outpatients with newly diagnosed type 2 diabetes mellitus during the
period of August 2007 – August 2011. The patients with previously treated type 2 diabetes
mellitus were eliminated from the monitoring. Patients sent by general practitioners and
various specialists (117 men, 83 women), aged from 30 to 92 years were conducted sampling
blood glucose, glycosylated haemoglobin (HbAlc) by IFCC method (method of testing accord-
ing to the International Federation of Clinical Chemistry and Laboratory Medicine), choles-
terol, high density lipoprotein (HDL), low density lipoprotein (LDL), triglycerides (TG),
atherogenic index, uric acid, alanine-aminotransferase (ALT), glutamyl transferase (GGT) of
venous blood glucose. At-risk patients (47 men, 33 women) standard oral glucose tolerance
test oGTT (75 g glucose) was made, which was crucial diagnostic value of glucose in the 2nd
hour test. Values   above 11.1 mmol/l were diagnostic for DM, ranging from 7.8 to 11.1
mmol/l for impaired glucose tolerance (IGT), as recommended by the World Health
Organization (WHO).

Laboratory analysis: Fasting glycaemia, total cholesterol, HDL cholesterol, LDL choles-
terol, TG, ALT, GGT, HbAlc were determined by photometric analysis. We considered as
pathological glucose values    blood glucose values   > 5.6 mmol/l. In patients with impaired
fasting glucose measured repeatedly > 7 mmol/l  and in patients with glycemic> 11.1 at any
time during the day we did not have a standard oGTT.  We considered as pathological val-
ues    HbAlc IFCC > 4.7 %, cholesterol > 5. 2 mmol/l, LDL > 2.5 mmol/l , TG > 1.94 mmol/l,
HDL < 0.9 mmol/l , creatinine > 107 mol/l, ALT > 0.55 kat/l , GGT > 0.45 kat/l.

Anthropometric examinations: At baseline, we measured the patients’ height, weight,
waist circumference, calculated body mass index (BMI) and blood pressure were measured.
Waist circumference was measured in the horizontal plane in the middle of the distance
between the upper edge of the iliac crest and the lower edge of the last rib in the breath.

At the time of diagnosis type 2 diabetes were followed occurrence of coronary heart dis-
ease, stroke, elevated serum levels of ALT and GGT and prevalence of cancer diseases. We
compiled a questionnaire about smoking in the past and present. Interviews were conduct-
ed anonymously with 74 males and 67 females. 

Statistical methods: Further mathematical processing was carried out in a database
program EXCEL (Microsoft Office 2007). Statistical analyses were performed by the statis-
tical program (CBT) compatible with Windows. Quantitative parameters characterizing indi-
vidual files were expressed as median with appreciation of interquartile range. 

Projects approved by the Regional Ethics Committee F.D.Roosevelt, Banska Bystrica.

RESULTS

We noted personal histories of patients and used data from medical records. We have
recorded relatively low prevalence of known coronary artery disease in 34% of men (40  of
117) and 19% of  women (16 of 83) in our group of patients – Table No 2. The prevalence of
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coronary heart disease was lower in our group in comparison to available statistics in adults
(19 -34% and 45%).

Table 2. The number of patients with coronary heart disease(CHD) 
at the time of diagnosis of  type 2 diabetes

It is advisable to evaluate screening methods for detecting latent cardiovascular disease.
Some patients may have latent coronary heart disease at the time of type 2 diagnosis.
Therefore, it was important to conduct ECG (electrocardiogram) in patients without docu-
mentation of the ECG. We have recorded the new ischaemic changes in the electrocardio-
gram in two patients with newly diagnosed type 2 diabetes. The patients subsequently
underwent coronary angiography and percutaneous transluminal angioplasty (PTA). We
recommended ECG monitoring in the patients with newly diagnosed type 2  diabetes.

Metabolic syndrome – a cluster of conditions that includes: abdominal obesity, athero-
genic dyslipidaemia (high level of triglycerides, low levels of HDL cholesterol) elevated blood
pressure, insulin resistance (frequently manifested glucose intolerance), proimflammatory
state and prothrombotic state increases the risk of coronary heart disease (15). Other pos-
sible factor including: age, family history, sex (males, women after menopause), smoking,
physical inactivity, high stress), sleep apnea. Patients with type 2 diabetes are at higher risk
of cardiovascular disease compared with those without diabetes.  

The highest occurrence of the newly diagnosed type 2 diabetes was recorded within the
group aged 60 to 69 years (42 males and 24 females). According to the results of HbA1c
IFCC/DCCT (median males 5.9/7.5, median females 5.7/7.3), within all age categories and
irrespectively of the gender, we may conclude a relatively early detection of the disease, sug-
gesting a good cooperation with general practitioners and specialists in our cohort study of
outpatients. 

All patients within the monitored population were in the overweight range (BMI 25.0 –
29.9) and class I obesity (BMI 30.0 – 34.9). Waist circumference measurement in our cohort
study confirmed that the IDF (International Diabetes Federation) criteria for abdominal obe-
sity in 2005 defined waist circumference ≥ 80 cm for non-pregnant women and ≥ 94 cm for
men are more favourable to the earlier detection and treatment of the metabolic syndrome
than the NCEP –ATP (The National Cholesterol Education Program, Adult Treatment Panel)
criteria) (16). Early lifestyle changes before approaching IDF waist circumference values
could significantly prevent occurrence of type 2 diabetes. Waist circumference of our
patients was approaching to the less stringent NCEP - ATP criteria for abdominal obesity
(median 107 cm  in males,  median 105 cm in  females).   

We have recorded  high prevalence of arterial hypertension  in 72% of men (82 of 117) and
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in 80% of women (66 of 83). The majority of patients were adequately treated by the gener-
al practitioners (GP) or internist with the use of ACE inhibitors (Angiotensin Converting
Enzyme) or ARBs (Angiotensin II receptor blockers) as a drug of first choice. We noted also
a good management of arterial hypertension treatment at the time of diagnosis of type 2 dia-
betes mellitus (median males 120/80, median females 130/80), which could have an effect
on reducing cardiovascular morbidity and mortality.

We have found  treatment of dyslipidaemia  in 117 patients with no history of type 2 dia-
betes at the time of diagnosis (64 men of 117,  55 %)  and (42 women  of 83,  51%). For all
subjects dyslipidemia was defined using National Cholesterol Education Program Adult
Treatment panel III criteria (16). We have not found lipid profiles in 20 men and 14 women.  

We identified gaps in management of the treatment of dyslipidaemia of pre-diabetic
patients, where the patients with newly diagnosed type 2 diabetes mellitus did not reach
the target value of LDL cholesterol in line with recommendations (median males 3.11
mmol/l, median females 3.22 mmol/l). We have recorded elevated LDL levels > 2.5 mmol/l
in  77 % of men (75 of 97) and in  74% of women (51 of 69).We have recorded HDL levels <
0.9 mmol/l in 24% of men (26 of 107) and in 9% of women (51 of 69).We have recorded TG
levels > 1.94 mmol/l in 56% of men (63 of 112) and in 52% of women (41 of 79) .

Based on an anonymous questionnaire study we have observed a high prevalence of
smoking in the distant past and past pre-diabetes. In the past or past pre-diabetes had
smoked 29.9% of women and 75.5% of men in our cohort study. Consumption of 20 ciga-
rettes per day was reported by 1.5% of women and 33.8% of men. Active smoking was
reported by 11.94% of women and 13.5% of men and passive smoking by 2.99% of women
and 8.11% of men one year after education. 

Risk factors for a stroke include high blood pressure, atrial fibrillation, hyperglycemia, low
high – density lipoprotein (HDL) , high triglycerides (TG), high low – density lipoprotein
(LDL), hyperuricemia, lifestyle factors (i.e.smoking, alcohol consumption, central obesity, no
rational diet, stress)  and alterable risk  factors ( age and smoking). We have recorded  preva-
lence after stroke  in 12% of men (14 of 117) and in 7% of women (6 of 83) in our group of
patients –  table No 3. About 16 % - 24 % of patients after stroke is expected to develop type
2 diabetes later in life (18).

Table 3.The Number of patients with stroke 
at the time of diagnose of type 2 diabetes 

We have recorded prevalence of elevated ALT levels > 0.55 in 45% of men (51 of 113) and
in 45% of women  (34 of 76). 4 men and 7 women didn’t have laboratory values of ALT on
admission investigation. We have recorded prevalence of elevated GGT levels > 0.45 in 81%
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of men  (90 of 111) and in 68% of women (52 of 77). 6 men and 6 women  didn’t have lab-
oratory values of GGT on admission investigation. Data are shown in tables No 4 and 5. We
did not realize ultrasonographic examination in our group of patients. We can only assume,
that ALT and GGT elevation is associated with hepatic steatosis and metabolic syndrome.
In the initial education 15% of men and 3% of women have reported sporadic alcohol intake.
We have had no patients with other liver disorders such as autoimmmune hepatitis or viral
hepatitis. 

Table 4.The number of patients, the average value of ALT ( kat/l) in patients with
newly diagnosed type 2 diabetes expressed by median (Med(x)) and interquartile range ( RQ ) 

Table 5. The number of patients, the average value of GGT ( kat/l) in patients with  
newly diagnosed type 2 diabetes expressed by median (Med(x)) and interquartile range (RQ)
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In total of 196 patients with newly diagnosed type 2 diabetes we have seen in 10 of them
the incidence of cancer diseases . We have recorded  prevalence 5% in women (4 of 82) and
prevalence 5.26% in men (6 of 114) . In the studied group of patients we have recorded the
occurrence of colon cancer in men over 64 years old and the occurrence of breast cancer,
endometrial cancer  and colon cancer in women over 62 years old. The prevalence of type 2
diabetes and the relative incidence of cancer increases exponentially with age. More than
80 % of cancer being diagnosed in persons aged 55 and over (11). 
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Table 6. The number of patients with newly diagnosed type 2 diabetes and cancer

Sex

Age (years)

BMI ( kg/ m²)

Number of patients
with cancer history

Number of patients with cancer
history before the occurrence

of type 2 DM

Number of patients with a his-
tory of smoking before the

diagnosis of cancer

Men

64 – 89

62 – 75

Colon cancer 6

6

0

Women

26.9 – 32.3

26.9 – 36

Breast cancer        

Colon cancer

Endometrial cancer

5

0

2

1

1

Coronary heart disease occurs in patients with type 2 diabetes early and is more serious
than in non diabetics (1). The prevalence of coronary heart disease was lower in our group
in comparison to available statistics in adults (19 - 34% and 45%), but some patients may
have latent coronary heart disease at the time of type 2 diabetes diagnosis. More than 50%
of diabetics die of coronary heart disease (1). In a study group of 3266 patients being
referred for coronary angioplasty (17% of patients, n = 556) have known diabetes mellitus
and 17.9% of patients, n = 486) had newly diagnosed type 2 diabetes (19). In a study group
of 7310 patients who have undergone coronary bypass operations between 1996 - 2003 the
prevalence of undiagnosed DM was 5.2%. The patients more frequently required resuscita-
tion and reintubation and often showed a longer period of ventilation. Perioperative mortal-
ity rate was highest in this group (20).   

We have recorded prevalence after stroke in 12% of men (14 of 117) and 7% of women (6
of 83) in our group of patients. About 16% - 24% of patients after stroke is expected to devel-
op type 2 diabetes later in life (18). The study enrolled 89 patients with acute ischaemic
stroke and no history of diabetes.  Thirty seven (38.5%) of patients had impaired glucose
tolerance at discharge and twenty six (27.1%) after 3 months. Forty-four (45.8%) had dia-
betes at discharge and 36 (37.5%) at 3 month (21). In 2004 stroke was noted in 16% of dia-
betes-related death among people age 65 years or older in the United States (22).

The risk of stroke is two to four times higher in diabetic subjects compared with nondia-
betic subjects (8). 1-percentage point increase in glycosylated haemoglobin level is related
to the risk of stroke. The stroke risk is 17 times higher (23). The relative risk of stroke is
increased 4-fold in persons with systolic blood pressure over 160 mmHg and diastolic blood
pressure over 95 mmHg. The risk of stroke is increased 2-fold in person, if the diastolic
blood pressure is elevated more than 7.5 mmHg. In the Copenhagen Stroke Study 6% of
patients with acute ischaemic stroke had undiagnosed diabetes (24) . 
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We have recorded prevalence of elevated ALT levels > 0.55 in 45% of men (51 of 113) and
45% of women (34 of 76). 4 men and 7 women didn’t have laboratory values of ALT on
admission investigation. We have recorded prevalence of elevated GGT levels > 0.45 in 81%
of men (90 of 111) and 68% of women 68% (52 of 77). 6 men and 6 women  didn’t have lab-
oratory values of GGT on admission investigation. We did not do ultrasonographic exami-
nation in our group of patients. We can only assume, that ALT and GGT elevation is asso-
ciated with hepatic steatosis and metabolic syndrome. In the initial education 15% of men
and 3% of women have reported sporadic alcohol intake. We have had no patients with other
liver disorders such as autoimmmune hepatitis or viral hepatitis. 

At baseline patients are educated by the inappropriate consumption of any alcohol. The
modest alcohol intake leads to an increase in body weight. Alcohol has a high energy con-
tent (29 kJ/g) and is oxidized immediately after ingestion.  Alcohol must be oxidized first
before other energy sources. Alcohol suppresses oxidation of other energy sources (protein,
carbohydrates, fats) – making it more difficult to mobilize when alcohol is present. However
some studies conclude that moderate alcohol consumption increases insulin sensitivity and
is associated with decreased incidence of type 2 diabetes (25, 26, 27). Annex table No 7.
compares the correlation between the prevalence of type 2 diabetes, ischaemic heart dis-
ease, alcoholic cirrhosis and per capita alcohol consumption in selected European countries
(e.g. France and Sweden). According to the World Health Organisation (WHO), France is
a country with a total adult per capita alcohol consumption per year: 14.5 litres. Czech peo-
ple consume two highest amount of alcohol per capita of the countries listed in the table No
7. France has the lowest prevalence of coronary heart disease, but the highest prevalence of
diabetes mellitus from the nine European countries listed in the table No 7, according to
the IDF estimates for the year 2010.    

The incidence of alcoholic cirrhosis is 12/100 000 inhabitants per year. Comparison to
the Slovak Republic, where there is the incidence of alcoholic cirrhosis 27/100 000 inhab-
itants per year. Under the Swedish law on alcohol, private individuals are prohibited import-
ing alcoholic beverages. According to the WHO report 2004, total adult per capita alcohol
consumption is 7 l i.e. at least in those countries listed in the table No 7. Sweden has a high-
er prevalence of coronary heart disease than France, but the lowest diabetes prevalence of
nine European countries listed in the table No 7.  The incidence of alcoholic cirrhosis is
4/100 000 inhabitants per year. In recent years will have many other studies the aim to
investigate alcohol consumption in relation to the incidence of type 2 diabetes. Now there
is the time we can say there are individual and population differences between the safe rec-
ommended alcohol doses. Coincidence of other factors contributing to the prevalence of obe-
sity and other chronic conditions not related to the prevalence of type 2 diabetes is impor-
tant too.  

In a study on 101 patients with type 2 diabetes 60.3% of patients had verified steatosis by
MR spectroscopy. In this study 68% patients with type 2 diabetes had normal ALT and GGT
values (30). Meta-analysis of 7 large cross-sectional studies of 2,500 people found, that
ultrasonography findings of steatosis is an independent risk factor for cardiovascular events
(31). Among those with steatohepatitis develops liver cirrhosis approximately in 1 of 30
patients. Patients with non alcoholic steatohepatitis are at greater risk for developing cir-
rhosis than patients with steatosis (32).  Non alcoholic steatohepatitis can coexist with other
diseases (e.g, chronic viral hepatitis, type 2 diabetes or alcohol abusus). There are factors,
that can increase the risk of progression liver disease. There is a large percentage of patients
with steatosis. They should be stratified in terms of progression to cirrhosis by hepatologist.
It would require much closer collaborattion between diabetologist and hepatologist in the
future. 

British regional heart study was conducted 24 years and was attended by 6 997 men aged
40 – 59 years with no history of cardiovascular events or type 2 diabetes. Study has shown
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that elevated GGT levels significantly increased the patient risk of stroke, fatal coronary
events and cardiovascular events independently of other risk factors in the Framingham
score (8). In the Hoorn study there was shown that elevated ALT levels predicts cardiovas-
cular events (33). Meta-analysis of 11 prospective studies have found, that elevated GGT is
an independent predictor of long-term cardiovascular events in both sexes (34). During the
years 2006 – 2007 the study was conducted in Iran including 7554 patients aged 6 – 18
years with results that elevated ALT, AST and ALP levels in children and adolescents were
associated with central obesity, elevated TG, reduced HDL and impaired fasting glucose
(35).

Prevalence of cancer diseases was recorded in 5% of women and 5.26% of men with type
2 diabetes mellitus. In the studied group of patients there was recorded the occurrence of
colon cancer in men over 64 years old and the occurrence of breast cancer, endometrial
cancer  and colon cancer in women over 62  years old. We did not record the occurrence of
hepatocellular carcinoma, although the relative risk for  HCC is most increased in diabet-
ics.   

The prevalence of cancer appears to be rising with a longer duration of type 2 diabetes.
An casual finding of cancer in an advanced stage is still common. Universal screening pro-
gramme for cancer associated with metabolic syndrome has not been still implemented in
patients with type 2 diabetes. Table No. 8 shows the mortality rates per 100 000 people for
cancer in the countries of the European Union in 2010 (6). According to the Eurostat date
published in 2012 standardised death due to cancer in Slovakia was 197 per 100 000 pop-
ulation (i.e. the second highest in the EU countries).
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Table 7. The difference in the prevalence of type 2 diabetes, CHD, alcohol liver cirrhosis and alcohol consumption
per capita in selected European countries.  

GERMANY

SPAIN

SLOVAKIA

NETHERLANDS

DENMARK

SWEDEN

FRANCE

ITALY

CZECH

Beer
consumption

per capita 
(liter)

7.5

4.5

5.5

5.0

6.0

3.5

2.5

1.0

1.0

Wine 
consumption 

per capita
(liter)

3.5

5.0

2.0

3.0

5.0

2.5

9.0

7.5

2.0

Spirit 
consumuption

per capita
(liter) 

2.0

2.5

5.5

2.0

0.25

1.0

3.0

0.5

4.0

Total alcohol 
consumption

per capita
(liter)    

13.0

12.0

12.5

10.0

11.25

7.0

14.5

9.0

16.0

Prevalence
of DM  (%)

according to
national esti-
mates  for the

year  2010

12

8.7

7.7

7.7

7.7

7.3

9.4

8.8

8.7

Prevalence
of CHD  

per 1000
population

1.1

0.54

-

0.8

0.9

0.9

0.4

0.6

1.4

Prevalence
of alcohol

liver 
cirrhosis 
per 1000 

population 

0.14

0.11

0.27

0.042

0.125

0.04

0.12

0.11

0.13

Adapted by Diabetes Atlas IDF 2010 (28) and according to the WHO. Global Satus report  2004 on Chronic mortali-
ty  and Alcohol  2004  (29) 

maketa 13/1_MAKETA  7/1  4/26/13  7:24 AM  Stránka 41



CONCLUSIONS

Screening for macrovascular complications (coronary heart disease and stroke) at time of
diagnosis type 2 diabetes would be useful in determining of individual treatment target val-
ues. Although we recorded relatively lower prevalence of coronary heart disease than the
available statistic, we do not exclude the presence of asymptomatic coronary heart disease.
We detect presence of risk factors for coronary heart disease.   

According to the results of HbA1c IFCC/DCCT (median males 5.9 %/7.5 %, median
females 5.7/7.3), within all age categories and irrespectively of the gender, we may conclude
a relatively early detection of the disease in our cohort group of patients.

We note also a good management of arterial hypertension treatment at the time of diag-
nosis of diabetes mellitus type 2 (median males 120/80 mm/Hg, median females 130/80
mm/Hg). 

We identified gaps in management of the treatment of dyslipidaemia of pre-diabetic
patients, where the patients with newly diagnosed type 2 diabetes mellitus did not reach
the target value of LDL cholesterol in line with recommendations (median males 3.11
mmol/l, median females 3.22 mmol/l ).

Elevated GGT and ALT are independent risk factors for coronary heart disease and stroke
in our group of patients. Cigarette smoking in our cohort of patients is declining. Patients
with elevated ALT and GGT levels are a primary target group for alcohol education. Alcohol
education includes information about the effects of alcohol consumption. Overall it is esti-
mated, that 15 – 30% of NASH patients go on to develop cirrhosis in a time interval 10 years.
Currently steatofibrosis is one of the causes of liver transplantation. Ultrasonographic find-
ing of steatosis is an independent risk factor for cardiovascular events.  We did not record
the occurrence of hepatocellular carcinoma, altough the relative risk for HCC is most
increased in diabetics.   

In the studied group of patients we have recorded the occurrence of colon cancer in men
over 64 years old and the occurrence of breast cancer, endometrial cancer and colon can-
cer in women over 62 years old. Our study was limited to the small population size.     
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Table 8.  Standardised death due to cancer  in EU  per 100 000 population in 2010  (6)

Romania 

Bulgaria 

Hungary 

Slovakia

Slovenia

Poland

Czech 

Austria

Lithuanian 

Germany 

Ireland 

Estonia 

UK

Greece

Netherlands

Denmark 

Cyprus

Belgium

Italy 

Luxemburg

Sweden 

Malta

Finland

France

Latvia 

Spain

Portugal

180

156.4

238.8

197.2

196.26

196.5

195

155.6

187

158.6

169

185.3

170.6

149

182.8

117.4

156.8

156.9

141

151.7

138

161

193.9

152.4

156.5
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A b s t r a c t

Thyroid gland is a rare site for distant metastases. The aim of this study is to present a rare case of an isolated
metastatic clear cell renal cell cancer (ccRCC) in the thyroid gland seven years after left-sided nephrectomy.

A neck cancer discovered by clinical examination, diagnosed by ultrasound-guided USG fine-needle biopsy was
removed by surgery. Palliative thyroidectomy with consecutive  neck radiotherapy was finished without any com-
plications, except a temporary, asymptomatic hypocalcaemia. After six month remission, the patient’s general con-
dition deteriorated, multiorgan RCC dissection appeared leading to the patient’s death.

Key words: renal carcinoma,  thyroid metastases, fine-needle biopsy

INTRODUCTION

Thyroid gland is one of the largest endocrine glands as well as one of the organs  with the
best blood supply with the blood flow of c. 8ml/100g tissue/s. Despite of a profuse perfu-
sion, it is a rare site of distant metastases. The most common source of thyroid metastases
is renal cell carcinoma (RCC) in advanced, disseminated stage. Therefore, a renal cell car-
cinoma with multiorgan dissection, preceded by metachronic isolated thyroid metastasis is
a very special case.

The aim of the study is to present a rare case of the isolated ccRCC metastasis in the thy-
roid gland 7 years after a left-sided nephrectomy.

Case report
72-year patient A.U., after left-sided nephrectomy due to clear cell renal cell carcinoma

reported to the surgery clinic because of the neck tumour detected by palpation. The
tumour appeared several months before and was increasing gradually. Left-sided nephrec-
tomy was done in 2001, kidney with the adrenal gland were removed; the histopathology test
of the 6cm tumour was clear cell renal cell cancer (ccRCC); pT1bN0M0, graiding G2 accord-
ing to Fuhrman.  Neck tumour did not cause any disorders. The results of the initial labo-
ratory tests, including blood morphology, electrolytes, hepatic, and renal tests, thyroid
activity tests were within the norm. The results of cytology after fine-needle biopsy (FNB) of
the largest nodule left lobe of the thyroid, diameter 1.6 x 1.0 cm, showed a presence of atyp-
ical, malignant cells suspected of being ccRCC (Fig.1). Neck computed tomography (CT)
showed a retrosternal goitre relocating the trachea to the right side. Lower pole of the left
lobe of the thyroid reached below the upper sternum edge. Chest CT – no heterogeneous
structures were found. Abdominal and pelvic computed tomography showed  a condition

ACTA MEDICA MARTINIANA 2013 13/1       DOI: 10.2478/acm-2013-001144

A d d r e s s  f o r  c o r r e s p o n d e n c e :
dr n.med. Dariusz Waniczek, Szpital Specjalistyczny nr 1, Katedra i Oddział Kliniczny  chirurgii Ogólnej
i Gastroenterologicznej, ul. Żeromskiego, 741-902 Bytom, Poland 
Phone:. +48 501 252 191; fax: +48 32 281 94 64; e-mail: dariusz.waniczek@gmail.com

maketa 13/1_MAKETA  7/1  4/26/13  7:24 AM  Stránka 44



after left-sided nephrectomy – intestinal loops visible in the site of the kidney removal, no
local tumour recurrence or metastasis to other organs.

The patient was qualified for the total thyroidectomy. The thyroid was removed palliative-
ly with the central lymphatic system and a fragment of the internal cervical vein covered
with the infiltration from the thyroid. The direct biopsy of lateral cervical lymph nodes on
the left side did not show metastases. Postoperative histopathology test - ccRCC metasta-
ticum multicentricum in struma nodosa (Fig.2). Numerous metastatic nodules occupying
both gland parenchyma and growing outside the thyroid fibrous capsule.  Nodules were like
unconnected, autonomous metastases.  Inner vein lumen and wall were free from neoplasm
proliferation. 11 lymph nodes with metastases were found in the central lymphatic system
in 16 lymph nodes that  had been removed. In 9 cases the neoplasm infiltration went out-
side a gland capsule.
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Fig. 1 Cytology from fine-needle biopsy of ccRCC

Fig.2 Metastatic clear cell renal cell carcinoma in the thyroid gland
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Postoperative period was without complications except temporal symptomless hypocal-
cemia. After one month, two week radiotherapy was performed in the outpatient clinic. Next,
a systemic therapy with sunitynib was proposed.  The patient rejected the proposition of
this treatment. The patient survived another 6 months in a good condition. After that, her
general condition deteriorated quickly, body lost weight. Image examinations showed liver
and lung metastases. No cervical metastases were found. The patient died after another 2
months.

DISCUSSION

The most common source of thyroid metastases are kidney, lung, chest, oesophagus,
colon and throat cancers. Although thyroid has a very good vascular supply, the occurrence
of metastases in this organ is quite rare. It probably is a result of difficulties that neoplas-
tic cells have to settle due to a fast blood flow, another reason could be a specific gland tis-
sue environment rich in oxygen and iodine (1).

RCC has a specific tendency to create metastases through blood. Sometime, it has atypi-
cal clinical course; distant metastases through blood to inner organs, including thyroid,
with no local lesions which could be detected by the available methods or with metastases
occurring many years after primary tumour removal. Additionally, metastases accompany-
ing RCC dissection can also occur. In our case, a cervical tumour discovered accidentally
in a 72-year old patient appeared to be a clinically isolated renal metastasis 7 years after
a nephrectomy.

Symptoms of neoplastic metastases into thyroid are nonspecific – they include cervical
tumour, body mass loss, hypercalcaemia, swallowing disorders or hoarseness. However, the
course of the disease is most often  symptomless (2,3). Although, thyroid gland is a rare site
of distant metastases, very difficult to diagnose clinically, the more and more common FNB
increased a number of diagnoses of non-thyroid cancers metastases. In the differential diag-
nosis we use imaging examinations such as scintigraphy, CT and USG with FNB. However,
their effectiveness is unsatisfactory. All these methods are often unable to put a proper diag-
nosis. Although FNB may also false suggest a primary follicular tumour of thyroid, howev-
er, is an important element in the diagnosis of metastatic thyroid tumours. Sometimes the
indications for surgery are ultimately clinically alarming symptoms such as: a single nod-
ule, rapidly expanding, with a hard texture and uneven surface.

Before, RCC metastases into thyroid were diagnosed  most often during autopsy or after
thyroid surgeries (1,3,4,5).

The patient’s clinical examination was accompanied by USG and FNB. These examina-
tions are used for diagnosing thyroid tumours and they are also a method of qualification
for surgeries. Chen et al. (6) claim that per 10 thyroid metastatic tumours, 5 were RCC
metastases. However, most lesions appeared 3 years after the primary lesion removal, one
metastasis appeared only after 19 years. Dequanter  et al.  (7) found out that among 11 dis-
covered and resectioned isolated metastases to thyroid, 5 were pulmonary squamous cell
carcinoma metastases, 2 RCC metastases. These lesions appeared on average 25 months
after primary tumour resection, survival median was 10 months. Cichon et al. (8 ) discov-
ered 11 RCC  out of 17 removed thyroid metastatic lesions.Similarly, Calzolari et al. (9) found
15 cases originating from RCC out of 25  non-thyroid cancer metastases.  

It seems that despite bad prognosis in cases of distant RCC metastasis to thyroid, pallia-
tive surgery should be undertaken. Some authors observed positive influence of palliative
surgery on survival (2,6,7,9,10,11). Iesalnieks  et al. (12) in their retrospective study,
analysing 45 cases of RCC metastases to thyroid showed that 5-year survival in those
patients was 51%, and a prognosis got worse with the patient’s age.  All the authors under-
line no relapse in cervical area if the operation was possible within histologically unchanged
margin.
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The neoplasm dissection was acknowledged to be the main reason of death (6,7,8,9,11,12).
Our patient felt very well 6 months after the operation and palliative radiotherapy. However,
after this time her condition deteriorated and numerous metastases to lungs and liver were
found. Still, neck CT did not show local disease relapse. After death no autopsy was done,
disseminated ccRCC dissection was assumed to be the reason of death. In the clinical
course of clear cell renal cell carcinoma, apart from the risk of local relapse, there is a great
risk of dissection. Most authors agree that  an appearance of isolated metastases of this
cancer is an indication for surgical treatment. It refers not only to thyroid but also metas-
tases to liver, lungs or brain.

This kind of treatment was applied in our patient,  the surgery was accompanied by radio-
therapy, which resulted in full local remission but did not prevent dissection. Classic sys-
temic therapy is not effective in preventing dissection or inhibiting progression. Presently,
drugs  with molecular targets are used more often. Limitations of the therapy include gen-
eral patient’s condition, tolerating side-effects and finally, patient’s consent. The suggested
sunitynib (Sutent) is applied in the first treatment line in patients of favourable and inter-
mediary prognosis(11,13).
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