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Every year, at the end of August, cardiologists, 
and not only cardiologists, await with great inter-
est the latest news in cardiology from the Euro-
pean Congress of Cardiology. This congress takes 
place annualy at the end of summer, before the 
new academic year begins. In this way, at the 
end August we find the summary of what hap-
pened lately and what we have to do in the near 
future. 

But in mid-August, cardiologists also have a 
thankful thought directed to Eugene Braunwald, 
MD, PhD, the father of modern cardiology in the 
last four decades or more. He is born on the 

15th of August and this summer he celebrated his 
91st birthday.

Every year, over a long period of time, 
Eugene Braunwald was honorary invited to, and 
participated in, the European Congress of Cardi-
ology. And each time, his interventions provided 
a rare and precious quality of a human being: a 
vision.

Braunwald is born in Vienna, Austria. His 
family emigrated to the United States and he 
graduated the New York University School of 
Medicine. It is not the place here to follow his 
career, which is brilliant. For a very long time, he 
has been serving as a Professor at the Harvard 
Medical School.

But his main contribution to cardiology over 
the last half century or so were the Textbooks of 
Cardiology edited by him, “Braunwald’s Heart 
Disease”, starting with the first edition in 1980 
(or 1979, depending on details of publishers).

It is true that cardiology was gifted to have 
textbooks many years before Braunwald 
launched his first edition of “Braunwald’s Heart 
Disease”.

Charles K. Friedberg issued his “Diseases of 
the Heart” in 1949. It was a single author 
textbook, and medicine could not tolerate any 
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more that a single giant mind could cover a huge 
and continuous changing medical discipline. 
After the third edition, in the late 1960, and the 
death of Friedberg in 1972, in a traffic accident, 
this textbook was not continued.

Another giant who issued a textbook of cardi-
ology was John Willis Hurst from Emory Univer-
siy, Atlanta, Georgia, USA. The first edition of his 
Hurst’s The Heart appeared in 1966 and it has 
currently reached its 14th edition. It is a real 
textbook, with many expert authors in every 
field and continues to appear after Hurst`s death 
in 2011, when he was 90 years old.

But Eugene Braunwald had a superior vision. 
If you have a textbook of more than 2000 pages 
printed in 8 pts letters, you get only a pale image 
of cardiology. This is the reason why Braunwald 
introduced the “Companions of Braunwald’s 
Heart Disease”, such as “Myocardial Infarction”, 
“Hypertension” “Heart Failure” and many others, 
but also very new items such as “Mechanically 
Circulatory Support” or “Cardiovascular Mag-
netic Resonance”. To date, there are 19 Com-
panions, each of several hundreds of pages. 
Every Companion is only an introduction to 
those specialists who want to become more pro-
foundly implied in a field of cardiology. And 
then, they have to go further to specialized 
monographs such as “Left Ventricular Assist De-
vice Implantation” or “Magnetic Resonance and 
Atrial Fibrillation”. And if you read any of these, 
you do not become a specialist capable to work 
in that sub-specialty. You have to practice a pe-
riod under an expert’s supervision and read 
much more. This is the degree of specialization 

of every field of our activities, be it medicine or 
any other one.

Then, what is the value of the single book, 
“Braunwald’s Heart Disease”? It is the Vision. 
The vision of authors of each chapter as well as 
that of the father of the textbook himself, on the 
direction in which every corner of cardiology 
should evolve. Reading the book, we live at the 
same time a brilliant synthesis of this moment 
and the place where we will be in the future. 
And everything in the atmosphere and flavor of 
Harvard, always ranked number one in Best 
Medical Schools worldwide, to whom the nucle-
us of authors of this textbook belongs.

Now, let us see what was Braunwald’s vision 
on the fields of cardiology this year at his ESC 
lecture (Figure 1). It is noteworthy that his inter-
vention was dedicated to the 400th celebration 
of Cardiology. He and everybody considers that 
cardiology was born in 1628, when William Har-
vey published “De Motu Cordis” and described 
the circulation of blood.

Firstly, he discussed the Primordial Preven-
tion. We are now discussing a lot about the pri-
mary prevention of cardiovascular disease, 
which is to attack the risk factors before the ap-
pearance of a cardiovascular event. Primordial 
prevention is to make the risk factors not to ap-
pear or cure them from the moment they occur, 
in other words it means preventing the develop-
ment of risk factors. He exemplified his point by 
talking about obesity in children or hypertension 
in adolescents (1). If we succeed to make obesity 
not to appear or hypertension not to exist in the 

A Wonderful Mind: eugene BrAunWAld

FIGURE 1. Eugene Braunwald at the European Congress of Cardiology, August 2020
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circulation of a young person, we make the best 
primordial prevention of cardiovascular disease.

An important issue was artificial intelligence. 
Braunwald noted several achievements. Artificial 
intelligence analysis discovered patients who 
would develop atrial fibrillation, by analyzing 
electrocardiograms in sinus rhythm. Artificial in-
telligence analysis has also identified patients 
who would develop ventricular dysfunction ac-
cording to an early electrocardiogram. Or, most 
interestingly, the algorithm of artificial intelli-
gence predicted long term mortality in an analy-
sis during an acute cardiac failure moment or, in 
another domain, predicted mortality in patients 
with heart failure with preserved ejection frac-
tion (2).

In cardiology, a new group of drugs is directly 
addressed to inflammation and specifically to cy-
tokines. Braunwald developed this item discuss-
ing the works of his team in Harvard and citing a 
paper which has been very recently published in 
Circulation (3). The cytokines discussed here are 
Interleukin 18, Interleukin 1-beta and Interleu-
kin 6, and the recent clinical studies cited are 
COLCOT, CANTOS and CIRT. Colchicine, 
Canakinumab and Methotrexate are the drugs 

considered ready to be applied in practice for 
the treatment of atherosclerosis using its inflam-
matory mechanism.

Clonal Hematopoesis was the final issue dis-
cussed by Braunwald at the congress. He also 
used works of his team in Harvard, and this time, 
a main paper cited by him had Peter Libby as 
first author (4). Clonal Hematopoesis, fully 
named “Clonal Hematopoesis of Independent 
Potential” and abbreviated CHIP, denotes the 
presence of an expanded somatic cell clone in a 
person with no other somatic abnormality. It was 
shown that the presence of CHIP denoted an im-
portant cardiovascular risk factor for athero-
thrombotic disease, and in the same time, did 
not show any increased risk for hematologic neo-
plasia. At the congress, Braunwald has also 
shown that mutated CHIP drivers occur fre-
quently in patients with severe degenerative aor-
tic stenosis – an increasingly recognized contem-
porary disease.

We may end this comment by saying that car-
diologists are gifted doctors having among and 
with them such wonderful minds like that of 
Eugene Braunwald. q

1. Epure AM, Chiolero A. From detection 
early in life to the primordial prevention 
of elevated blood pressure.  
J Clinic Hypertens 2019;21:1350.

2. Segar MW, et al. Machine  
learning-based cluster analysis can 
identify phenogroups of patients with 

HFpEF with distinct clinical 
characteristics and long-term outcomes. 
Eur J Heart Fail 2020;22:148.

3. Ridker PM. From CANTOS to  
CIRT to COLCOT to Clinic. Will All 
Atherosclerosis Patients Soon Be  
Treated With Combination  

Lipid-Lowering and Inflammation-
Inhibiting Agents?  
Circulation 2020;141:787.

4. Libby P, et al. Clonal Hematopoiesis 
Crossroads of Aging, Cardiovascular 
Disease, and Cancer.  
JACC 2019:74:567.
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INTRODUCTION 

Interrelations between heart and brain were 
first described by anatomists and physiolo-
gists and later by clinicians. In time, the 
brain-heart interrelation became a major 
subject in both neurology and cardiology 

and in the newly derived specialty, neurocardio-
logy. 

The great neurosurgeon Cushing noted bra-
dycardia and hypotension in response to in-
creased intracranial pressure during brain inter-
ventions, as a remarkable interaction between 
brain and cardiovascular system.

In 1990, in Japan, Suto et al. published a se-
ries of similar cases with clinical features of acute 
myocardial infarction, but normal coronary angi-
ography, reversible ventricular dysfunction but 
with a special echocardiographic aspect of “api-
cal ballooning” (1). Such cardiac observations 
were especially noticed in women aged 55-60, 
with important emotional stress. The pathologi-
cal condition was initially named Takotsubo or 
Takotsubo syndrome (TTS). Numerous publica-
tions on TTS described the etiologic conditions, 
various echocardiographic aspects, electrocar-

diographic changes and cardiac markers shared 
by patient groups.

The cardiological and neurological data as-
sembly led to the description of a special type of 
cardiomyopathy called stress cardiomyopathy 
(2). In the general acceptance, “stress cardiomy-
opathy (SCMP)”, “Takotsubo syndrome (TTS)” 
and “Takotsubo cardiomyopathy (TTC)” have the 
same meaning. Stress cardiomyopathy could be 
defined as a syndrome of acute transient left ven-
tricular dysfunction (systolic and diastolic), as a 
result of a myocardial injury, in most cases ac-
companying an emotional or physical stress.

Apart from the aspects described for SCMP or 
TTS, there have been noticed a number of special 
cardiac aspects with reversible ventricular dys-
function and echocardiographic, electrocardio-
graphic, and cardiac markers changes, after neu-
rological events such as subarachnoid hemo rrhage 
(SAH), cerebral trauma, ischemic or hemo rrhagic 
stroke. Cardiac manifestations are partly similar to 
TTC, with some particular features. This new 
pathological condition was named “neurogenic 
stunned myocardium” (NSM), to emphasize the 
essential physiological change (3).
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In the view of these new data on brain-heart 
interrelation, there is scientific debate regarding 
the relationship between TTC and NSM, whether 
there are distinct entities or a single entity (stress 
cardiomyopathy), as a result of common and 
complex physiological changes, implying cere-
bral structures, sympathetic hyperactivity and 
hypercatecholamines (3, 4).

This work is a synthetic presentation of the 
current data on TTC (Takotsubo cardiomyopa-
thy) and NSM (neurogenic stunned myocardi-
um), the common and specific traits, including 
evolution and prognostic, along with the physi-
ological changes implicated in the brain-heart 
interrelation.

Takotsubo cardiomyopathy or  
Takotsubo syndrome

The Takotsubo syndrome (TTS) or Takotsubo car-
diomyopathy (TTC) is generically defined as a 
type of acute reversible myocardial injury, cha-
racterized by transient systolic dysfunction. In a 
larger sense, TTC is a clinical syndrome charac-
terized by acute and transient left ventricular (LV) 
systolic (and diastolic) dysfunction, often in rela-
tion with an emotional stress in the preceding 
days (2). Typically, the regional kinetic abnorma-
lity that defines TTC is apical hypokine - 
sia/akinesia/dyskinesia (ballooning) with basal 
hyper kinesia. Usually, TTC is suspected echo-
cardiographically in a patient presenting with a 
clinical picture of acute myocardial infarction 
(AMI).

The exact incidence of Yakotsubo cardiomy-
opathy is unknown, published data underesti-
mating the real incidence. It is frequently mis-
taken for acute coronary syndrome and it is 
estimated to represent 1-3% of all STEMI pa-
tients, 5-6% for women over 55-60 years of 
age (5).

Some works classify Takotsubo cardiomyopa-
thy into a primary and secondary form depen-
ding on the occurrence of the clinical picture as 
a primary event or in other critical conditions, 
mainly cerebral events (1, 2).

Definition criteria for stress cardiomyopathy 
evolved in the last 10-15 years, as more scientific 
data gathered. At the beginning, Mayo criteria 
(2004-2005) were used, the last of which being 
revised (6).

Mayo diagnostic criteria, long used for dia-
gnosing Takotsubo Syndrome, were relatively 
simple:

1. Systolic dysfunction of the left ventricle 
(LV) (almost specific localization) that exceeds 
the distribution area of an epicardial coronary 
vessel;

2. Absence of obstructive coronary artery di-
sease or absence of angiographic proof of an 
acutely ruptured plaque;

3. New electrocardiographic changes or 
modest rise in myocardial troponin;

4. Absence of pheochromocytoma or myo-
carditis. 

Later, in 2006, the American College of Car-
diology and American Heart Association classi-
fied TTC as a primary cardiomyopathy and ESC 
elaborated different diagnostic criteria. To date, 
there is a consensus regarding the stress cardio-
myopathy diagnostic criteria, “International Ta-
kotsubo Diagnostic Criteria” (Intern. TAK dia-
gnostic criteria) (7). The last detailed consensus 
document, which is largely used for the clinical 
diagnostic, is concisely presented in Table 1.

In summary, the current mentioned criteria 
signal the presence of a myocardial injury with 
reversible left ventricular dysfunction, but with 
some elements from the secondary type of Ta-
kotsubo syndrome (neurologic events trigger or 
phochromocytoma).

The main (but not the only) diagnostic criteria 
for Takotsubo cardiomyopathy are echocardio-
graphic changes. The typical echocardiographic 
aspect initially described in 75-89% of cases is 
predominantly apical hypokinesia, akinesia, or 
dyskinesia (apical ballooning) and basal hyperki-
nesia, occasionally associated with left ventricu-
lar ejection tract obstruction (2, 8). Another 
echocardiographic type is midventricular cir-
cumferential hypokinesia/akinesia (in 10-20% of 
cases), with normal apical contractility (midven-
tricular ballooning), potentially leading to severe 
left ventricular dysfunction and acute heart fai-
lure. There were described other echocardio-
graphic aspects: a basal type (inversed? 
Takotsubo), biventricular dysfunction or just right 
ventricular dysfunction or focal dysfunction (9).

In synthesis, five anatomical variants of stress 
cardiomyopathy, with different prevalence, were 
described: apical ballooning (75-80%), midven-
tricular (10-20%), basal or reversed? (5%), biven-
tricular (<5%) and focal dysfunction.

tAkotsuBo syndroMe versus neurogeniC stunned MyoCArdiuM
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The different anatomical and echocardio-
graphic variants could be explained by different 
and high density of beta-adrenoreceptors in va-
rious anatomic regions and thus, different effects 
of the hypercatecholaminaemia (1, 2).

The electrocardiographic data show widely 
distributed myocardial injury; in more than 90% 
of cases there are suggestive ECG changes. In the 
typical form, clinical manifestation are those of 
myocardial infarction and on electrocardiogram 
there is ST segment elevation in precordial leads 
(9), followed – in 24-48 hours – by ischemic 
changes, with reversed T waves, often accompa-
nied by prolonged QT interval, that could pro-
gress beyond 500 ms, predisposing to polymor-
phic ventricular tachycardia or ventricular 
fibrillation, both also potentially present in STEMI 
patients. The electrocardiographic characteristic 
almost specific for stress cardiomyopathy is the 
ST segment elevation in aVR plus ST segment 
ele vation in anteroseptal leads (115). In such 
cases with severe left ventricular dysfunction, 
coronary angiography and ventriculography is 
recommended to confirm Takotsubo syndrome.

The ST segment depression is rare (less than 
10% of cases) and suggests an alternate diagno-
stic: acute coronary syndrome, neurogenic 
stunned myocardium or acute myocarditis.

Cardiac biomarkers can also bring definitory 
elements to diagnose Takotsubo syndrome and 

to differentiate it from STEMI/non-STEMI or 
acute myocarditis. Troponins T and I are mode-
rately elevated (conventional or high sensitivity), 
discordant with the magnitude of electrocardio-
graphic and echocardiographic changes found in 
studies (1, 2). The troponin dynamic does not 
show the relatively rapid rise and fall found in 
acute myocardial infarction. The (systolic and 
diastolic) ventricular dysfunction, always present 
in the Takotsubo syndrome, is accompanied by 
high levels of NTproBNP; the serum level corre-
lates with the degree (extent) of ventricular mo-
tion abnormalities (12). The level of BNP or 
NtproBNP reaches a peak at two days and re-
mains elevated up to three months (12), sugges-
ting the persistence of physiological changes 
present in Takotsubo cardiomyopathy.

Seric catecholamines show high levels in the 
first days, higher than for AMI. Seric and regio-
nal-myocardial catecholaminaemia plays an es-
sential role in the pathology of Takotsubo syn-
drome.

Other specific cardiology tests are unneces-
sary, except for the coronary angiography, indi-
cated in special emergency conditions to ex-
clude an acute coronary syndrome.

Among the first diagnostic criteria for Takotsubo 
syndrome (Mayo criteria), the absence of either 
an obstructive coronary artery disease or a rup-
tured plaque is included, and in the present cri-
teria it is specified that the presence of a signifi-
cant coronary artery disease is not a contradiction 
in Takotsubo syndrome, as significant coronary 
artery disease was found in 10-29% of 
cases (8, 13), the presence of coronary artery di-
sease not being considered now an exclusion 
criteria (1). The extent of motion abnormalities 
that exceeds the territory of a single epicardial 
vessel pleads for Takotsubo syndrome, especially 
when coronary angiography did not find critical 
coronary lesions.

Evolution and prognostic in  
Takotsubo cardiomyopathy

In hospital and long term evolution of Takotsubo 
cardiomyopathy is related to the degree of ven-
tricular dysfunction and the regression (in one to 
three weeks) of motion abnormalities. In hospi-
tal, mortality is approximately 5%, similarly to 
that of STEMI. The complicated evolution is re-
lated to the arrhythmic risk, evolution towards 

1. The patient has transient left ventricular dysfunction 
(hypokinesia, akinesia, or dyskinesia) with apical ballooning 
aspect. The regional wall motion abnormality usually 
extends beyond a single epicardial vascular distribution.

2.  An emotional, physical, or combined trigger can precede 
the Takotsubo syndrome.

3.  Neurologic disorders (e.g., subarachnoid haemorrhage, 
stroke/transient ischaemic attack, or seizures) as well  
as pheochromocytoma may serve as triggers for  
Takotsubo syndrome.

4.  New ECG abnormalities are present (ST-segment elevation, 
ST-segment depression, T-wave inversion, etc).

5.  Levels of cardiac biomarkers are mode rately elevated; 
significant elevation of brain natriuretic peptide is common.

6.  Significant coronary artery disease is not a contradiction in 
Takotsubo syndrome.

7.  Patients have no evidence of infectious myocarditis.
8.  Postmenopausal women are predominan tly affected.

TABLE 1. International Takotsubo diagnostic criteria (Inter TAK 
diagnostic criteria)
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acute heart failure, more rarely systemic embo-
lism (especially in the apical ballooning form) 
and obstruction of the left ventricular ejection 
tract (15).

Arrhythmias may be present in up to 25% of 
patients, especially atrial fibrillation in 5-15% of 
cases and ventricular arrhythmias in 4-9% of ca ses 
(16). High rate atrial fibrillation in the pre sence of 
severe left ventricular dysfunction leads to acute 
heart failure or cardiogenic shock. Ventricular 
tachyarrhythmias, especially Torsades-de-Pointes, 
complicate Takotsubo syndrome with more than 
500 ms QT interval prolongation, negative 
T waves and low ejection fraction.

Independent predictors of acute heart failure 
are, other than reduced left ventricular ejection 
fraction on admission, high troponin levels, the 
echocardiographic type with medioventricular 
dysfunction and right ventricle involvement (1). 
Mortality for all types of stress cardiomyopathy is 
up to 5% and is higher in hemodynamically un-
stable patients with cardiogenic shock or cardiac 
arrest (17).

Left ventricle dysfunction recovery – espe-
cially in the typical form (apical ballooning) in 
gradual, usually in one to two weeks from the 
onset, but it is possible as soon as 48 hours or 
delayed. 

Stress cardiomyopathy recurrence has an an-
nual rate of 2-4%. After left ventricular ejection 
fraction recovery, a degree of fatigue, dyspnoea 
or low effort capacity may persist.  

Long-term evolution of Takotsubo patients 
was initially considered benign, with a mortality 
similar to that of normal subjects.

A systematic review and a meta-regression 
study analyzed the long term evolution on a co-
hort of >10 000 TTS patients from 54 studies 
(18) and found an in hospital mortality of 1.8%, 
similar to that in ACS, a 3.5% mortality on a 
28 months follow-up, mainly due to non-cardiac 
causes and a recurrence rate of 1%.

By using meta-regression analysis, the 
above-mentioned study identified three factors 
which were significantly associated with 
long-term mortality: advanced age, TTC deve-
loped by physical stress and cardiac dysfunction 
not limited to apical ballooning (18).

The numbers for mortality and recurrence 
are, however, inferior to those found by a recent 
review (2).

The possible mechanism affecting long term 
prognosis in TTC and stress cardiomyopathy in 
general is linked to the contractile dysfunction 
developed in time by an infiltrative process and 
the consecutive global myocardial fibrosis.

Neurogenic stunned myocardium 

Neurogenic stunned myocardium (NSM) can be 
defined as an acute and reversible myocardial 
dysfunction, occurring after different types of 
neurologic events, with participation of the auto-
nomic nervous system (ANS) (19). Unlike 
Takotsubo syndrome, that is mainly preceded by 
a psychological (emotional) stress, especially in 
women over 55-60 years, NSM follows a defined 
neurological event, particularly subarachnoid 
hemorrhage (SAH). Essentially, NSM is a type of 
stress cardiomyopathy like Takotsubo syndrome, 
with similarities and differences. Some authors 
consider NSM as a Takotsubo-like or a secondary 
Takotsubo (as in pheochromocytoma, for exam-
ple).

NSM incidence after an acute neurologic 
event varies between 20% and 40%, depending 
on the type of event; the incidence is higher in 
SAH (approximately 33% of cases) and cerebral 
trauma (22%) and lower in other conditions such 
ischemic stroke, encephalitis, epilepsy, metasta-
tic tumors and reversible posterior encephalopa-
thy (3, 20).

The severity of NSM depends on the type 
and severity of the neurologic disease and on in-
volvement of some neurologic structures (insular 
cortex, hypothalamus, etc).

Diagnostic criteria for NSM are not defined as 
for Takotsubo syndrome, but include partly com-
mon clinical and echocardiographic elements.

 The presentation prototype for NSM is that 
found and described in SAH.

 The majority of cases are detected by cardiac 
exploration (especially echocardiography) in a 
defined etiologic context and the demonstration 
of a reversible heart motion abnormality and 
possibly left ventricular dysfunction. Ventricular 
dysfunction may be accompanied by signs and 
symptoms of heart failure, misinterpreted and 
assigned to neurological evolution.

The diagnostic evaluation generally follows 
the exploration of the Takotsubo syndrome: 
electrocardiography, echocardiography and car-
diac markers.

tAkotsuBo syndroMe versus neurogeniC stunned MyoCArdiuM



292 Maedica
  

A Journal of Clinical Medicine, Volume 15, No. 3, 2020

tAkotsuBo syndroMe versus neurogeniC stunned MyoCArdiuM

The electrocardiographic examination finds 
electrical anomalies in about 90% of patients 
with SAH, 60-70% of those with brain haemor-
rhage and 15-30% of those with ischaemic stroke 
(21). The most frequently encountered ECG 
changes are as follows: reversed/negative T waves, 
ST segment depression, QT interval prolonga-
tion, large U waves (19).

Arrhythmias may be present, especially in 
SAH (over 90% of cases) but also in ischaemic or 
haemorrhagic stroke (20-40%) (19). The most 
frequently encountered arrhythmias include bra-
dycardia, atrial arrhythmias (atrial fibrillation, 
flutter) and multifocal ventricular tachycardia 
(22). The highest prevalence is encountered for 
atrial fibrillation, frequently silent, in 14% of pa-
tients and other supraventricular arrhythmias in 
5%. Arrhythmias occur between 2-3 days and 
one week and can be self-limited or controlled 
pharmacologically.

The ECG changes are not specific to NSM 
and their meaning can only be established in the 
clinical context, together with other investiga-
tions (echo, cardiac markers). Data suggest myo-
cardial injury and likely acute coronary syn-
drome (2).

The echocardiographic exam in NSM detects 
regional motion disturbances and possibly sys-
tolic ventricular dysfunction. Regional motion 
disturbances are usually in the basal and mid-
ventricular segments of the anterior and antero-
septal walls of the left ventricle (20, 21).

Systolic ventricular dysfunction (and/or dia-
stolic), either global or regional, was found in 
10-20% of SAH patients (21). Some works no-
ticed a reduction of LVEF < 50% in 55-60% of 
patients, but only 6.6% of patients had 
LVEF < 40% (24, 25). Ventricular dysfunction is 
reversible in a few weeks, but full recovery may 
take longer. Ventricular dysfunction in NSM pa-
tients can be accompanied by acute pulmonary 
edema and haemodynamic instability down to 
cardiogenic shock (20); it represents a significant 
new risk factor in patients who experience an 
acute neurological event.

Cardiac markers can be moderately increased 
in NSM, as in the Takotsubo syndrome. The inci-
dence of LcTnI and TnT troponin increase as an 
effect of myocardial injury ranges in SAH 
between 20-37% and reaches the threshold level 
in 24-28 hours (26, 27). In one study, 
hsTnT > 89 ng/L at 24 hours since SAH occur-

rence had predictive value for NSM with a sensi-
tivity of 100% and a specificity of 79% (28). High 
values of troponins would be associated with the 
development of parietal motion anomalies and 
would be an indicator of ventricular dysfunction 
(27). Brain natriuretic peptide (BNP) can also in-
crease in NSM, correlated with regional motion 
anomalies. Increased BNP values would be sig-
nificantly associated with diastolic dysfunction, 
pulmonary edema, troponinaemia and LVEF.

Evolution and prognosis

The evolution and prognosis of cardiac anoma-
lies after neurologic events (injuries) are deter-
mined by the severity of the neurologic event 
and by the degree of ischemic injury of the heart.

NSM-type cardiac changes in SAH occur 
quickly, during the first two days. Wall motion 
disturbances and ECG changes diminish during 
the next 7-8 days (29). In most patients, the 
stunned myocardium aspect disappears com-
pletely, especially when ventricular dysfunction 
was unimportant. In a meta-analysis on the im-
pact of cardiac changes on prognosis after SAH it 
was found that motion anomalies, troponin and 
BNP levels, ST segment depression and T wave 
anomalies were associated with adverse progno-
sis, higher mortality and delayed recovery after 
SAH (30).

Also, the evolution of the neurologic event as 
well as the type and location of ischemic stroke 
have a major influence on patient evolution. The 
risk of non-fatal AMI is of 3.3% in the first three 
months and 8.2% at five years (31). Left insular 
stroke is associated with a higher risk of adverse 
cardiac events compared with other sites (19).

A direct comparison between clinical aspects, 
ECG changes, location and type of parietal mo-
tion changes, the LVEF, evolution and other pa-
rameters of the Takotsubo syndrome and NSM 
was achieved in two important studies (3, 32). A 
first study was performed in 61 patients with a 
Takotsubo syndrome and 37 with NSM. The 
NSM patients were younger (by about 10 years), 
the prevalence of acute pulmonary edema was 
higher at admission, while in Takotsubo syn-
drome the initial manifestations were angina and 
ST segment elevation. Motion anomalies were 
mostly apical in the Takotsubo syndrome, while 
the LV dysfunction was global in NSM patients. 
The natural evolution of the two groups was si-



293Maedica
  

A Journal of Clinical Medicine, Volume 15, No. 3, 2020

milar. The study arrived at the conclusion that 
both conditions represent the same syndrome of 
stress cardiomyopathy.

A different point of view results from the se-
cond study, of 36 NSM patients and 22 with 
Takotsubo syndrome (3). Takotsubo syndrome 
patients presented with angina, while the NSM 
one did not have signs and symptoms of cardiac 
ischaemia. About 60% of Takotsubo patients had 
ST segment elevation, which was not present in 
any of the NSM patients. The majority of 
Takotsubo patients (77%) had apical dysfunction 
and in about 45% of them, the dysfunction in-
volved also mid and basal segments. On the con-
trary, only 13% of the NSM patients had basal or 
myocardial dysfunction.

In conclusion, it can be considered that 
between the Takotsubo and neurogenic stunned 
myocardium syndromes there are more simili-
tudes than differences. Both have an aspect of 
reversible myocardium injury with motion 
anomalies at various sites and modest increases 
of cardiac markers, the broad picture suggesting 
a common, neurogenic, pathophysiologic me-
cha nism that has the features of a stress cardio-
myopathy with two subtypes: Takotsubo syn-
drome and neurogenic stunned myocardium.

Pathogenic mechanisms

The pathogenic mechanisms of the Takotsubo 
syndrome and of NSM are, in part, known from 
experimental data and clinical research. The 
many clinical and investigational elements, com-
mon in the Takotsubo syndrome and NSM led to 
the idea of a similar pathogenic mechanism, 
with different stressor factors.

A simplified schematic of the pathogeny 
(Figure 1) indicates the emotional and physical 
stress as inducing factors, followed by sympa-
thetic overstimulation and the activation of spe-
cific brain regions (the hypothalamus) (33) and 
the consecutive release of cathecholamines.

Depending on the specific nature of the acute 
trigger, the dominant sympathetic response can 
be neural (local, myocardial release of epine-
phrine) or adrenal with increased release of ca-
thecolamines in the bloodstream. Sympathetic 
hyperstimulation and hypercatecholaminaemia 
results in myocardial cell involvement through 
coronary spasm, endothelial dysfunction, in-
volvement of microcirculation, eventually lea-

ding to reversible myocardial injury and its com-
ponents (32).

There are multiple pieces of evidence of the 
central role of sympathetic activation in the 
Takotsubo syndrome, arising from different 
fields. 

- In most patients with Takotsubo syndrome 
(stress cardiomyopathy), an emotional (27%) or 
physical (36%) initial stress factor is found, that 
results in a catecholamine storm. However, stress 
factors can also be minor and associated. In 
about 30% of Takotsubo syndrome patients there 
is no identifiable trigger preceding the syndrome 
(8, 34).

- Pathological conditions due to hypercate-
cholaminaemia are accompanied of ECG and 
echocardiographic changes similar to the 
Takotsubo syndrome. Pheochromocytoma were 
noticed in 13% of the Takotsubo cases (35) that 
were thus considered secondary Takotsubo syn-
dromes. Some major neurological events like 
SAH, haemorrhagic or ischaemic stroke, brain 
trauma etc are accompanied by hypercatecho-
laminaemia and NSM (Takotsubo like). Acute 
stroke that involves the insular cortex is associ-
ated with sympathetic hyperactivity, increased 
level of plasma catecholamines, arrhythmias and 
BNP (36).

- Acute catecholamine administration (epi-
nephrine, norepinephrine, dopamine) men-
tioned in research papers, could be a triggering 
factor for the Takotsubo syndrome (1).

- The plasmatic level of catecholamines is 
massively increased in most TTS lesions, as in 
AMI as well as in patient with TTS and pheochro-
mocitoma (37). When plasma catecholamines 
are not increased, a proposed mechanism was 
their myocardial increase through local sympa-
thetic stimulation.

- More evidence on the sympathetic patho-
genesis of Takotsubo syndrome arise from histo-
pathological exams. Endomyocardic biopsies in 
TTS did identify lesions with contractions in 
bands of necrosis and inflammatory infiltrates 
with mononuclear cells, which is distinct from 
polynuclear infiltrates seen in AMI (38). Lesions 
of the same type have been described in hyper-
catecholaminaemia, for example in pheochro-
mocytoma, SAH, brain trauma, elements that 
suggest that catecholamines are an important 
link between stressor factors and myocardial in-
jury.

tAkotsuBo syndroMe versus neurogeniC stunned MyoCArdiuM
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In summary, sympathetic hyperstimulation 
and hypercatecholaminaemia play a central role 
in the myocardial injury or stress cardiomyopa-
thy. The effects of sympathetic stimulation at the 
myocardial level would be produced at multiple 
levels: (1) coronary vasoconstrictions (variable 
spasm); (2) microvascular dysfunction; (3) direct 
cardiotoxic effect of catecholamines at myocyte 
level; (4) secondary involvement of an inflamma-
tory process (1, 32).

Multivascular coronary vasoconstriction was 
initially considered to be the main pathogenic 
mechanism. The endothelial dysfunction due to 
adrenergic stimulation could determine multi-
vascular coronary vasospasm, transitory ischae-
mia and myocardial dysfunction in multiple ter-
ritories. Coronary vasoconstriction in epicardial 
vessels was proven however in only 20% of TTS 
patients (32). Moreover, there was no proof of 
experimental coronary spasm with multiple 
agents.

The type of contractile dysfunction in TTS 
would necessitate the presence of vasospasm 
only on some coronary arteries, but actual con-
tractile dysfunction extends beyond the area ir-
rigated by a single vessel. With all these contra-
dictory data, the involvement of vasospasm can-
not be excluded in a subset of TTS patients, but 
it is unlikely that it represents the primary me-
chanism of myocardial stunning (1).

Sympathetically mediated microvascular dys-
function, through adrenoreceptor and endothe-
line receptors type A, would represent an impor-
tant pathogenic mechanism, which is proven by 
the reduction of the coronary reserve coronary 
flow both invasively and non-invasively (39). In 
the acute phase of TTS, intravenous administra-
tion of adenosine improves myocardial perfu-
sion, regional motility and LVED (40). Microvas-
cular dysfunction is transitory and its recovery is 
correlated with the improvement of contractile 
function.

Microcirculatory dysfunction, which is un-
equal across the left ventricle, reflects local dif-
ferences in sympathetic innervation and adrenal 
receptor distribution. Beta-receptors have a 
higher density at the base of the heart compared 
to the apex, and apex receptors are more res-
ponsive to sympathetic stimulation (41). This dis-
tribution makes them more vulnerable to rapid 
catecholamine increase and the resulting apical 
ballooning.

Acute microvascular dysfunction could also 
be a secondary factor, as proven by bioptic 
changes that displayed endothelial apopo - 
tosis (42).

In summary, endothelial and coronary micro-
circulation dysfunction, both influenced by neu-
ral activity and alpha and beta receptors, results 
in conditions of myocardial stunning with vari-
ous types of parietal motility disturbances (43).

The direct toxicity of catecholamines on the 
myocardium could explain the transitory dys-
function of cardiac motility. Cardiotoxic effects 
of excess catecholamines have been also found 
in pheochromocitoma, with local myocarditis le-
sions. In stress cardiomyopathy, bioptic exams 
demonstrated necrosis bands, a unique type of 
myocardial injury that is associated with hyper-
catecholaminaemia states (44). The mechanism 
through which hypercatecholaminaemia results 
in cell injury is the cyclic AMP, that leads to intra-
cellular calcium overload (1).

The role of systemic inflammation was also 
claimed in the pathogenesis of stress 
cardiomyopathy. The role of systemic inflam-
mation in the reversibility of myocardial 
dysfunction has been also described in sepsis 
cardiomyopathy (45). Also, a systemic inflam-
matory response was correlated with NSM 
following craniocerebral trauma (46). Some 
studies showed increased inflammatory cytokines 
(TNF2, interleukin in the sera of patients with 
SAH and NSM) (47). q

CONCLUSIONS

Takotsubo syndrome, or cardiomyopathy 
(TTC) and NSM (neurogenic stunned myo-

cardium) are two types of neurocardiological in-
tercorrelation pathologies. These pathological 
conditions are characterised by usually reversible 
disturbances of cardiac wall motility, at various 
locations, and systolic ventricular dysfunctions, 
usually due to physical or psychological stress 
and excess activation of the autonomic nervous 
system and other cerebral structures such as the 
insular cortex.

The diagnostic criteria of TTC, as defined by 
an international consensus, specify the elements 
that define this syndrome, beyond Mayo criteria. 
The new criteria include the almost specific wall 
mobility types, ballooning, the possible presence 
of common atherosclerotic lesions as well as car-

tAkotsuBo syndroMe versus neurogeniC stunned MyoCArdiuM
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diac changes due to pheochromocytoma (se-
condary TTC).

Diagnostic criteria for NSM are incompletely 
defined, but partially similar with TTC; diffe-
rences consist in triggering by a neurological 
event, such as SAH or stroke, different sites of 
regional motility disturbances and prognosis 
ranging from benign to heart failure.

Differences and similarities for the two myo-
cardial conditions raised the problem of whether 
they are two different types of pathologies or a 
single syndrome with two subtypes of stress car-
diomyopathy.

The main elements that unite them are the 
common pathophysiologic mechanisms: (1) re-
cent physical or psychological stress and hyper-

catecholaminaemia through hyperactivation of 
the autonomic nervous system; (2) transitory 
coronary vasospasm in multiple vascular territo-
ries; (3) microcirculation involvement; (4) pro-
bably an inflammatory process. In the end, these 
elements result in myocardial injury of a peculiar 
type, followed by lower wall movement in vari-
ous regions and left ventricular systolic dysfunc-
tion of variable duration.

The two subtypes of stress cardiomyopathy 
regress quickly, in days or weeks, but can be 
complicated with severe arrhythmias, heart fai-
lure, thromboembolism or sudden death. q
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The first paper of this issue of Maedica, 
entiled “A Wonderful Mind”, is dedica-
ted to Eugene Braunwald, the eminent 
cardiologist from Harvard who has now 
reached the age of 91. He is as active as 

at the beginning of his brilliant career.
Near and before this small text we published 

a paper regarding “Takotsubo Syndrome versus 
Neurogenic Stunned Myocardium”, written by 
another personality of medicine who is also 
91 years old at present and has the same brilliant 
intelligence and vision in medicine: professor 
Leonida Gherasim from “Carol Davila” University 
of Medicine and Pharmacy in Bucharest, Romania.

I would like to share here some of my thoughts 
about these two personalities in just a few words. 
Both have Internal Medicine as primary special-
ty. Thereafter, after several years of practice, each 
of them got the second specialty that made them 
so famous – cardiology. I take this opportunity to 
notice that, in our days, internal medicine is only 
a short period of training during specialization in 
other fields of medicine. And I think this is not 
good for learning good medicine.

About the textbooks of Braunwald and his vi-
sion in medicine there are details in the men-
tioned editorial. Here I would like to mention 
that professor Gherasim was the editor-in-chief 
of a series of many Internal Medicine volumes of 
thousands of pages – the entire Internal Medi-
cine – published in Romania. It is a giant work. 
These textbooks constituted the main reference 

for teaching medicine in this country during 
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na lities, Eugene Braunwald and Leonida Gherasim, 
being active at the age of 91 and giving such an 
outstanding stimulation to all doctors who love 
their profession.
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ABSTRACT
Background: Anatomical knowledge about the suprascapular notch is very important in understanding 

the risk of suprascapular nerve entrapment syndrome. Suprascapular nerve injuries have become commonly 
recognized as a cause of shoulder pain and dysfunction. This study aimed to describe the morphometrical 
influence of the suprascapular notch on the course of the suprascapular nerve. 

Method: A total of 138 dry human scapulae of both sides of the unknown sex were used. Four 
measurements were defined and collected for every suprascapular notch: maximum depth (MD), superior 
transverse diameter (STD), middle transverse diameter (MTD), and total circumferential diameter (TCD).

Result: In the present study we found different shapes of suprascapular notches. Out of 138 scapulae, 67 
(48.55%) had U-shaped notch, 29 (21.01%) V-shaped notch and 14 (10.14%) J-shaped notch. Nine (6.52%) 
scapulae had incomplete notch. Two (1.44%) scapulae had large double foramen. Six (4.34%) scapulae 
had complete suprascapular notch. In seven (5.07%) scapulae, the notch was absent. Interestingly, in two 
(1.44%) scapulae, we found a W-shaped notch. This observation was unique and not reported anywhere in 
the literature before. 

Conclusion: Anatomical knowledge about the morphology of the suprascapular notch is of extreme 
importance for clinicians, radiologists, neurosurgeons, and orthopedic surgeons in making a proper 
diagnosis and for planning the surgical procedures of the shoulder region

Keywords: suprascapular notch, superior traverse diameter, middle traverse diameter,  
total circumferential diameter.
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INTRODUCTION

The suprascapular notch (SSN) is a small 
depression on the superior border of 
the scapula and it forms a tunnel with 
the superior transverse scapular ligament 
(STSL). The suprascapular nerve and 

vein run under the superior transverse ligament. 
The suprascapular artery runs above the ligament 
(1, 2). The suprascapular nerve provides motor 
innervation to the supraspinous and infraspinous 
muscles and sensory innervation to the rotator 
cuff muscles and ligaments of the acromioclavicular 
and shoulder joints. The suprascapular notch is 
the most common site where the suprascapular 
nerve is compressed, thus causing nerve injury 
and entrapment (3). In 1959, Koppel and 
Thompson (4) first described the suprascapular 
nerve entrapment syndrome. Traumatic injuries 
such as scapular, clavicular, and proximal humeral 
fracture and dislocation of the acromioclavicular 
or shoulder joint may cause compression of the 
nerve at the notch (5, 6). Compression of the 
suprascapular nerve is commonly observed at the 
suprascapular or spinoglenoid notch, and it 
causes an entrapment syndrome – an acquired 
neuropathy. This syndrome is characterized by 
vague pain on the posterolateral aspect of the 
shoulder joint with atrophy of the supraspinatus 
and infraspinatus muscles (7). 

This study aims to determine anatomical vari-
ations of the suprascapular notch for a better un-
derstanding of the possible predisposing factors 
for suprascapular neuropathy. q

MATERIAL AND METHOD

The present study was carried out on 138 dried 
adult scapulae of unknown sex that were ob-

tained from the Bone bank, Department of Ana-
tomy, BLDE (Deemed to be University) Shri B. M. 
Patil Medical College and Research Centre Vi-
jayapur, Karnataka, India. 

The scapulae that had physical deformities or 
of unknown age or race were excluded from the 
study. 

All scapulae were grossly examined for the 
presence or absence of the suprascapular notch. 
The superior transverse diameter (STD), middle 
transverse diameter (MTD), maximum depth 
(MD), and circumference of the notch were mea-
sured by using the Vernier caliper. The resulting 

data were recorded and tabulated. Scapulae of 
various notch shapes were photographed and 
documented.

Suprascapular notch morphometry

Superior transverse diameter is the horizontal dis-
tance between the superior corners of the supra-
scapular notch at the superior border of the 
scapu la.

Mid transverse diameter is the horizontal dis-
tance between the opposite walls of the supra-
scapular notch and is perpendicular on distance 
of maximum depth at its midpoint.

Maximum depth is the distance between the 
superior corner and the deepest point of the su-
prascapular notch.

Total circumferential diameter (TCD) of the 
notch – Thread is placed along the medial end, 
deepest point and lateral end and length and is 
measured on a scale.

Morphology

In the present study we categorized 138 dry 
scapulae according to Natsis (8) classification sys-
tem and recorded the length of all scapulae with 
the help of digital Vernier calipers. 

Statistical analysis 

Calculation was performed using a statistical 
analysis program, IBM® SPSS® Statistics 
version 26. q

RESULTS

In the present study we examined different types 
of U-shaped notches at the superior margin of 

the scapula by using all four parameters (Table 1, 
Figures 1 and 3). We analysed seven different 
shapes of the suprascapular notch (Table 2, 
Figure 2). Of the 138 scapulae, 67 (48.55%) were 
U-shaped, 29 (21.01%) V-shaped, 14 (10.14%) 
J-shaped, nine (6.52%) had an incomplete 
suprascapular notch (Figure 4), two (1.44%) had a 
double foramen (Figure 6), and two (1.44%) had 
L-shaped suprascapular notch. The complete 
ossification of the suprascapular notch was 
observed in six scapulae (4.34%). Complete 
absence of the notch was found in seven (5.07%) 
scapulae. Interestingly, unique W-shaped 
notches were found in two (1.44%) scapulae 
(Figure 5). q

AnAtoMiCAl vAriAtions of the suprAsCApulAr notCh And its iMportAnCe in suprAsCApulAr entrApMent neuropAthy
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DISCUSSION

Anatomical knowledge of the shape and size of 
the suprascapular notch (SSN) is one of the 

most important risk factors in suprascapular nerve 
entrapment. The suprascapular foramen is formed 
between the suprascapular notch and the trans-
verse scapular ligament, which bridges the bor-
ders of the notch. The suprascapular nerve, an 
important branch of the brachial plexus, passes 
below the suprascapular ligament. The suprascap-
ular vessels generally pass over the transverse 
scapular ligament (9). The anatomy of different 
shapes of the suprascapular notch and ossification 
of suprascapular ligament have been reported by 
various authors in different populations based on 
different parameters such as the vertical length of 
the notch, transverse diameter of the notch, and 
shape of the notch (10, 11) (Table 3).

Morphometry of the suprascapular notch in 
our study was comparative with other published 
reports (Table 3). U-shape was the most common-
ly seen shape of the suprascapular notch [67 
(48.55%) of the 138 dry scapulae], which is in 
good accordance with previously reported fin-
dings (13, 17). 

In the present study, we encountered a diffe-
rent type of U-shaped suprascapular notches at 
the superior border of the scapulae (Figure 3). 
Measurements revealed that the narrow U-shaped 
notch had a smaller diameter compared to other 

AnAtoMiCAl vAriAtions of the suprAsCApulAr notCh And its iMportAnCe in suprAsCApulAr entrApMent neuropAthy

FIGURE 1. Diameters of the suprascapular notch 
used to determine its type. S1: maximal vertical 
diameter of the notch; S2: transverse diameter of the 
notch; L1: imaginary line joining the superior corners 
of the notch. TCD: total circumferential diameter 

FIGURE 2. Percentage of different shapes of suprascapular notch

TABLE 1. Measurements of different types of U-shaped suprascapular notch at the superior  
border of the scapula

TABLE 2. Measurements of other different shapes of the suprascapular notch at the superior border of the scapula
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types of U-shaped notches, which could be a pre-
disposing factor for suprascapular nerve entrap-
ment. 

Of all examined dry scapulae, J-shaped supra-
scapular notch was found by us in 6.52%, similarly 
to Saikia et al.’s report (17), and V-shaped notch in 
21.05%, similarly to the findings of Chabra et al. 

(16). V-shaped notches have lesser width than oth-
er shapes of the scapular notch, which is the most 
common causative factor for the suprascapular en-
trapment syndrome (12) (Figure 3). 

A rare, unique W-shaped notch was observed 
in 1.44% of dry scapulae (Figure 5), which has 
never been reported in the literature so far. 

AnAtoMiCAl vAriAtions of the suprAsCApulAr notCh And its iMportAnCe in suprAsCApulAr entrApMent neuropAthy

FIGURE 3. Different types of U-shaped suprascapular notches at the superior border of the 
scapula (Types III and II Natsis classification)

FIGURE 4. Different types of suprascapular notches at the superior border of the scapula  
(Types I and IV Natsis classification)
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W-shaped notch is proposed as a possible cause 
of the suprascapular nerve entrapment syndrome 
due to changed morphology and reduced mor-
phometry. The occurrence of W-shaped notch 
may be due to developmental abnormality scapu-

la or abnormal attachment or division of the su-
prascapular ligament or change in the course of 
suprascapular blood vessels. The presence of an 
inconspicuous additional notch (W) may cause 
entrapment of the suprascapular nerve, com-

AnAtoMiCAl vAriAtions of the suprAsCApulAr notCh And its iMportAnCe in suprAsCApulAr entrApMent neuropAthy

FIGURE 5. W-shaped suprascapular 
notches at the superior border of the 
scapula (Type V Natsis classification)

FIGURE 6. Ossified suprascapular 
ligament with double foramen at the 
superior border of the scapula

TABLE 3. Different shapes of 
suprascapular notch in different 
populations studied by various 
authors
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pressing the suprascapular blood vessels. In their 
study of 211 cadaveric adult scapulae, Rengacha-
ry et al. (18) classified six basic types of a supra-
scapular notch: type 1=absence of notch; type 
2=V-shaped notch; type 3=U-shaped notch; 
type 4=small V-shaped notch; type 5=U-shaped 
notch with partial ossification of the suprascapular 
ligament; and type 6=complete ossification of 
the suprascapular ligament. But W-shaped notch 
is not mentioned anywhere in the literature. 

We observed another variation of the ossified 
suprascapular ligament that resulted in two large 
foramina below the ossified ligament (Figure 6). 
The shape of the two large foramina was horizon-
tal tetrahedral and vertical oval, respectively. The 
presence of double large suprascapular foramina 
is a rare variation of the development and it was 
proposed as a possible cause of the suprascapular 
entrapment neuropathy. Formation of large fora-
men may be due to narrowing or blockage in the 
main vessels of the limb or abnormal attachment 
of the suprascapular ligament.  Polguj et al. (19) 
proposed four hypotheses for the formation of the 
double foramen. The first one was highlighted to 
be the cause for double foramen. This type of 
variation may be involved in compression of both 
nerves and vessels. 

We observed the complete absence of the 
notch at the superior border of the scapula in 
5.07% and ossification of the suprascapular liga-
ment in 4.34% of cases (Figure 4), similarly to the 
report of Vasudha et al. (14) that suggested the 
absence of the suprascapular notch as a possible 
risk factor for the suprascapular entrapment syn-
drome (14).

During the fifth week of intraembryonic life, 
mesenchymal cells originating from the lateral 
plate mesoderm migrate along the central axis of 
the limb bud and their condensation results in the 
formation of mesenchymal bone. Chondrification 
occurs in the sixth week of intrauterine life. Ossi-
fication of hyaline cartilage models leads to the 
formation of the suprascapular bony bridge by en-
dochondral ossification, which finally converts the 
notch into the foramen (20). The anomalous 
course of the suprascapular nerve and vessels 
constitutes suprascapular nerve entrapment (3). 
Other predisposing factors for the suprascapular 
nerve entrapment are rotator cuff tear, medial re-
tracted supraspinatus muscle with thickened su-
praspinatus fascia, the hypertrophied subscapu-
laris muscle, double suprascapular foramen, and 

anomalous position of the suprascapular artery 
(21, 22). Knowledge about suprascapular ossifica-
tion is important during operations of post-trau-
matic peripheral neuropathies and reconstructive 
nerve grafting following brachial plexus injuries 
and coracoids process grafting and shoulder ar-
throplasty procedures (23).

Suprascapular nerve entrapment neuropathy

Anatomical variation in the suprascapular notch 
and its morphology is important in understanding 
the suprascapular notch entrapment syndrome. 
The suprascapular nerve is a mixed nerve 
branched out from the c5 and c6 roots of the bra-
chial plexus at Erb’s point. Suprascapular nerve 
travels deep to the suprascapular foramen and 
spinoglenoid notch, then it divides into motor and 
sensory branches. Motor branch supply supra and 
infraspinatus muscle and sensory branch supply 
subacromial bursa acromioclavicular and gleno-
humeral joint (24).

Some of the most frequent causes of supra-
scapular nerve entrapment neuropathy are gan-
glion cyst and soft tissue tumors. Many published 
reports highlighted that variations in the morpho-
logy of the superior transverse scapular 
ligament-like ossification, calcification, bifurca-
tion, trifurcation and hypertrophy, and shape of 
the suprascapular notch are the causative factors 
for suprascapular neuropathy. The complete ab-
sence of the notch and ossification of the supra-
scapular ligament are the most common variants 
of the scapula and critical factors for suprascapu-
lar entrapment neuropathy (25). It has been hy-
pothesized that suprascapular nerve entrapment 
was more likely to be associated with a narrow 
V-shaped notch (26).

Atrophy of the supra- and infraspinatus mus-
cles results in weakness and pain during physical 
examination. Electromyography, nerve conduc-
tion velocity study and magnetic resonance ima-
ging (MRI) are preferred gold standard diagnostic 
tools for the anatomical demonstration of supra-
scapular nerve entrapment (27). q

CONCLUSION 

Anatomical knowledge about the suprascapu-
lar notch and ossification of the suprascapular 

ligament is important to understand the supra-
scapular nerve entrapment syndrome. A narrow 

AnAtoMiCAl vAriAtions of the suprAsCApulAr notCh And its iMportAnCe in suprAsCApulAr entrApMent neuropAthy



304 Maedica
  

A Journal of Clinical Medicine, Volume 15, No. 3, 2020

1. Standring S. Pectoral girdle and upper 
limb. In: Gray’s Anatomy: The Anatomical 
Basis of Clinical Practices.  
Johnson D & Collins P, Eds, Churchill 
Livingstone, New York, USA,  
40th edition, 2008, pp. 793-821.

2. Thompson W, Kopell H.  
Peripheral entrapment neuropathies of 
the upper extremity.  
N Engl J Med 1959;25:1261-1265. 

3. Zehetgruber H, Noske H, Lang T, 
Wurnig C. Suprascapular nerve 
entrapment. A meta-analysis.  
Int Orthop 2002;26:339-343.

4. Kopell HP, Thompson WAL. Pain and 
the frozen shoulder.  
Surg Gynecol Obstet 1959;109:92-96. 

5. Bhatia DN, de Beer JF, van Rooeyn KS, 
du Toit DF. Arthroscopic suprascapular 
nerve decompression at the 
suprascapular notch.  
Arthroscopy 2006;22:1009-1013.

6. Shishido H, Kikuchi S. Injury of the 
suprascapular nerve in shoulder surgery: 
An anatomic study.  
J Shoulder Elbow Surg 2001;10:372-376.  
doi: 10.1067/mse.2001.115988. 

7. Piatt BE, Hawkins RJ, Fritz RC, et al. 
Clinical evaluation and treatment of 
spinoglenoid notch ganglion cysts.  
J Shoulder Elbow Surg 2002;11:600-604. 
doi:10.1067/mse.2002.127094. 

8. Natsis K, Totlis T, Tsikaras P, et al. 
Proposal for classification of the 
suprascapular notch: A study on 423 
dried scapulas.  
Clin Anat 2007;20:135-139.

9. Ishwar B Bagoji, Shankarappa D Desai, 
Gavishiddappa A, et al. Anomalous Sub 
Scapulo- Suprascapular Arterial Trunk 
– A Case Report.  
IOSR Journal of Dental and Medical Sciences 
2012;1:5-6.

10. Iqbal K, Iqbal R, Khan SG.  

Anatomical variations in shape of 
suprascapular notch of scapula.  
J Morphol Sci 2010;27:1-2. 

11. Wang HJ, Chen C, Wu LP, et al. Variable 
Morphology of the Suprascapular Notch: 
An investigation and Quantitative 
Measurements in Chinese Population. 
Clin Anat 2011;24:47-55. 

12. Sinkeet SR, Awori KO, Odula PO, et al. 
The Suprascapular notch: its Morphology 
and distance from the glenoid cavity in a 
Kenyan population.  
Folia Morphol 2010;69:241-245. 

13. Soni G, Malik VS, Shukla L, et al. 
Morphometric analysis of the 
suprascapular notch.  
The Internet Journal of Biological 
Anthropology 2012;1:20-27.

14. Vasudha TK, Shetty A, Gowd S, 
Rajasekhar SSSN. Morphological  
study on suprascapular notch and 
superior transverse scapular  
ligaments in human scapulae.  
Int J Med Res Health Sci 2013;4:793-798.

15. Nagaraj S, Krishnaiah MK,  
Praveen Kumar M, Sherke AR.  
Study of morphological variations of 
suprascapular notch.  
IOSR Journal of Dental and Medical Sciences 
2014;6:121-123. 

16. Chhabra N, Prakash S, Ahuja MS. 
Morphometry and morphology of 
suprascapular notch: Its importance in 
suprascapular nerve entrapment.  
Int J Anat Res 2016;4:2536-2541.

17. Saikia R, Baishya RJ, Deka B.  
Variations in the Shape of the 
Suprascapular Notch in Dry Human 
Scapula: An Anatomical Study. 
International Journal of Scientific Study 
2017;1:187-190. 

18. Rengachary SS, Neff JP, Singer PA, 
Brackett CF. Suprascapular nerve 
entrapment neuropathy: A clinical, 

anatomical and comparative study.  
Part 1: Clinical study.  
Neurosurg 1979;4:441-446. 

19. Polguj MJ, Drzejewski K, Majos A, 
Topol M. Variations of bifid superior 
transverse scapular ligament as a possible 
factor of suprascapular entrapment: an 
anatomical study.  
International Orthopaedics  
2012;36:2095-2100.

20. Singh Vishram. Textbook of Clinical 
Embryology. London: Elsevier Health 
Sciences APAC, 2014. Internet resource.

21. Bagoji IB, Hadimani GA, Bannur BM, 
Patil BG, Bharatha A. Unique  
branching pattern of the axillary  
artery: a case report.  
J Clin Diagn Res 2013;12:2939-2940. 

22. Hadimani GA, Desai SD, Bagoji IB, 
Patil BS. Fenestration of Axillary Vein by 
a Variant Axillary Artery.  
Kathmandu Univ Med J 2013;2:162-164. 

23. Duparc F, Coquerel D, Ozeel J, et al. 
Anatomical basis of the suprascapular 
nerve entrapment, and clinical relevance 
of the supraspinatus fascia.  
Surg Radiol Anat 2010;32:277-284. 

24. Bagoji IB, Doshi MA, Hadimani GA,  
et al. Bilateral absence of 
musculocutaneous nerve and its clinical 
and surgical implications.  
Journal of Chemical and Pharmaceutical 
Research 2015;4:1479-1481.

25. Boykin RE, Friedman DJ, Higgins LD, 
Warner JJ. Suprascapular neuropathy.  
J Bone Joint Surg Am 2010;13:2348-2364. 

26. Moen TC, Babatunde OM, Hsu SH,  
et al. Suprascapular neuropathy: what 
does the literature show.  
J Shoulder Elbow Surg 2012;6:835-846. 

27. Hadley MN, Sonntag VK, Pittman HW. 
Suprascapular nerve entrapment: a 
summary of seven cases.  
J Neurosurg 1986;6:843-848. 

References

AnAtoMiCAl vAriAtions of the suprAsCApulAr notCh And its iMportAnCe in suprAsCApulAr entrApMent neuropAthy

notch shape together with a thick and ossified su-
prascapular ligament at the superior border of the 
scapula has been associated with nerve entrap-
ment. An ossified suprascapular ligament and 
change in the morphology of the notch are of ex-
treme importance for clinicians, radiologists, neu-
rosurgeons and orthopedic surgeons in making a 
proper diagnosis and for planning the surgical 
procedures of the shoulder region. q 
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ABSTRACT
Introduction: Hemolytic uremic syndrome is the most frequent cause of acute renal failure in children, 

commonly after gastrointestinal infections with E. coli or Salmonella, and it is characterized by progressive 
renal failure associated with microangiopathic hemolytic anemia and thrombocytopenia. Cardiac involvement 
is frequently encountered and can be potentially fatal in hemolytic uremic syndrome. It is usually determined 
by overhydration, hypertension, anemia, diselectrolytemia, acid-base disorders and tendency to form thrombi, 
and it consists in the following conditions: pericarditis, myocardial infarction, dilated cardiomyopathy, cardiac 
failure, and arrythmias. 

Objective: The aim of this study is to observe the incidence of cardiovascular complications in children 
with acute hemolytic uremic syndrome, underline which are the most useful tools in establishing an accurate 
diagnosis, and discover the treatment protocol that has the most powerful impact upon the cardiovascular 
manifestations. 

Materials and methods: We studied a number of 50 children who checked in the Nephrology Department 
of “M. S. Curie” Emergency Clinical Hospital in Bucharest, Romania, between January 2016 and August 
2020.  We performed the clinical examination of all patients as well as several paraclinical tests such as 
electrocardiogram, transthoracic echocardiography, arterial blood pressure monitorization, and vascular 
Doppler ultrasound. Patients included in the study were aged between five and 40 months. 

Discussion and results: The majority of these children were diagnosed with arterial hypertension and 
some of them with cardiac failure and profound venous thrombosis. Transthoracic echocardiography revealed 
pathological aspects such as left ventricular hypertrophy, diastolic dysfunction, systolic dysfunction of the 
left ventricle, mitral regurgitation, aortic regurgitation, and pericarditis. Cardiac ultrasound findings were 
reversible in the majority of patients, most of them being treated with ACE inhibitors (eventually in association 
with other antihypertensive drugs).

Keywords: hemolytic uremic syndrome, renal failure, cardiovascular complication, 
thrombocytopenia.

2020; 15(3): 305-309
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INTRODUCTION

Hemolytic uremic syndrome (HUS) 
is a clinical syndrome characte-
rized by the following triad: acute 
renal injury, associated with 
thrombocytopenia and microan-

giopathic (non-immune, negative Coombs test) 
hemolytic anemia. It is the most frequent cause 
of acute kidney injury among pediatric popula-
tion (1, 2). It is usually caused by the “Shiga” toxin 
produced by Escherichia coli, but it may have a 
multitude of other etiologies (Fi gure 1) (3, 4). Ol-
der clinical classifications divided the HUS into 
two groups: diarrhea positive HUS (D+HUS), 
found in 90% of patients, and diarrhea negative 
HUS (D-HUS). Recent international studies have 
led to the conclusion that genetic mutations in 
the alternative complement pathway are also in-
volved in the ethiopathogenic mechanisms of 
this syndrome (4, 6).

There are several histopathological findings 
characteristic to the hemolytic uremic syndrome, 
including thickening of arterioles and capillary 
walls, endothelial swelling and detachment along 
with deposits of fibrin and platelet-rich thrombi 
that lead to obstruction in the vascular lumen. 
This pathological mechanism affects various or-
gans, but mainly the kidney. The extrarenal tar-
gets are the neurological, respiratory, and diges-
tive systems. The cardiovascular system is also 
affected, both in the acute phase and during the 
chronic phase of the HUS (7-9). q

OBJECTIVES

The aim of our study is to assess the possible 
cardiovascular complications of the hemo-

lytic uremic syndrome and develop the most ef-
ficient investigation protocol and treatment regi-
men. q 

MATERIALS AND METHODS

This retrospective descriptive study was car-
ried out in the Departments of Nephrology 

Cardiology of “Marie Sklodowska Curie” Emer-
gency Hospital for Children, Bucharest, Roma-
nia. Fifty patients diagnosed with the hemolytic 
uremic syndrome, who had been hospitalized 
for years, between 2016 and 2020, were inclu-
ded in the study. The mean age of the subjects 
was 18 months. 

Laboratory investigations included thrombo-
cytopenia (less than 100.000 thrombocytes), he-
molytic anemia (Hb less than 10.5 g/dL), high 
level of LDH (more than 500 U/L), serum creati-
nine higher than 35 mmol/L in patients under 
one year of age and serum creatinine higher than 
80 mmol/L in patients above one year of age. 
The peripheral blood smear showed the pre-
sence of schistocytes. All patients underwent car-
diological examination including EKG, arterial 
blood pressure monitorization over 24 hours, 
echocardiography, and venous Doppler exami-
nation. A complete cardiological evaluation was 
done during the acute phase of HUS, one month 
after discharge from the hospital, three months 
after checking out of the hospital, and one year 
after. q

RESULTS

Among the clinical manifestations regarding 
the cardiovascular consequences of HUS, 

we encountered: arterial hypertension (48% of 
patients), cardiac failure (18% of patients), and 
acute venous thrombosis of the inferior limbs 
(8% of patients) (Figure 2). 

Echocardiographic findings among patients 
who had cardiovascular consequences of HUS 
comprised (5): left ventricular (LV) hypertrophy 
(34% of patients), diastolic dysfunction (26% of 
patients), mitral regurgitation (8%), aortic regur-
gitation (8%), pericarditis (18%), and systolic dys-
function (12% of patients) (Figure 3). 

FIGURE 1. Etiological factors for the hemolytic uremic syndrome 
(HUS) (1)
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Tissue Doppler imaging was an important 
tool in the assessment of incipient diastolic dys-
function of the left ventricle. Inverted E/A ratio 

(E<A), increased isovolumetric relaxation time 
(IVRT) over 50 ms and  E/E’ ratio < 9 indicated 
impaired LV relaxation (grade 1 diastolic dys-
function) in 60% of patients; E/E’ ratio between 9 
and 13 associated with IVRT <50 ms and E/A >1 
showed a pseudo-normal filling pattern (grade 2 
diastolic dysfunction) in 35% of patients; 
E/A ratio >2.5, along with a short IVRT <40 ms; 
and E/E’ >13 indicated a restrictive pattern 
(grade 3 diastolic dysfunction) in 13% of patients 
(Figure 4) (10-12). The reversibility of restrictive 
pattern of LV diastolic filling was difficult to assess 
using Valsalva maneuvers in these small children. 

All hypertensive patients (24 of all the 50 pa-
tients included in this study) had been treated 
with 1-5 antihypertensive drugs for an efficient 
blood pressure control, and the majority of them 
(18 patients) received ACE inhibitors. Only those 
who had clear contraindications for ACE inhibi-
tor treatment (hiperkalemia, worsened renal fai-
lure with increased creatinine level, allergic reac-
tions) did not receive this class of medication. 
Arterial hypertension was clearly more frequent 
in patients who needed dialysis (63% of all dia-
lyzed patients were hypertensive instead of only 
13% of the non-dialyzed ones). Two out of six 
patients with systolic disfunction have died.

At three-month cardiologic reevaluation after 
acute HUS, 20 patients presented arterial hyper-
tension (67% from initially hypertensive patients). 
Interestingly, four of them had been normoten-
sive during the acute episode of HUS and be-
came hypertensive after the resolution of the 
acute phase. Regarding the echocardiography 
findings, only seven patients presented LV hyper-
trophy and six had LV diastolic dysfunction. 

At one year follow-up, only eight patients con-
tinued to be hypertensive, and two subjects pre-
sented residual non-occlusive deep vein throm-
bosis without clinical signs. Echocardiography 
revealed LV hypertrophy in five patients and LV 
impaired relaxation in two subjects (Figure 5). q

DISCUSSIONS

Patients who suffered from severe arterial hy-
pertension had been treated with 3-5 diffe-

rent antihypertensive agents: ACE inhibitors, be-
ta-blockers, alpha-blockers, loop diuretics, 
calcium channel blockers. Six patients had stage 2 
arterial hypertension (13) (>99th percentile for 
age + 5 mm Hg) with media of BP over 24 hours 

CArdiAC CoMpliCAtions in shu

FIGURE 2. Cardiovascular consequences of HUS – clinical 
manifestations

FIGURE 3. Echocardiographic findings in the acute phase of HUS

FIGURE 4. Left ventricular diastolic dysfunction in acute HUS
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up to 153/95 mm Hg (continuous BP monito-
ring/24 h). The first choice of treatment were 
ACE inhibitors. Twenty patients from those with 
arterial hypertension received ACE inhibitor 
treatment (83%), this medication being avoided 
only in those who presented contraindications.

Patients who had venous thrombosis needed  
increased attention regarding the administration 
of low molecular weight heparin (enoxaparin) 
because of the simultaneous thrombocytopenia 
(less than 100.000 thrombocytes) and reduced 
renal function (GFR less than 30 mL/min). The 
anti coagulant treatment was maintained for six 
months. q 

CONCLUSIONS

Arterial hypertension was more frequently en-
countered in patients who underwent dialy-

sis. The majority of those who developed arterial 
hypertension in the acute phase of HUS did not 

have a substantial decrease in arterial blood 
pressure levels measured at the three-month 
check-up.

All patients with LV hypertrophy had arterial 
hypertension, but not all subjects with arterial 
hypertension had LV hypertrophy. The reversibi-
lity of LV hypertrophy did not always correlate 
with the normalization of arterial blood pressure 
(there were a few patients with persistent mild 
LVH despite BP normalization). 

Our study underlines the importance of arte-
rial blood pressure monitorization and echocar-
diography both in the acute phase of HUS and 
long after checking out of the hospital, taking 
into consideration the effects of the remaining 
renal lesions in the further clinical evolution of 
the child and the possibility of arterial hyperten-
sion onset late after acute HUS. 

Last but not least, our study reflects the high 
incidence of arterial hypertension (46% of pa-
tients) and global cardiovascular complications 
(69% of patients) among children suffering from 
HUS, with a mortality of 4%.

A child who is diagnosed with HUS needs 
long term follow up, which has to be done by a 
multidisciplinary team that includes both a ne-
phrologist and a cardiologist, due to the cardio-
renal pathology which is related to acute HUS 
and remanent kidney injury. q

Conflicts of interest: none declared. 
Financial support: none declared. 
Informed consent was obtained from all 

patients included in the study. 
All procedures and experiments of this study 

respect the ethical standards in the Helsinki 
Declaration of 1975, as revised in 2008(5), as 
well as the national law. 

FIGURE 5. Clinical and echocardiography parameters durnig the 
first year after acute UHS
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ABSTRACT
Introduction: We live in a society with a growing number of diabetics. That is why the number of 

diabetic patients with peripheral arterial disease is expanding, as is the number of cases of chronic ischemia, 
which threatens limb viability, or chronic limb-threatening ischemia (CLTI). The appearance of diabetic foot 
ulcers with an ischemic component represents the maximum risk of amputation in the absence of a firm and 
rapid revascularization intervention. In our study, we aim at early detection of patients who need infusion 
treatment immediately after surgical revascularization.

Material and methods: This is a six-year retrospective study of 115 patients with infrainguinal 
occlusive disease and CLTI. All subjects were classified according to the WIfI system before and after 
revascularization. We made a score based on the postoperative clinical evolution in the first three days in 
order to have an objective image of patients who received infusion treatment with PG E1.

Results: All patients included in our study had diabetes. They were divided into two groups, one comprising 
86 patients who underwent exclusively surgical treatment, and the other comprising 29 patients, who 
received a combined surgical and medical treatment. We showed that subjects who had a low postoperative 
score and received infusion treatment had a higher rate of limb rescue in the first year.

Conclusions: In diabetic patients with infrainguinal occlusive disease who were treated in the Clinic, 
without the possibility of endovascular or hybrid interventions, the combination of infusion treatment with 
PG E1 after surgical revascularization led to a higher rate of limb rescue and healing of ischemic trophic 
lesions after one year.

Keywords: diabetes mellitus, chronic ischemia threatening the lower limb,  
diabetic foot, revascularization, Alprostadil.

2020; 15(3): 310-317
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INTRODUCTION

According to published WHO data, 
we are witnessing an increase in the 
global prevalence of diabetes among 
the population aged 18 and over, 
from 4.7% in 1980 to 8.5% in  

2014 (1).
In this context, chronic ischemia that threa-

tens the limb has become a global problem, and 
deterioration among patients with diabetes is 
constantly increasing. However, statistical data 
related to the treatment and evolution of pa-
tients suffering exclusively from diabetes are 
missing. Diabetics are a special category of pa-
tients, given that the complications are formida-
ble and represent a major challenge for the vas-
cular surgeon. Most of them show up for a 
vascular assessment only after the appearance of 
trophic lesions with loss of soft tissue, associating 
infection that can range from a minor one to sep-
sis. The therapeutic attitude towards these cases 
must be very carefully weighed, because ulcers 
are only the “visible part” of the iceberg. After 
the assessment, we usually find a variety of as-
sociated pathologies of the heart, kidneys, eyes, 
etc that need to be evaluated before revascula-
rization surgery. Occasionally, patients have also 
a history of myocardial infarction, stroke or chro-
nic kidney disease.  

Peripheral arterial disease affects between 
9-24% (2-4) of diabetic patients, and analo-
gously, between 8-25% of them will develop dia-
betic foot ulcers (2, 5). 

The appearance of trophic lesions in an is-
chemic lower limb is the most severe form of pe-
ripheral arterial disease and also a sign of severe 
ischemia (6). 

The first revascularization intervention was 
performed in 2013, in “I. Juvara” General Surgery 
Clinic, Department of Diabetic Foot Repair Sur-
gery of “I. Cantacuzino” Clinical Hospital, Bucha-
rest, Romania. Having modest logistical resources, 
surgical infrainguinal or infrapopliteal revascula-
rization were the only options of treatment for 
diabetic patients who approached the clinic. 
However, infrainguinal revascularization does not 
always lead to either rapid healing of ulcers or 
salvation of the lower limb from a major amputa-
tion. These evolutionary aspects, along with the 
need to add an adjuvant treatment, are both in-
cluded in the present study.

MATERIAL AND METHODS

All patients included in our study had diabetes 
associated with leg ulcers and tissue loss, 

ranging from minimal to extensive gangrene or 
suppuration of the foot. Pstoperatively, they had a 
follow-up for at least one year, during which the 
healing of trophic lesions, patency of the bypass, 
need for an iterative bypass and minor or major 
amputations were all monitored. The types of 
bypass performed started from any infrainguinal 
level, with proximal, distal, pedicular or posterior 
tibial arthritis being the target artery of outflow. 

This is a six-year retrospective study. 
Depending on the immediate clinical evolution 

in the first 3-4 postoperative days, some patients 
received complementary infusion treatment with 
PG E1 (Alprostadil) (7). Based on observation sheets, 
we applied the WIfI Classification System: Amputa-
tion risk stratification based on Ulcer (Wound), 
Ischemia and infection severity (foot infection) (8).  

What we have newly introduced in the evalu-
ation of patients was the application of WIfI and 
postoperative classification after three to four 
days. This is considered similar to the pre- and 
postoperative TNM classification. 

We added four more clinical parameters: 
sleep quality, degree of pain relief, distal pulse re-
currence and local bleeding for patients with mi-
nor amputations prior to surgery.

We made a score from all seven parameters, 
with a minimum of 1 and a maximum of 13.

Population included in the study

A total of 115 patients were selected. The manda-
tory eligibility requirement was that they had dia-
betes with infrainguinal occlusive disease and 
stage III or IV Fontaine critical ischemia. Subse-
quently, patients were stratified according to the 
WIfI classification and were included in the 3 and 
4 clinical stages. Patients with occlusive aorto-iliac 
disease and those with heart failure class III and IV 
NYHA were excluded due to logistical limitations 
of the Clinic. 

Revascularizations were performed between 
2013-2018, and patients were followed for at 
least one year postoperatively.

Study strategy

Patients were divided into two groups, one who 
underwent exclusively surgical treatment, and 
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the other who received additional infusion treat-
ment with Alprostadil postoperatively. Retro-
spectively, based on clinical and minimally inva-
sive evaluation by IGB, they were WIfI 
restadialized at 48-72 hours postoperatively and 
quantified on a numerical scale by four other pa-
rameters: pain, sleep quality, presence of distal 
pulse at the posterior and/or pedial tibial artery 
and  appearance of local bleeding at the level of 
abutments from minor amputations.

The the score was put together as follows:  
- the increase in IGB by 0.6 was noted with 

four points: 0.5 scored with three points,  
0.4 with two points, and 0.1-0.3 one point; 

- the presence of pain: unchanged=0 points; 
intense=1 point; improved=2 points;  
no pain=3 points;

- sleep quality: did not sleep=0 points; 
good=1 point; very good=2 points;

- presence of pulse: absent distal=0 points; 
present in the tibial or foot artery=1 point; 
pre sent in the posterior tibial artery and 
foot=2 points;

- local bleeding: absent=0 points; 
present=1 point; abundant=2 points.

Group characteristics

In both groups, males predominated (over 60%). 
Given that the age of 55 is a critical threshold for 
both sexes, the majority of our subjects were 
aged 55 years and older. Importantly, older age 
was more frequent among female patients, most 
of them being between 75 and 84 years old in 
group 1 and 65 to 74 in group 2.

Men display a more severe form of arterial 
disease at a younger age (Figure 1).

Patient comorbidities are also among the 
most important characteristics of the studied 
groups: smoking, ischemic coronary heart di-
sease, dyslipidemia, obesity, hypertension, 
chronic renal failure, and heart failure.

Thus, in both groups, the percentage of smo-
kers is significantly higher in men comparatively 
to women (49.12-50.00% male smokers, com-
pared to 17.24-27.27% female smokers).

Ischemic coronary heart disease is frequently 
found in both groups, without significant gender 
variations (27.27-35.09%).

Dyslipidemia also does not show significant 
variations between the two sexes, but it has a 
higher percentage of impairment compared to 
other comorbidities (68.97-81.82%).

RESULTS

The evolution of WIfI score between preope-
rative and postoperative stage in both groups 

is a favorable one, with a decrease of amputation 
risk (Figure 2).

However, a higher percentage of cases in the 
second group had a constant postoperative evo-
lution and therefore, an unchanged risk of am-
putation after one year. These patients are the 
ones who have benefited the most from the infu-
sion treatment with Alprostadil.

We have also statistically interpreted the evo-
lution of WIfI classification according to the de-
crease or increase of risk levels in the postopera-
tive phase compared to the preoperative one 
(Figure 3).

FIGURE 1. Patient distribution according to group, gender and age
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The postoperative situation improved in both 
groups, but significantly more in the first group, 
which is due to a more severe initial impairment 
in group 2 than group 1.

The score completes the postoperative WIfI 
assessment, a higher score signifying a very good 
clinical evolution of the revascularized lower 
limb and an improved general condition of pa-
tients. We asked ourselves if there were any con-
nections between this score and the application 

of infusion treatment, and the statistical answer 
was affirmative. 

Patients in group 2 had a much lower score 
than those from group 1, even if both groups 
spanned over the entire range of scores (Figure 4). 
The explanation is that post-vascular clinical out-
comes were much better in the first group than 
group 2.

This is much better displayed in Figure 5 with 
grouped scores.

FIGURE 2. Evolution of WIfI level between preoperative and postoperative stage

FIGURE 3. Average preoperative and postoperative WIfI level and its evolution 
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We have also calculated the statistical correla-
tion between group and score and we obtained 
a negative value of (-0.428112032). The inter-

pretation is that there is an inverse statistical cor-
relation (negative value) between the score and 
group number (a lower score points to group 2, a 

FIGURE 4. The average score of the two groups

FIGURE 5. Patient distribution by score in the two groups

FIGURE 6. The rate of major amputations in the number of patients
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higher score points to group 1), but it cannot be 
said that automatically a low score belongs to 
group 2 and a high score to group 1. 

Regarding the number of amputations, there 
is an important difference between the two 
groups, but overall, their rate is reported in the 
literature (9) (Figure 6).

This study is dedicated to diabetic patients 
with infrainguinal occlusive disease and chronic 
ischemia that threatens the lower limb. There are 
patients with both type I and type II diabetes, 
insulin-requiring or treated with oral antidiabe-
tics. All patients were investigated by arterial 

Doppler ultrasound and/or lower limb arterio-
graphy. Patients eligible for open surgery were 
selected, for which anesthesia-surgical risk as-
sessment was performed and for whom we fol-
lowed the pre-established preoperative proto-
col. There were patients with numerous 
co mor bidities, of which the most common were 
hypertension and dyslipidemia (Figures 7 and 8).

The idea to supplement the postoperative 
treatment with Alprostadil came after we ob-
served the steady or very slow evolution of minor 
postamputation wounds or excisional debride-
ments. This situation occurred in patients with 

ChroniC liMB-threAtening isCheMiA And the diABetiC pAtient

FIGURE 7.  
Bypass group 
comorbidities

FIGURE 8.  
Bypass + 
treatment 
group
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more a extensive deterioration of the leg trunks, 
so with a poor receptor ground, and not neces-
sarily with interventions prior to extensive revas-
cularization.

For an objective evaluation of the postopera-
tive evolution, we have included several para-
meters besides those from the WifI classification. 
The use of WIfI classification and post-vascula-
rization was considered beneficial by us. This 
classification has the same structure as the TNM 
classification and therefore, it seems appropriate 
to use it both before and after surgery. The opti-
mal restadialization interval was found to be 
three days postoperatively.

The difference between the number of am-
putations in the two groups, which was almost 
double in group 1, probably comes from the ine-
quality in the number of patients. However, it 
may suggest a much better outcome in patients 
with combination infusion therapy, even if their 
initial condition is more deteriorated than in 
group 1. 

In the first group, we had a higher number of 
leg amputations, which were performed in the 
first month postoperatively, and a higher number 
of thigh amputations, which were performed af-
ter more than six months. Major amputations oc-
curred mostly in moderate and high risk patients 
with clinical stages 3 and 4 WIfI. There were four 
amputations in the very low and low risk groups 
(clinical stages 1 and 2), which were imposed by 
the spread of the infection.

In the second group, the higher frequency of 
thigh amputations was maintained at over 
six months postoperatively. Also, three of the 
four amputations occurred in low-risk patients, 
due to the spread of the infection.

This phenomenon, that is present in both 
groups, is due to diabetic neuropathy.

There is an obvious usefulness of the score 
designed by us, as patients in group 2 have a 
lower average score than those in group 1; so, it 
is recommended that patients with a postopera-
tive score lower than 9 benefit from infusion 
treatment with Alprostadil.

DISCUSSIONS

In practice, especially in diabetic patients, res-
cuing the lower limb with trophic lesions de-

pends on several factors, with ischemia being 
just one of them. The classification systems that 

were imagined and implemented until 2014 
failed to adequately assess the extent of ulcer 
and the severity of infection. Stratification of am-
putation risk and the benefit of lower limb revas-
cularization were the main objectives of WIfI 
classification (Wound, Ischemia, foot Infection) 
(10). At the same time, this new classification 
changed the definition of critical ischemia of the 
lower limb. It has been used since 1954, when it 
was included as the last stage in the Fontaine 
classification and it applies exclusively to arterio-
pathic patients (10). The advantage of the WIfI 
classification is that it includes chronic occlusive 
arterial disease through the degree of ischemia, 
also addressing diabetic foot lesions: necrosis, 
ulcer, infection or gangrene and quantifies their 
extent and systemic impact. The 64 possible 
combinations fall into four risk groups of ampu-
tation after one year, also estimating the benefit 
of revascularization (very low, low, moderate and 
very high). In all cases, an attempt is made to 
stop the infectious outbreak, either through anti-
biotic treatment alone, or through minor ampu-
tations (transphalangeal, radius, transmetatarsal 
forefoot, Lisfranc or Chopart) (5, 8, 10).

In the literature, WIfI classification is used for 
reassessment at one month postoperatively. Gi-
ven the similaritiy to the TNM classification, we 
tried a new approach to WIfI staging, using it in 
the first days after surgery. 

In the first 48-72 hours after the restoration of 
the arterial flow of a lower limb, we noticed an 
improvement of patient’s general condition and 
quality of sleep, associated with pain ameliora-
tion or even disappearance. In situations where 
these newly introduced parameters did not im-
prove, with patients retaining a degree of resi-
dual ischemia, we used additional treatment 
with infusion Alprostadil.

Although there are not many studies on its 
exclusively use in diabetic patients and ESPECIAL 
randomized multicenter trial did not prove a 
clear benefit of the Alprostadil (7) treatment, we 
introduced it as a life-saving solution for residual 
ischemia. We believe that combining sustained 
exercise and a recovery program is a very impor-
tant aspect of the treatment, which is applicable 
to all patients.

The literature also reports that the rate of ma-
jor postrevascular amputations ranges between 
10 and 15%, with about 63% of operations being 
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performed in the first year and a maximum in 
the first six months (11).

The presence of ulcers and gangrene with 
varying degrees of spread was the most impor-
tant predictor, as in our case.

CONCLUSIONS

The overall amputation rate of 19% overlaps 
with data from the specialised literature, 

which encourages us to continue to develop re-
vascularization interventions in an open way in 
”I. Juvara” Surgery Clinic of the ”I. Cantacuzino” 
Clinical Hospital.

The implementation of the scoring system 
that we have configured will help us obtain the 

healing of abutments of minor amputations and 
save the limb from a major amputation.

The score is easy to calculate based on clini-
cal parameters, most of them self-provided by 
patients, who are the most objective in evalua-
ting their own postoperative evolution.

A study aiming to explore the evolution of pa-
tients in which revascularization is not possible, 
who have chronic ischemia threatening the lo-
wer limb and trophic lesions, receive treatment 
with Alprostadil and follow a recovery program 
should be considered. q 
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ABSTRACT
Introduction: Obesity is the most frequent metabolic disturbance that can target women of reproductive 

age, among other population groups, and when obese pregnant women become patients, it represents a 
serious risk factor for both mother and fetus.  

Aim: The aim of this study is to offer an overview of the effects exerted by this disturbance on pregnancy.
Material and methods: The study targets 157 pacients admitted to ”Alessandrescu-Rusescu” National 

Institute for Mother and Child Health – Polizu (INSMC), Bucharest, Romania. In order to define the 
criterion for obesity, WHO classification (body mass index > 30 kg/m2) was used. Data was collected 
restrospectively after acceptance by the Ethics Committee. Also, we gathered anthropometric data (weight, 
body mass index and analysis regarding the metabolic profile, including total cholesterol, HDL cholesterol, 
LDL cholesterol, triglyceride, blood sugar, glycosylated haemoglobin) from all subjects. Each analysis was 
correlated with each patient’s body mass index. Another correlation was made between metabolic profile, 
antenatal complications and onset of gestational diabetes and premature birth. Statistical analysis was 
conducted using GraphPad 8 and MedCalc 14.1.

Results: Patients had an average body weight of 66.75 kg with a standard deviation of 12.99 kg and a 
median of 64 kg. Average body mass index was 25.05 kg/m2, with a standard deviation of 5,03 kg/m2 and a 
median of 24.2 kg/m2. There is a directly proportional and statistically significative correlation between the 
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BACKGROUND

Obesity is the most frequent meta-
bolic disturbance which is affec-
ting various groups of people, 
including female patients of re-
productive age. However, when 

obesity occurs during pregnancy, it becomes a 
major risk factor for both mother and fetus (1).

Given the alarming growth of obesity, the 
World Health Organization (WHO) called it one 
of the most serious global health issues of the 
XXIst century. Obesity has been defined as a con-
dition characterised by the presence of an exces-
sive amount of body fat which threatens patients’ 
health, thus raising morbidity and mortality. Ac-
cording to WHO, the prevalence of obesity in 
pregnancy is between 1.8 and 25.3%. The etio-
logy is likely multifactorial, the simplest explana-
tion being that obesity is caused by a disturbance 
in the energy balance of the body, that is, more 
calories accumulated than spent (2).  

Obesity is associated with a wide range of 
medical complications, including diabetes, car-
diovascular disease, dyslipidemia, arterial hyper-
tension, cancer and osteoarthritis. Also, obesity 
is associated with an increase in patient mortality 
(3). A body mass index (BMI) above 22.5-25 kg/m2 
is a strong predictor for general patient mortality 
(4). Obese as well as underweight women are 
less fertile compared to those with normal body 
weight. Among obese woemn, subfertility is due 
to a reduction in, or absence of, ovulation fre-
quency (5). Also, a predominant cause for oligo- 
or anovulation is represented by the polycystic 
ovary syndrome, which is characterized by cen-
tral visceral obesity in 40% of cases (6). In addi-
tion, in the larger context of metabolic distur-
bances, low levels of HDL cholesterol and 
elevated levels of triglycerides and LDL chole-

sterol can be found. Metabolic disturbances raise 
the risk of developing arterial hypertension, co-
ronary artery disease and thrombosis (7). Preg-
nancy is characterized by a significant elevation 
of plasma lipid concentrations during gestation. 
According to the literature, plasma cholesterol 
and triglyceride concentrations increase by 
25-50% and 200-400%, respectively (8). 

Metabolic syndrome is defined as an associa-
tion of signs including abdominal obesity, eleva-
tion of serum triglyceride level, lowering of 
HDL-cholesterol level, arterial hypertension and 
insulin resistance (9). All the above-mentioned 
signs are consequences of an unhealthy lifestyle 
that can also lead to perivisceral accumulation of 
fat tissue (10). The incidence of metabolic syn-
drome is perpetually rising; at present, it affects 
approximately 20% of the world’s population. 
The proportion is increasing with age (12). Al-
though there are no doubts regarding the in-
creased frequency of well defined signs for the 
metabolic syndrome, its pathogenesis is still con-
troversial (13). Comparative physiology describes 
metabolic syndrome as being similar to the bio-
logical process by which animals store fat in an-
ticipation of calorie deficit periods (14). Obesity 
in humans is probably a consequence of a ge-
netic predisposition, in conjunction with envi-
ronmental factors (15). 

This study aims to reveal the extent of the 
problem, offering a general view of the conse-
quences of obesity on pregnancy. 

MATERIAL AND METHOD 

We used the definition for obesity cor-
responding to WHO classification 

(BMI> 30 kg/m2 ). Also, we considered the onset 
of obesity before the gestation period. 

oBesity And pregnAnCy

values of blood sugar, glycosylated haemoglobin, LDL, TG, uric acid and BMI. Also, there is a inversely 
proportional and statistically significative correlation between the values of HDL and BMI. The CT/HDL 
ratio, low HDL level and elevated LDL level are the main risk factors for premature birth, while the  
CT/HDL ratio, low HDL level and elevated TG are the main risk factors for the onset of gestational diabetes. 

Conclusion: According to the results of this study, the onset of obesity in pregnant woman is rather 
dependent on each patient’s metabolic profile than body weight.  

Keywords: obesity, pregnancy, the metabolic syndrome.
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Inclusion criteria: pregnant women aged 
over 18 who were admitted to INSMC and 
agreed to be enrolled in the study. 

Exclusion criteria: patients with obesity caused 
by endocrine disorders, patients aged 18 and 
those who did not agree to participate in the 
study. 

Data was collected after obtaining accep-
tance from the Ethics Committee. 

Anthropometric data (body weight, BMI, and 
routine analysis regarding the evaluation of met-
abolic profile, including total cholesterol, HDL 
cholesterol, LDL cholesterol, triglyceride, blood 
sugar, and glycosylated haemoglobin) were regis-
tered for all patients. Each analysis has been cor-
related with each patient’s BMI. Another correla-
tion was made between metabolic profile, 
antenatal complications and onset of gestational 
diabetes and premature birth. 

One hundred and fifty seven patients who 
were admitted to INSMC participated in the 
present study. Data confidentiality was ensured 
for each patient. Also, patient enrollment started 
only after obtaining the Ethics Committee’s ap-
proval. Both the principal investigators and the 
study coordinator attended „Good Clinical Prac-
tice” online courses and had a valid diploma for 
the entire duration of the study.  

Statistical analysis was conducted using 
GraphPad 8 and MedCalc 14.1. In order to com-
pare differences between averages, we used 
t-student tests for two lots. ANOVA test with 
Bonfferoni correction was used when we had to 
analyse three lots or more. We analysed the 
r correlation coefficient, which can range be-
tween -1 and 1. The inversely proportional cor-

relation between the studied parameters can 
vary between -1 and 0.

Values equal, or close, to 0 show the lack of 
any correlation, while those between 0 and 1 
show a linear directly proportional relationship 
between variables. For each analysis, we studied 
the Gaussian data distribution. If this was re-
spected, we used the Pearson coefficient, if not, 
we used the Spearman coefficient. All analyses 
with p value < 0.05 were declared valid and sta-
tistically significant. These correlations were 
graphically represented using linear regression 
analysis methods. For comparing the distribution 
frequency of different parameters, we used the 
Chi Square test and where appropriate, hazard 
ratio (RR) or odds ratio (OR) in order to investi-
gate the chances and risks.  

RESULTS

Patients’ average body weight was 66.75 kg, 
with a standard deviation (SD) of 12.99 kg 

and a median of 64 kg (Figure 1). 
Average BMI was 25.05 kg/m2, with a SD of 

5.03 kg/m2, and a median of 24.2 kg/m2 
(Figure 2).

The average blood sugar value in the first tri-
mester of pregnancy was 97.04, with a SD of 
20.84 and a median of 95 mg/dL (Figure 3). 

There was a positive directly proportional 
correlation between blood sugar and BMI values 
(Figure 4).

The average glycosylated haemoglobin value 
in the first trimester of pregnancy was 5.75, with 
a SD of 0.8 and a median of 5.7 (Figure 5). 

FIGURE 1. Gaussian curve representing the body weight of pregnant women involved in the study

oBesity And pregnAnCy
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FIGURE 2. Gaussian curve of participants’ BMI  

FIGURE 3. Graphical representation of blood sugar values in the first trimester of pregnancy 

FIGURE 4. Correlation between blood sugar and BMI values

FIGURE 5. Graphical representation of glycosylated haemoglobin value in the first trimester of pregnancy
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FIGURE 6. Correlation between glycosylated haemoglobin and BMI in the first trimester of pregnancy  

FIGURE 7. Triglyceride values in the first trimester of pregnancy  

FIGURE 8. Correlation between triglyceride and BMI values in the first trimester of pregnancy

FIGURE 9. The average HDL value in the first trimester of pregnancy
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FIGURE 10. Correlation between average HDL and BMI values in the first trimester of pregnancy   

FIGURE 11. The average LDL value in the first trimester of pregnancy  

FIGURE 12. Correlation between average LDL and BMI values in the first trimester of pregnancy 

FIGURE 13. Correlation between uric acid and BMI values
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There was a directly proportional correlation 
between the BMI value and the level of glycosy-
lated haemoglobin.

The average triglyceride value in the first tri-
mester was 110.66, with a SD of 41.41 and a 
median of 100 (Figure 7). 

There was a directly proportional and statisti-
cally significant correlation between the triglyce-
ride level and the BMI value (Figure 8). 

The average HDL value in the first trimester 
of pregnancy was 60.85, with a SD of 14.35 and 
a median of 59 (Figure 9). 

There was an inversely proportional correla-
tion between HDL and BMI, with P=0.007 
(Figure 10).

The average LDL value in the first trimester of 
pregnancy was 102, with a SD of 29.5 and a me-
dian of 102 (Figure 11).

oBesity And pregnAnCy

FIGURE 14. Correlation between metabolic profile, antenatal complications and premature birth
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There was a directly proportional correlation 
between LDL and BMI, with P=0.0009 
(Figure 12). 

There was a directly proportional and statisti-
cally significant correlation between uric acid 
and BMI values (Figure 13). 

FIGURE 15. Correlation between metabolic profile, antenatal complications and gestational diabetes 
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CONCLUSION

There is a directly proportional and statistically 
significant correlation between the values of  

blood sugar, glycosylated haemoglobin, LDL, 
TG, uric acid and BMI. Also, there is an inversely 
proportional and statistically significant correla-
tion between HDL cholesterol and BMI values. 
The CT/HDL ratio, low HDL levels and high LDL 
levels are the main risk factors for premature 

birth. The CT/HDL ratio, low HDL levels and 
high TG levels are the main risk factors for onset 
of gestational diabetes. In other words, the onset 
of the pathology in question is rather dependent 
on a patient’s metabolic profile rather than body 
weight. q
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BACKGROUND
Background: Type 2 diabetes mellitus (T2DM) is an increasingly common disorder characterized by 

chronic hyperglycemia and marked dyslipidemia. This study evaluates the effect of vitamin D supplementation 
alone and in combination with glimepiride in streptozotocin-induced T2DM in rats. 

Materials and methods: A total of 30 Wistar albino rats of either sex weighing 150-200 g were included 
in the study. The effect of oral administration of vitamin D was evaluated in streptozotocin-induced T2DM 
in rats. Blood glucose, serum insulin, serum HbA1c, and serum vitamin D were evaluated. 

Results: Vitamin D treatment has significantly improved hyperglycemia, hyperinsulinemia, and 
insulin sensitivity compared with the non-treated diabetic rats. Oral administration of vitamin D in 
streptozotocin-induced T2DM reduced blood sugar levels, increased insulin levels (more prominently when 
administered along with glimepiride) and decreased HbA1c levels (p<0.005). 

Conclusion: Administration of vitamin D can improve hyperglycemia and hyperinsulinemia in 
streptozotocin-induced T2DM in rats. Thus, it could be considered as an add on therapy along with other 
antidiabetic drugs. 

Keywords: type 2 diabetes mellitus, streptozotocin, HbA1c, antidiabetic drugs.

2020; 15(3): 327-331

INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a 
multifactorial disease such as chronic 
hyperglycemia, altered insulin secre-
tion, and insulin resistance – a state of 
decreased responsiveness to normal 

concentrations of circulating insulin (1, 2). It is 
also defined by impaired glucose tolerance (IGT) 

that results from islet β-cell dysfunction, followed 
by insulin deficiency in skeletal muscle, liver, and 
adipose tissues (3, 4). In individuals with IGT, the 
development of T2DM is governed by genetic 
predisposition and environmental variables (a 
hypercaloric diet and the consequent visceral 
obesity, or increased adiposity in liver and mus-
cle tissues) and host-related factors (age, imba-
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lances in oxidative stress, and inflammatory re-
sponses) (5, 6). Clinical complications of T2DM 
include both microvascular diseases (e.g., reti-
nopathy, nephropathy, and neuropathy) and 
macrovascular complications (e.g., myocardial 
infarction, peripheral vascular disease, and 
stroke) (1). Macrovascular complications are the 
leading cause of mortality among diabetic per-
sons (7). Although important knowledge has 
been acquired on the etiology of diabetes, its 
precise etiopathogenesis is still under debate. In-
flammatory factors, reactive oxygen species, and 
autoimmune reactions have all strongly emerged 
as the major pathogenic effectors for diabetes. 

The involvement of vitamin D in pathogenesis 
and prevention of diabetes has recently generated 
widespread interest. Many studies highlighted a 
correlation between vitamin D and incidence of 
T2DM. Thus, a seasonal variation in glucose con-
trol was reported to be worse in winter in T2DM 
patients (4), which may be due to prevalent hypo-
vitaminosis D as a result of reduced sunlight du-
ring the cold season. Insulin resistance is a reco-
gnized precursor for the development of T2DM. 
Vitamin D has a favorable effect on insulin action 
either directly – by stimulating the expression of 
insulin receptors and thereby, enhancing insulin 
responsiveness for glucose transport (7) – or indi-
rectly via its role in regulating extracellular cal-
cium, ensuring normal calcium influx through cell 
membranes and adequate intracellular cytosolic 
Ca2+ pool. Calcium is important for insulin-medi-
ated intracellular processes in insulin-responsive 
tissues (skeletal muscle and adipose tissue), with a 
very narrow range of Ca2+ needed for optimal in-
sulin-mediated functions. Changes in Ca2+ in pri-
mary insulin target tissues may contribute to pe-
ripheral insulin resistance via impaired insulin 
signal transduction, leading to decreased GLUT-4 
activity (7). It also was shown to improve glucose 
tolerance (2). Vitamin D, by its function as an im-
portant antioxidant, may also prevent T2DM.

It was found that few animal studies were 
showing the effect of vitamin D on blood sugar 
levels, especially in combination with oral hypo-
glycemic agents. Many exertions are shifted to-
wards disease prevention and a search for safer 
drugs. Several studies showed that T2DM was as-
sociated with low vitamin D levels. For this rea-
son, our study aimed to test the effect of vitamin D 
supplementation alone and along with an oral 
hypoglycemic agent (glimepiride) in T2DM. More 

precisely, the study objectives were to evaluate 
the effect of vitamin D supplementation alone 
and in combination with glimepiride on serum in-
sulin, HbA1c, and blood glucose levels in strepto-
zotocin (STZ) induced T2DM in rats receiving a 
high-fat diet (HFD).

MATERIALS AND METHODS

A total of 30 Wistar albino rats of both sexes, 
weighing150-200 g, were included in the 

study. The work was carried at the central animal 
house of BLDE (Deemed to be University), Sri. 
B.M. Patil Medical College Hospital and Research 
Center, Vijayapur, Karnataka, India. Animals 
were kept at room temperature (22-28˚C), with 
55±10% relative humidity, for 12 hours, being 
exposed to dark-light cycle, and were gi ven 
standard pellet chow, HFD, and water ad libitum. 
Institutional Animal Ethics Committee (IAEC) 
approval was obtained (NO-01/BLDE(DU)/2018).

Streptozotocin was purchased from Sigma Al-
drich USA. Glimepiride was procured from IPCA 
laboratories, Mumbai, and vitamin D was pur-
chased from Fermenta Biotech. HFD was pre-
pared as per Guo et al. (8). Insulin, HbA1c, and 
Vitamin D kits were purchased from Chongqing 
Biospes Co., Ltd, China.

Experimental design

Rats were divided into five experimental groups 
(n=6), each kept in a separate cage, as follows: 
group 1=control; group 2=diabetic control; 
group 3=diabetic control with vitamin D; 
group 4=diabetic with standard treatment 
(glimepiride); and group 5=diabetic with stan-
dard treatment + vitamin D.

Rats in groups 2-5 were fed with HFD till com-
pletion of the study (during three weeks), and STZ 
was administered intraperitoneally (IP) in a dose 
of 35 mg/kg (8) body weight (dissolved in distilled 
water). After five days, blood samples were tested 
for glucose levels, and values above 250 mg/dL 
were included in the study. Group 1 received li-
quid paraffin daily and standard pellet chow. 

Post diabetes, rats in group 3 were given vita-
min D 4 000 IU/kg body weight orally, while 
groups 4 and 5 received glimepiride and glimepi-
ride + vitamin D, respectively, for three weeks. 
Glimepiride was administered in a dose of 
100 mcg/kg body weight orally. Liquid paraffin 

effeCt of vitAMin d in streptozotoCin-induCed diABetiC rAts
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was used as a vehicle for the administration of vi-
tamin D and glimepiride. At the end of the study, 
blood samples were collected through retro-orbit-
al plexus using heparinized capillary tubes, centri-
fuged, and serum was used for estimation of insu-
lin, HbA1c and vitamin D.

RESULTS

When compared to group 1, all rats had a 
significant gain in body weight (p<0.05), 

but in group 2, the gain in body weight has been 
not substantially increased, being rather constant 
after one week of study. At the same time, body 
weight had a significant decrease (p< 0.05) in 
rats treated with glimepiride (group 4), glimepiri-
de, and vitamin D (group 5)  (Figure 1). 

At baseline, blood glucose levels were compa-
rable in all groups. In group 2, there was an in-
crease in blood glucose levels (hyperglycaemic), 
which remained consistently high from week 1 to 
the end of the study; in groups 4 and 5, blood 
glucose levels were significantly (p<0.05) re-
duced; moreover, addition of vitamin D to the 
treatment given to group 5 rats lead to a marked 
re duction compared to glimepiride alone (Table 1). 

Among diabetic control rats (group 2) there 
were decreased serum insulin levels and signifi-
cantly increased HbA1c levels (p<0.05) compared 
to the control group 1, whereas vitamin D levels 
were comparable. Diabetic rats treated with vita-
min D (group 3) showed a slight increase in serum 
insulin levels and a decrease in those of HbA1c 
compared to group 2, while vitamin D levels were 
significantly elevated (p<0.05). Glimepiride treat-
ment (group 4) lead to an increase of serum insu-
lin levels and a significant reduction in those of 
HbA1c  (p<0.05), as compared to untreated dia-
betic rats (group 2). A significant increase in levels 
of serum insulin and vitamin D as well as a signifi-
cant decrease in HbA1c levels was seen when 
glimepiride and vitamin D were administered 

concomitantly (group 5) compared to group 2, 
and serum insulin values were comparable to 
group 1 (Table 2). 

DISCUSSION

In this study, experimental induction of T2DM 
in rats resulted in increased fasting blood glu-

cose and decreased fasting serum insulin. Also, 
vitamin D supplementation has significantly lo-
wered glucose levels and raised insulin levels; 
this may be endorsed to supplementation with 
vitamin D which has been shown to reinstate in-
sulin secretion in animals (9).

Our study showed that vitamin D treatment 
has significantly improved hyperglycemia, hyper-
insulinemia, and insulin sensitivity compared with 
non-treated diabetic rats. The reduction in glu-
cose levels was found to be significantly higher in 
combined therapy with vitamin D and glimepi-
ride than glimepiride monotherapy. The improve-
ment obtained with vitamin D supplementation 
was in agreement with the study of Zeitz et al 
(10). Others provided evidence that vitamin D 
supplementation exerted beneficial effects in 
obese spontaneously hypertensive rats and Wistar 

effeCt of vitAMin d in streptozotoCin-induCed diABetiC rAts

TABLE 1. Blood glucose levels 
(mg/dL) in all five study groups 
(mean±SD)

FIGURE 1. Body weight (g) in all groups (mean±SD)
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rats, where there was a reduction in glucose levels 
in vitamin D-supplemented animals (5, 11, 12).

Insulin secreted from pancreas has been 
shown to contain vitamin D receptors as well as 
the 1 alpha-hydroxylase enzyme. Also, resear-
chers have found an indirect effect of vitamin D 
on insulin secretion, potentially by a calcium ef-
fect on insulin secretion. Vitamin D contributes to 
the normalization of extracellular calcium, ensu-
ring normal calcium flux through cell membranes 
(13). Other possible mechanisms related to vita-
min D and diabetes include convalescing insulin 
action by stimulating expression of the insulin re-
ceptor, increasing insulin responsiveness for glu-
cose transport, and having an indirect effect on 
insulin action potentially via calcium effect on in-
sulin secretion (13). Our results were in concor-
dance with those reported by Scragg et al (14), 
who stated that there was a strong inverse associa-
tion between low levels of 25(OH)D and diabe-
tes, and increasing vitamin D serum levels to nor-
mal led to a 55% relative reduction in the risk of 
developing T2DM.

In the present work, improvements in insulin 
secretion with vitamin D supplementation were 
observed in a rat model of T2DM. There was also 
a decrease in HbA1c levels with vitamin D alone 
and in combination with glimepiride. Our study 
showed that vitamin D supplementation alone 
has raised insulin levels and exerted an additive 
effect on glimepiride action. The reduction in glu-
cose levels was found to be significantly higher 
when glimepiride and vitamin D were admi-
nistered as combination therapy. The improve-
ment seen after vitamin D treatment is consistent 
with the findings of Kayaniyil et al (15). 

In a study by Calle et al (16), treatment with 
vitamin D to streptozotocin-induced diabetic rats 
improved the decreased basal glucose transport 
by 107%, which was correlating to a reduction in 

glucose levels in our study. Treatment with vitamin 
D resulted in a noteworthy increase in insulin 
concentration, which could improve hyperglyce-
mia in diabetic rats. Serum HbA1c has significantly 
decreased in vitamin D treated rats, which is con-
sistent with a study by Hoda et al (17).

Control rats had constantly increased their 
body weight, whereas diabetic rats dropped body 
weight during the first week after STZ injection, 
probably because of decreased glucose metabo-
lism and increased fat metabolism (18). Subse-
quently, the body weight of rats in the STZ group 
was further increased until the completion of the 
study, while the groups with vitamin D and 
glimepiride and glimepiride + vitamin D group 
did not have an increase in body weight similarly 
to diabetic control – therea was a sugnificant dif-
ference, and the p-value was <0.001. The au-
thors considered that the reduced insulin and in-
creased body weight induced by STZ had a higher 
resemblance to T2DM. The difference in body 
weight between group 2 and groups 4 and 5 was 
significant (p <0.001).

The possible mechanisms by which vitamin D 
can influence the metabolism of glucose may be 
the result of a rapid non-genomic effect or a slo-
wer genomic effect of vitamin D by stimulating 
insulin release through increased VDR expression 
(19). Another possible mechanism is the suppres-
sion of the release of proinflammatory cytokines 
that are believed to mediate insulin resistance. 
The latter hypothesis is supported by studies 
showing an association between low serum 
25(OH)D and increased C-reactive protein levels. 
Besides, vitamin D may indirectly influence the 
extracellular and intracellular calcium regulation, 
which is essential in mediating glucose transport 
in target tissues. In an attempt to understand the 
role of vitamin D in β-cell function, Nyomba et al 
(20) found that plasma calcium levels, vitamin D 
binding protein (DBP), circulating vitamin D, and 
bone mass were reduced in STZ-induced diabetic 
rats. These defects were related to altered meta-
bolism of vitamin D due to an inhibitory effect of 
insulin deficiency on renal function 25(OH)D3 
1α-hydroxylase. The concentration of HbA1c de-
creased marginally, but insignificantly, in group 3, 
and had a significant decrease in groups 4 and 5. 
In addition, a conspicuous enhancement was ob-
served in the insulin level. Previous studies suggest 
several different mechanisms to explain the role 
of vitamin D in normalizing the glucose level. Lack 

TABLE 2. Serum insulin, HbA1c and Vitamin D levels (mean±SD)
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of vitamin D has been shown to result in impair-
ment (disturbance) of glucose metabolism by in-
creasing insulin resistance, which in turn occurs 
due to decreased adipose expression and degra-
dation of the β-cell function and mass (21).

Supplementation with cholecalciferol was 
found to restore the alteration in IP3 and AMPA 
receptor, a non-NMDA-type ionotropic trans-
membrane receptor for glutamate expression in 
the pancreatic islets, which helped to restore cal-
cium-mediated insulin secretion, indicating the 
therapeutic role of vitamin through the regulation 
of glutamatergic function in diabetic rats (22).

CONCLUSION

Administration of vitamin D can improve hy-
perglycemia, hyperinsulinemia in strepto-

zotocin-induced type 2 diabetes mellitus in rats, 
thus can be potentially considered as add on the-
rapy along with other antidiabetic drugs. Howe-
ver, further randomized clinical control trials are 
required to confirm the dose and duration before 
it is included in the therapy of T2DM. q
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ABSTRACT
Objectives: Many countries have implemented quarantines to control the Coronavirus (COVID-19) 

pandemic spread. The quarantine effects on surgically-treated fractures, operated during this period (March 
9th – May 4th) in two public Greek institutions, the “Venizeleion” General Hospital of Crete (VGH) and the 
“251” Hellenic Air Force General Hospital of Athens (“251” HAFGH) were evaluated and compared with 
those of the same period of 2019. 

Materials and methods: This is a retrospective study of a prospectively collected database. Evaluated data 
included gender, age, and trauma mechanism. 

Outcomes: A total of 103 patients who had suffered fractures were surgically treated in both institutions 
during the quarantine period of 2020 compared to 179 during the same period of 2019, showing a reduction 
of 43% in surgical cases. The mean age of patients treated in 2020 was 72.2 (SD=19.9), as compared to 
65.3 (SD=21.5; p-value=0.008) in 2019. There were 70 (68%) elderly patients (>65 years) in 2020 and 103 
(57.6%) in 2019. Of all treated fractures, 31% were caused by high energy mechanisms during the explored 
period of 2020, as compared to 45% in 2019 (p-value=0.019). 

Conclusions: This is the first study in Europe evaluating the effect of COVID-19 quarantine on surgically 
treated fractures. The findings showed a significant decline in surgically treated fractures, particularly high-energy 
fractures, along with a significantly higher mean age of patients in 2020 compared to 2019. Low-energy fractures 
in elderly during quarantine emphasizes the need of prevention measures to minimize their incidence, especially 
in a time when the health personnel and resources are engaged in the battle against COVID-19.

Keywords: COVID-19, pandemic, fractures, Coronavirus, trauma, fracture prevention,  
quarantine, lockdown.

2020; 15(3): 332-334
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INTRODUCTION

Coronavirus disease (COVID-19) was 
identified in December 2019 as the 
cause of a cluster of unexplained 
pneumonia cases in Wuhan, China 
(1). It rapidly progressed into a global 

pandemic, and the World Health Organization 
(WHO) characterized the disease as “a public 
emergency of international concern” on January 
30th 2020 (1). At the time of writing, COVID-19 
has affected over nine million patients and has 
caused over 470,000 deaths worldwide (2).

Constraining the spread of COVID-19 has 
mainly relied on quarantines and behavioral inter-
ventions, due to lack of effective treatment so far 
(1, 3). In Greece, such firm measures have been 
implemented quickly in order to control the 
spread of this highly transmitted virus. The main 
concern has been the endurance of the aged na-
tional health system under the pressure of a coun-
try-level epidemics (4). In Greece, on 
March 9th 2020 schools were closed and social 
distancing became mandatory, while strict hy-
giene measures were strongly advised. Since 
COVID-19 cases were increasing on March 23rd, 
general lockdown was implemented. As of 
March 11th, hospital operating theaters were dea-
ling only with emergency cases, which meant that 
only fractures would be operated during quaran-
tine in nationwide orthopaedic departments. As 
of May 4th, lockdown loosening was announced 
and elective cases could receive surgical treat-
ment.

The present study aimed to evaluate the effect 
of nationwide quarantine due to COVID-19 on 
surgically treated fractures by recording all frac-
tures requiring operation during the quarantine 
period in Greece (March 9th – May 4th) in two 
public institutions, the “Venizeleion” General 
Hospital of Heraklion, Crete, Greece (VGH), and 
the “251” Hellenic Air Force General Hospital of 
Athens, Greece (“251” HAFGH), while compa-
ring them with those of the same period of the 
previous year. q

MATERIALS AND METHODS

This is a retrospective study of a prospectively 
maintained database. Data on surgically treated 
fractures were collected from VGH and “251” 
HAFGH during the quarantine period 

(March 9th- May 4th) of 2020 and they were com-
pared to those recorded in the same period of 
2019. 

The trauma mechanism was evaluated from 
patients’ records and fractures were classified as 
low- or high-energy, with low-energy fractures 
being defined as a result of falling from standing 
height or less, while high-energy was defined as 
any other type of trauma (5). Characteristics of pa-
tients undergoing fracture surgery, including age 
(elderly >65 years and non-elderly <65), gender, 
and type of fracture, have been also recorded.

The VGH is a 600-bed secondary hospital on 
the island of Crete, Greece. It represents one of 
the two big reference hospitals of the whole is-
land, serving a population of approximately 
650,000, who is mostly rural and to a lesser 
extend urban and suburban.

The “251” HAFGH is a 500-bed secondary 
hospital in the city of Athens, the capital of Greece, 
serving mainly urban and suburban population 
(military personnel, veterans and citizens; approxi-
mately 500,000).

The present study has received the bioethics 
committee approval in both hospitals. q

OUTCOMES

A total of 103 patients suffering a fracture were 
surgically treated in both institutions during 

the 2020 quarantine period, as compared to 179 
during the same period of 2019, revealing a 43% 
decline. The mean age of patients operated in 
2020 was 72.2 [standard deviation (SD) 19.9], as 
compared to 65.3 (SD=21.5) of those in 2019 
(p-value=0.008). A total of 70 patients (68%) 
were elderly (over 65) in 2020 as compared to 
103 (57.6%) in 2019. 

Regarding fracture types, in 2020 there were 
66 (64%) hip fractures, eight (8%) ankle, seven 
(7%) each hand, femur and tibia, three (3%) elbow 
and forearm fractures and one (1%) patella and 
foot fracture, respectively. In the same period of 
2019, there were 85 (47%) hip fractures, 23 (13%) 
tibia, 21 (12%) ankle, 12 (7%) forearm, 11 (6%) 
hand, 10 (5.5%) femur, six (3%) foot, five (2.8%) 
elbow, four (2.2%) humerus shaft and two (1%) 
patella fractures. 

Of all fractures, 31% were characterized as 
high-energy fractures during the quarantine peri-
od of 2020, as compared to 45% during the same 
period of 2019 (p-value=0.019). q 

surgiCAl frACtures during Covid-19 QuArAntine 



334 Maedica
  

A Journal of Clinical Medicine, Volume 15, No. 3, 2020

DISCUSSION AND CONCLUSIONS

COVID-19 was declared a pandemic on the 
11th of March 2020 by WHO. Due to lack of 

effective treatment and vaccine, many countries 
have implemented a plethora of strict control 
measures to limit the flow of people, including 
traffic control lockdowns, self-isolation at home 
and strictly limited access to community 
services (1, 4). 

The present research is the first study origina-
ting in Europe that evaluates the effect of quaran-
tine due to COVID-19 pandemic on surgically 
treated fractures in Greece, by gathering data 
from two secondary public hospitals. The main 
findings showed that, during the 2020 quarantine 
period, the number of patients requiring fracture 
surgery decreased by 43% when compared to the 
same period of the previous year. Furthermore, 
the percentage of high-energy fractures was sig-
nificantly lower and the mean age of studied pa-
tients significantly higher during quarantine than 
the same period of 2019. 

High-energy fractures are most commonly as-
sociated with traffic as well as work accidents (5, 6). 
Due to lockdown, tele-working was implemented 
in many cases, while numerous businesses were 
temporally closed. Therefore, work accidents 
were minimized. Additionally, very few cars were 
allowed in the streets following strict rules. Hence, 
there was a decline in traffic accidents. 

It is of note that the mean age of patients un-
dergoing surgical treatment for fractures and the 
percentage of low-energy fractures during qua-
rantine was significantly higher when compared 
to the same period of 2019. Social distancing and 
staying at home lead to a decline in the number of 
fractures. However, it is known that elderly peo-
ple suffer in-house falls, which easily lead to 

low-energy fractures due to osteoporosis (5, 7). 
These traumas were not avoided during the lock-
down period. During the current global pandemic 
of COVID-19, fracture characteristics are of ut-
most importance, especially among the elderly, 
who have a higher morbidity and mortality than 
the general population.  

Therefore, targeted preventive measures 
should be implemented for the elderly, who stay 
at home. These measures could be relatively sim-
ple, such as keeping adequate light and dry 
ground in the living room (especially at night) and 
bathroom as well as wearing comfortable clothes 
on a daily basis. When taking a shower, the el-
derly should have a seated position rather than a 
standing one. They could also benefit from weekly 
monitoring by a primary health care tele-system. 
Additionally, medication for people in this age 
group should be stocked in lockdown periods.

The present study has some limitations, in-
cluding its retrospective design and the fact that it 
is based on data from only two centers. 
Nevertheless, it represents the first effort origina-
ting in Europe to report the effect of quarantine 
due to COVID-19 on surgically treated fractures.

In conclusion, the present study revealed the 
disproportional prevalence of low-energy frac-
tures, with those of the hip being the most com-
mon, during the quarantine period. It is of para-
mount importance to implement prevention 
measures to minimize these fractures, especially 
during the COVID-19 pandemic, since hospital 
resources and personnel may have shifted to-
wards the demanding care of COVID-19 pa-
tients. q
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ABSTRACT
Objective: To evaluate sexual function in Iranian pregnant women in different trimesters.
Material and method: This cross sectional study was conducted in a women’s hospital between  

August 2013 and August 2014. Four hundred pregnant women were asked to answer the valid and 
reliable Persian version of Beck depression inventory (BDI) and valid FSFI (Female sexual function index) 
questionnaires.

Results: Forty five subjects were in the first trimester of pregnancy, 170 in the second trimester and 185 
in the third trimester. Except BDI and desire subscale of FSFI, all scores were significantly different between 
the three groups. By considering 26.55 as the cut off point for FSFI, 38 (84.4%) women in the first trimester, 
138 (81.2%) in the second trimester, and 156 (84.3%) in the third trimester had sexual dysfunction. 
Logistic regression analysis showed that BDI was an independent predictor of sexual dysfunction among 
participants.

Conclusion: As sexual life is an important aspect of marital life, physicians should pay more attention 
to it in pregnant women.

Keywords: sexual function, pregnancy, Iran. 
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INTRODUCTION

Pregnancy is one of the most important 
periods of women’s lives, which affects 
psychological wellbeing (1). Sexual 
function is an important aspect of ma-
ri tal life. Between 86% and 100% of 

couples continue their sexual relation during the 
gestational period, while most women show de-
crease in sexual desire and coital frequency du-
ring pregnancy (2-4). Evidence show that sexual 
wellbeing is important for a better quality of life, 
and women with sexual dysfunction feel pro-
blems in self-esteem and emotional distress (5, 6). 
On the other hand, men choose masturbation, 
oral sex, anal intercourse and extra marital rela-
tions as a replacement for their women’s sexual 
dysfunction (1, 7).

Although sexual function during pregnancy 
seems to be an important issue, due to cultural 
and religious issues it is not considered as it 
should be. So, we designed this study to evaluate 
sexual function in Iranian pregnant women in 
different trimesters. q

METHODS

This cross sectional study was conducted in 
Women Hospital (affiliated to Tehran Univer-

sity of Medical Sciences) between August 2013 
and August 2014.

Exclusion criteria comprised kidney disease, 
chronic cardiac, or pulmonary disorders, blee-
ding during pregnancy, and previous preterm la-
bor.

All subjects were asked to fill an informed 
consent form for their participation in the study, 
which was approved by the local Ethics Commit-
tee.

Participants were asked to answer the valid 
and reliable Persian version of Beck depression 
inventory (BDI) and valid FSFI (Female sexual 
function index) questionnaires.

FSFI is a 19-item self-report instrument for 
measurement of female sexual function, which is 
providing scores on six domains of sexual func-
tion as well as a total score. These domains in-
clude desire (two items, questions 1&2), arousal 
(four items, questions 3-6), lubrication (four 
items, questions 7-10), orgasm (three items, 
questions 11-13), satisfaction (three items, ques-
tions 14-16), and pain (three items, questions 

17-19), and addition of all 19 items provides the 
total FSFI score (8).

The BDI consists of 21 questions to which 
participants answers according to their feelings 
over the last week. Each item is scored from 0 to 
3 to determine individual degree of depression. 
Subjects with total scores between 0 and 9 are 
not recognized as depressed, while scores be-
tween 10–18 indicate mild to moderate depres-
sion, 19–29 moderate to severe depression, and 
30-63 severe depression (9).

SPSS software version 20 (SPSS Inc., Chicago, 
IL, USA) was used for data analysis.

ANOVAtest was used to compare continuous 
variables. Multiple linear regression analyses with 
FSFI score as dependent variable and the scores 
of BDI, age, partner age, age at marriage and 
education level as independent variables were 
conducted. A P value less than 0.05 was consi-
dered as significant. q

RESULTS

Four hundred pregnant women were enrolled 
in this study, with 45 in the first trimester of 

pregnancy, 170 in the second trimester and 185 
in the third one. Demographic characteristics of 
all participants were summarized in Table 1. 

Of all women, 331 (82.7%) were house wives 
and 20 (5%) had a history of HTN. Fifteen (3.8%) 
had a history of pelvic inflammatory disease 
(PID), while four (1%) had previous endometrio-
sis. Polycystic ovarian disease (PCO), ectopic 
pregnancy, and pre-term labor were reported in 
6.8%, 3.3% and 6% of women, respectively. Pre-
mature rupture of membranes (PROM) and ges-
tational diabetes was reported in 15 (3.8%) and 
26 (6.5%), respectively. 

sexuAl funCtion in pregnAnCy

TABLE 1. Demographic characteristics of 
patients
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Mean scores of BDI and FSFI and its subscales 
in participants with different gestational age are 
reported in Table 2.

By considering 26.55 as the cut off point for 
FSFI, 38 (84.4%) women in the first trimester, 
138 (81.2%) in the second trimester, and 
156(84.3%) in the third trimester had sexual dys-
function. 

Logistic regression analysis showed that BDI 
was the independent predictor of sexual dys-
function among participants (Table 3). q

DISCUSSION

The results of the current study showed that 
364 out of 400 (91%) participants had sexual 

dysfunction, which was identified rather in the 
first and third trimesters than in the second tri-
mester of their pregnancy.

Also, the mean FSFI scores and its subscales, 
except desire, were significantly different in all 
three groups, and orgasm, satisfaction and arou-
sal scales were higher among women in the first 
trimester. This finding could show that sexual 

dysfunction increases with advancing gestational 
age.

In a recent study, Seven et al. evaluated 286 preg-
nant women with a mean age of 29 and found 
that 77% of them had sexual dysfunction (10). 

In another study, Hanafy et al. reported sexu-
al dysfunction in 68% of pregnant women in the 
first trimester, 51% in the second trimester and 
72% in the third trimester (11).

Aslan et al. evaluated 40 pregnant wo men in 
all three trimesters and found that the total FSFI 
score and its subscales were significantly higher 
among women in the first trimester (12). 

Jamali and Mosalanejad investigated sexual 
dysfunction in 79% of pregnant women (23% in 
the first trimester, 30% in the second trimester 
and 46% in the third trimester). All subscales 
were higher for the first trimester (1).

During pregnancy, sexual habits tend to 
change due to various physical and psychologi-
cal changes, and sexual relations are affected ac-
cording to culture, religion, tradition and medi-
cal condition (1). Our results are in accordance 
with those of Jamali et al., showing that sexual 
dysfunction increases with pregnancy progres-
sion which is consistent with Byers’ study (13).

In a meta-analysis, Sydow et al. found that 
problems in reaching orgasm are more prevalent 
in the third trimester (14).

The desire item was not significantly different 
in the three trimesters, while Basson et al. 
believed that sexual desire during the first and 
third trimesters was lower than the second tri-
mester (14, 15).

sexuAl funCtion in pregnAnCy

TABLE 2. Mean 
scores of BDI, FSFI and 
its subscales

TABLE 3. Logistic regression analysis
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Against arousal domain, lubrication item 
score increased significantly which is against with 
Jamali et al study. Increase of blood vessels and 
blood circulation of vagina during pregnancy will 
result in physiological arousal which will cause 
vaginal wetness or dryness either (1).

In current study, along with orgasm satisfac-
tion, sexual satisfaction decreased with pregnan-
cy progression. Similar findings had been previ-
ously reported by other authors (12).   

Abdominal enlargement, body ugliness, abor-
tion, preterm births, and fetal infections would 
result in dissatisfaction in sexual life during preg-
nancy (8, 16, 17).

Further studies conducted in other countries 
confirmed that worries about hurting the fetus 
was among the major concerns of future mo-
thers, which would decrease sexual behavior 
during pregnancy (19). q

CONCLUSIONS

As sexual life is an important aspect of marital 
life, and physicians should pay more atten-

tion to it in pregnant women. q
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ABSTRACT
Introduction: Despite significant advances in its prevention and acute-phase treatment, stroke is still 

one of the leading causes of disability and death worldwide. Ischemic stroke accounts for 80 to 87% of all 
strokes, with 15-30% of cases being caused by extracranial carotid artery (CA) stenosis. 

Methods: This is an observational, cross-sectional, single-center, prospective, registry-based study. The 
current research presents the preliminary results after analyzing the demographic features, biological data, 
and cardio- and cerebro-vascular risk factors of the first 74 patients included in the first “Romanian registry 
for cervical and cerebral arterial stenosis.”

Results: In our group of patients, the severity of carotid artery stenosis was related to fibrinogen, total 
cholesterol, and triglyceride blood levels. Moreover, patients who underwent carotid artery stenosis were 
more prone to having peri-procedural complications if they had a low blood platelet count. Concerning 
the associated pathologies of patients with severe carotid atheromatosis, the risk of having lower cognitive 
abilities was higher in subjects with atrial fibrillation, regardless of the severity of carotid artery stenosis. 

Conclusion: The presented study brings essential information about a population more prone to cerebral 
ischemic events than that of most other countries. All data obtained until this moment and which will 
further result from analyzing the clinical, demographic, and biological features of patients included in this 
registry should be used for implementing populational strategies for preventing further strokes.

Keywords: carotid artery stenosis, national registry, stroke, carotid artery stenting. 

2020; 15(3): 339-347

List of abbreviations: 

TOAST=Trial of Org 10172 in acute stroke treat-
ment; CA=carotid artery; CAS=carotid artery 
stenting; CAE=carotid artery endarterectomy; 

mg=milligrams; dL=deciliters; CKD-EPI=esti-
mated filtrate rate (calculated using the Chronic 
Kidney Disease Epidemiology Collaboration); 
DALY=disability-adjusted life-years; CTA=computed 
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tomography angiography; AGT=altered glucose 
tolerance; CKD=chronic kidney disease; AF=atrial 
fibrillation; TIA=transient ischemic attack; 
MMSE=mini-mental state exam; CDT=clock 
drawing test; EGFR=estimated glomerular filtration 
rate; HbA1C=glycosylated hemoglobin; ESR=ery-
throcyte sedimentation rate; VaD=vascu lar de-
mentia.

INTRODUCTION 

Stroke is still one of the leading causes of 
disability and death worldwide, despite 
significant advances in its prevention 
and acute-phase treatment (1). Ische-
mic stroke account for 80 to 87% of all 

strokes (1, 2), with 15-30% of ischemic strokes 
being caused by extracranial carotid artery (CA) 
stenosis (3-5).

Romania has been and continues to be in top 
five countries concerning the incidence and pre-
valence of stroke, mortality related to ischemic 
stroke, and disability-adjusted life-years (DALYs) 
due to stroke. Several epidemiological studies 
showed a decrease in the incidence of stroke and 
number of stroke-related deaths (11.3% and 27%, 
respectively) in Romania from 1990 to 2016 (6). 
Nevertheless, according to the King’s College 
London study published in 2017, Romania was 
still ranking 3rd in Europe when considering the 
incidence of stroke and 2nd for the number of 
deaths due to stroke (7). Therefore, there is an 
urgent need for a rigorous characterization of risk 
factors that play a role in maintaining a high inci-
dence of stroke in this group of patients. A tho-
rough characterization of the Romanian popula-
tion could contribute to the development and 
implementation of a large-scale populational 
screening and interventional epidemiologic pro-
gram. Moreover, long-term monitoring of patients 
with CA stenosis and those treated either by per-
cutaneous angioplasty and stenting, endarterec-
tomy, or medical therapy, could improve the qua-
lity of health providers’ medical services and 
could help establish the cost-effectiveness of each 
treatment.

This paper presents the preliminary results af-
ter analyzing the demographic features, biological 
data, and cardio- and cerebro-vascular risk factors 
of the first 74 patients included in the first “Roma-

nian registry for cervical and cerebral arterial ste-
nosis.”

MATERIALS AND METHODS 

The “Romanian registry for cervical and cere-
bral arterial stenosis” was developed within 

the Competitivity Operational Program 2014-
2020 co-funded by the European Fund for Re-
gional Development. Five national centers from 
Romania included patients with hemodynami-
cally significant symptomatic or asymptomatic 
carotid artery stenosis. For the current study, only 
data resulting from patients examined in the 
University and Emergency Hospital of Bucharest 
was used.

Study design

This is an observational, cross-sectional, single-
center, prospective, registry-based study. For the 
current research, only data from patients included 
in the University and Emergency Hospital of Bu-
charest were used. The study protocol was ap-
proved by the local ethics committee and was in 
accordance with the Declaration of Helsinki. Final 
data analyses are expected at the end of the year 
2020.

The primary goal of this study was to assess the 
prevalence and role of the most critical risk factors 
in Romanian patients with hemodynamically sig-
nificant carotid artery stenosis and to determine 
which factors contribute to the severity of symp-
tomatic carotid artery stenosis. Secondary endpoints 
included determining the risk factors that predis-
pose to complications in patients who undergo 
carotid artery stenting (CAS) or carotid artery 
endarterectomy (CAE).

Registry group and data collection

In this current ongoing study, we included all con-
secutive patients who were evaluated using cervi-
cal-cerebral digital subtraction angiography 
(CCDSA) and had hemodynamically significant 
stenosis in at least one of the carotid arteries, be-
tween September 2018 and January 2020. A he-
modynamically significant CA stenosis was con-
sidered equal or greater than 50%, evidenced by 
ultrasound – using the NASCET method of calcu-
lating the degree of arterial stenosis (8) – or com-
puted tomography angiography (CTA) examina-
tions. Patients suffering from concomitant 
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neoplastic diseases, those who were clinically un-
stable or had a life expectancy shorter than five 
years were excluded from the study.

All patients signed the written informed con-
sent and were interviewed regarding their life-
style, prior pathologies, and medications before 
CCDSA. 

Demographical and clinical data was collected 
using standardized questionnaires and included 
patients’ age, gender, place of living (rural or ur-
ban) and smoking status [non-smoker, active 
smoker, and past-smoker – for the last two catego-
ries, the pack-year index was calculated (9)]. His-
tory of associated pathologies and other cardiac 
and cerebral risk factors was also recorded in the 
registry, such as the presence of hypertension, dia-
betes, altered glucose tolerance (AGT), chronic 
kidney disease (CKD), atrial fibrillation (AF), dys-
lipidemia, body mass index (BMI) (10), history of 
cerebrovascular events – hemorrhagic/ischemic/
transient ischemic attack (TIA) and information re-
garding their number, arterial territory, TOAST 
(11), and ASCOD (12) type, previous CAS or ca-
rotid artery endarterectomy (CAE), presence of 
stable or unstable angina, myocardial infarction, 
and peripheral arterial disease. Data about pa-
tients’ neurocognitive status has been also col-
lected – previous diagnosis of neurocognitive im-
pairment, the mini-mental-status exam, and the 
Clock Drawing test (CDT) scores. Blood tests were 

processed in the same laboratory for all patients. 
Information regarding the blood tests, which were 
recorded in the registry for each patient, can be 
found in Table 1. 

Data about imaging studies has been also in-
cluded in the registry, such as the aspect of the 
most recent cervical artery ultrasound examina-
tion, the latest magnetic resonance imaging, or 
computed tomography study. After the patients 
were examined through CCDSA, the degrees of 
stenosis for both carotid and vertebral artery, as 
well as the chosen treatment (CAS, CAE or best 
medical treatment) and possible periprocedural 
complications (intrastent thrombosis, bradycardia, 
hypotension, arterial dissection, TIA or stroke, ce-
rebral reperfusion syndrome, myocardial infarc-
tion or death) were reported in the registry.

The same three experienced interventional ra-
diologists performed all CCDSAs. Patients having 
symptomatic carotid artery stenosis, which was 
equal or greater than 70%, and those with a high 
risk asymptomatic carotid artery stenosis higher 
than 70% underwent percutaneous carotid artery 
angioplasty or CAE, depending on their co-mor-
bidities, clinical and paraclinical profile. For pa-
tients with low risk asymptomatic hemodynami-
cally significant carotid artery stenosis, the best 
medical treatment was chosen. Patients were 
considered to have symptomatic carotid artery 
stenosis when an ischemic stroke, TIA, or retinal 

TABLE 1. Blood tests included in the registry for each patient
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ischemic events ipsilateral with the hemodynami-
cally significant carotid stenosis were present in 
the last six months preceding the diagnosis of ca-
rotid stenosis (13). 

Patients who underwent carotid artery stenting 
were pre-medicated depending on the co-pres-
ence or absence of atrial fibrillation (AF). Thus, 
patients without AF were pre-medicated and also 
discharged on dual antiplatelet therapy (with 
Clopidogrel and aspirin) and those ith AF on 
non-antivitamin-k oral anticoagulant and Clopi-
dogrel. All patients were examined before and 
after the procedure by the same neurologist. All 
treatment decisions were made according to the 
guidelines which were in use at the time of pa-
tients’ evaluation (14, 15). 

Statistical analysis

Statistical analysis was performed using IBM SPSS 
Statistics, version 26.0, and Microsoft Excel. For 
the current study, data resulted from the first 
74 patients who were evaluated in the University 
and Emergency Hospital of Bucharest. After in-
specting the pattern of the missing values for each 
variable, missing variables were inputted with me-
dians or means, depending on the case. Continu-
ous variables were presented as means, along 
with the standard deviations (SD), whereas cate-
gorical variables as percentages or frequencies. 

Independent-samples t-test was used to ex-
plore the demographic and biological differences 
between the following sub-groups: (1) patients 
who had a history of cerebral ischemic events 
(stroke or TIA) vs. asymptomatic patients; and 
(2) patients who developed complications after 
cerebral angiography vs. patients with no compli-
cations. After checking for normal distribution, 
outliers, linear relationships, and multicollinearity, 
six biological variables were considered appropri-
ate for analysis in each of the above-mentioned 
groups: hemoglobin, platelet number, total cho-
lesterol, fibrinogen, triglycerides blood levels, and 
the estimated glomerular rate. Data are expressed 
as mean ± standard deviation (SD). 

Binomial logistic regression analysis was used 
to test if clinical or biological variables could pre-
dict complications in patients who underwent 
CAS or CAE.

Multiple regression analysis was used to ex-
plore clinical and biochemical variables that could 
predict the degree of carotid arteries stenosis, but 

also of the severity of neurocognitive impair  
ment. 

RESULTS

Descriptive statistics 
Until February 2020, a total of 74 patients 

were included in the registry. Of them, 55 (74.3%) 
were males and 19 females (25.7%). The mean 
age of the included population was 68.53 years 
(SD=8.58). Of all patients, 66 (89.1%) had a per-
sonal history of ischemic cerebral vascular events 
(59 subjects had a previous ischemic stroke, four 
had TIA, and three patients had a history of both 
TIA and stroke). Thirty-two patients had a history 
of an ischemic cerebral vascular event in the terri-
tory of the left internal carotid artery (ICA); of 
them, 87.5% had HSLCAS and 50% HSRCAS. 
Twenty-three patients had a history of stroke or 
TIA in the right ICA vascular territory; of them, 
87% had symptomatic HSRCAS, and 65.2% 
asymptomatic HLRCAS. The remaining patients 
had ischemic strokes in the anterior or posterior 
cerebral artery territory.

Concerning the treatment, 64.86% of patients 
underwent percutaneous angioplasty and sten-
ting, 31% were discharged on maximal medical 
treatment (as described in the Method section), 
and 4.05% were sent for ICA endarterectomy. 

Differences between patients with/and 
without a history of stroke

Independent-samples t-tests showed that there 
were no statistically significant clinical and para-
clinical differences between the sub-group of pa-
tients with a history of cerebral ischemic events 
and those without any stroke or TIA, except for 
the score of the MMSE test, patients with a history 
of stroke had an MMSE score lower with 1.92 
than those without a history of stroke (1.92, 95% 
CI, -1.09 to 4.93, p=.006). Even though statistical 
significance was not obtained for the other clinical 
and paraclinical variables, it is worth mentioning 
that when compared with patients without a his-
tory of cerebral ischemic events, patients with a 
history of stroke/TIA had more severe CA stenosis, 
lower scores of the CDT, higher values of fibrino-
gen and triglycerides blood levels, and lower he-
moglobin and platelets number than those with-
out a history of stroke/TIA (data are shown in 
Table 2).
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Differences between patients who  
developed complications after  
CAS vs. those with no complications  
after CAS

Independent-samples t-tests showed that there 
was a statistically significant difference in the 
mean number of platelets between patients who 

developed complications after CAS and patients 
who did not develop any kind of complications. 
These patients developed complications after CAS 
having 37 210 ± 1 648 fewer platelets than those 
who did not develop any kind of complications 
[t(72) = 2.304, p = .024]. No other significant 
differences were observed between the two 

TABLE 2. 
Descriptive data 
– differences 
between patients 
with/and without a 
history of stroke

FIGURE 1. Peri- 
and post-procedural 
complications among 
studied patients
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groups of patients. Further analysis showed that 

there was a small negative correlation between 

the number of platelets and the risk of having CAS 

periprocedural complications, (r = .-26, p<.05, 

results shown in Table 3).

Clinical and biological variables capable of 
predicting the occurrence of complications 
during or after CAS

Binomial logistic regression was performed to as-
certain the effects of the number of platelets on 

TABLE 3. Pearson correlation for CAS periprocedural 
complications

TABLE 5. Multiple regression results for CAS severity

TABLE 4. Logistic regression predicting the likelihood of developing complications  
during/after CAS based on hemoglobin, platelet no., EGF, fibrinogen, total cholesterol,  
and triglycerides

CArotid Artery stenosis in the roMAniAn ropulAtion



345Maedica
  

A Journal of Clinical Medicine, Volume 15, No. 3, 2020

the likelihood that patients would develop com-
plications after CAS. The logistic regression model 
was statistically significant, c2(1) = 4.633, p = .031, 
but the sensitivity of the model was zero and the 
area under the ROC was .29, both suggesting that 
the number of platelets was not a good model for 
predicting complications after CAS in this group of 
patients. No other clinical or paraclinical para-
meter was able to predict the occurrence of com-
plications during or after CAS (Table 4).

Role of demographical and paraclinical 
variables in the severity of carotid artery 
stenosis

A multiple regression test was run to predict the 
severity of CA stenosis from selected laboratory 
tests (hemoglobin, platelet number, fibrinogen, tri-
glycerides, total cholesterol blood levels, and the 
estimated glomerular filtration rate). The multiple 
regression model statistically significantly predic-
ted the severity of CAS, F (6, 67) = 3.073, p < .05, 
adj. R2 = .146. Only the levels of fibrinogen, total 
cholesterol, and triglycerides added statistically 
significantly to the prediction, p < .05. Regression 
coefficients and standard errors can be found in 
Table 5.

No other clinical characteristics (age, sex) were 
found to contribute to the severity of CA stenosis 
when performing multiple regression analysis. 

Role of clinical and biological variables in the 
severity of neurocognitive impairment

A multiple regression test was also run to predict 
the severity of neurocognitive impairment as-
sessed through MMSE and CDT from the same 
variables used for the prediction of CA stenosis. 
Except the presence of atrial fibrillation 
(F1, 72) = 4.704, p < .05, adj. R2 = .048), no 

other clinical or biological variable was found to 
contribute to the neurocognitive impairment se-
verity (results shown in Table 6).

DISCUSSION

In the present study, the only statistically signifi-
cant difference between patients with CA ste-

nosis and history of stroke and those without a 
history of stroke was that subjects with a history 
of ischemic cerebro-vascular events had lower 
scores on the MMSE examination.

 These results are under the well-known fact 
that stroke is a risk factor for developing neuro-
cognitive impairment and that one-third of stroke 
survivors develop vascular dementia (VaD) (16). 
However, there was a statistically significant, high-
ly positive correlation between the MMSE and the 
CDT scores (r(72)= .72, p<0.05) in our cohort, 
and there was no significant difference between 
the CDT scores in the two groups of patients. 
While several studies are suggesting that CDT is a 
useful screening tool for dementia (17-19), some 
authors believe that CDT is not sensitive enough 
for differentiating between patients with normal 
cognition and the ones with minor cognitive im-
pairment (20, 21). This might also be the case in 
our patients, approximately 85% of the tested pa-
tients having mild cognitive impairment, with an 
MMSE score higher than 25. Moreover, given that 
most patients included in the study had a history 
of minor strokes in the ICA territory, it is possible 
that the perceptual-motor cognitive domain to 
have been less affected than other cognitive do-
mains and thus, not affecting the CDT score as it 
would happen in a posterior cerebral artery stroke 
or a major stroke in the ICA territory.  Besides, in 
our selected group of patients, independent of 
their history of stroke, those with a history of atrial 
fibrillation had lower MMSE scores than individu-

TABLE 6. Multiple regression results for MMSE score

CArotid Artery stenosis in the roMAniAn ropulAtion
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als who had normal cardiac rhythm. The influ-
ence of atrial fibrillation on cognition was assessed 
in several studies which concluded that AF was an 
independent risk factor not only for vascular de-
mentia but also for other types of dementias, in-
cluding the one associated with the Alzheimer’s 
disease (22-24). An essential factor that was not 
assessed in our study was AF duration and antico-
agulant treatment in each patient. These factors 
will be taken into consideration in the subsequent 
studies to investigate the long-term potential pro-
tective role of anticoagulants against neurocogni-
tive impairment. 

Even though for the other clinical and para-
clinical variables, statistical significance was not 
obtained, it is worth to mention that, when com-
pared with patients without a history of cerebral 
ischemic events, those who had a history of 
stroke/TIA had more severe CA stenosis, lower 
scores of the CDT, higher values of fibrinogen and 
triglyceride blood levels, and lower hemoglobin 
and platelets number than patients without a his-
tory of stroke/TIA.

An important finding in our group of patients 
was that specific biological parameters, more spe-
cifically hemoglobin, fibrinogen, total cholesterol, 
triglyceride blood levels, and also EGF, were found 
to shape an appropriate model for predicting the 
severity of CA stenosis. Nevertheless, the only fac-
tors which brought statistical significance to the 
predicting model were the blood fibrinogen and 
triglyceride levels. Both fibrinogen and triglyce-
rides were incriminated in previous studies as be-
ing significant risk factors not only in early athero-
sclerotic changes of arterial vessels but also for the 
progression of CA stenosis, in developing 
“high-risk” carotid plaques and in increasing the 
overall risk of stroke (25-28). The critical aspect of 
our finding is that when considered together, fi-
brinogen and triglyceride levels can predict the 
risk of a patient having “high-grade” stenosis. This 
could be helpful for clinicians when deciding on 
performing or prescribing carotid artery ultra-
sound screening in asymptomatic patients with 
cardio- and cerebro-vascular risk factors. 

On the final aspect of our registry-based study, 
when assessing the risk factors for developing CAS 
stenting peri- or post-procedural complications, 
we found that patients with a lower number of 
thrombocytes had a higher risk of developing 
complications than those with a higher count of 
thrombocytes. To our knowledge, this is the first 
study reporting such findings. To validate this fin-
ding, this will be further verified at the end of the 
study on a higher number of patients. 

There are several limitations to the current 
study: more men than women were included in 
the study, even though patients were included 
consecutively; there are also more patients with 
symptomatic CA stenosis than those with asymp-
tomatic arterial stenosis, and there was insufficient 
data regarding the type of carotid atheromatous 
plaques to analyze them. All these limitations 
could be corrected by including a higher number 
of patients and will be considered at the end of 
the study. 

CONCLUSIONS

The present study brings essential information 
about a population that is more prone to ce-

rebral ischemic events than that of most other 
countries. All data obtained so far and which will 
further result from analyzing the clinical, demo-
graphic, and biological features of patients in-
cluded in this registry should be used for imple-
menting populational strategies for preventing 
further strokes. Moreover, these results should 
also make the clinician consider personalizing, 
or delaying the treatment of patients with carotid 
artery stenosis depending on their clinical or bio-
logical profile, for avoiding unnecessary compli-
cations. q
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ABSTRACT
Objectives: The present study aims to identify the current level of clinical and technological performance 

of dental prosthetic rehabilitation on implants and the possible existence of correlations between different 
designs and occurring complications in Romanian practice.

Material and method: An online questionnaire with 36 questions, grouped into five sections, has 
been designed using the Google Forms application. In 2019, it was approved by the Romanian Dental and 
Maxillofacial Prosthetic Society, and the link to the questionnaire was distributed via email to 70 members. 
The answers with multiple choice option were summarized in an Excel document, coded and statistically 
processed in the specific software (SPSS v20.0; IBM Corp). Fisher’s exact test, likelihood ratio and linear-
by-linear association were used, and pairs of two questions were tested considering a standard statistical 
significance p value=0.05.

Results: The results show that screwed rehabilitations (80.5%) on platform switched (70.9%) bone 
level implant (76.4%) with multiunit (69.1%) abutments for fixed total prosthesis, and custom abutments 
(43.6%) for removable prosthesis are preferred in Romanian practice. Most common problems of fixed 
rehabilitation on implants are related to aesthetics (65.5%) and for overdenture to unscrewing (56.4%). 

2020; 15(3): 348-358
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INTRODUCTION

Currently, there is a rapid evolution of 
materials, design possibilities and 
virtual modeling protocols in 
treatment of partial and total 
edentulous patients by implant-

supported fixed prosthesis. Studies showed an 
increased demand for dental implants, which 
became a very important part of modern 
dentistry (1-3). While dental industry is constantly 
innovating and bringing new materials and 
technologies to the market, one training option 
in implant dentistry is delivered through industry-
sponsored courses, which facilitates the use of 
specific products or devices. Given that clinicians 
often face challenges in implementing complex 
restorative solutions as well as managing 
accidents and complications during their 
therapeutic approaches, it becomes evident that 
education curriculum upgrade is urgently 
needed. In 2009, the European Workshop on 
Implant Dentistry University Education published 
a consensus report that supports the integration 
of implantology in predoctoral curriculum (4-6). 
Nowadays, there are postgraduate and specialist 
programs which facilitate an evidence based 
critical approach and achievement of specific 
skills in implantology in the United States,  
United Kingdom, Scandinavian countries, and 
Israel (7).

Only few studies identify preferred methods 
of restoration in certain areas of the world (8, 9), 
and some of them do not provide information 
about professional experience (10, 11). 

The present study aims to identify the choices 
made by prosthodontic specialists in the clinical 
protocol, the materials and technical modalities 
used in the realization of fixed and removable 
prosthesis on implant support and the most 
common problems currently facing this solution 
in Romanian practice. q

MATERIAL AND METHOD

An online questionnaire has been developed 
using the Google Forms application. It was 

first submitted for analysis to the executive board 
of the Dental and Maxillofacial Prosthodontic 
Society and its final version was approved in 
November 2019. The survey was then distributed 
via email to all 70 members of the Society  
who were invited to participate. Previous 
experience in prosthodontic rehabilitation on 
implants was the main condition for participation. 
Of all invited members, 55 responded (response 
rate 78%). Answers were summarized three 
months after launching the survey. The 
questionnaire included 36 questions, grouped 
into five sections: demographic and experience 
data, treatment planning and clinical protocols, 
material selection and manufacturing 
preferences, mechanical complications of  
the fixed prosthesis on implants, and indications 
and complications of prosthodontics on  
implants.

Multiple choice questions provided 
respondents with multiple answer options and 
were designed to cover most of the probable 
responses. Also, efforts have been made to 
minimize the bias effect of responses; therefore, 
whenever other choices were possible, the 
answer “other” was provided, with a request for 
clarification from the respondent. For questions 
with numerical answers (eg, preferred number of 
implants), answer options were presented in 
ascending order. The results were summarised in 
an Excel document, coded and statistically 
processed using the specific software (SPSS v20.0; 
IBM Corp). q

RESULTS

In the first phase of the study, a frequency 
analysis of each option was performed, followed 

Current level of iMplAnt prosthesis AppliCAtion

Resin-polymerized material in the laboratory, acrylic teeth and milled metallic structure in both arches 
was the preferred design for fixed restauration in both arches. Multiple statistic significant correlations 
(p<0.05) were found between the design type and complications. 

Conclusions: Our findings outline current clinical and technological preferences in Romanian practice 
on prosthetic implant rehabilitations, illustrating a great need for further research and education consensus.

Keywords: dental implant, implant prosthesis, prosthetic complications,  
prosthodontic specialist.
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by an analysis of statistical significance. Thus, a 
potential association between variables was 
explored by using Fisher’s exact test, likelihood 
ratio and linear-by-linear association; also, pairs 
of two questions were tested, each answer 
correlation with each option of the second one, 
considering a standard of statistical significance 
p value close to 0.05. 

Demographic data, career status and 
experience of respondents

Respondents, of whom 67.3% were women, 
had an average age of 36 years, with a minimum 
of 25 years (7.3%) and a maximum of 63 (1.8%).

Respondents were mostly clinicians working 
in private practices, one third of them being 
involved in University clinic and none retired 
(Figure 1). Regarding the number of years of 
experience, 47.3% of respondents had less than 
10, and the remaining ones, in relatively equal 
proportions, between 11-20 years and 
21-30 years.

Most respondents made over 21 crowns and 
bridges on implants, and in an equal percent 
(41,8%), over 21 and less than 5 total 
reconstruction on implants were performed. We 
could conclude that the study group had above 
average experience (Figures 2-3).

Treatment planning and clinical protocols

Type of retention of the fixed prosthesis on 
implant – Regarding the method of retention on 
implant, the vast majority of practitioners prefer 
screwing (80.5%).

Options offered by the questionnaire revealed 
that 61.8% of dentists use titanium abutment, 
with custom abutment being ranked 2nd in order 
of preferences. To the “other” option, two 
respondents added straight/angled/calcinable 
abutment. 

The ideal number of implants indicated in 
planning of the total fixed prosthetic on implants 
– For the question regarding the ideal number of 
implants indicated in full-arch, implant-sup-

Current level of iMplAnt prosthesis AppliCAtion

FIGURE 1. 
Respondents’ career 
status 

FIGURES 2-3. Number of crowns 
and bridges made on implants – 
number of total fixed prosthetic 
restorations on implants
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ported, fixed prosthetic treatment (considering 
the situation of a sufficient quantity and quality 
of bones and a full implant bridge as antagonist), 
the main option was 6 for both arches.

Preferred type of implant and platform in 
full-arch, implant-supported, fixed prosthetic 
treatment – In the realization of a full fixed 
implant restauration, the majority of clinicians 
prefer bone level implants (76.4%) (Figure 8), 
platform switched (70.9%) or both (25.5%) 
(Figure 9). Most dentists use multiunit abutments 

for all implants (69.1%), while 23.6% do not use 
intermediate parts (Figure 10).

Temporary restorations on the fixed prosthesis 
on implants – Of all respondents, 58.2% stated 
that they performed temporary prosthesis 
immediately after surgery, with 40.6% of them 
using it in 48 hours postoperatively and 25% 
immediately after surgery. Most of those who 
resorted to temporary prosthesis (74.2%) used 
indirect methods with laboratory intervention 
(Figures 11-12-13).
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FIGURES 6-7. The ideal number 
of maxillary and mandibular 
implants, respectively, indicated in 
total fixed prosthetic on implants 

FIGURES 4-5. Type of retention 
of the fixed prosthetics on 
implant. Type of prosthetic 
abutment in implant prosthetics 
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Type of impression made in the fixed 
prosthetics on implants – In the case of fixed 
rehabilitations on sectorial areas, the main 
choice for both sectorial or full arch restorations 
on implants was the open tray technique with 
rigidly splinted transfers, 43.6% of respondents 
always using a verification jig made of acrylic 
material; however, 50.9% of clinicians do not 
use any verification guide. Testing the possible 
correlation between clinical experience and 
preferred type of impression in order to achieve 
full arch restorations on implants, the likelihood 
ratio test indicates a significant difference 
between percentages (p=0,037179) and a 
correlation with option of open tray without 
splinted transfers, which is usually chosen by 
experienced doctors (over 31 years).

Retightening of screws after applying the 
restoration – Tightening of screws in a subsequent 
appointment for performing implant restauration 
is common for only 52.7% of respondents, with 

14.5% never performing this maneuver. There is 
a statistically significant association between 
clinical experience and proactive retightening of 
screws (p=0.0,008429) (Table 1). The 
combination of clinical experience and option of 
never retighten the screws shows a significant 
difference (p=0.023744) between answers on 
age categories (11.1%, 0.0%, 38.5%, 0.0), 
without being possible to detect a linear 
association. The combination of clinical 
experience and option of sometimes retighten 
the screws shows a significant difference between 
percentages (70.4%, 42.9%, 30.8%, 0.0%) and a 
trend of statistically significant linear decrease 
(p = 0.007457) (Table 1). Those with little clinical 
experience use to retighten the screws mostly 
inconstantly. For the option to always tighten the 
screws there is a significant difference between 
response rates (18.5%, 57.1%, 30.8%, 100.0%) 
depending on the age category (p=0.036722), 
but this cannot be detected linearly. Among 
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FIGURES 8-9-10. Preferred 
implant design for prosthetics 
all fixed on implants. Type of 
implant for total prosthesis fixed 
on implants. Preference for using 
multiunit abutment 
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respondents with extensive clinical experience 
(31-40 years), the highest percentage ticked the 
affirmative answer of this option (Table 1). 

Selection of material and technology for the 
manufacture of full fixed implant restoration

During the planning of implant restoration, 
78.2% of respondents take into account the 

presence of the same type on the opposing 
occlusal faces. For the full fixed implant maxillary 
restoration, the most frequently accessed 
solution is acrylic resin laboratory processed, 
acrylic teeth and the milled metal structure both 
in the maxilla and mandible. 

The second option most frequently ticked for 
both arches was CrCo structure milled with 
cemented crowns.

Current level of iMplAnt prosthesis AppliCAtion

FIGURES 14-15. Type of 
impression used for crowns 
and bridges on implants. Type 
of impression used for full arch 
total prosthetics on implants

FIGURES 11-12-13. Use of 
immediate temporary restauration 
right after implant placement. 
Preferred moment for temporary 
restauration application. 
Technical modality to make the 
immediate partial prosthesis after 
implant placement. 
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Regarding the association between the level 
of experience and choice of restoration options 
for laboratory polymerized resin, acrylic teeth, 
milled metal structure, the likelihood ratio test 
indicates a significant difference (22.2%, 57.1%, 

53.8%, 100%), but this cannot be detected; 

there is an ascending linear trend, sometimes 

depending on the clinical experience, which is 

statistically significant (p = 0.014189) (Table 1).
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FIGURES 16-17. Preferred 
design/material for maxillary 
full fixed definitive implant 
restoration. Preferred  
design/material for mandibular 
full fixed definitive implant 
restauration

FIGURES 18-19-20. The 
most common complications 
encountered in fixed prosthesis 
on implants. The most common 
issues encountered in fixed 
prosthesis on implants. The most 
common situations in which 
repair of fixed prostheses on 
implants is required
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For the option of total zirconium crowns on 
implants in maxillary restorations, the likelihood 
ratio test indicates a significant difference 
between percentages (33.3%, 28.6%, 0.0%, 
0.0%), a linear decreasing trend that is sometimes 
statistically significant (p=0.025439), depending 
on the clinical experience (Table 1). 

Sometimes there is an ascending linear trend, 
depending on the clinical experience, an 
association that is statistically significant 
(p=0.046517), when opting for restoration of 
milled metal structure (Ti, CrCo) with cemented 
crown. On a linear decreasing trend of the use of 
milled PMMA material/design and milled metal 
structure, mandible restoration can be observed 
(25.9%, 14.3%, 0.0%, 0.0%), depending on the 

clinical experience, which is statistically 
significant (p = 0.035997) (Table 1). 

Also, there is an increasing linear tendency of 
using material/design of the milled polymer 
structure type (Peek, Pekkton), with cemented 
crowns in the mandible according to the clinical 
experience, which is statistically significant 
(p= 0.036145); this time, most of those who 
prefer it are experienced doctors (31-40 years) 
(Table 1). 

The trend of linear growth of the use of 
material/design of metal-type structure  
with cemented crowns, depending on the 
clinical experience, proves to be statistically 
significant (p=0.013578), the solution being 
chosen especially by experienced doctors  
(Table 1). 

FIGURE 21. Preferred 
attachment system in 
implant overdenture 

TABLE 1. 
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Mechanical complications of fixed prosthesis 
on implants

The most frequently reported complications in 
fixed restoration on implants are related to 
aesthetics (65.6%), but more than half (58.2%) of 
dentists also report occlusal problems. Among 
mechanical complications, the fracture of 
aesthetic component (60%) is reported in the 
first place, followed by screw fracture and 
aesthetic component wear (34.5%). Thus, repair 
of aesthetic component ranks first among 
requests for repair of fixed prostheses (70.9%). 
However, 61.1% of doctors do not address any 
measure to prevent the cracking of aesthetic 
component in the molar area.

The association between the occurrence of 
the screw fracture with the clinical experience is 
statistically significant (p=0.022963), without an 
established linear correlation (Table 1). 

Testing the combinations of the preferred de-
sign/material for full fixed implant maxillary res-
torations and the most common mechanical 
complications encountered in treatment by fixed 
prosthesis on implants, a statistically significant 
positive correlation (p=0.006333) appeared be-
tween screw fracture and milled metal structure 
(Ti, Cr-Co) with cemented crowns, cast metallic 
structure with cemented crowns – deterioration 
with fracture and aesthetic component 
(p=0.022928).

In the association between design/preferred 
material for the final full fixed mandibular im-
plant restoration and the most frequent mechan-
ical complications encountered in treatment 
with full fixed implant restorations, there is a sta-
tistically significant correlation (p=0,036145) 
between fracture of aesthetic component and 
restoration of polymerized resin material in the 
laboratory, acrylic teeth, and metal structure 
cast, while screw fracture is statistically signifi-
cantly correlated with the option of milled poly-
mer structure (Peek, Pekkton) with cemented 
crowns in full fixed mandibular implant restora-
tion (p=0,013578) (Table 1). 

Indications and complications of 
overdentures restorations on  
implants

Regarding the overdenture restorations on 
implants, the minimum number of implants was 
four (62,5 %) in the maxilla and six in the 

mandible (50%), with the most frequently used 
retentive system being custom abutments 
(43.6%) (Figure 19). Among accidents which 
appear in this type of treatment, 71.1% were 
related to overdenture components, 56.4% 
being represented by unscrewing. q

DISCUSSIONS

The questionnaire conducted on a group of 
prosthodontic specialists, members of the 

Society of Dental Prosthetics and Maxillofacial, 
highlighted the following aspects:

• In Romanian dental practice, fixed 
screwed rehabilitations at the implant level on 
titanium abutments are preferred, which is in 
opposition to Chowdhary’s study (10), where 
cement-retained prosthesis was the restoration 
approach chosen by most dentists across 
countries participating in the survey

• There are divergent opinions regarding 
the preference of the number of implants to 
provide support for total fixed rehabilitation of 
the maxilla and mandible, the largest number 
choosing the option of 6 in both arches. In the 
questionnaire study conducted among Pacific 
Coast members Society for Prosthodontics in 
2019 (1), the number of those who chose 6 for 
maxilla was similar (56%), but the minimum 
number of implants selected was 4. The situation 
for the mandibula was different, American 
prosthodontists voting in relatively equal 
percentages between options of 4.5 and 6. 
Romanian clinicians considered the optimal 
implants option (38.2%), which was not voted by 
any participant in the American survey.

• For full arch fixed implant rehabilitation, 
most respondents expressed their preference for 
bone-level implants, ascending statistic significant 
correlated with clinician’s experience. Romanian 
prosthodontists mostly use platform switched 
with the use of multiunit components for all 
implants, while American specialists (8) equally 
vote for platform switch and ambivalent. 
Proactive retightening of screws is performed 
only sometimes by half of participants in the 
present survey, similarly to other reports in the 
literature (8), with a statistically descending 
correlation with experience. In proportion of 
58.2%, Romanian prosthodontist do not use 
immediate temporary restorations after implant 
placement, and of those who practice it, 40.6% 
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perform it within 48 hours with the participation 
of the dental technician, while in the American 
group (8), the majority vote (79%) is for 
immediate restauration or during the surgical 
procedure and realization by direct technique in 
the office (72%).

• The most popular impression technique, 
both for single unit or bridges (63.6%) and full 
arch implant restorations (81.8%), is the open 
tray with rigid splinting of transfer systems 
inserted at the level of implants; only half of 
cases (49.9%) are using checking devices (jig) 
from acrylic, gypsum, PMMA, while American 
practitioners use a resin jig to check the position 
of implants in a much higher percentage. The 
results of a study performed in Israel in 2017 (9) 
showed that their prosthodontist specialists 
chose mainly open tray impression technique, 
while general dentists’ preferences were standard 
tray impression technique.

•  In most cases there is a clear preference 
for the same material on the opposing faces of 
antagonistic rehabilitations, and the most 
commonly used technological option in full arch 
rehabilitation is the resin-polymerized material 
in the laboratory, acrylic teeth, milled metallic 
structure in both arches. This finding is similar to 
that of Schoenbaum’s study as far as the mandible 
is concerned (8), but for the maxilla, only 18% of 
American doctors opted mostly for zirconia 
crowns on titanium base (33%). While the 
structure milled by CrCo with cemented crowns 
was the second option for Romanian doctors, 
American practitioners voted for lab-processed 
resin, denture teeth, over a milled metal (Ti) bar 
at maxilla and zirconia crowns on Ti-base on the 
mandible. In our study, the results show an 
ascending correlation between years of practice 
and restorative choice for both arches implant 
restauration for resin-polymerized material in 
the laboratory, acrylic teeth, milled metallic 
structure and milled CrCo structure with 
cemented crowns, milled polymer structure 
(Peek, Pekkton) with cemented crowns in the 
mandibular arch. Also, there is a descending 
correlation between experience and option of 
implant zirconia total crowns in the maxillary 
implant rehabilitations and milled PMMA resin 
over a milled metal bar in mandibular implant 
restorations.

• The most frequently reported problems 
of fixed rehabilitation on implants are related to 

aesthetics; thus, fracture of aesthetic components 
is considered to be the most common accident 
in practice, and damage of aesthetic components 
is in the top of repairing request. Despite these 
reports, 61.1% of physicians did not take any 
measures to prevent cracking of physiognomic 
materials. Our statistical analyses show an 
ascending correlation between experience and 
screw fracture. Also in our correlation analysis, 
the preferred definitive prosthesis design/
material for the maxilla was significantly 
associated with specific complications, such as 
Zr over milled metal bar with esthetic problems, 
lab-processed resin, denture teeth, over a cast 
alloy bar with occlusion problems, milled metal 
framework (Ti, CrCo) and cemented crowns with 
screw fracture, cast metal framework with 
cemented crowns with repair request due to 
damage or breakage of the esthetic component. 
For the mandible, the preferred definitive 
prosthesis design/material was significantly 
associated with specific complications, such as 
full-contour Zr to the implant and esthetic 
problems, milled metal framework (Ti, CrCo) 
with cemented crowns and occlusion problems, 
lab-processed resin, denture teeth, over a cast 
alloy bar with fracture of the esthetic component, 
milled polymer framework (PEEK, Pekkton) and 
cemented crowns with screw fracture. In the 
light of these results, further studies should be 
conducted to investigate these possible 
associations and their causes.

• Regarding overdentures restorations on 
implants, Romanian prosthodontists prefer a 
minimum of four implants in the maxilla and six 
in the mandible. This treatment modality, being 
known to improve oral functions (12), was pre-
ferred by most dentists worldwide, with variation 
in the number of implants used for treating their 
mandibular edentulous patients (10); even 
McGill consensus statement suggests that for the 
restoration of an edentulous mandible, two im-
plant-retained over denture should be the first 
choice of the treatment (13). The most common-
ly used retentive system voted in our study is 
custom abutments, and the accidents which ap-
peared were related to overdenture compo-
nents, more than half of them being represented 
by unscrewing. 

Interpreting and using study data needs to 
take into account that the survey is limited to a 
single prosthetic organization and geographical 
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area, and it represents just a snapshot of 
specialized opinions related to implant prosthetic 
restorations. q

CONCLUSIONS

The results show that, in Romanian practice, 
screwed rehabilitations on bone level im-

plants with multiunit abutments are preferred for 
fixed prosthodontic solutions and custom abut-
ments for removable prosthesis. Most common 
problems of fixed rehabilitation on implants are 
related to aesthetics and for overdenture to un-
screwing. Resin-polymerized material in the la-

boratory, acrylic teeth, milled metallic structure 
in both arches was the preferred design for fixed 
restoration in both arches. Multiple correlations 
were found between the design type and com-
plications, illustrating a great need for further re-
search and education. q
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ABSTRACT
Objective: The present study aimed to evaluate the effect of curing time and bleaching agents on microhybrid 

composite resin surface microhardness. 
Materials and methods: A total of 180 microhybrid composite resin disks were divided into two groups in 

terms of curing time: 40 s, 60 s. Then, each group was divided into three subgroups: control (distilled water), 
home bleaching (15% carbamide peroxide) and office bleaching (40% hydrogen peroxide). Surface microhardness 
of the samples was determined by using Vickers hardness test both at baseline and after the completion of the tests. 
Two-way ANOVA and Tukey HSD tests were used to analyze and compare microhardness changes between 
groups. Statistical significance was defined at P<0.05.

Results: Based on the two-way ANOVA, curing time, bleaching method, and cumulative effect of these 
two variables significantly affected composite resin microhardness (P<0.001). Tukey HSD tests showed that 
microhardness had significantly decreased in the bleaching groups, with the highest decrease when the office 
bleaching method was used (P<0.001). The samples cured for 40 s exhibited lower microhardness than those cured 
for 60 s and had an increased reduction in microhardness after bleaching (P<0.001). 

Conclusion: Application of both bleaching methods decreased the surface hardness of microhybrid composite resin. 
An increase in the curing time was associated with a decrease in adverse effects of bleaching agents on microhardness.

Keywords: composite resin, hardness, polymerization, tooth bleaching agent.

2020; 15(3): 359-364
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INTRODUCTION 

Tooth bleaching is one of the most com-
mon esthetic procedures in dentistry. 
Bleaching agents effectively remove 
stains and discolorations from tooth 
surfaces. These agents can be used in 

the office or at home, by the patient (1). Blea-
ching agents are primarily based on hydrogen 
peroxide (HP) or its derivatives such as carb-
amide peroxide (CP) and bleach the teeth 
through the release of peroxide free radicals. 
These radicals combine with internal and exter-
nal pigments of the teeth and remove them 
through an oxidative reaction (2).

Tooth-colored restorative materials, especial-
ly composite resins, comprise an important as-
pect of modern dentistry. Composite resins are 
more susceptible to chemical changes than me-
tallic restorative materials and neutral ceramics 
due to their organic matrix. One of the problems 
associated with the use of bleaching agents is 
that they can damage the surface of composite 
resin restorations, resulting in bacterial adhesion 
(3). The final effect of these chemical agents on 
composite resins depends on the type and resis-
tance of the resin matrix, composite resin filler 
content, the bleaching gel, and the duration of 
their application (4). Different studies have re-
ported contradictory results on the effect of 
bleaching agents on composite resin surface mi-
crohardness, with some reporting a decrease in 
composite resin surface microhardness after the 
use of these agents (5–7). However, some other 
studies have not reported any changes in the 
composite resin surface microhardness after ap-
plying bleaching agents (8–11). 

Composite resin surface microhardness de-
pends on the mechanical properties of the mate-
rial and its disintegration. Various factors related 
to composite resin composition, including the 
monomer type, size and filler content, can affect 
their mechanical properties (12, 13). Composite 
resin surface microhardness might be affected by 
the curing time. Adequate curing time leads to 
the formation of adequate polymeric chains, 
bringing about better properties, including mi-
crohardness and compressive strength (14, 15).

Considering the effects of various factors, an 
increase in surface microhardness and an 
improvement in the physical properties of 
compo site resins through an increase in curing 

time might improve its clinical longevity and 
resistance against chemical agents, including 
blea ching agents. Since no research has been 
carried out on this topic so far, the present study 
aimed to evaluate the effect of two bleaching 
techniques and two curing times on the surface 
microhardness of microhybrid composite 
resin. q 

MATERIALS AND METHODS

The study protocol was approved by the Ethics 
Committee of Tabriz University of Medical 

Science (Ir.Tbzmed.rec.1395.527).

Preparation of resin samples

Amelogen Plus (Ultradent, South Jordan, USA) 
microhybrid composite resin with A3 shade was 
used in the present study. A total of 180 disk-
shaped composite resin samples (2 mm in 
thickness and 8 mm in diameter) were prepared 
using a round matrix. The circular mold was 
placed on a glass slab; after placing the compo-
site resin material within the mold, a Mylar trans-
parent matrix band was pressed on the mold to 
achieve a smooth surface on the composite resin 
and prevent the formation of an oxygen-inhibi-
ted layer. Then, the composite resin samples 
were light-cured through the Mylar matrix with-
out any distance, using a quartz tungsten halo-
gen (QTH) light-curing unit (Astralis 7, Ivoclar 
Vivadent FL 9494Schaan, Liechtenstein) at a 
right angle to the surface and a light intensity of 
500 mW/cm2 in terms of the following curing 
times: 

1. A curing time of 40 seconds (n=90)
2. A curing time of 60 seconds (n=90)
The light-curing unit’s power density was re-

peatedly checked during the tests with a radio-
meter (Demetron, Kerr, USA). The inferior sur-
face of the samples was marked to make a 
distinction between this side and the surface on 
which the tests were carried out. The samples 
were polished with medium to superfine poli-
shing disks (Sof-Lex TM, 3M ESPE, St. Paul, USA) 
according to the manufacturer’s instructions, fol-
lowed by rinsing with distilled water and clea-
ning in an ultrasonic device for two minutes to 
remove all the debris. The prepared samples 
were stored in distilled water at 37˚C for 
24 hours.

MiCrohArdness of MiCrohyBrid CoMposite resin
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Bleaching procedures

The samples were divided into three subgroups 
(one control group and two test group) (n=30) to 
carry out the bleaching procedures for two 
weeks according to the manufacturer’s instruc-
tions:

a. Control group; two weeks of storage in 
distilled water at ambient temperature; 

b. At-home bleaching with 15% carbamide 
peroxide (15% Opalescence PF; Ultradent, 
South Jordan, USA), four hours a day for 
two weeks;

c. In-office bleaching with 40% hydrogen 
peroxide (40% Opalescence Boost, Ultradent, 
South Jordan, USA), three times during the study, 
20 minutes each time, at one-week intervals.

The bleaching agent was applied to the com-
posite surface with a thickness of 1 mm (mea-
sured with a scaled periodontal probe) so that it 
covered the material surface completely. After 
each bleaching procedure, the samples were ir-
rigated with distilled water and stored in distilled 
water at ambient temperature until the next pro-
cedure. In all groups, fresh distilled water was 
used every day. 

Evaluation of surface microhardness

The surface microhardness of all samples was 
determined at baseline (24 hours after polyme-
rization) and after the tests, in both the control 
and test groups, using a Vickers hardness testing 
machine (UHL Co., Germany) with a Vickers in-
denter with a 100-gr force and a dwell time of 
15 seconds. To this end, the composite resin 
disks were dried with a piece of gauze, and their 
upper surface was placed under the indenter; 
three indentations were produced in each sam-
ple ≥1 mm way from the disk margins and other 
indentations. The microhardness values at all the 
three points were measured by determining the 
diameter of the indented rhombus using the fol-
lowing formula: VH=1.854 F/d2 (16). Finally, 
the mean of the three points was reported as the 
surface microhardness of each composite resin 
sample.

Statistical analysis

SPSS 20 was used to compare the surface micro-
hardness values of the groups. Two-way ANOVA 
was used to compare the differences in the 

means before and after intervention in the con-
trol, home, and office bleaching groups and the 
40- and 60-second light-curing groups. Tukey 
HSD tests were used for the two-by-two com-
parisons of the groups. Normal distribution of 
data was analyzed with Kolmogorov-Smirnov 
test and Levene’s test was used to evaluate ho-
mogeneity of variances among the groups. Statis-
tical significance was set at P<0.05. q 

RESULTS

Table 1 summarizes the means and standard 
deviations (SD) of surface microhardness 

changes after bleaching intervention on the 
composite resin groups with 40-second and 
60-second curing times. According to the results 
of two-way ANOVA, the effects of curing time, 
type of bleaching agent, and their cumulative ef-
fect on microhardness were significant 
[(F=191.03, P<0.001), (F=780.25, p<0.001) 
and (F=67.83, p<0.001) respectively]; the mi-
crohardness change patterns were not the same 
before and after bleaching in the composite resin 
groups with 40-second and 60-second curing 
times in terms of bleaching agent type.

According to Tukey HSD test results for 
two-by-two comparisons of the changes in mean 
microhardness values in terms of curing time, the 
samples cured for 40 seconds exhibited less mi-
crohardness than those cured for 60 seconds, 
and the decrease in microhardness was more 
marked than that in the 60-second group 
(P<0.001). Two-by-two comparisons of micro-
hardness changes between the bleached surfa-
ces showed that the highest decrease was related 
to office bleaching (P<0.001). q

MiCrohArdness of MiCrohyBrid CoMposite resin

TABLE 1. The means (standard deaviations) of surface microhardness 
reduction in the study groups
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DISCUSSION

Since surface microhardness is one of the most 
important physical properties of composite 

resins, affecting their surface resistance to abra-
sion and scratch, the present study evaluated the 
effects of two bleaching techniques (at-home: 
15% CP; in-office 40% HP) and curing time 
(40 seconds and 60 seconds) on the surface mi-
crohardness of microhybrid composite resin.

According to the results of the present study, 
both in-office and at-home bleaching techniques 
resulted in a significant decrease in composite 
resin surface microhardness, which is consistent 
with the results of a study by Kamangar et al, 
who reported a decrease in composite rein sur-
face microhardness after bleaching with 15% CP 
and 40% HP (17). In a study by Taher et al, 15% 
CP for home bleaching resulted in composite 
resin surface softening (18).

Carbamide peroxide disintegrates into 
1/3 hydrogen peroxide and 2/3 urea in contact 
with water (19). Hydrogen peroxide produces 
free radicals, resulting in the separation of poly-
mer chains and breakage of double bonds in the 
composite resin structure, which might be rela-
ted to a decrease in surface microhardness. Also, 
free radicals affect the resin–filler interface and 
lead to microcracks (11).

In the present study, the use of in-office 
bleaching with 40% HP resulted in a greater de-
crease in the surface microhardness of compo-
site resins compared to at-home bleaching with 
15% CP, which might be explained by an in-
crease in the disintegration of composite resin 
material by the higher concentration of HP in the 
in-office bleaching technique (20, 21). In con-
trast to the present study, Polydora et al reported 
that home bleaching with 15% CP (22) and of-
fice bleaching with 38% HP (23) did not affect 
the surface microhardness of composite resins. 
Yu et al reported that the surface microhardness 
of composite resins was not affected by 15% CP 
(24). In a study by Yikilgan et al, 10% CP in a 
home bleaching technique resulted in a decrease 
in composite resin surface microhardness, while 
45% CP in the office bleaching technique did 
not affect it, which was attributed to the 
long-term application of bleaching agents in the 
home bleaching technique than the in-office 
bleaching technique; this might have a detri-
mental effect on composite resin surface (25).

The discrepancies in various study results 
might be attributed to differences in methodolo-
gies and materials used. The effect of the blea-
ching agents on the surface characteristics of 
composite resins depends on the type of blea-
ching agents, their application time, and the sub-
strate (23). Since the bleaching agents affect the 
resin matrix, composite resins with a higher vo-
lume of the matrix are more susceptible to the 
adverse effects of bleaching agents (23).

Another finding of the present study was the 
higher microhardness of composite resins cured 
at a longer time (60 seconds) than composite re-
sins cured for the time recommended by the 
manufacturer (40 seconds). Besides, there was a 
smaller decrease in surface microhardness after 
the bleaching process of composite resins cured 
for 60 seconds compared to those cured for 
40 seconds. Consistent with the present study, a 
study by Farahat et al showed that an increase in 
curing time from 20 to 40 seconds with an LED 
light-curing unit at 1 000 mW/cm2 light intensity 
increased the conversion rate and microhard-
ness of composite resins (26). Also, in a study by 
Lima et al, an increase in curing time from 20 to 
40 seconds with an LED light-curing unit at 
800 mW/cm2 intensity increased the microhard-
ness of composite resins on the superior and in-
ferior surfaces of the samples (27). Another study 
showed that, under clinical conditions, the radi-
ant energy released to the inferior surface of 
composite resin was less than the recommended 
values, which was affected by the thickness and 
type of composite resin and the curing condi-
tions. Therefore, under clinical conditions, most 
composite resins achieve 80% of their micro-
hardness. An increase in curing time might result 
in higher radiant energy and at an adequate level 
(28). Based on previous studies, there is a linear 
relationship between the surface hardness of 
composite resins and the conversion rate. An in-
crease in curing time increases the photons irra-
diated on the composite resin, increasing poly-
merization rate and an improvement in the 
material’s physical properties (29,30), which 
might affect the resistance of the resin matrix to 
bleaching agents in composite resins cured for a 
longer time. One of the concerns associated with 
an increase in curing time is an increase in tooth 
temperature. However, this increase in tempera-
ture is at an acceptable level and lower with 
low-intensity light-curing units (28). 

MiCrohArdness of MiCrohyBrid CoMposite resin



363Maedica
  

A Journal of Clinical Medicine, Volume 15, No. 3, 2020

In contrast to the present study, Borges et al 
reported no differences in the microhardness of 
low-viscosity composite resins cured for different 
times (10, 20, 30, 40, 50, and 60 seconds) with 
an LED light-curing unit at 1 264 mW/cm2 inten-
sity (31). Also, in a study by Ozduman et al, dif-
ferent curing times (10, 20, and 30 seconds) did 
not lead to changes in the microhardness of the 
inferior surface relative to the superior surface of 
composite resin samples (32). Various factors, in-
cluding the size and composition of fillers and 
monomers in composite resins, the type and 
light intensity of the light-curing unit, and the du-
ration of curing, affect monomer conversion rate 
and composite resin microhardness (33). A com-
bination of these factors might explain the diffe-
rences in results of different studies. It appears 
that the effect of increasing the curing time on 
improving microhardness is more prominent in 
light-curing units with a lower intensity of radia-
tion. In the present study, a QTH light-curing 
unit with a light intensity of 500 mW/cm2 was 
used to cure the composite resin samples. 

Considering the results of the present in vitro 
study, an increase in microhardness and physical 
properties of composite resins by increasing the 
curing time might improve their clinical longevity 
in the face of chemical agents, including tooth 

bleaching agents. Even at low concentrations, 
bleaching agents might adversely affect compo-
site resin surfaces if used for a long time. Since it 
is difficult to extend these findings to clinical 
conditions and it is difficult to carry out many 
procedures ideally in the oral cavity, it is sugges-
ted that studies be carried out under conditions 
very similar to the clinical conditions to evaluate 
the effects of different curing times with different 
light-curing units on different composite resin 
materials. q

CONCLUSION

Under the limitations of the present study, it 
might be concluded that: 1) as a result of 

using at-home (15% CP) and in-office (40% HP) 
bleaching agents, the surface microhardness of 
microhybrid composite resin decreased to va-
rying extents, depending on the method of 
bleaching; 2) an increase in the curing time of 
microhybrid composite resin increased its sur-
face microhardness and resistance and, to a les-
ser extent, led to a decrease in microhardness 
after bleaching. q
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ABSTRACT
Background and aims: Identification of coronary artery disease by non-invasive means is a subject of 

interest for all. Myocardial strain has shown some promising results. This study intends to see if change 
in strain value correlates with the angiographic findings in patients with stable angina. It is also assessing 
whether myocardial strain can predict the presence of coronary artery disease (CAD) in stable angina patients.

Methods: This cross-sectional study was carried out on 84 stable angina patients with no previous 
cardiac history and normal LV function undergoing coronary angiogram for guideline-based indication. 
After careful history, clinical examination and investigations, including conventional echocardiography, 
selected participants underwent 2-D speckle tracking echocardiography for measurement of myocardial 
strain by automated functional imaging. All participants underwent coronary angiogram and stenosis 
>70% was considered significant. Gensini score was calculated. The myocardial strain value and Gensini 
score were correlated.

Results: Global longitudinal strain (GLS) was significantly lower in patients with significant CAD 
than those with non-significant CAD (-16.1±2.6% vs -19.4±2.2%; p < 0.001). The optimal cut-off value 
of GLS, which discriminated between patients with and without significant coronary artery disease, was 
-18.05% (sensitivity=81.8% and specificity=85%). Also, GLS declined incrementally with the increasing 

2020; 15(3): 365-372
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INTRODUCTION

Chronic stable angina from coronary 
artery atherosclerosis remains a 
chief public health concern in most 
industrialized nations and has be-
come a leading cause of death and 

disability in developing countries (1). The ability 
to predict the presence of significant coronary 
stenosis can help to decrease morbidity and 
mortality due to ischemic heart disease.

Conventional echocardiography does not 
provide much information about the presence of 
coronary artery disease (CAD) in suspected sta-
ble angina patients. Exercise testing has been 
recommended as a first-line diagnostic test in pa-
tients with suspected stable angina (2), although 
its limited sensitivity and specificity have been 
criticized (3). Dobutamine stress echocardiogra-
phy (DSE) is widely used for assessing the pre-
sence, location, and extent of CAD, but it re-
mains limited by its subjective interpretation and 
dependence on both image quality and expe-
rience )4). Invasive coronary angiography, though 
the gold standard for diagnosis of CAD, conside-
ration of this approach should be weighed 
against the risks of the invasive procedure (5).

The need for a more quantitative and less in-
vasive method for evaluation of CAD in stable 
angina patients has provoked the introduction of 
several imaging methods, of which strain is show-
ing great promises. Longitudinally orientated 
myocardial fibers are located subendocardially, 
the area most susceptible to ischemia. So the 
measurement of longitudinal motion and defor-
mation may be the most sensitive markers of 
CAD using tissue Doppler imaging (TDI) (4) or 
2-dimensional strain echocardiography (2DSE) 
(6, 7). 

Even though newer non-invasive modalities 
with good predictive values, such as CT coronary 
angiography and myocardial perfusion imaging, 
are available, they are not widely used in a de-
veloping country like Bangladesh because they 
are expensive and can be accessed only in urban 
advanced medical centers. In this scenario, an 
echocardiography based imaging modality for 
diagnosis of CAD would be of significant value. 
Similar studies using longitudinal strain have 
been previously conducted in other parts of the 
world (11), but so far, none was performed in 
our geographical area.

The aim of this study is to evaluate the cor-
relation between myocardial strain value by 
2-D speckle-tracking echocardiography and an-
giographic findings by coronary angiogram in pa-
tient with stable angina. q

METHODS

Study population

From November 2016 to December 2017, 
84 patients with stable angina coming for evalu-
ation to UCC, BSMMU, were included. Stable 
angina was defined as chest pain or discomfort 
(angina) suspected to be caused by myocardial 
ischemia. Anginal symptoms were considered 
stable if they were present for several weeks 
without deterioration and were typically induced 
by activity or stress. All patients, including the 
young population, were considered for coronary 
angiogram based upon guideline-based indica-
tion (5) (positive exercise tolerance test). Patients 
with known ischemic heart disease, except sta-
ble angina, congestive heart failure, heart valve 
disease, congenital heart disease, left ventricular 
ejection fraction (LVEF) <50%, intraventricular 
conduction disturbances, pathological Q waves 

iMpliCAtion of MyoCArdiAl strAin in stABle AnginA

severity of CAD defined by increasing number of stenotic vessels. There was an inverse correlation between 
GLS and severity of CAD (expressed in Gensini score) in this study (r = 0.669, p< 0.001), meaning 
that GLS decreased with increasing severity of CAD. GLS remained an independent predictor for the 
presence of significant CAD after multivariate adjustment for other significant baseline characteristics and 
echocardiographic parameters.

Conclusion: The myocardial strain by 2DSE correlates with the angiographic severity by coronary 
angiogram in patients with stable angina. It is an independent predictor of significant coronary artery 
disease, which it can detect with good sensitivity and specificity. 

Keywords: 2-D speckle tracking echocardiography, myocardial strain, global longitudinal 
strain, coronary artery disease, stable angina, Gensini score.
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and arrhythmias, were excluded. Detailed histo-
ry-taking, clinical examination and investigations 
including ETT, conventional echocardiography 
and 2DSE were done. All participants underwent 
CAG (Figure 1).

Echocardiography

Echocardiography (conventional and 2DSE) was 
done using Vivid E9 (GE Healthcare) with a 
3.5 Mhz transducer. Conventional echocardiog-
raphy was done to assess left ventricular wall 
thickness, internal dimensions, wall motion ab-
normality, systolic and diastolic function by 2D, 
M-mode and Color Doppler echocardiography.

Participants underwent 2-D speckle tracking 
echocardiography for measurement of myocar-
dial strain using automated function imaging 
(AFI). It was performed from the apical four-
chamber, two-chamber, and apical long-axis 
view planes. By speckle tracking, endocardial 
border was traced in end systole. In case of poor 
tracking, ROI was readjusted. The results of all 
three planes were combined in a single bull’s 
eye summary (agreeing with the standard 17-seg-
ment model), which presented the analysis of 
each segment along with a global peak systolic 
strain value for the LV (Figure 3).

Coronary angiogram

All participants underwent coronary angiogram. 
Coronary angiography (CAG) was performed by 
percutaneous femoral or radial approach and 
was obtained for each coronary vessel in ≥two 
projections. Stenosis ≥70% reduction of the ar-
terial lumen area was considered significant. Par-
ticipants’ Gensini score was calculated for cor-
relation with the myocardial strain value. 
Coronary angiography has been visually ana-
lyzed by an experienced operator who was 
blinded to the results of the echocardiographic 
examinations.

Statistical analysis

Analysis was conducted with SPSS 16 (Statistical 
Package for Social Sciences version 16) for Win-
dows software. Continuous parameters were ex-
pressed as mean±SD (SD=statistical deviation) 
and categorical parameters as percentage. Com-
parison between groups (continuous parameters) 
was done by unpaired t test. Correlation analysis 
was done by Pearson’s correlation coefficient. 
ANOVA (analysis of variance) was used to test 
whether GLS varied with increasing severity of 
CAD defined by increasing number of stenotic 
coronary vessels. A p-value of <0.05 was con-
sidered as significant. Intra-observer and inter-
observer reproducibility was assessed in ten ran-
domly selected patients using the intra-class 
correlation coefficient.

Ethics

Informed consent was taken from all patients 
and the study was approved by the Ethical Re-
view Committee of BSMMU. q

RESULTS

Eighty four patients were enrolled in the study 
based on established inclusion and exclusion 

criteria. 
Subjects’ age ranged from 28 to 66 years, 

with mean age of 50±9.5 years (Table 1). Most 
patients were in their fourt (38.1%) and fifth 
(31%) decade of life. Three patients (3.6%) were 
under the age of 30. 

Fifty one (60.7%) patients were males, with a 
male to female ratio of about 3:2. The baseline 
characteristics and frequency of various risk fac-
tors are shown in Table 1. 

iMpliCAtion of MyoCArdiAl strAin in stABle AnginA

FIGURE 1. Study procedure flow chart
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Coronary angiography revealed that non-sig-
nificant CAD was the most common finding 
(47.6%), followed by triple vessel disease-TVD 
(20.2%), as shown in Table 2. 

Conventional echocardiography showed a 
mean LVEF of 66.7±4.2% and a mean LVIDD of 
47.1±4.2 mm in the study population. GLS cal-
culated by 2DSE revealed that mean GLS was 
significantly lower in patients with significant 
CAD than those with non-significant CAD 
(-16.1±2.6% vs -19.4±2.2%; p < 0.001). The 

GLS values according to the involved number of 
vessels are summarised in Table 3. 

There was an inverse relationship between 
GLS and Gensini score of the patients in the 
study population. The Pearson’s correlation co-
efficient was 0.669 (p < 0.001) (Figure 2).

The optimal cut-off value of the GLS score, 
which discriminated between patients with or 
without significant coronary artery disease, was 

TABLE 1. Baseline characteristics and risk factors

TABLE 2. CAG findings

TABLE 3. Association between GLS and severity  
of CAD 

FIGURE 2. Scatter diagram showing correlation 
between GLS and Gensini score

FIGURE 3. Receiver operating characteristic (ROC) 
curve analysis for determination of cut-off value to 
differentiate significant from non-significant coronary 
artery disease
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-18.05% (sensitivity 81.8% and specificity 85%; 
p<0.001) (Figure 3).

After multivariate adjustment for baseline 
characteristics (sex and angina type) and conven-
tional echocardiographic parameters (E and e’), 
GLS was the only measure that remained an in-
dependent predictor of coronary artery disease, 
with an odds ratio of 1.51 (95% CI 1.06–2.17; 
p=0,023) (Table 4).

Intra- and inter-observer variability was as-
sessed for ten randomly selected patients by in-
tra-class correlation coefficient (R). R value was 
0.983 (95% CI 0.935–0.996; p<0.001) for intra-
observer variability and 0.980 (95% CI 
0.918–0.995; p<0.001) for inter-observer varia-
bility, which showed excellent reproducibility of 
GLS measurements for both identical and diffe-
rent operators. q

iMpliCAtion of MyoCArdiAl strAin in stABle AnginA

TABLE 4. 
Independent 
echocardio - 
graphic 
predictors of 
coronary artery 
disease

FIGURE 4. Global longitudinal 
strain of a patient with mid LAD 
lesion. GLS was reduced (-16.3%) 
and Gensini score was 24
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DISCUSSION

The quest for diagnosis of CAD before the de-
velopment of debilitating endpoints like 

myocardial infarction is the subject of interest in 
nowadays world of early diagnosis and manage-
ment. Considering the invasive approaches 
over-enthusiastic for patients with normal systol-
ic function, the non-invasive approaches with 
low cost and good sensitivity and specificity are 
important researchers’ targets. This is where the 
myocardial strain stands out. In the present study, 
the myocardial strain by 2-D speckle tracking 
echocardiography has been evaluated for its cor-
relation with the angiographic findings in stable 
angina patients.

Global longitudinal strain was significantly 
lower in patients with significant CAD than those 
with non-significant CAD (-16.1±2.6% vs 
-19.4±2.2%; p < 0.001), which is in agreement 
with findings of previous studies on CAD pa-
tients. In the study of Ng et al, conducted on 177 
patients with stable CAD, the mean value of res-
ting GLS was −16.3±2.4% in subjects with sig-
nificant CAD and −19.1±2.9% in those with 
non-significant CAD (p < 0.001) (8). Shimoni 
et al (6) studied 97 patients with suspected CAD 
and found that GLS was significantly lower 
among those with significant CAD than those 
with non-significant CAD (-17.3±2.4% vs 
−20.8±2.3%, p < 0.001). Montgomery et al (9) 
found that GLS was significantly lower among 
patients with significant CAD than those with 
non-significant CAD, with mean values of GLS 
being −16.8±3.2% and −19.1±3.4%, p < 0.001. 
In a study on 86 patients with stable chest pain, 
Smedsrud et al (10) found a GLS value of 
−17.9 ± 3.5% in subjects with significant CAD 
and −20.1 ± 2.9% in those with non-significant 
CAD. In the study conducted by Biering-Sørensen 
et al (11) on 296 stable angina patients, there 
was significantly lower GLS in those with CAD 
compared to subjects without CAD (-17.1±2.5% 
vs -18.8±2.6%; p < 0.001). Norum et al (12) 
performed a meta-analysis of six studies (781 pa-
tients with suspected CAD) and found that GLS 
was significantly lower among those with signifi-
cant CAD, with mean values of GLS (−17.2±2.6% 
vs −19.2±2.8%, p < 0.001). However, these 
studies included patients who presented to the 
emergency department with various types of 
CAD, ranging from acute coronary syndrome to 

non-specific chest pain; so, our population is 
more homogenous, as it included only patients 
with stable angina.

Also, GLS declined incrementally with the in-
creasing severity of CAD defined by increasing 
number of stenotic vessels (GLS for non-signifi-
cant CAD: -19.4±2.2%; SVD: -16.7±2.0%; 
DVD: -15.8±2.6%; TVD: -15.8±3.0%), which 
was statistically significant (p < 0.001). So, de-
creasing GLS marked the chances of multivessel 
disease and/or higher degree of stenosis. 
Biering-Sørensen et al (11) agreed that GLS de-
clined incrementally with the increasing number 
of stenotic vessels (GLS for no CAD −18.8±2.6% 
vs SVD −18.0±2.4% vs DVD −16.7±2.7% vs 
TVD −16.3±2.3%, p < 0.001). Radwan and 
Hussein (13) and Moustafa et al (14) have also 
reported similar decrease in GLS values with in-
creasing number of stenotic vessels. In the study 
of Biering-Sørensen et al (11), regional longitudi-
nal strain (RLS) has been also calculated, which 
helped to provide information about how signifi-
cant the stenosis was in the vascular territory, i.e., 
LAD, RCA or LCX. However, RLS was not done 
in our study, so we could not quantify the func-
tional significance of different vessel stenosis. 
Neither radial and circumferential strain was 
performed in the present study. Subendocardial 
region, the most susceptible area to ischemia, 
has longitudinally orientated myocardial fibers. 
So, the measurements of longitudinal motion 
and deformation may be the most sensitive 
markers of CAD (6, 7).

In this study, there was an inverse correlation 
between GLS and severity of CAD (expressed in 
Gensini score) (r = 0.669, p< 0.001). This fin-
ding is in agreement with the report of Al-Zaky et 
al (15), who conducted a study on 141 patients 
with acute coronary syndrome (r = 0.60, 
p < 0.001). Other angiographic scoring systems 
have also been used to study the correlation be-
tween GLS and severity of CAD. Vrettos et al (16) 
correlated GLS and Syntax score in 71 stable an-
gina patients and found a significant inverse cor-
relation (r = 0.3869, p < 0.001). Similarly, 
Moustafa et al (14) performed a study on 200 
stable angina patients and found an inverse cor-
relation between GLS and Syntax score which 
was significant for intermediate and high score 
(p < 0.001) but insignificant for low score 
(p = 0.05). However, Gensini score has been 
shown to strongly correlate with the atheroscle-
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rotic plaque burden assessed by IVUS (17), so 
the use of Gensini score in this study for quanti-
fication of CAD severity is justified.

The optimal cut-off value of GLS score, which 
discriminated between patients with and with-
out significant coronary artery disease, was 
-18.05% (81.8% sensitivity and 85% specificity, 
AUC 0.86, 95% CI 0.78–0.95, p < 0.001); also, 
it was an independent predictor for the presence 
of significant CAD. Various studies have found 
different cut-off values for GLS for predicting the 
presence of significant CAD. Shimoni et al (6) 
found that the cut-off value for GLS predicted 
significant CAD at -19.7% (sensitivity 81% and 
specificity 67%). Montgomery et al (9) showed 
that GLS -17.8% might predict significant ob-
struction of CAD with 66% sensitivity and 76% 
specificity. Smedsrud et al (10) found a low sen-
sitivity (51%) but optimum specificity (81%) of 
GLS at a cut-off value of -17.4% for prediction of 
significant CAD. Biering-Sørensen et al (11) 
found the optimal cut-off value for GLS to be 
-18.4%, with 74% sensitivity and 58% specificity. 
In the Hunt Study (18), the GLS value of normal 
individuals was -17.4% (±2.3) in women and 
-15.9% (±2.3) in men. In previous studies, the 
variation in optimal cut-off value of GLS could 
be explained by the clinical characteristics of se-
lected patients, effect of diastolic function and 
their hemodynamic parameters (i.e., blood pres-
sure) during image acquisition (19), by using dif-
ferent equipment, different design, vendor de-
pendent 2DSE software and operator skills 
(9, 10, 20). 2DSE software is the most important 
factor responsible for the variation in GLS mea-
surement, so EACVI/ASE/Industry Task Force has 
advised for standardization of deformation imag-
ing to reduce intervendor variability of strain 
measurement (21). The determination of a fixed 
diagnostic GLS cut-off value to diagnose obstruc-
tive CAD, independent of the ultrasound 
equipment or software used for image acquisi-
tion, would be required to increase the clinical 
usefulness of strain imaging.

Though both 2DSE (GLS) and conventional 
echocardiographic (E and e’) parameters are af-
fected in patients with CAD, only GLS remained 
an independent predictor of CAD (Table 4). It 
supports GLS as a diagnostic parameter in pre-
diction of CAD.

The reproducibility of GLS for same and dif-
ferent operators was found to be excellent (intra-

class correlation coefficient for intra-observer 
variability 0.983 and inter-observer variability 
0.980, p< 0.001). So, provided good image 
quality, GLS can be consistently determined by 
the same operator or different operators, which 
is very important for it to be established as a dia-
gnostic tool. This is supported by Biering-Sørensen 
et al (11), who proved a good intra-observer and 
inter-observer agreement for GLS in 25 ran-
domly selected patients.

Limitations 

This was a single-centered study with a relatively 
small sample size, which makes it difficult to gener-
alize its results to all patients with stable angina. So, 
further studies on larger populations are needed.

A potential selection bias can be noted be-
cause only stable angina patients going for coro-
nary angiogram were included; a significant 
number of patients were left out. This study fol-
lowed a cross-sectional design, so subjects were 
not followed up. The clinical and prognostic 
value of GLS could not be determined.

The segmental strain was not assessed, so the 
significance of different vessel stenosis could not 
be evaluated. We did not get left main disease 
patient in our study population, so the effect of 
left main disease on strain value could not be as-
sessed.

Radial and circumferential strains were not 
assessed, so these strain value changes in stable 
angina could not be evaluated. However, longi-
tudinally oriented fibers located sub endocardi-
ally are the most susceptible to ischemia, which 
makes GLS the most sensitive marker of 
CAD (6, 20, 22).

On comparison of the diastolic parameters 
between patients with and without significant 
CAD, E and e’ were found to be significantly 
lower. However, a proper diastolic profiling of 
the patients included was not done. So, its con-
founding effect on the GLS value could not be 
evaluated. Given that GLS is lower in patients 
with diastolic dysfunction (23), further research 
is required to differentiate whether lowering of 
GLS is due to diastolic dysfunction or CAD. 

The study was conducted in November 2016 
to December 2017 when the term “chronic co-
ronary syndrome” (CCS) was not well established 
and hence, the terminology is not used in the 
manuscript. q
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CONCLUSION

The myocardial strain by 2-D speckle tracking 
echocardiography correlates with the angio-

graphic severity by coronary angiogram in pa-
tients with stable angina. Global longitudinal 
strain is an independent predictor of significant 
coronary artery disease, which it can with good 
sensitivity and specificity. Thus, this study has 

helped to open the gateway to further research 
in myocardial strain, which promises to be an 
efficient, non-invasive diagnostic tool in stable 
angina patients at an affordable cost. q
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ABSTRACT
In the past years, scientific research has highlighted the presence of a new cardiovascular risk factor, the 

implications of which have not been sufficiently studied so far. It is different from conventional risk factors 
because it acts independently at the endothelial level, having important proatherogenic properties. Through 
its action, this risk factor leads to increased oxidative stress and promotes the onset of atherosclerosis faster 
than other well-known risk factors so far. Asymmetric dimethylarginine (ADMA) is a methylprotein that 
arises from posttranslational methylation of proteins. Its importance has emerged in recent years, when the 
rate of cardiovascular mortality among patients with chronic kidney disease has been high. The distinctive 
element of this risk factor compared to other well-known ones is given by its ability to compete directly with 
nitric oxide synthase, being its strongest endogenous inhibitor, with strong proatherogenic attributions. 
Given that ADMA has tight correlations with atherogenesis and endothelial damage, its assessment should 
be taken into consideration for any patient who has been recently diagnosed with high blood pressure.

Keywords: asymmetric dimethylarginine, nitric oxide, proatherogenic, cardiovascular.
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Discovery of asymmetric dimethylarginine 
and its synthesis in vivo

Asymmetric dimethylarginine (ADMA) is a 
methylprotein with important involvement 

in multiple pathologies and it was discovered in 
the 1970s by two Japanese scientists (1). Asym-
metric dimethylarginine is derived from the ca-
tabolism of proteins containing methylated argi-
nine residues. These proteins are involved in 
translational control and RNA processing. In or-
der to be processed, asymmetric dimethylargi-

nine requires the intervention of an enzyme, 
named protein-arginine methyltransferase I, 
which methylates arginine residues. At the same 
time, another protein, protein-arginine methyl-
transferase II (2), forms symmetrical dimethylar-
ginine, being the ADMA stereoisomer. The diffe-
rence between the two methyl proteins is 
underlined by the fact that ADMA plays a direct 
role in nitric oxide production, while symmetric 
dimethylarginine (SDMA) does not possess this 
quality. Both asymmetric dimethylarginine and 
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symmetric dimethylarginine compete not only 
with each other, but also with arginine for the 
cellular transport of nitric oxide. Thus, elevated 
plasma concentrations of asymmetric dimethyl-
arginine interfere with the intercellular transport 
of L-arginine, which in turn will lead to decreased 
nitric oxide production by inhibiting its synthase 
(3).

Degradation of asymmetric dimethylarginine 
in vivo

Some of the asymmetric dimethylarginine is ex-
creted in the urine, and its catabolism is done 
under the action of an enzyme called dimethyl-
arginine dimethylaminohydrolase (DDHA). Two 
isoforms of DDHA have been identified: 
DDHA I, which is found in tissues where neuro-
nal nitric oxide synthase is expressed, and DDHA 
II in tissues containing the endothelial isoform of 
nitric oxide synthase (4). Thus, in vivo, under the 
action of DDHA I, a continuous metabolism of 
ADMA takes place, which results in dimethyl-
amine and citrulline. Certain pathologic factors 
may lead to an increased oxidative stress in en-
dothelial cells, consequently leading to a de-
crease in DDHA I activity and a plasmatic rise of 
ADMA at the same time. 

A higher plasmatic concentration of ADMA 
will lead to a decreased bioavailability of nitric 
oxide by inhibiting its synthase, making it the 
most potent endogenous inhibitor of nitric oxide 
production. Studies to date have highlighted the 
negative impact of a slight increase in plasmatic 
asymmetric dimethylarginine, which is sufficient 
to inhibit nitric oxide synthesis, thus exacerba-
ting cardiovascular events (5). Higher plasmatic 
levels of asymmetric dimethylarginine impar the 
ratio between the factors that provide cardiovas-
cular protection and those that promote the pro-
cess of atheromatosis. Studies performed on 
asymp tomatic patients have shown that higher 
plasmatic levels of ADMA were correlated with 
subclinical vascular disease. Asymmetric dime-
thylarginine has a normal range between 0.22 
and 0.69 μmol/L in healthy subjects (6).

Multiple additional prospective clinical trials 
are currently ongoing in various patient popu-
lations, targeting people with congestive heart 
failure, high blood pressure, pulmonary hyper-
tension and myocardial infarction in order to de-
termine the pathology with the highest ADMA 

concentrations (7). In conclusion, a growing 
number of prospective clinical trials have shown 
that the association between high plasmatic le-
vels of ADMA and cardiovascular events extends 
to various patient groups, leading to a higher 
mortality rate and poor life quality (8).

Side effects of asymmetric dimethylarginine 
in cardiovascular pathology

At the beginning of the discovery of asymmetric 
dimethylarginine, elevated serum concentra-
tions have been reported in patients with chro-
nic kidney disease. Subsequently, researchers 
studied its involvement in other pathologies, em-
phasizing its importance in the process of early 
atherosclerosis, dyslipidemia, diabetes, hyper-
tension and even hyperhomocysteinemia. Re-
garding atherosclerosis, ADMA has a key role in 
endothelial dysfunction, being closely related to 
coronary heart disease, stroke and peripheral ar-
terial disease. Its serum level is directly associa-
ted with the intima-media thickness of the ca-
rotid arteries (9).

Relationship between asymmetric 
dimethylarginine and renal impairment

The kidneys have an important role in the me-
tabolism of this dimethylarginine, some of it 
being excreted at this level. High concentrations 
of ADMA are present in this particular situation 
as well, once the renal disease made its debut. In 
patients with chronic kidney disease, the meta-
bolism of this aminoacid is affected due to ab-
normal synthesis and excretion. These patients 
have increased cardiovascular morbidity and 
mortality. The first study highlighting the involve-
ment of asymmetric dimethylarginine in athero-
sclerosis was performed in patients with chronic 
end-stage renal disease (10). The conventional 
risk factors studied until now play a certain role 
in mortality and morbidity among patients with 
end-stage renal disease, but ADMA is a new risk 
factor that, unlike others known so far, acts in an 
independent way. Patients with chronic kidney 
disease have an increased prevalence of cardio-
vascular disease, the most common being heart 
failure, peripheral arterial disease, hypertension; 
the cardiovascular mortality is much higher in 
these patients. Asymmetric dimethylarginine acts 
as an independent cardiovascular risk factor, and 
its increased plasma presence is strongly associ-
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ated with the progression of chronic renal di-
sease (11). In patients with end-stage chronic 
renal disease, a pro-oxidative environment is 
created, therefore the protein turnover is in-
creased, the plasma level of DDAH decreases by 
reduction of the tubular mass and consequently, 
ADMA is no longer excreted through kidneys. 
Thus, plasma accumulated ADMA will inhibit 
the synthesis of nitric oxide with its subsequent 
reduction, resulting in inflammation and oxida-
tive stress, which are key elements of kidney di-
sease progression. The presence of ADMA af-
fects the glomerular filtration rate, amplifying 
prote inuria, interstitial and glomerular fi-
brosis (12).

CONCLUSIONS

The distribution of arginine and methyltrans-
ferases in the human body can substantially 

contribute to ADMA elevation due to increased 
protein turnover. ADMA is the most potent en-
dogenous inhibitor of nitric oxide synthase, lea-
ding to endothelium damage and creating a pro-

atherogenic state in vivo (13). Consequently, 
endothelial dysfunction occurs, leading to a 
higher cardiovascular risk, while simultaneously 
affecting the integrity of the renal system. ADMA 
has a pivotal role in the onset of cardiovascular 
and renal diseases, causing early vascular da-
mage (14); for this reason, a careful monitoring 
of its plasmatic concentration would be essential 
in preventing cardiovascular events. At the same 
time, it is essential to monitor renal function in 
any hypertensive patient because, when this is 
affected, the plasmatic level of asymmetric di-
methylarginine begins to increase. As a conse-
quence, in order to prevent the overlap between 
cardiovascular and renal pathology and to pro-
mote a better quality of life for our patients, we 
aim to consider, as a screening method, the do-
sage of asymmetric dimethylarginine in newly 
diagnosed hypertensive patients and any patient 
with a history of cardiovascular disease. q
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ABSTRACT
Background: The present paper examines the correlations between coronavirus disease (COVID-19) and 

hemolytic uremic syndrome (HUS) from a clinical and pathophysiological point of view. 
Methods: We describe COVID-19 and HUS by outlining the similarities and differences, detailing each one’s 

pathway into the body, explaining the consequences of the inflammatory response, mainly on multiple organ 
dysfunction, the foremost complication that can lead to death in both cases. Using reviews from specialized 
literature and guidelines, we had an approach based on critical interpretive synthesis. Nonetheless, the present 
article has certain limitations, mainly due to the short period from the emergence of the virus and the ever-
increasing body of research that have been shedding light each day.

Discussion: Both COVID-19 and HUS require binding to a membrane receptor to trigger the pathophysiological 
mechanism. Despite the evident difference in tropism, both conditions develop with severe endothelial dysfunction, 
microangiopathy and important inflammatory response, responsible for MODS. The role of the coagulation 
pathway is more significant in COVID-19 but less in HUS. Excessive complement activation appears to be a 
determinant of severe prognosis in both diseases. Regarding COVID-19, children have a milder symptomatology 
than adults, but in some cases the paediatric inflammatory multisystem syndrome (PIMS) is described.

Keywords: systemic microangipathy, inflammation, SARS-CoV-2 infection,  
hemolytic uremic syndrome, children.
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INTRODUCTION 

The purpose of this paper is to analyze 
the similarities and differences between 
hemolytic uremic syndrome and severe 
acute respiratory syndrome coronavirus 
(SARS-CoV-2) infection in children 

from a pathophysiological point of view. The 
context generated by SARS-CoV-2 pandemic re-
mains a challenge for current medical practice, 
requiring constant refinement of the system in 
terms of strategy and prophylaxis. This paper 
aims to bring a better understanding of the pos-
sibility of triggering the infection into the body, 
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the interaction between inflammation and co-
agulation, as well as the role of the inflammatory 
response emphasizing the effects of cytokine 
storm based on available current literature and 
recent body of research.

SARS-CoV-2 is a pathogenic virus that emerged 
in the region of Wuhan, China, in December 
2019, affecting mostly adults, and causing mild to 
moderate symptoms. However, in certain situa-
tions, it presents as acute respiratory distress syn-
drome (ARDS), especially in older people, with 
comorbidities, and can subsequently lead to 
death (1). Coronavirus disease 2019 (COVID-19) 
infection is potentially problematic due to its ra-
pid interpersonal transmission connected with 
lack of immunity and unavailability of any specific 
antiviral treatment (2). SARS-CoV-2 is part of the 
Coronavirus family: SARS-CoV and MERS-CoV 
are two other species from the same family, which 
were acknowledged to be responsible for the epi-
demics of 2002-2003 and 2012, respectively. Re-
searchers have noticed some similarities between 
SARS-CoV-2 and the previous two viruses that 
can have a crucial role in future research, espe-
cially in the development of a vaccine (3). 

On the other hand, this article describes the 
hemolytic uremic syndrome (HUS), one of the 
most common causes of acute renal failure in chil-
dren beyond the age of five years (4). Hemolytic 
uremic syndrome is a multisystemic condition 
characterized by a triad comprising acute renal 
failure, microangiopathic hemolytic anemia and 
thrombocytopenia. It is classified into two catego-
ries, depending on the association with the 
Shiga toxin-Escherichia coli (STEC), as follows: 
HUS Typical-STEC (90-95%) and HUS Atypical 
non-STEC (5-10%) (5).

The passage of the pathogen into the body 
and the target population

SARS-CoV-2 is an RNA virus, which differs from 
other viruses by the presence of “spikes” that in-
crease its ability to infect, but nonetheless, it needs 
a cell to reproduce (1). Therefore, the first step is 
to bind the S1 subunit from the terminal end of 
the spikes to the surface molecule of the angio-
tensin-2 conversion enzyme (ACE-2) (6). As se-
veral S1 subunits bind, an envelope will form 
around the virus (endosome). From this point, the 
virus can enter the cell using TMPRSS2, a prote-
ase that will cleave the S1 to S2 subunits, a mech-

anism facilitated by low pH or the action of an-
other protease (cathepsin) (7).

Therefore, the virus uses ACE-2 receptors to 
enter the host cell. ACE-2 is found mainly in the 
lungs, heart, kidneys and testicles (7). A recent 
study showed that ACE-2 molecules are found in 
high concentrations in the oral cavity and tongue, 
a likely explanation for the fast-oral transmissibili-
ty (6). In the healthy lung, ACE-2 is expressed in 
the alveolar epithelial cells type I and II of the 
lower poles. When SARS-CoV-2 infects most of 
the ciliated cells in the alveoli, they will no longer 
be able to perform their defense physiological ac-
tivity and will result in a progressive accumulation 
of cellular debris and fluids in the lungs and ARDS (3).

Children of all ages can be affected by COV-
ID-19. However, they are less affected than adults 
(1-5% of all confirmed cases) (8). Statistics show 
that the elderly with comorbidities such as cardio-
vascular diseases, mainly hypertension, diabetes 
and chronic kidney disease with a endothelial 
secondary dysfunction, are the most severely af-
fected people (9). Also, all mentioned pathologies 
are direct indications of the treatment with angio-
tensin converting enzyme inhibitors (ACE inhibi-
tors) for the proven beneficial effects (10). There 
has been speculation that treatment with ACE in-
hibitors would worsen the disease, but this has 
not been certified by any observational study (11).

As suggested, myocarditis is the main extra-
pulmonary complication that makes it difficult to 
recover from infection (1). It is known that admi-
nistration of ACE inhibitors after a myocardial in-
farction is imperative precisely because it leads to 
a reduction in angiotensin II levels (11). Moreover, 
another study that analyzed samples from the 
heart of people who died from SARS-CoV-2 no-
ticed the presence of viral RNA in correlation with 
low ACE-2 levels (12).

Given the theoretical risks of renin-angioten-
sin-aldosterone system inhibitors (RAAS inhibi-
tors), several studies have been initiated, which 
evaluate the clinical outcomes for COVID-19 pa-
tients, who are treated with ACE inhibitors (13).

Within HUS, the balance is in favor of certain-
ties, so the presentation will be more concise, 
without contradictions. In HUS-Typical, the toxin 
adheres to intestinal cells, causing inflammation, 
bleeding and ulceration (4). The capacity of STEC 
to target cells depends on the B subunit that binds 
to the Gb3 receptor. Penetrating into the cell, the 
toxin leads to inactivation of protein synthesis, re-
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sulting in cell destruction and renal tubular injury. 
These destructions will trigger a leukocyte-medi-
ated inflammatory response and release of cyto-
kines and chemokines with platelet activation and 
aggregation (5). In HUS-Atypical, the trigger is a 
bacterial, viral infection or any other type of en-
dothelial lesion that determines the activation of 
complement and formation of Gb3 and its subse-
quent storage in the renal capillaries, followed by 
activation of the membrane attack complex (4).

Although these two pathologies use distinct re-
ceptors to enter the body, HUS and COVID-19 
may have more in common beyond their distinc-
tive appearance by triggering pathogenic mecha-
nisms following endothelial cell damage. Hemo-
lytic uremic syndrome is known to be a vasculitis 
that develops with thrombotic microangiitis, but 
there are data that suggest that ARDS associated 
with COVID-19 is the result of extensive endothe-
lial dysfunction that progresses to pulmonary vas-
culopathy and ultimately triggers excessive in-
flammatory mechanisms (14).

The body’s inflammatory response

Several countries affected by the coronavirus dis-
ease (COVID-19) pandemic have recently repor-
ted cases of children who were hospitalized in 
intensive care due to a rare pediatric inflamma-
tory multisystem syndrome. The presenting signs 
and symptoms are a combination of the ones for 
Kawasaki disease (KD) and toxic shock syndrome 
(TSS). A possible temporal association with 
SARS-COV-2 infection has been hypothesized 
because some of the children who were tested for 
SARS-CoV-2 infection were either positive by 
polymerase chain reaction (PCR) or serology (15).

In a UK study, Elizabeth Whittaker and col-
leagues at Imperial College London looked at 
clinical and paraclinical data from 58 hospitalized 
children who met the PIMP-TS criteria. All sub-
jects had persistent fever, sore throat (10%), head-
ache (26%), abdominal pain (53%), erythematous 
rash (52%), conjunctival hyperemia (45%), lymph-
adenopathy (16%), mucosal changes (lips, dry, 
cracked) (16%). Half of patients (50%) needed 
hospitalization in intensive care unit, 22% deve-
loped acute renal failure, 47% developed shock 
and required inotropic medication, 43% required 
mechanical ventilation. In 78% of children there 
was an association with SARS COV2 infection 

(PCR SARS-CoV-2 positive in 26% of cases, IgG 
positive in 87% and negative in 13% of cases) (16).

All patients had marked inflammatory syn-
drome with C-reactive protein values between 
156-338 mg/dL, ferritin values between 369-
1280 ug/L, neutrophilia; 68% had elevated levels 
of troponin and NT-proBNP. Coronary aneurysms 
were identified in eight patients, of which five be-
longed to the cardiogenic shock group and only 
one to the Kawasaki disease group. There were 
no significant clinical and laboratory differences in 
patients in whom exposure to SARS-CoV-2 could 
not be demonstrated (16).

Another study conducted in several pediatric 
hospitals in the US, on 186 patients, provided 
more data on the multisystem inflammatory syn-
drome in children (MIS-C). Unlike Kawasaki di-
sease, however, early reports show that MIS-C 
predominantly affects adolescents and children 
older than five years and is associated with more 
frequent cardiovascular involvement (17). The re-
sults of this study can be outlined as follows: the 
median interval from covid-19 symptoms onset to 
MIS-C symptoms onset was 25 days; although not 
sufficient to establish causation, these data suggest 
that a substantial proportion of patients in this 
study were infected with SARS-CoV-2 at least one 
to two weeks before the onset of MIS-C (17).  

In most patients (71%) involvement of at least 
four organ systems was found. The most frequent-
ly involved systems and organs were the gastroin-
testinal (92%), cardiovascular (80%), hematologi-
cal (76%), cutaneous, mucosal (74%) and 
respiratory (70%) ones. Cardiovascular involve-
ment was common, with almost half of patients 
receiving vasopressor or vasoactive support. One 
in 12 patients had coronary aneurysms and eight 
(4%) received ECMO support. High levels of BNP 
and troponin have been detected in 73% and 
50% of cases, respectively, while 20% of subjects 
received invasive mechanical ventilation; also, 
92% of patients had at least four positive inflam-
matory markers (ESR or C-reactive protein, lym-
phopenia, neutrophilia, elevated ferritin, hypoal-
buminemia, elevated ALT, anemia, 
throm bo  cytopenia, and elevated D-dimers) (17). 
The study concludes that MIS-C is part of the spec-
trum of COVID-19 manifestations, occurring main-
ly in severe forms of immune-mediated di sease, 
mostly in healthy children and adolescents (17).

The cytokine storm must be mentioned as a 
systemic inflammatory response due to 
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SARS-CoV-2 infection, which is especially note-
worthy in severely ill patients with COVID-19. 
Cytokine storm is a general term applied to mal-
adaptive cytokine release in response to infection 
and other stimuli (18, 19). 

Multiple organ dysfunction syndrome (MODS)

Acute respiratory failure and systemic coagulopa-
thy are critical aspects of the morbidity and mor-
tality that characterize SARS-CoV-2 infection. Se-
vere SARS-CoV-2 infection can define a type of 
microvascular injury syndrome mediated by the 
activation of complement pathways and associa-
ting a procoagulant status (20). Some patients in-
fected with SARS-CoV-2 progress to severe acute 
respiratory syndrome (SARS), coagulation disor-
ders, metabolic acidosis which responds with dif-
ficulty to treatment, and multiorgan dysfunction 
(MODS); the pathogenic mechanisms are not 
fully elucidated (21).

As already explained before, the virus uses 
ACE-2 as a receptor. If the coronavirus, through 
the viral S glycoprotein, attaches to the ACE-2 re-
ceptor in human cells, not only in the lungs but 
also in other tissues, including kidneys, intestines, 
heart and brain, it interferes with ACE-2 activity. 
Thus, the increase in angiotensin II levels could 
lead to the formation of reactive oxygen species 
and interference with NOX2 (NADPH oxidase 2) 
and eNOS (nitric oxide endothelial synthetase), 
with antioxidant and vasodilating effects, respec-
tively, with additional complement activation. 

Thus, the potential loss of self-vasoconstriction 
and the disorder of pulmonary blood flow through 
the injured vascular segments would also lead to 
the increases of shunts and severe hypoxemia 
(22).

The destruction of pneumocytes determines 
the release of inflammation mediators (IL-1, IL-6, 
TNF-α), which at the capillary level, increases vas-
cular permeability and consequently vasodilation, 
which will lead to the increases of interstitial space 
and fluid accumulation in the alveoli. Interstitial 
and alveolar edema occurs, which “washes” the 
surfactant from the alveoli, so the amount of sur-
factant decreases, intraalveolar pressure increases, 
leading to alveolar collapse and hypoxemia (20).

Also, the interleukins released by macrophages 
attract neutrophils in order to destroy viruses; 
neutrophils will release oxygen free radicals and 
proteases, which will lead to destruction of alveo-

lar type 1 and 2 cells, resulting in a further de-
crease in surfactant levels, decreased gas ex-
change and increased intraalveolar pressure. All 
these will lead to processes of lung consolidation (21). 

In severe forms, the inflammatory cascade trig-
gers the systemic inflammatory syndrome that can 
progress to septic shock. Thus, there is a vasodila-
tion with accumulation of fluid in the interstitial 
space that will lead to decreased circulating vo-
lume and peripheral vascular resistance, which 
will cause a decrease in systemic blood pressure 
and MODS onset (20).

Severe hemolytic uremic syndrome cases can 
associate with extrarenal complications such as 
ARDS, toxic megacolon accompanied by ileus, 
pancreatitis, central nervous system disorders and 
multiple organ dysfunction syndrome. Unlike 
SARS-CoV-2, in severe cases of HUS, the pulmo-
nary edema or pulmonary hemorrhage and ARDS 
are extremely rare in infants (23). 

Some studies show that HUS patients with 
prolonged thrombocytopenia (more than 14 days) 
develop MODS. They present a large spectrum of 
microangiopathy disorders such as thrombotic 
thrombocytopenic purpura (TTP), disseminated 
intravascular coagulation (DIC) and secondary 
thrombotic microangiopathy. Due to the inci-
dence of systemic microthrombosis in COVID-19 
patients, there are recommendations for the use 
of anticoagulants (24).

The immune system has an important role in 
the outcome of the disease. Through primary lung 
damage, the cytokine storm triggers ARDS, which 
has multiple consequences. Increased capillary 
permeability determines a drop in the circulatory 
volume and systemic vasodilatation. All these 
changes lead to hypotension and organ hypoper-
fusion (MODS). q

CONCLUSIONS

Both COVID-19 and HUS require binding to a 
membrane receptor, ACE-2 and Gb3 respec-

tively, to trigger pathophysiological mechanism. 
Despite the difference in tropism, predominant-
ly renal in HUS and predominantly pulmonary in 
SARS-CoV-2, both conditions develop with se-
vere endothelial dysfunction, which serves as a 
precept for the next pathophysiological stage, 
thrombo-inflammatory, the cytokine storm, re-
sponsible for multiorgan manifestations in both 
conditions. 
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Furthermore, coagulation activation plays an 
important role in COVID-19 but less in HUS. Ex-
cessive complement activation appears to be a 
determinant of severe prognosis in both 
SARS-CoV-2 and HUS-Atypical syndrome, with 
HUS being observed to activate the alternative 
pathway as opposed to COVID-19 in which both 
activation of the alternative and lectin pathway is 
noted.

Children have a milder symptomatology than 
adults, but in a minority of cases, the pediatric in-
flammatory multisystem syndrome (PIMS) is de-
scribed. The presenting signs and symptoms are a 
combination of the ones for Kawasaki disease and 
toxic shock syndrome.

In addition to the contributions reflected in 
terms of obtained notes, this article has certain 
limitations. Despite the ever-increasing body of 
research, large cohort studies are lacking, mainly 

due to the short period from the emergence of 
the virus to the present. These are the main limita-
tions and possible source of error of the present 
article. An increase in the number of patients 
could provide clearer results, especially where the 
correlation trend is at the statistical limit. More-
over, some parameters (eg, treatment adminis-
tered to patients, dose used, analysis of complica-
tions) were not explored by this research, but 
could be considered in future studies. Although 
some hypotheses have been made, further re-
search is needed to clarify these issues as well as 
the similarities and differences between the two 
conditions. q
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ABSTRACT
Mesenteric ischemia (MI) is a rare medical condition which involves insufficient blood supply, inflammatory 

injury and eventually bowel wall necrosis with high mortality rates. Acute mesenteric ischemia (AMI) and 
chronic mesenteric ischemia (CMI) are the two major types of mesenteric ischemia. Therapeutic approach of 
MI includes medical as well as surgical treatment. This review article aims to delineate the abreast knowledge 
on indications, management through mesenteric bypass surgical technique, and clinical outcomes. Clinical 
presentation of AMI and CMI varies substantially, depending on the etiology underlying it. The most common 
symptom of AMI is abdominal pain that is disproportionate to the outcomes of physical exams; whereas CMI 
normally induces postprandial abdominal pain, commonly epigastric or periumbilical, nausea and weight 
loss. Recent awareness of AMI management revealed that exploratory laparotomy surgical procedure with 
careful evaluation of bowel viability played a pivotal role in restoring intestinal oxygenation and avoiding 
serious complications such as peritonitis and perforation of the gangrene bowels. The management of CMI 
is mainly surgical, with Aorta/Iliac-SMA bypass and Aorta-Splenic bypass being the currently available 
options. Due to the high thrombosis levels, only patients whose surgical risk outweighs possible benefits are 
required for medical care as a single treatment. Furthermore, this review also postulates that aorto mesenteric 
revascularization procedures for chronic mesenteric ischemia are feasible, but involve careful selection of 
patients, and they should only be performed by vascular surgeons with extensive experience in laparoscopic 
vascular surgery at referral centers

Keywords: mesenteric ischemia, AMI, CMI, Aorta/Iliac-SMA bypass,  
Aorta-Splenic bypass, surgery, surgeons.
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INTRODUCTION

Mesenteric ischemia (MI) is a rare 
medical condition affecting 
0.1% of all hospital admissions, 
with high mortality rates ranging 
from 24% to 94% (1). It includes 

insufficient blood supply, inflammatory injury 
and finally, bowel wall necrosis. The disease can 
be divvied into acute mesenteric ischemia (AMI) 
and chronic mesenteric ischemia (CMI). Further 
subdividing AMI into four categories (2); conse-
quently, AMI can result from arterial embolism, 
arterial thrombosis, mesenteric venous thrombo-
sis (MVT) and non-occlusive causes (NOMI) such 
as hypo-perfusion from low cardiac output or 
mesenteric arterial vasoconstrictions (3). Bowel 
damage is proportional to the reduction in me-
senteric blood flow, which may vary from mini-
mum lesions due to reversible ischemia to trans-
mural injury, accompanied by necrosis which 
perforation (4).

In more than 95% of cases, CMI is associated 
with diffusing atherosclerotic disease, with all ma-
jor mesenteric arteries having stenosis or occlu-
sion. Certain causes include dysplasia from the fi-
bromuscular, vasculitis, arteritis from takayasu, 
malignancy and radiation. This disorder is often 
only diagnosed at an advanced stage, due to 
either a lack of clear signs or its often quiet appea-
rance (5). Persistent, intermittent, non-localized or 
periumbilic abdominal pain remains the most 
common symptom (6-8). In CMI patients, post-
prandial pain, nausea, and weight loss occur (4). 
Though laboratory studies or plain abdominal 
films are not indicative, computed tomography 
(CT) imaging and CT angiography contribute to 
differential diagnosis and management of AMI. 
Angiography is also the main criterion for CMI, 
with high value even in mesenteric duplex ultra-
sonography (US) and magnetic resonance angio-
graphy (MRA) (9-11). 

Mesenteric ischemia therapeutic approach 
consists of both medical and surgical treatment. 
The most common drugs are papaverine, heparin, 
warfarin, and thrombolytic (12). Surgical proce-
dures consist of restoring the blood flow with arte-
riotomy, endarterectomy, or anterograde bypass, 
while necrotic bowel resection is always 
applied (13).

There is no consensus on the best method of 
mesenteric surgical reconstruction for CMI treat-

ment. Controversy remains about the best opera-
tive technique and the bypass conduit type selec-
tion (14). The type of operation depends on the 
limit and location of the aortic disease, the surgi-
cal risk to the patient, the need for other vascular 
procedures, and the vascular surgeon’s choice 
and experience. It is also contentious to need to 
repair only one or two arteries (superior mesen-
teric artery [SMA] and celiac artery). Multivessel 
bypass reduces the risk of symptomatic relapse 
and offers some protection against intestinal in-
farction in the event of occlusion of a single 
graft (15).

Mesenteric bypass is a long-time established 
effective method for treating symptomatic CMI, 
with excellent primary patency and long-term sur-
vival. Although long-term survival is comparable 
for endovascular therapy and surgical therapy, 
long-term patency with surgery appears to be su-
perior, with additional interventions required in 
substantially fewer cases (16-18). Nonetheless, 
endovascular therapy is therefore more common 
in most centers than surgical therapy. Factors such 
as patient preference, reduced significant morbi-
dity, and quicker recovery have motivated most 
preferences of surgical reconstruction to support 
endovascular therapy (15, 18). In many patients, 
mesenteric bypass is performed following failed 
angioplasty and stent placement.

With this scenario, the present review article 
aims to delineate the abreast information about 
signs of mesenteric ischemia, and management by 
mesenteric bypass surgical procedure, and clinical 
results to provide an update on existing concepts 
of surgical management of the disease.

Causes and clinical presentation of 
mesenteric ischemia

In terms of clinical presentation, AMI and CMI 
varies substantially, depending on the etiology 
underlying it (19). The most common symptom of 
AMI is abdominal pain that is disproportionate to 
the outcomes of physical exams. Since ischemia is 
the pathological process, the pain is initially 
visceral, diffused, non-localized and can be mild 
to extreme, persistent, often colicky and often un-
responsive to opioid analgesics. Some common 
symptoms include nausea and vomiting, although 
there may also be diarrhea that leads to 
constipation. Examination findings are limited and 
non-specific early in the course of the disease, 
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including minimal abdominal tenderness. If 
embolic disease is due to ischemia, the pain is 
extreme and sudden, as occlusion is easily 
mounted and collateral circulation totally absent 
(13, 20). On the other hand, since the artery is 
normally already partially blocked and a collateral 
supply has been created, AMI due to arterial 

thrombosis has a much more progressive 
development of ischemia and infarction, and less 
serious presentation (21). Signs of peritonitis and 
septicemia are confronted as the ischemia 
progresses transmurally (22). Necrosis of the 
Bowel, septic shock and death are common 
complications in AMI (Table 1). 

TABLE 1. Causing factors 
and clinical presentation of 
acute mesenteric ischemia 
(23)
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Chronic mesenteric ischemia usually causes 
abdominal postprandial pain, generally epigastric 
or periumbilic, nausea and weight loss. Exa-
mination findings include symptoms of malnutri-
tion, clinically excessive discomfort and abdomi-
nal bruit (5, 24). Symptomatic CMI is an indication 
for either open or endovascular revascularization, 
as patients with untreated symptomatic CMI carry 
a five-year mortality rate that approaches 
100% (25, 26).

Indications for surgery

• Signs of peritonitis on physical exam
• Massive lower GI hemorrhage
• Ongoing signs of abdominal pain, fever, 
or sepsis
• Symptoms that have persisted for more 
than 14 to 21 days
• Chronic malabsorption leading to pro-
tein-losing colopathy
• Colonoscopic evidence of segmental 
colitis with frank ulceration
• Presence of an ischemic stricture and  
abdominal symptoms 

Management options of mesenteric ischemia

Despite medical management of AMI, recent 
awareness has created multidisciplinary manage-
ment of AMI surgery. The initial aim is to restore 
intestinal oxygenation and reduce or avoid seri-
ous complications such as peritonitis and perfora-
tion of the gangrenous bowel. Thus, AMI surgical 
diagnosis with symptoms of peritonitis primarily 
includes exploratory laparotomy with careful 
evaluation of the viability of the bowel (6, 27). It 
strongly suggests resection of the infarcted intes-
tine. In addition, under Wood Lamp Illumination, 
intraoperative Doppler US and IV fluorescein in-
fusion and bowel inspection may discern poorly 
perfused bowel. Necrotic bowel resection plays a 
crucial role in resuscitation of patients when an 
attempt at anastomosis remains contentious. A 
second look operation, along with clinical review 
and diagnostic imaging is strongly recommended. 
Intense screening of intestinal revascularization is 
also carried out (28, 29).

More precisely, an attempt at reperfusion re-
mains vitally necessary in case of embolic AMI (6). 
Using a balloon-tipped Fogarty catheter for re-
moving the clot, the surgical team will assess the 
position of the blockage by palpation and pro-

ceed to transverse arteriotomy proximal to the oc-
clusion. Embolectomy can be achieved most 
quickly by exposing the SMA at the transverse 
mesocolon base. Arteriotomy can be mainly 
sealed or patched with veins. An alternative ap-
proach is bypassing a venous or arterial grafting 
technique (27, 30, 31). Revascularization is at-
tempted either with antegrade or retrograde aor-
tomesenteric bypass, or with trans-aortic endar-
terectomy in the event of thrombotic occlusion 
with absence of gangrenous bowel. In case of 
spontaneous dissection of SMA, successful percu-
taneous stent placement has been stated before 
the onset of intestinal infarction (32-34).

After repair of aortic aneurysm, a significant 
incidence of AMI has been also recorded. Upon 
endovascular abdominal aortic reconstruction, 
the prevalence of clinically visible bowel ischemia 
is comparable with open surgical approach. 
Nonetheless, a higher incidence of small bowel 
ischemia has been observed in patients with en-
dovascular repair and is associated with excep-
tionally high mortality. In most cases, the direct 
pathologic evidence and patterns of segmental, 
skipped, or patchy ischemia suggest that micro-
embolization plays a central role (35, 36).

The management of CMI is chiefly surgical. 
Because of the high thrombosis levels, only pa-
tients whose surgical risk outweighs possible be-
nefits are required for medical care as a single 
treatment. Furthermore, cautious care such as in-
testinal rest, avoidance of smoking and adminis-
tration of vasodilator medicines do not enhance 
the progression of the disease (49). Medicinal 
drugs used in CMI include heparin and warfarin 
to avoid an acute thrombotic/embolic occur-
rence, intra-arterial papaverine as a vasodilator 
before surgery to minimize the risk of arterial 
spasm, and nitrate therapy to provide short-term 
relief. Given the long malnutrition time, paren-
teral feeding is required (5, 24). 

There are two alternative treatment modalities 
in patients with CMI: open revascularization (OR) 
and endovascular revascularization (ER) (37-39). 
The latter tends to have lower rates of postopera-
tive mortality and morbidity, and shorter length of 
intensive care unit and hospital stay. Hence, due 
to its minimally invasive nature, ER has been re-
commended for high risk surgical candidates or 
those with low life expectancy (39-41). In ER, a 
short stump of the patent artery is needed to gain 
access to the wire. Excessive manipulation of the 
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endovascular system can cause arterial dissection, 
perforation or embolization. Furthermore, highly 
calcified or long lesions and mesenteric arteries of 
small-diameter are often associated with an in-
creased risk of distal embolization and restenosis. 
However, OR provides symptomatic relief early as 
well as long-term and substantially lower reste-
nosis levels compared with ER. Thus, most pa-

tients should be treated with conventional recon-
struction particularly if ER has been tried 
un suc cessfully beforehand. In summary, although 
ER had recently gained traction as an alternative 
therapeutic method, OR is still largely being pro-
posed (39, 42, 43).

Surgical treatment involves transaortic celiac 
or SMA endarterectomy, antegrade bypass of the 

FIGURE 1. Different phases of a laparoscopic retrograde aorto-mesenteric bypass to the superior 
mesenteric artery. (A): Paramedian vertical lines are midclavicular and anterior axial lines. Upper 
transverse is subcostal, and lower transverse is the line joining the two anterior superior iliac spines. 
Trocar position 6 for 30° laparoscope, 1 and 9 for aortic clamps and 4, 5, 7 for working instruments. 
The rest of the trocar positions for other helping instruments. (B): Partially dissected superior 
mesenteric artery ( ) and infrarenal aorta ( ). Treitz ligament is divided, and duodenum mobilized 
distally and held under a retractor ( ). Inferior mesenteric vein ( ). (C): End-to-side anastomosis 
with superior mesenteric artery. (D): Completed anastomoses on superior mesenteric artery and 
infrarenal abdominal aorta. Ring enforced expanded polytetrafluoroethylene graft with an end-
to-side anastomosed 6 mm graft. Side graft ( ) is being flushed with heparinized NaCl to check 
the patency of anastomoses before the aortic and superior mesenteric artery clamps are removed. 
Laparoscopic bulldog artery clamp ( ). Courtesy: Kazmi et al, 2020 (44).
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supraceliac aorta and retrograde bypass of the in-
frarenal aorta or common iliac arteries. Bypasses 
can be achieved with vein or prosthetic material. 
In highly calcified, thrombotic, occlusive, or dis-
sected lesions, primary stenting is preferred. Little 
is known about the effect of distal embolization 
on stent placement. In the presence of a large 
thrombus burden, an embolic protection device 
may be considered. However, there is insufficient 
evidence to prove its efficacy for CMI during ER 
(37, 38, 42). 

Techniques

In patients with CMI, Kazmi et al (44) documen-
ted the operating techniques and findings of an 
early encounter with laparoscopic 
revascularisation. All operations were carried out 
under ge neral anesthesia. After intubation, all 
patients received intravenous antibiotic 
prophylaxis (Cefalotin 2 g), which was repeated 
every three hours until four doses in total. The 
patient was positioned supined on a table with 
the split-legs, and the surgeon stood between the 
legs. A surgical nurse stood on the surgeon’s left 
side, and an assistant stood on each patient’s side. 
Pneumoperitoneum was accomplished by 
insufflating carbon dioxide (CO2) by means of a 
trocar put under direct peritoneum visualisation. 
During surgery, a pneumoperitoneum pressure of 
12 mm Hg has been maintained. Trocars were 
positioned, if ne cessary, in anatomical positions 
suitable for healthy peritoneal or omental 
adhesiolysis (Figure 1A). The small intestine 
pushed slowly into the right side of the abdominal 
cavity. One or two 10 mm fan retractors (Covidien 
Endo Retract II Ethicon) were used when required 
to keep the intestine detached from the surgical 
field. Abdominal aorta and iliac arteries were 
approached by opening the peritoneum directly 
to the surrounding. The infrarenal aorta was 
dissected free for a duration appropriate for the 
application of aortic clamps and for the 
construction of an end-to-side anastomosis 
(Figure 1B) (44).

Aorto/iliac-SMA bypass

In the area just below the combination of superior 
and inferior mesenteric veins, SMA had been ap-
proached. Treitz ligament was split and duode-
num mobilized to free dissect the length of SMA 
required. Ring-enforced extended polytetrafluo-

roethylene (ePTFE) 8 mm (Gore-Tex Stretch Vas-
cular Graft) was spatulated at one end and inser-
ted via a 12 mm trocar into the abdominal cavity. 
To achieve anticoagulation, intravenous heparin 
was administered, and the SMA was clamped di-
stally either with a long vessel loop or with a small 
laparoscopic bulldog artery clamp. In the case of 
calcified SMA, a laparoscopic aortic clamp can be 
used for proximal SMA cross-clamping, which has 
also helped in keeping the greater omentum and 
transverse colon, detached from the operation 
field. Thrombendarterectomy was conducted 
using a longitudinal arteriotomy. In case of an oc-
cluded stent, a partial stent resection (distal por-
tion of the stent) was performed. An end-to-side 
anastomosis was performed with two hemi-circu-
lar 6–0 polypropylene sutures, each approximate-
ly 12–15 cm long and with a beforehand tied Te-
flon pledgets to their ends (Figure 1C); 12 SMA 
and backflow artery clamps were temporarily re-
moved (44).

Aorto-splenic bypass

Kazmi et al reported that, in two cases, the sple nic 
artery was used as the site of distal anastomosis. 
Figure 2A–D illustrates the position of the trocar 
and the different phases of the aorto-splenic 
bypass. The left liver lobe was elevated using the 
Nathanson liver retractor (Cook Medical). The 
hepatogastric ligament was excised across the 
cranial edge of the pancreas to enter the splenic 
artery. The artery was dissected in length 
appropriate for cross-clamping, and an 
end-to-side anastomosis was constructed. A 
laparoscopic iliac clamp (Carl Storz, Germany) 
was cautiously passed anterior to the left renal 
vein along the right side of the aorta and advanced 
toward the omental bursa, cranially behind the 
pancreas. Care has been taken to keep the clamp 
parallel with the aorta; with this clamp, a 
spatulated 8 mm ring enforced ePTFE graft was 
grasped and cautiously tunnelled from the 
omental bursa, dorsal to the pancreas, towards 
the infrarenal aorta.

The splenic artery was clamped with the lapa-
roscopic aortic clamps or small laparoscopic ar-
tery clamps after systemic heparinization. Longi-
tudinal arteriotomy was performed, and 6–0 
polypropylene sutures were constructed with an 
end-to-side anastomosis. The graft was flushed 
with heparinized NaCl and cross clamped with a 
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laparoscopic aortic clamp until the anastomosis 
with the aorta was constructed in an end-to-side 
fashion (Figure 2D). Nathanson liver retractor was 
removed, and the proximal portion of the graft 
was covered by the smaller omentum and the left 
liver lobe. The retroperitoneum had been used to 
cover all SMA grafts (44).

Clinical outcomes

The results of the retrograde and antegrade me-
senteric bypass, as stated in guidelines, have com-
parable patency (45). Even though one can tran-
sect SMA distal to the occlusion and construct an 
end-to-end anastomosis, all anastomoses were to 

FIGURE 2. (A). Trocar positions for laparoscopic retrograde aorto-splenic bypass. Trocar positions 5 for 
30° laparoscope and 1 for Nathanson’s liver retractor. Position 2, 4, and 3 for working trocars for splenic 
artery dissection and anastomosis. Positions 7 and 6 for infrarenal aortic dissection and anastomosis. 
Other positions are used for helping instruments. (B): Distal end of a tunnelled ring enforced expanded 
polytetrafluoroethylene graft anterior to the left renal vein ( ). Cross-clamped infrarenal aorta and left 
gonadal vein ( ). (C): Ring enforced expanded polytetrafluoroethylene graft is being anastomosed end-to-side 
to a clamped splenic artery. Nathanson’s liver retractor is elevating the left liver lobe. (D): Completed  
end-to-side anastomosis to the infrarenal aorta. Courtesy: Kazmi et al, 2020 (44).
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the SMA in an end-to-side fashion. In their re-
search, Kazmi et al indicated that the atheroscle-
rotic plaque stretched over the entire length of 
Fullen’s zone 1 and 2 and combined the source of 
the lower pancreaticoduodenal artery and middle 
colic artery. The end-to-side anastomosis was 
more suitable to preserve these critical bran - 
ches (44).

Furthermore, Kazmi et al experienced free dis-
section without any technical difficulties of the 
splenic artery. Lifting the left liver lobe with the 
Nathanson liver retractor provided excellent ac-
cess to the hepatogastric ligament and celiac ar-
tery tributaries (44). Nevertheless, Bakoyiannis 
et al used a flexible laparoscopic tunneler, placing 
the graft anterior to the pancreas (46). Kazmi et al 
designed carefully with the aid of CTA and could 
successfully place the graft in two patients in the 
retroperitoneum along the aorta (44).

Kazmi et al (44) shared their experience of 
laparoscopic aortic clamps, although bulky, that 
can be used on the SMA and splenic arteries. 
Nevertheless, Bulldog clamps with laparoscopic 
arteries were more fitting and offered functio- 
nal anastomosis working space. Alternatively, 
long (30 cm) vascular loops were used for clamp-
ing the mesenteric arteries by trocars among two 
occlusions of early grafting and one stenosis of the 
graft which resulted in early redo operation. In all 
three cases, ring enforced ePTFE was directly 
clamped with the laparoscopic aortic clamp in-
stead of reclamping SMA or splenic artery after 
flushing the graft with heparinised NaCl. Thromb-
endarterectomy of the mesenteric artery and the 

graft’s cross-clamping period during proximal 
anastomosis may also have led to the growth of 
thrombosis in the graft. Although the greater 
omentum could be used to cover the graft to 
avoid contact with the intestine, the graft was suc-
cessfully covered with the retroperitoneum in all 
patients in this study. Moreover, none of the sub-
jects have developed any graft infections so 
far (44).

Kazmi et al advised some technical 
improvement due to thrombosis of the graft and 
stenosis of the grafting. In-vitro, a 6 mm ePTFE 
graft, was end-to-side anastomosed with the cen-
tral graft (8 mm) near to the distal (mesenteric) 
anastomosis site (Figure 3). During the process, 
this side canal allowed a secure and efficient route 
to flushing the main graft. If necessary, this side 
canal can be used for main graft thrombectomy. 
Through this side graft, one can also perform an-
giography of completion and if necessary, also 
stenting of mesenteric arteries. After completion 
of the bypass, Hem-o-loc polymer clips and a 
large metal clip were applied near the anastomo-
sis intergraft, and the rest of the 6 mm ePTFE graft 
was excised and discarded (44). Furthermore, 
cross-clamping of the graft could be avoided from 
these modifications after the distal anastomosis is 
complete (47).

In patients with severe peritoneal adhesions 
due to earlier abdominal operations, Kazmers 
et al reported one case of conversion due to ve-
nous bleeding, and another with left ureter injury 
(47). It has been estimated that 10 to 37% of pa-
tients under elective abdominal surgery would 
need repeated abdominal surgery (48). In patients 
with previous multiple abdominal surgeries, the 
risk of these complications is high even with open 
surgery (48, 49). Use of preoperative assessment 
tools such as the Hostile Abdomen Index risk 
stratification can help select the right patients for 
laparoscopic procedures (50).

Mocian et al described a retrograde aorto-
mesenteric bypass with a Gore-Tex 5 mm diame-
ter prosthesis in a 39-year-old female patient who 
had been diagnosed with partial upper mesen-
teric artery stenosis via abdominal computed to-
mography angiography, and had a history of total 
nephrectomy, chronic kidney failure, and hyper-
tension. Her postoperative evolution was favou-
rable, with no short- and long-term follow up 
complications. Based on the clinical findings fol-
lowing retrograde aorto-mesenteric bypass with a 

FIGURE 3. A 6 mm expanded polytetrafluoroethylene graft, 
end-to-side anastomosed to an 8 mm ring enforced expanded 
polytetrafluoroethylene graft with graduated length markings and 
spatulated end. Courtesy: Kazmi et al, 2020 (44) 
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5 mm diameter Gore-Tex prosthesis, Mocian et al 
suggested that, in circumstances where the endo-
vascular approach fails or has no indication, such 
as multiple lesions starting from the origin of the 
upper mesenteric artery, open surgery should be 
the indication in chronic mesenteric ischemia (51).

Early experience in the treatment of chronic 
mesenteric ischemia with laparoscopic revascu-
larization suffered from complications related to 
the procedure. This is despite long experience 
with laparoscopic aortic surgery by the operating 
team (52-54). However, previous experience as-
sisted in anastomosis construction. During the ini-
tial experienced with laparoscopic aortic surgery, 
even a long operating period was observed. Ne-
vertheless, in later experience the operation peri-
od for these procedures is not significantly longer 
(52-54). In summary, the benefits of a minimally 
invasive procedure such as mesenteric revascula-
rization can only be accomplished by improved 

patient selection, diligent free dissection tech-
nique, avoidance of graft cross-clamping, and 
mandatory use of ultrasound during surgery or an 
angiography completion in future research. Only 
vascular surgeons with expertise in aortic surgery 
will conduct these advanced laparoscopic proce-
dures in referral centers. q

CONCLUSIONS

This review articles outlined that aorto mesen-
teric revascularization procedures are feasi-

ble for chronic mesenteric ischemia but require 
careful selection of patients. Only vascular sur-
geons with prior experience in laparoscopic vas-
cular surgery can carry out these procedures in 
referral centers. q
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ABSTRACT
Pediatric ocular diseases can be detectable through a comprehensive eye examination and most of them are 

preventable once they are discovered. There is a well known fact that children can have ocular pathology such 
as cataract, refractive errors, strabismus and amblyopia. In children, low vision can have a negative impact 
on their growth and development; therefore, any visual impairment must be detected as soon as possible to 
prevent amblyopia development.

Keywords: visual impairment, refractive error, children, Down syndrome,  
autism, ADHD, deafness.

2020; 15(3): 391-393

OBJECTIVES

The younger the age a visual problem is 
discovered, the more favorable the im-
provement of the function. It is very im-
portant to diagnose and treat ocular 
conditions such as refractive errors, cata-

ract and strabismus in children; moreover, a visual 
screening is recommended before a child reaches 
the age of six. The base for vision is represented 
by fixation (1). Sight is a basic term of education 
and profession, and therefore, its periodical as-
sessment is useful and recommended (2, 3).

Ii is estimated that worldwide, 15 million of 
children below the age of 16 bear a visual handi-

cap secondary to an uncorrected refractive prob-
lem (4). A child with a reduced visual acuity is not 
aware of the best visual acuity and cannot express 
difficulties related with the vision. A review of the 
literature revealed that many studies have been 
conducted on the epidemiology of ocular disor-
ders since 1990, showing that most common ocu-
lar problems in children were refractive errors (5).

Children with low vision are often neglected 
and these problems have a prevalence of twenty 
times higher in special needs children compared 
to those clinically healthy (6). Visual screening 
programmes of children with special needs are 
frequently covering only refractive errors (REs), 
while other ocular disorders are not well studied 
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(7, 8) because the focus is maintained on other 
aspects of their health and management (9).

Disability is one of the ultimate problems 
among non-comunicable diseases and is recog-
nized as a neglected public-health issue (10). The 
higher prevalence of ocular disorders among chil-
dren with special needs is due to the primary 
causes of their disabilities (11). Thus, visual pro-
blems are common in preterm born children, in 
those with genetic systemic disorders such as 
Down syndrome, deafness, and even among 
those with ADHD and autism (11). A low vision in 
childhood will lead to inadequate emotional and 
social development of the child (12). Visual defi-
ciency and ocular problems are the most debili-
tant medical conditions a person can have. Earlier 
detection of a visual impaired condition is essen-
tial for intervention and prevention of ambly - 
opia (13).

Pathology that affects the visual system of chil-
dren with disabilities is displayed below.

Congenital anomalies
Ocular anomalies in which the eyeball is absent 
or smaller than normal at birth are called anoph-
thalmos and microphthalmos. One of the most 
common congenital anomalies is uveal coloboma. 
It is a type of anomaly secondary to the incom-
plete closure of the embryonic fissure. Many sur-
veys showed that these anomalies can lead to vi-
sual impairment in children (14). Congenital 
anomalies can be sometimes difficult to assess 
before the birth of a child (15).

Amblyopia 
Amblyopia has a significance of low vision that 
cannot be corrected with glasses, being the most 
preva lent ocular disorder among people under the 
age of 40. The main causes of amblyopia are 
refractive errors, strabismus and media opacities 
(16). Most of the cases are unilateral, but some of 
them are bilateral. This pathology is preventable 
and its treatment is effective during early child-
hood (17, 18).

Strabismus
Strabismus is a condition where one eye or both 
eyes has/have a misalignment either permanently 
or occasionally. Esotropia is one of the most fre-
quent type of strabismus in children, with a preva-
lence of 1-2% below the age of 6 (19, 20). Long-
term strabismus is less likely to have a positive 

success rate of treatment, but this also depends on 
the associated conditions (21). 

Refractive errors
Refractive error status of the eyes undergo multi-
ple changes in first years of life. This ocular patho-
logy include myopia, hyperopia and astigmatism 
and has the highest prevalence in preschool chil-
dren. Earlier detection and effective treatment of 
refractive errors can prevent amblyopia as well as 
strabismus. As mentioned in different studies, the 
prevalence of myopia ranges from 0.8% in Laos 
(22) to 86.5% in children aged 6-11 from  
China (23). 

Worldwide, about 15% of children are hyper-
opes (23) and the prevalence of astigmatism varies 
from 0.3% in Thailand (24) to 91.9% in Africa (25).

Ophthalmic disease
Ocular disorders are isolated or associated with 
different systemic conditions. Different ocular di-
seases include anomalies (microphthalmia, colo-
boma and aniridia), retinal and optic nerve ano-
malies (retinopathy of prematurity, optic atrophy, 
congenital nystagmus and retinoblastoma) (26) 
and media opacities (cataract). The pevalence of 
cataract at birth is 4-5/1 000 births (26) and in 
many cases, the cause is unknown. Its importance 
is increasing because of the secondary blindness it 
leads to. These anomalies are most frequently 
seen in certain groups like those with Down syn-
drome (27, 28), deafness (29), ADHD and autism 
(30). Retinoblastoma is the most frequent malig-
nant tumor in children and is discovered as a leu-
kocoria, esotropia or masquerades uveitis (31).

Color vision deficiency
Abnormal color vision includes red-green defi-
ciencies with a prevalence of 1.2% in males an  
0.5% in females. Spotting a color vision deficiency 
during childhood is important because it may 
guide the ophthalmologist for a specific patholo-
gy. The prevalence of this patology is higher in 
special needs children and nowadays, its detec-
tion is crucial for preventing vision loss and visual 
impairment in children (32).

An early detection of visually impaired chil-
dren is vital for a proper intervention and also for 
prevention of amblyopia because the visual path-
ways are the most active in childhood, so that 
early treatment in ophthamic pathologies will 
help children reach their goals lately in life (32). q

the Burden of Assessing oCulAr stAtus of Children
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CONCLUSION

Ophthalmic evaluation of a child may be chal-
lenging, but ophthalmologists should have a 

look at the cornea, anterior chamber status, pupil-
lary refelx and lens. The red reflex should be inves-
tigated to rule out a leukocoria and other causes for 
a leukocoria. If the child does not coo perate, 
examination should be repeated after a few days.

A visually impaired child should be treated 
promptly, because visual deprivation can lead to 
amblyopia, which is difficult to treat. Pediatricians 
and all practitioners working with children should 
be educated to detect an opacity seen into the 
eyes of a child.

Visually impaired children can be detected 
and diagnosed and they can benefit of special eye 
care, so that amblyopia should not develop. q
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BACKGROUND
Juvenile dermatomyositis (JDM) is one of the pediatric systemic connective tissue disorders, consisting 

of an idiopathic inflammatory myopathy, affecting primarily skin and muscle, representing approximately 
85% of cases in this group. A significant source of morbidity is the occurrence of overlap characteristics 
with other connective tissue disorders, including systemic sclerosis (SSc). Overlap JDM/SSc syndrome 
is rare in children, with only a few reported cases. The diagnosis is often challenging, presence of 
anti-PM/Scl antibodies playing a pivotal role. Although SSc/JDM overlap syndrome has less frequent 
visceral involvement, pulmonary dysfunction may occur. The respiratory function evaluation using 
overnight cardiorespiratory polygraphy may reveal important alveolar hypoventilation with impact on 
therapeutic approach. Non-invasive ventilation may be indicated to potentiate medical treatment. In the 
acute phase, non-invasive ventilation is a life-saving therapeutic option until the maximum efficiency of 
drug treatment is reached. In the case of a complex respiratory pathology, associating elements of nocturnal 
alveolar hypoventilation specific to neuromuscular disease, with that of chronic interstitial lung disease, the 
evaluation of respiratory sleep disorders should be considered, sometimes requiring home nocturnal non-
invasive ventilatory support. 

We present the case of a 15-year-old girl who was admitted to our clinic with a history of high fever, 
productive cough and severe dyspnea. Detailed anamnesis revealed that the patient accused one-
year history of proximal muscle weakness of the lower limbs, with functional limitations, weight loss, 
dysphonia, swallowing difficulties and dyspnea at minimal efforts. Following the physical examination, 
laboratory and imagistic investigations were all suggestive for an inflammatory myopathy. Anti-PM/Scl 
antibodies were positive, confirming the diagnosis of a severe form of JDM/SSc overlap syndrome, with 
minimal cutaneous changes, significant muscle involvement and respiratory distress. Complex therapy 
using antimicrobial agents, steroid pulse therapy, immunosuppressive agents, non-invasive ventilation, 

2020; 15(3): 394-400
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INTRODUCTION

Juvenile dermatomyositis (JDM) is one of the 
systemic connective tissue disorders that af-
fect children, representing approximately 
85% of cases in this group. The reported an-
nual incidence ranges from two to four cases 

per one million children, with girls being affected 
more often than boys. It consists of an idiopathic 
inflammatory myopathy, affecting primarily skin 
and muscle. Despite treatment improvements, it 
is still associated with significant mortality and 
morbidity. An important source of considerable 
morbidity is the occurrence of overlap characte-
ristics with other connective tissue disorders, in-
cluding systemic sclerosis (SSc), rheumatoid ar-
thritis, Sjogren’s syndrome and systemic lupus 
erythematosus (1, 2). Overlap JDM/SSc syndrome 
is rare in children, with only a few cases been re-
ported. The diagnosis is often challenging. Al-
though it is a rare disease in children, the presen-
tation appears similar to adults, except for the 
visceral involvement. In patients with unusual 
clinical features, an unusual clinical course or 
those with scleroderma overlap features, testing 
myositis-specific antibodies is useful. Usually, the 
initial characteristic presentation in pediatric pa-
tients is JDM (3).

Juvenile dermatomyositis is diagnosed using cli-
nical, laboratory and microscopic methods. In 2017, 
the European League Against Rheuma  tism/Ame -
rican College of Rheumatology (EULAR/ACR) de-
veloped revised the classification and diagnostic 
criteria for adult and juvenile inflammatory myopa-
thies, including variables related to muscle weak-
ness, skin manifestations, laboratory findings and 
other clinical manifestations. Muscle biopsies are 
infrequently performed in children (4). 

The occurrence of overlap features with other 
systemic connective tissue disorder creates diffi-
culties in diagnosis. JDM/SSc overlap presents 
with facial skin changes, Raynaud’s phenomenon, 

sclerodactyly and may progress to associate other 
SSc features. However, during the disease, at 
some periods, symptoms of scleroderma or der-
matomyositis are prevalent, variously pronounced 
in individual cases. Cutaneous changes of both 
SSc and JDM develop within the first year of the 
disease. The JDM/SSc overlap differs from syste-
mic scleroderma by the absence of digital pits and 
ulcer, acrolysis and contractures of the fingers. 
Some sclerodermoid features of the face are com-
mon. Exceptionally, the onset can be sudden, 
with fever, myalgia, Raynaud’s phenomenon. 
Muscle involvement can be insidious. Myositis is 
clinically indistinguishable from primary JDM. It is 
proximal, symmetric, causing function limitations, 
such as frequent falls, difficulty in climbing stairs, 
washing, feeding themselves. The muscle and cu-
taneous signs of JDM are usually transient. Visce-
ral involvement is often mild than in adults (5). 
Laboratory findings are supportive of the diagno-
sis: elevated levels of muscle enzymes, presence 
of autoantibodies, elevated serum and urine myo-
globin. The presence of anti-PM/Scl antibodies 
has a key role in confirming the diagnosis (3). 
Magnetic resonance imaging (MRI) of skeletal 
muscles is helpful for detecting areas of muscle 
inflammation. Electrophysiologic abnormalities 
on electromyography (EMG) and muscle biopsy 
are invasive diagnostic procedures that are re-
served for cases in which other investigations are 
inconclusive (13).

Although SSc/JDM overlap syndrome in chil-
dren has less frequent visceral involvement than 
adults, pulmonary dysfunction may occur. Respi-
ratory muscle weakness, affecting inspiratory, ex-
piratory and upper airway muscles, can cause in-
sufficient ventilation, ineffective cough, nocturnal 
hypoventilation, along with bulbar dysfunction. 
Impairment of both upper airway muscles and 
upper esophagus induces difficulty swallowing, 
tracheal aspiration or food reflux into the naso-
pharynx, dysarthria, nasal voice, weak mastica-

oxygen supplementation and physiotherapy was started, with significant status improvement. However, 
pulmonary function tests maintained severe restrictive aspect and nocturnal cardio-pulmonary polygraphy 
revealed residual pulmonary failure with important nocturnal alveolar hypoventilation. Nocturnal 
non-invasive ventilation was continued at home, along with medical treatment. Her disease was clinically 
well controlled, immunosuppressive therapy was decreased and interruption of ventilatory support was 
possible at six months after the diagnosis.

Keywords: dermatomyositis-systemic sclerosis overlap, child, pulmonary dysfunction,  
overnight cardiorespiratory monitoring, non-invasive ventilation. 
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tion, abnormal secretion clearance and protru-
ding tongue (1, 6). These perturbations, along with 
decreased accessory respiratory muscle activity, 
may produce upper airway obstruction during in-
spiration and exacerbate hypoventilation, espe-
cially during nocturnal sleep. An ineffective cough 
may be associated and the risk of aspiration, se-
cretion retention, pneumonia and respiratory fai-
lure is very high (6). Although pulmonary manifes-
tations are much less common in children than 
adults, interstitial lung disease (ILD) may occur. 
The pulmonary pathology is mostly extrapolated 
from adults because 30% to 50% of adults with 
dermatomyositis have ILD, whereas the pulmo-
nary expression in JDM/SSc or JDM is extremely 
rare in children (7). The diagnosis of ILD in pa-
tients with known JDM can usually be established 
based on the clinical presentation, imaging stu-
dies and pulmonary function tests. The most com-
mon findings on chest radiography are diffuse re-
ticular and nodular opacities. High-resolution 
computed tomography (HRCT) is preferred and 
typical changes include patchy ground-glass 
opacification, basilar consolidation, honeycom-
bing and septal thickening. Pulmonary function 
tests demonstrate a restrictive pattern, with de-
creased lung volumes and diminished diffusing 
capacity. Bronchoalveolar lavage or even lung bi-
opsy may be indicated (1, 7).

The respiratory function evaluation using over-
night cardiorespiratory polygraph or even poly-
somnography may reveal important alveolar hy-
poventilation with impact on therapeutic 
approach. In addition to medical therapeutic 
measures, non-invasive ventilatory support may 
be indicated to control nocturnal alveolar hy-
poventilation and other nocturnal respiratory dis-
orders, diurnal respiratory failure and to poten-
tiate the medical treatment, inclusive the 
treatment of acute respiratory infections (8). q

CASE REPORT

A previously apparent healthy 15-years-old girl 
was admitted to our clinic with a history of 

productive cough and high fever, lasting for eight 
days, progressive worsening despite symptomatic 
treatment given by her general physician. To a 
more detailed anamnesis, we found out that the 
patient accused one-year history of the lower 
limbs’ proximal muscle weakness, with functional 
limitations, such as difficulty getting into or out of 

motor vehicles and climbing stairs. Later, she no-
ticed the progressive association of voice changes 
– nasal voice, dysphonia, swallowing difficulties for 
liquids or solids, reflux of food into the nasopha-
rynx, dyspnea at minimal efforts, involuntary weight 
loss (8 kg through the last six months) and accen-
tuated proximal motor deficit. The antenatal, natal 
and postnatal histories were insignificant. There 
was no family history of any neurological disease.

Physical examination upon presentation re-
vealed an underweight patient, with a poor gene-
ral condition, inexpressive mimic, stretch marks in 
the lower limbs, without other cutaneous sugges-
tive elements, apparent normal osteoarticular sys-
tem, but with severe proximal muscle weakness 
and fatigability to minimal efforts. Respiratory rate 
was 30 per minute and oxygen saturation was 
90% in room air. Decreased breath sounds in the 
lower right lung field, bilateral crackles and rhon-
chi were evident on pulmonary auscultation. In-
tercostal and subcostal retractions, along with ab-
dominal paradox breathing movement and 
ineffective productive cough were also noticed. 
She was tachycardic, with rhythmic cardiac 
sounds and normal blood pressure. Neurological 
examination revealed normal sensorium. Assess-
ment of cranial nerves showed normal oculo-
motricity, inexpressive facies with bilateral facial 
weakness (cannot whistle), absence of palatine 
reflex, lateral atrophy and fasciculations of the 
tongue, dysarthria and nasal voice. She accused 
difficulties in swallowing solids and liquids. The 
muscle strengths of neck flexors and all, upper 
and lower, extremities were decreased at the 
proximal level. The deep tendon reflexes were 
hyperactive in all extremities. Babinski’s and 
Gower’s signs were present. An otolaryngology 
examination confirmed the velopalatine paralysis. 
A nasopharyngeal endoscopy was also performed, 
with normal anatomic structures in this area. 

Laboratory investigations revealed normal 
complete blood count, positive inflammatory tests 
(erythrocyte sedimentation rate 60 mm/h, C-reac-
tive protein level 140 mg/dL), elevated creatine 
kinase (CK), alanine aminotransferase (ALT), as-
partate aminotransferase (AST) and lactate dehy-
drogenase (LDH) levels (320 U/L, 50 U/L, 72 U/L 
and 502 U/L, respectively). Troponin T level was 
also highly elevated (974 ng/dL), with no electro-
cardiography or echocardiography abnormalities. 
Arterial blood gas analysis was normal. The chest 
radiograph showed a heterogeneous opacity in 
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the right lower pulmonary lobe and an atelectatic 
band at this level, with diaphragm traction. Pul-
monary functional testing could not be performed 
because of poor status. 

Firstly, we presumed the diagnosis of right infe-
rior lobar pneumonia with respiratory failure, cen-
tral and peripheral motor neuron syndrome. We 
started medical treatment with broad-spectrum 
antibiotics (Ceftriaxone, Vancomycin), bronchodi-
lator agents, respiratory nursing and oxygen the-
rapy, with clinical, biological and radiological im-
provement. However, bulbar dysfunction and 
muscle weakness persisted, with minimal allevia-
tion.

In order to evaluate muscle weakness, electro-
myography was performed, with inconclusive re-
sults, suggestive for neurogenic abnormalities 
rather than myogenic lesions. Considering the pa-
tient presenting symptoms of both central and pe-
ripheral motor neuron syndromes associated with 
bulbar dysfunction and elevated levels of muscle 
enzymes, with a non-specific electromyography 
aspect, further investigations were required. Mag-
netic resonance imaging (MRI) of the brain with 
entire spine screening was normal, eliminating the 
possibility of cerebral or medullary lesions (tumor, 
malformation, hemorrhage) and demyelinating or 
degenerative disease at this level. Myasthenia gra-
vis was excluded by the physical examination (ab-
sence of circadian variation of muscle weakness, 
absence of palpebral ptosis), along with electro-
myography aspect, elevated muscle enzymes and 
negative anti-acetylcholine receptor antibodies. 
Paraneoplastic involvement was taken into discus-
sion, with no evidence of tumors on chest radio-
graphy and abdominal ultrasound and a normal 
level of alpha-fetoprotein level. Different forms of 
progressive bulbar palsy have been also consi-
dered. In order to exclude Fazio Londe disease, 
plasma riboflavin levels and acylcarnitine levels 
were performed, with normal values. Absence of 
sensorineural hearing loss eliminated hereditary 
motor neuropathy type I. Slowly progressing re-
duction of muscle strength, with prevailing ex-
pression at girdle level, respiratory difficulties, or-
thopnea, gradual bodyweight loss, swallowing 
difficulties, elevated CK levels, were highly su-
ggestive for late-onset Pompe disease, so that the 
activity of alpha glucosidase was tested, being 
within its reference range; thus, there was no indi-
cation of Pompe disease. Screening for autoim-
mune illness was also performed, but only anti-

nuclear and anti dsDNA antibodies results were 
early available, showing normal levels. 

Despite initial complex medical treatment and 
respiratory nursing, the patient’s clinic and para-
clinical course was undulating, with sudden dete-
rioration on 14th day of hospitalization, with an 
altered general condition, persistent hyperpyre-
xia, severe respiratory distress, bulbar paralysis 
and inability to perform antigravitational move-
ments. Laboratory tests showed leukocytosis, 
neutrophilia, positive inflammatory markers, per-
sistently elevated muscle enzymes and mild mixed 
acidosis. Chest radiography revealed large opacity 
with air bronchogram occupying the inferior left 
lobe, suggestive for pneumonia, associated with 
pleural effusion in the left lower lung, confirmed 
by thoracic ultrasonography. 

A neurologic reassessment was done, and a 
new electromyography was performed, revealing 
myogenic abnormalities. Muscle biopsy could not 
be effectuated. Reevaluation of the case was im-
posed. Anamnestic data, consisting of insidious, 
symmetrical, proximal muscle weakness for one 
year, swallowing and phonation disorder and im-
portant weight loss, along with physical exam, se-
rum elevated muscle enzymes and EMG aspect, 
were all suggestive for an inflammatory myopathy. 
Cutaneous characteristics were minimal, but we 
considered all clinical and paraclinical features 
suggestive for JDM. Nailfold capillaroscopy de-
monstrated a lower density of capillaries, typical 
cutaneous changes for JDM. Immunologic scree-
ning autoantibodies panel for myositis performed 
as a part of the initial diagnostic workup, but with 
late available results (one day after clinical dete-
rioration), showed positive anti-PM/Scl 100 and 
anti-PM/SCL 75 antibodies, so that the diagnosis 
of JDM with scleroderma overlap syndrome was 
sustained. Intravenous pulsed methylpredniso-
lone was commenced, with significant improve-
ment of clinical status, in the first 24 hours, consti-
tuting another argument for systemic inflam matory 
disease diagnosis. 

In order to assess the proper therapeutic plan, 
we asked for an immunologic evaluation (at “Alfred 
Rusescu” Institute for Mother and Child), confir-
ming the diagnosis of a severe form of JDM/SSc 
overlap syndrome, with minimal cutaneous chan-
ges and important muscle involvement. In addition 
to steroids, we started weekly Methotrexate. 

To clarify the extend of lung damage, HRCT 
was performed, revealing focal consolidations 
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with air bronchogram in the basal segment of the 
lower lobe of the left lung and in the medium lobe 
of the right lung, with interstitial peribronchial 
changes: micronodules, septal thickening and 
patchy ground-glass opacities (Figure 1).

Pulmonary function tests were used to assess 
the severity of respiratory impairment. They de-
monstrated the persistence of a restrictive pattern 
(low forced vital capacity – 21% of predicted, low 
total lung capacity – 52% of predicted) and dimi-
nished alveolo-capillary diffusing capacity, taking 
into consideration difficult examination because 
of tachypnea, respiratory muscle weakness and 
low pulmonary volumes. The arterial blood gas 

analysis showed a pattern of hypoxic-hypercapnic 
respiratory failure.

As a result of severe respiratory distress, with 
mixt respiratory failure and ineffective cough, we 
considered it necessary to initiate continuous 
non-invasive ventilation along with oxygen thera-
py, respiratory nursing and medical treatment. We 
opted for bilevel positive airway pressure support, 
with back up rate, associated with oxygen thera-
py, using a standard nasal mask, with an important 
improvement of the respiratory function. 

After three weeks of complex therapy using 
antimicrobial agents associated with steroids 
pulsed therapy, immunosuppressive therapy, 

FIGURE 1. Thoracic HRCT – focal consolidations, micronodules, septal thickening and patchy  
ground glass opacities
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non-invasive ventilation and physiotherapy, the 
patient status was alleviated, with significant im-
provement of muscle force, reducing respiratory 
distress with no need for oxygen therapy and pro-
gressive weaning of diurnal non-invasive ventila-
tion, improvement on respiratory clearance, ame-
lioration of swallowing and phonation. The patient 
regained mobility and could maintain orthostatic 
position and walk for short distances. The level of 
muscle enzymes and blood gases normalized and 
serum inflammatory markers became negative. Re-
peated chest X-ray showed a regression of focal 
infiltrations and pleural effusion. 

However, pulmonary function tests main-
tained severe restrictive aspect. As interstitial lung 
disease with pulmonary fibrosis may develop se-
condary to systemic connective disorders (derma-
tomyositis and scleroderma), and considering the 
respiratory muscle weakness, we performed noc-
turnal cardio-pulmonary polygraphy in order to 
evaluate the possibility of residual sleep-related 
breathing disorder. We revealed the persistence 
of nocturnal alveolar hypoventilation, with hyper-
capnia and hypoxemia (oxygen saturation < 90% 
in room air for 63 percent of sleep time) (Figure 2). 
However, diurnal oxygen saturation was normal. 
We decided to continue nocturnal non-invasive 
ventilation at home, along with medical treat-
ment. We scheduled a close follow-up, keeping in 
touch with the immunology department too. The 
subsequent evolution was favorable. Her disease 
was clinically well controlled, and her immuno-
suppressive therapy was decreased. The pulmo-
nary function was also improved, with alveolar 
hypoventilation resolution on repeated nocturnal 
cardiorespiratory monitoring polygraphy, so that 
the interruption of ventilatory support was permit-
ted at six months after the diagnosis. q

DISCUSSIONS

Overlap syndromes of JDM/SSc are rare and 
have primarily been described in adults. In 

children, only few cases have been described. We 
reported the case of a young girl who presented 
an overlap syndrome of dermatomyositis and 
scleroderma, with positive anti-PM/Scl 100 and 
anti-PM/Scl 75 antibodies, highlighting the com-
plex mechanism of pulmonary complications as a 
result of systemic connective tissue disorder. 

The main characteristics of JDM are symmetri-
cal, proximal muscle weakness and chronic in-
flammation of the skin. The diagnosis is suggested 
by the clinical features and confirmed through 
laboratory and microscopic methods. In our pa-
tient, the diagnosis was difficult to establish fol-
lowing a clinical examination dominated by mus-
cle weakness, with minimal cutaneous changes. 
Her initial biological evaluation showed elevated 
muscle enzymes, positive inflammatory tests, neg-
ative antinuclear antibodies and anti-dsDNA anti-
bodies. Electromyography, an invasive test used to 
distinguish muscle weakness caused by muscle 
denervation from that caused by inflammatory 
myopathy, may be falsely negative in some pa-
tients, as in our case, making the diagnosis more 
difficult. We could not perform a muscle biopsy 
because of her severe pulmonary status. The pre-
sence of anti-PM/Scl antibodies had a key role in 
confirming the diagnosis of JDM/SSc overlap syn-
drome.

Although JDM/SSc overlap syndrome has less 
frequent visceral involvement, pulmonary dys-
function may occur. The extend of lung involve-
ment in patients with dermatomyositis may de-
velop secondary to infection, aspiration 
pneumonia, reflux, interstitial lung disorder or res-
piratory muscle weakness. The decreased strength 
of respiratory muscles induces inadequate ventila-
tion, causing tidal volume to decrease. To main-
tain a good tidal volume, patients use accessory 
inspiratory muscles and increase respiratory fre-
quency. When the increase of respiratory rate be-
comes insufficient to maintain alveolar ventilation, 
hypercapnia develops. Inadequate ven ti lation 
and low tidal volumes induce atelectasis, and 
right to left pulmonary shunt develops, producing 
hypoxemia that accompanies insufficient ventila-
tion. Impairment of upper airway muscles and 
upper esophagus creates bulbar dysfunction, in-
cluding difficulty in swallowing, tracheal aspira-

FIGURE 2. Overnight cardio-pulmonary monitoring test – 
nocturnal alveolar hypoventilation
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tion or food reflux into the upper airway tract. In 
our patient, the clinical picture was dominated by 
respiratory symptoms and muscle disorders. Pul-
monary infection developed se condary to respira-
tory muscle severe weakness, and the pleural ef-
fusion probably secondary to infection rather than 
rheumatologic disorder. The progression of respi-
ratory complications to acute respiratory failure, 
persistent with medical and supportive measures, 
required a non-invasive ventilatory treatment.

Interstitial lung disease can occur, although it is 
less common in children with JDM/SSc overlap 
syndrome. During the acute illness, our patient 
could not undergo pulmonary function testing. 
On recovery, she presented a persistent restrictive 
pattern on repeated pulmonary functional tests, 
with low alveolo-capillary diffusing capacity and 
rare patchy ground-glass opacification on HRCT 
examination. Also, nocturnal cardio-pulmonary 
polygraphy showed persistence of alveolar hy-
poventilation and hypoxemia in the complex con-
text of severe muscle and pulmonary dysfunction 
within the systemic inflammatory disorder. Home 
nocturnal non-invasive ventilation was continued 
and closely follow-up was scheduled. Supportive 
management of respiratory muscle weakness, in-
cluding ventilatory support, along with medical 
therapy, provided symptomatic relief and im-
proved the quality of life. q

CONCLUSIONS

We illustrated a rare case of JDM/SSc overlap 
syndrome with important visceral involve-

ment in a young girl presenting severe respiratory 
distress. This condition is a rare entity in child-
hood and adolescence. Only a few cases have 
been reported so far. It is associated with features 
of SSc and dermatomyositis. Muscle weakness 
and severe respiratory illness dominated the di-
sease course, requiring ventilation support. We 
highlighted the key involvement of anti-PM/Scl 
antibodies in establishing the diagnosis. Also, the 
case illustrates the reversibility of muscle weak-
ness in severe JDM/SSc overlap syndrome and 
shows that active management, including non-in-
vasive ventilation and treatment of chest infec-
tions, are essential in-patient boarding. The im-
portance of nocturnal cardio-pulmonary polygraphy 
in the diagnosis of sleep-related breathing disor-
der is sustained. In the presence of a multisyste-
mic pathology with severe neuromuscular and 
respiratory impairment, association with noctur-
nal hypoventilation and hypoxemia should be 
considered and specific tests (eg, nocturnal car-
diopulmonary monitoring test) should be proceed 
in a time of clinical stability. Nocturnal non-inva-
sive ventilation is an important therapeutic solu-
tion in this type of pathology. Once the resolution 
of neuromuscular and pulmonary dysfunction is 
realized, withdrawal from nocturnal ventilatory 
support is possible. q
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ABSTRACT
Introduction: Head and neck defects after tumor resection can be difficult to reconstruct using autogenous 

tissue without utilizing a free flap. Osteocutaneous fibula free flap is now considered the gold standard used 
for mandibular reconstruction after resections due to malignancy. 

Case presentation: We present the case of a 49-year old female known with an ectopic mucoepidermoid 
carcinoma involving the mandibula from one ramus to another. After tumor resection, we have reconstructed 
the mandible by using the only method available for reconstruction in this case – an osteocutaneous fibula 
free flap. We were able to reconstruct the mandible using 3D printed custom-made surgical guides.

Discussion: Postoperative imaging showed that the height and symmetry of the mandible were 
satisfactory. There were no microvascular failures and the intraoral healing time was about 10 days. The 
donor site skin defect from the left leg was grafted with an autograft harvested from the ipsilateral thigh. The 
donor site healed uneventfully.
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INTRODUCTION

Oral cancers account for 4% of all 
cancers in the world (1). Squa-
mous cell carcinoma is the most 
prevalent type of carcinoma af-
fecting the buccal cavity, with 

over 90% of all oral malignancies, and mandibu-
lar involvement is seen in 49% of cases (2). Sali-
vary gland neoplasms are a diverse group of tu-
mors, with various morphologies, which are 
often challenging to diagnose and treat. Accor-
ding to Wahlberg et al, minor salivary gland neo-
plasms represent less than 25% of intraoral sali-
vary neoplasms and are often malignant, 
especially compared with tumors of major sali-
vary glands (3). Tumors of minor salivary glands 
are clinically impossible to differentiate – malig-
nant from benign. The most frequent benign le-
sion is the pleomorphic adenoma (4).

Mucoepidermoid carcinoma represents a dis-
tinct type of tumor and is the most common ma-
lignancy of the primary salivary gland, compri-
sing 3-15% of all salivary gland tumors (5). It 
consists of three cellular elements in varying pro-
portions: mucus-secreting cells, intermediate 
cells and epidermoid cells (6). Ectopic mucoepi-
dermoid carcinoma can be found in any part of 
the body, the incidence in the jaw being exce-
edingly rare, only 2-4% (7).

Even among pathologists experienced in 
head and neck cancer, there is significant vari-
ability in the way mucoepidermoid carcinomas 
are histologically graded.

Intraorally oncological resections can lead to 
devastating cosmetic and functional deficits 
which result in functional, psychological, physi-
cal, and nutritional effects. Besides the functio-
nal disorder, extensive mandibular defects cause 
deformation and abnormal contour of the lower 
one third of the face (8). These changes are often 
disfiguring. Due to the three-dimensional con-
figuration of the fibula graft and the critical im-
portance of restoring function and facial contour, 

craniofacial reconstruction in such cases poses 
great challenges (9). 

Computer aid design and manufacture play a 
critical part in this reconstruction, and by using 
CT scans we can achieve three-dimensional 
mandibular and fibular models (10). This helps 
reducing the intraoperative time as well as im-
proving the functionality and aesthetics of the 
reconstructed segment (11).

The primary goals of a mandibular recon-
struction are restoration of speech, swallow and 
mastication, by reconstructing the mandibular 
arch and allowing dental rehabilitation (12).

CASE PRESENTATION

We present the case of a 49-year old female 
known with a low to intermediate grade 

mucoepidermoid carcinoma involving an ecto-
pic salivary gland in the mandible, which deve-
loped in the mandible from one ramus to 
a nother. 

Eight months before presenting to our ser-
vice, she started complaining of pain on the right 
mandibular side without history of surgery or 
trauma to the mandible. She went to a stomato-
logy clinic, where she had an X-ray that showed 
a little demineralization in the area. Because the 
pain worsened, she had a neurologic evaluation 
for trigeminal neuralgia and had a treatment pre-
scribed. Six months later, the right mandibular 
region begun to swell, so she went to an oral 
maxillofacial surgeon, where she had a CT that 
revealed a mass in the right body of the mandi-
ble. She had a biopsy that showed a low-inter-
mediate grade mucoepidermoid carcinoma 
which required excision and immediate recon-
struction. Unfortunately, the procedure could 
not be done in that clinic, so the patient was pro-
posed radiotherapy as a primary treatment. Ra-
diotherapy has had mixed results as a primary 
treatment. As adjunctive therapy, it has also met 
success and failure (13). The patient looked for a 
second opinion and two months later she arrived 

Conclusion: Osteocutaneous fibula free flap is a highly effective method and sometimes the only one 
available for reconstruction of mandibular defects after resection of intraoral malignancies. Modern 
technologies, such as surgical planning using computer-aided design, play a critical part in extensive 
reconstructions, lowering the total intervention time.

Keywords: osteocutaneous free flap, fibula free flap, head and neck reconstruction,  
oncologic defects.
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at our hospital. The tumor had spread, from one 
angle of the mandible to another, as showed by 
computed tomography angiography (Figure 1). 

The patient had no history of cigarette smo-
king or alcoholism. No significant medical or 
family history was noted.

Clinical examination revealed non-tender 
swelling of both mandibular regions, from the 
angle of the mandible to the menton, with nor-
mal skin over the swelling. Intraoral examination 
revealed normal intact overlying mucosa. The 
right mandibular group of lymph nodes were 
palpable, mobile and non-tender.

CT scan images showed homogenously en-
hancing lytic lesion from one ascending ramus of 
the mandible to another with medullary bone 
destruction and cortical erosion, especially on 
the lingual side.

Evaluating the clinical and radiographic fin-
dings, together with the biopsy result, the wor-
king diagnosis considered was of ectopic (in-
traosseous) mucoepidermoid carcinoma of the 
mandible. We included the differential diagno-
ses of odontogenic keratocyst, odontogenic 
myxoma and ameloblastoma.

FIGURE 1. CT axial images of the tumor involving the mandible

FIGURE 2. Tumor involving the mandible: a) skull reconstruction using high resolution CT images;  
b) mandible reconstruction using high resolution CT images
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After clinical and paraclinical data evaluation, 
the oncologic committee decided that the best 
course of action would be the removal of the tu-
mor with bilateral cervical lymphadenectomies 
and immediate mandibular reconstruction. 

Because of the length of the defect, osteocu-
taneous fibula free flap was the only available 
method for reconstruction of the mandible. This 
flap was also used to provide a possibility for 
later dental implantation, not only to restore the 
function and facial symmetry.

Because the excision left only the condyles 
and the coronoid processes of the mandible 
(Figure 2b), the reconstruction was particularly 
challenging and had to be done with the help of 
computer-aided design. 

The high-resolution images obtained from the 
computer tomography angiography of the head 
and left leg were converted to digital 3D models. 
The images were processed by Osteo3d com-
puter software until final images of the mandible 
(Figure 2b) and fibula (Figure 3a, b) were ob-
tained. Digital models were generated based on 
those images and imported to a computer aided 
design system. Sectioning planes were defined 
based upon regions of the mandible and applied 
to the fibula model (Figure 3a, b). 

The most important aspect was the design of 
the fibular sections as to obtain the desired initial 
shape of the mandible (Figure 4).

Three sets of guides were designed, a single 
guide for the whole fibula (Figure 5a), individual 
guides for every segment of the fibula that was 
going to be sectioned (Figure 5 b, c) and a set of 
guides for the mandibular cuts (Figure 5 d).

A 3D printer was used to print the three types 
of guides, made of thermoplastic autoclavable 
FDA approved material, a fibular and a mandib-
ular model that was used to prepare the appro-
priate shape of the titanium plate used for the 
fixation of the vascularized bone graft to the 
mandible (Figure 6). 

The patient underwent radical tumor resec-
tion (Figure 7) with type III modified bilateral 
radical neck dissection. The surgical margins 
were located intraoperatively at the cranial part 
of the mandibular ramus bilaterally, with no bone 
erosion or destruction present at this level, ap-
proximately 1 cm from the furthest macroscopic 
lesion. The distal osteotomy was performed at 
about 6 cm from the above the projection of the 
lateral malleolus to maintain ankle stability and 
proximally at about 5 cm, with careful dissec-
tion, identification and preservation of the com-

FIGURE 3. 
Reconstituted 
fibula: a) angles;  
b) dimensions
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FIGURE 4. 
Reconstructed 
mandible

FIGURE 5. Guides: 
a) single piece fibular 
guide; b, c) individual 
pieces fibular guides;  
d) mandibular guides
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mon peroneal nerve. In total, 23 cm of fibula 
were harvested. There were five fibular segments 
included, with 10 cuts made according to the 3D 
printed mandibular guide. The mandible was re-
constructed prior to the peroneal vessel division. 
The peroneal vessels were ana stomosed to the 
left facial artery and the left external jugular vein.

Postoperative imaging showed that the height 
and the symmetry of the mandible were satisfac-
tory (Figure 8). 

There were no microvascular failures and the 
intraoral healing time was about 10 days. The 
donor site skin defect from the left leg was graf-
ted with an autograft harvested from the ipsila-
teral thigh. The donor site healed uneventfully. 

Postoperatively, the patient was kept on a 
non–weight-bearing status for one week. During 
this time, the left leg was kept elevated on a pil-
low. Seven days postoperatively, the patient be-
gan to walk with assistance, non–weight bearing 
or minimal weight bearing on the operated-on 
leg for the following week. After that, she was 
allowed to ambulate with full weight bearing on 
both legs.

The diagnosis of ectopic mucoepidermoid 
carcinoma was confirmed based on histopatho-

FIGURE 7. Intraoperative:  
a) tumor resection;  
b, c) fibular flap;  
d, e, f) mandibular 
reconstruction.

FIGURE 6. 
Guides and 
models

a

b

c

d

e

f
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logy. Lymph node metastases were found in 
IV-Va right side nodal groups and in one right 
side facial lymph node. 

The patient was referred to the Oncology De-
partment for additional evaluation and adjuvant 
therapy. 

DISCUSSION

Although the etiology of intraosseous of mu-
coepidermoid carcinoma is still unknown, 

there is one theory that states that ectopic sali-
vary gland tissue may be included within the 
mandible during development, inferior to the 
mandibular canal (14, 15). Puberty can influence 
the ectopic salivary gland tissue allowing malig-
nant transformation of mucous-secreting cell 
nests considering growth factor influence on 
neoplastic degeneration (16).

The osteocutaneous fibula free flap was first 
described by Taylor et al (17) in 1975, but it be-
came well known for mandibular reconstruction 
later, after Hidalgo (18) reported its applications 
in 1989. It provides the longest vascularized seg-
ment of bone to date; no other flap is able to 
provide such length of osseus tissue. Up to 
24-26 cm of bone can be harvested without 
compromising the leg function, with good quali-
ty of tissue and adequate pedicle length (19). In 

our case the osteocutaneous fibula free flap was 
the only method of reconstruction available.

One of the major advantages of the osteocu-
taneous fibula free flap is that it can be harvested 
simultaneously with the excision of the tumor by 
a second surgical team.

The flap conformation is crucial for the func-
tional and aesthetic outcome. In the last few 
years preoperative 3D modeling and virtual si-
mulation helped in planning and executing this 
conformation with greater accuracy (20). Based 
on virtual simulation, three resection guides 
were designed to help the surgeon remove the 
mandible and fibula with greater precision and 
to cut the straight fibula bone into a curved 
shape to match the anatomy of the mandible. 

Among the benefits of computer aided design 
and virtual planning and guided surgery are de-
creased local recurrence rates (21) and intrao-
perative time (22). The native mandible can be 
almost entirely reconstructed. Longstanding de-
fects like osteoradionecrosis can be reconstruc-
ted using as a model the contralateral side, which 
is another great advantage. 

There are also disadvantages of using com-
puter aided design and 3D printed guides. The 
longer time needed to obtain the guides could 
disrupt the surgery, changing the osteotomy lo-
cations as the tumor develops. Also, the cost, de-

rAMus to rAMus MAndiBulAr defeCt reConstruCtion

FIGURE 8. CT images at one month postoperatively
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sign and manufacture of guides could involve 
expenditures from several hundreds to several 
thousand euros (23). 

CONCLUSIONS 

Ectopic intraosseous mucoepidermoid carci-
noma is a very rare malignant neoplasm. The 

preoperative diagnosis is very challenging. Al-
though sometimes it can be differentiated from 
ameloblastoma, odontogenic cyst, odontogenic 
myxoma based on imaging, the final diagnosis is 
usually based on histopathology.

A treatment can be chosen based on tumor 
grade, location and clinical and imagistic data. 
The aim of surgery is to achieve tumor-free mar-
gins and thus to ensure oncologic safety. The sur-
gical approach for mucoepidermoid carcinoma 
requires wide resection, radical surgery can in-
crease the chance of a favorable prognosis. 
Based on the grade of the lesion, additional radi-

cal neck dissection may be required, followed by 
adjuvant treatment. Positive margins should be 
re-resected, although this shows an aggressive 
tumor and has a reserved prognosis. 

The osteocutaneous fibula free flap is a highly 
effective and sometimes the only method for re-
construction of large mandibular defects after 
resection of intraoral malignancies. 

The donor site healing complications can be 
reduced by improving the operative time, flap 
ischemia time and the period between flap ele-
vation and donor site closure. 

Modern technologies, such as surgical plan-
ning using a computer-aided design, play a criti-
cal part in extensive reconstructions, lowering 
the total intervention time and can significantly 
improving the functional and aesthetic results. q 
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ABSTRACT
Granular cell tumors are very uncommon tumor specially in female urethra. In the literature, there has 

been only one case reported so far. Here we describe our experience with this very rare entity in a case of 
a 26-year-old female patient with granular cell tumor of urethra with its clinical and histopathological 
findings. 

Keywords: urethra, granular cell tumor, female.

INTRODUCTION

Granular cell tumors (GrCTs) were 
first described by Abrikossoff, in 
1926, as myoma. They are rare, 
usually benign soft tissue tumors of 
endo-mesenchymal origin, which 

can occur throughout the body and in any age or 
race (1). They occur more often in females than 
males, and in blacks than whites. The peak age 
incidence is in the fourth through fifth decade of 
life. While common sites are the tongue and 
breast, vulvar involvement has been reported in 
7-16% of cases (2). However, the occurrence of 
such tumors in the urinary tract is rare. In most 
cases, these tumors usually arise from the urinary 
bladder or, less commonly, from the penile soft 
tissue (3). 

Here we report the case of a granular cell tu-
mor of a female urethra which, to the best of our 
knowledge, is the second one ever reported in the 

world so far, after the one described by Hitoshi 
Yokoyama et al in 2007 (3). q

CASE REPORT

A twenty six-year old female presented with 
the complaint of a small swelling at urethral 

orifice of six month duration and dysuria. On 
clinical examination, a 1 cm x 1 cm firm 
non-tender swelling was found on the right side 
of the urethral orifice (Figure 1). There were no 
other clinical findings and regional lymph nodes 
were not enlarged. 

An excision biopsy was planned. Preoperative 
urine microscopy and cytology were normal. The 
tumor was excised under regional anesthesia. 

Intraoperatively, the tumor was found to arise 
from the terminal part of the urethral wall very 
near the external orifice. The urethra was repaired 
with absorbable suture with per urethral catheter 
in situ. Cut section of the tumor was grayish in 
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color, which was firm and irregular in appearance. 
Histopathology revealed spaces lined by transi-
tional epithelium to flattened epithelium in fi-
brous tissue (Figure 2). At places sheets of cells 
having pink granular cytoplasm with ovoid to 
round nuclei with mild lymphocytic infiltration 
were present consistent with benign Granular cell 
neoplasm of urethra. The postoperative period 
was uneventful and per urethral catheter was re-
moved after two weeks. There has been no recur-
rence in two years of follow up.

DISCUSSION

Soft tissue granular cell tumors are very uncom-
mon, usually benign neoplasms that most fre-

quently originate from the skin and oral cavity. 
However, these tumors can also originate from 
the gastrointestinal tract (esophagus, anal canal), 
head neck region (tongue, parotid, thyroid, lacri-
mal gland), breast, biliary tract and even heart 
(5-9). In the genitourinary tract, most cases have 
been reported to originate from the bladder (11) 
and a few from the penile shaft. But it is ex-
tremely rare in female urethra. Although, less 
than 2% of all granular cell tumors are malignant 
(12), Fanburg-Smith et al. described a series of 
46 ca ses of malignant granular cell tumors. The 
authors reported that cell necrosis, high mitotic 
index, high Ki-67 index, spindling tumor cells, 
vesicles with large nucleoli and muscle invasion 

were features of malignant granular cell tumors. 
Also, they found a median tumor size of 2 cm in 
benign cases and 4 cm in malignant cases (13). In 
our case, these malignant features were absent. 
In benign granular cell tumors, surgical excision 
with clear margins is sufficient, and more radical 
resections are not required (7-11). q

CONCLUSION

There are several differential diagnoses of 
swellings in female urethral orifice from ure-

thral polyps to urethral caruncle, etc. but granu-
lar cell tumor is an extremely rare entity. Consi-
dering the fact that these tumors can give rise to 
high grade malignancy, albeit infrequently (~2% 
of cases), care should be taken to always excise 
these swellings in totality and obtain proper post-
operative histopathological analysis. Surgeons 
and pathologists need to be aware of this diffe-
rential diagnosis when dealing with urethral 
swel lings in female patients. q
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grAnulAr Cell tuMor of feMAle urethrA – A rAre entity

FIGURE 1. 1 cm x 1cm swelling located on the right 
side of the urethral orifice

FIGURE 2. Histology showing typical features of 
granular cell tumor
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ABSTRACT
A 60-year old female presented to the emergency department with complaints of acute abdominal pain 

and lump in the right upper abdomen. Physical examination revealed a large tender abdominal lump in 
the right hypochondrium, extending up to the right lumbar region. Further examination revealed that 
the lump was parietal and not intra-abdominal. Contrast Enhanced Computed Tomography abdomen was 
done and a right rectus sheath hematoma was diagnosed. No predisposing factor for spontaneous rectus 
sheath hematoma was identified. Following an unsuccessful conservative treatment, the patient underwent 
surgical drainage of rectus sheath hematoma with ligation of bleeding vessels. She fully recovered, with an 
uneventful postoperative period and without recurrence.

Keywords: rectus sheath hematoma (RSH), acute abdomen, spontaneous.

2020; 15(3): 412-415

INTRODUCTION

Rectus sheath hematoma (RSH) is an un-
common clinical condition in which 
there is collection of blood in the rectus 
sheath of the anterior abdominal wall 
possibly due to rupture of epigastric 

vessels or muscular tear (1). It is a condition cha-
racterized by history of trauma or presence of pre-
disposing factors such as bleeding disorders, anti-
platelet and anticoagulant use, insulin injections, 
increased intra-abdominal pressure and even as 
complication of laparoscopic cholecystectomy 
(2-6). Rectus sheath hematoma usually presents as 

acute abdomen and the diagnosis may be missed 
without a high degree of suspicion. Prompt recog-
nition and early diagnosis of rectus sheath hema-
toma can prevent unnecessary hospital stays and 
surgical interventions like laparotomy. Our patient 
had no such predisposing factors and develop-
ment of rectus sheath hematoma was sponta-
neous. q

CASE REPORT

A 60-year old female presented to the emer-
gency department with complaints of acute 

abdominal pain and lump in the right upper ab-
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domen. She had no comorbidities and past his-
tory was significant only for pulmonary tubercu-
losis 40 years ago. 

Physical examination revealed a large tender 
abdominal lump in the right hypochondrium, ex-
tending to the right lumbar region. Further exami-
nation revealed that the lump was parietal and 
not intraabdominal. Guarding was present over 
the right hypochondrium, right lumbar and right 
iliac regions; however, there was no rigidity or re-
bound tenderness. On auscultation, normal bo-
wel sounds were present. At presentation, the 
patient had a blood pressure of 130/80 mm Hg 
and a pulse rate of 90 beats per minute. Routine 
blood investigations were sent and an abdominal 
ultrasound sonography test (USG) was done, 
which revealed a large heteroechoic collection in 
the anterior abdominal wall. The patient was ad-
mitted for observation. Contrast Enhanced Com-
puted Tomography (CECT) abdomen confirmed 
the diagnosis of right rectus sheath hematoma 
(Figure 1). 

Initially, the patient was managed conserva-
tively, but decision to operate was taken for 
non-resolving and expanding hematoma, falling 
hematocrit and unimproved clinical symptoms 
and signs. The patient’s hemoglobin and hemato-
crit at presentation were 9.4 g% and 24.1%, re-
spectively. Abdominal USG revealed a 100 cc he-
teroechoic collection in the anterior abdominal 
wall. Also, CECT abdomen was done, which con-
firmed a well-defined heterogeneous collection in 
the intramuscular plane of the right upper anterior 

FIGURE 1. CECT abdomen showing right rectus sheath 
hematoma

FIGURE 2. Intraoperative picture showing 
hematoma beneath rectus sheath

FIGURE 3. Intraoperative picture showing 
hematoma evacuation following incision over 
right anterior rectus sheath
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abdominal wall involving the right rectus muscle 
suggestive of rectus sheath hematoma. Repeated 
blood examinations showed persistent fall in he-
matocrit. Hemoglobin on day 3 of admission was 
7.2 g% with hematocrit of 20.2%. All other pa-
rameters were within normal range. 

The patient underwent surgical evacuation of 
hematoma with ligation of bleeding vessels (Fi-
gures 2 and 3). The postoperative period was un-
eventful and she was discharged on the sixth day 
after surgery. On follow up, the patient had no 
recurrence and showed symptomatic improve-
ment. q

DISCUSSION

Rectus sheath hematoma (RSH) is an uncom-
mon cause of acute abdomen (7). It can also 

present as septic shock and is called pseudosep-
sis because of its non-infectious etiology (8). A 
case of RSH mimicking acute appendicitis in a 
young man has also been reported in the litera-
ture (9). A predominance in the elderly and in 
women has been reported (10, 11). In most ca-
ses, patients have a history of trauma or taking 
antiplatelet or anticoagulant therapy. Only few 
cases of spontaneous rectus sheath hematoma 
(SRSH) have been described in the literature, 
with no history of any predisposing factor (7, 12).

Rectus sheath hematoma above the arcuate 
line is more common and usually does not cross 
midline, as hematoma is frequently small and li-
mited between anterior rectus sheath and muscle 
fibers. Hematomas below the arcuate line dissect 
tissue planes and often extend across the midline 
due to absence of posterior sheath in this area, 
where the rectus abdominis muscle is supported 
only by transversalis fascia and parietal perito-
neum (13). 

The most common presentation in RSH is pal-
pable abdominal mass associated with abdominal 
pain (14). An associated fall in hemoglobin could 
clinch the diagnosis of RSH. Other signs and 
symptoms may include nausea, vomiting, ecchy-
mosis, fever or peritoneal signs. Depending on 
size and location, RSH may also present with hy-
povolemic shock or, rarely, abdominal compart-
ment syndrome (10).

USG is employed as an initial screening test 
because it is less expensive and widely available 

compared to CT abdomen (15). USG would typi-
cally reveal heterogeneity in rectus abdominis 
muscle or collection in large hematomas. How-
ever, CT scan is the diagnostic modality of choice 
for diagnosis of RSH. Rectus sheath hematomas 
are classified based on computed tomography 
scan findings and CT can be utilized to guide 
treatment (16).

Management of RSH is determined by pa-
tient’s clinical status and classification. Rectus 
sheath hematoma is usually a self-limiting condi-
tion and spontaneous resolution is the general 
rule, especially with type I and type II RSH. Con-
servative treatment is favored for non-expanding 
hematoma in a hemodynamically stable patient 
(7, 12, 14, 17). Approximately 80% of patients are 
managed conservatively by cold compressions, 
rest and analgesics (10). Surgical intervention is 
required when conservative management fails 
and in hemodynamically compromised patients, 
usually a type III RSH. Delay in urgent surgical in-
tervention in such patients can be fatal (18). Surgi-
cal options include evacuation of hematoma with 
ligation of bleeding vessel, which most commonly 
is the inferior epigastric artery or its branch in type 
III RSH. Angiographic coil embolization of blee-
ding inferior epigastric artery has also been de-
scribed (19). 

We opted for exploration and surgical evacua-
tion in our patient, since there was a progressive 
fall in hematocrit with expansion of hematoma 
after failure of conservative management. Blee-
ding vessels were identified and ligated. The post-
operative period was uneventful and the patient 
was doing well on follow up. q

CONCLUSION

Rectus sheath hematoma presents as acute ab-
domen and may cause a diagnostic dilemma. 

Management is usually conservative. USG is used 
as an initial screening test and CT abdomen is the 
investigation of choice for diagnosis. Prompt re-
cognition of this condition with early diagnosis and 
management can prevent prolonged hospitaliza-
tion, unnecessary laparotomy and even death. q
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ABSTRACT
COVID-19 (SARS-COV-2) pandemic is associated with aggravation of facial dermatoses caused by 

professional prophylactic measures, mostly face masks, especially reported in healthcare workers, such as 
irritant and contact dermatitis, seborrheic dermatitis, rosacea, acne.

We present a case of flare-up of rosacea in a nurse working in an Intensive Care Unit for COVID-19 
patients, using FFP1 type mask at work and textile or paper mask outside the hospital.
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INTRODUCTION

Masks (medical masks, respirators 
like N95 and cloth masks) are 
mandatory for healthcare wor-
kers in order to prevent spread of 
infectious droplets in between 

persons by cough or sneeze. Wearing a mask for 
hours could cause exacerbation of rosacea, a skin 
disorder recently reported in nurses working in 
COVID Units (1).

CASE REPORT

A 56-year old female patient, working as nurse 
in an Intensive Care Unit (ICU) for COVID-19 

patients, was examined for pruritus, erythema and 
small pustules spread on the face within the “face 

mask area” (Figure 1). Her past medical history 
was unremarkable, she was not taking any medi-
cation and denied any allergic background. Since 
March 2020, she has been wearing a FFP1 type 
mask at work and a textile or paper mask outside 
the hospital.

She was initially treated with oral antihista-
mines and short cure of moderate topical steroids 
of a presumed diagnosis of allergic contact derma-
titis, but with aggravation of lesions and pruritus. 
Patch tests with European standard battery and 
textile series, formaldehyde and thiuram were 
negative, excluding the diagnosis of allergic con-
tact dermatitis. The absence of response to topical 
steroids, systemic antihistamines and emollients 
were clues for a differential diagnosis of irritant 
contact dermatitis.
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Based on clinical grounds, a diagnosis of papu-
lopustular rosacea was suspected, aggravated by 
prolonged use of facial masks. 

Bacteriological and mycological examinations 
were negative, and Demodex was not found on 
repeated examinations, probably due to intensive 
wash of the face with abrasive soap and applica-
tion of emollients.

Although the diagnosis was easy, we encoun-
tered two major problems: to treat the patient 
and to convince colleagues from ICU that facial 
pustules were not putting hospitalized patients at 
risk.

The fact that any type of local treatment 
proved to be irritant and with no benefits for the 
patient could be also due to prolonged use of fa-
cial mask. Cleansers, azelaic acid cream, 1% iver-
mectin cream, even when associated to emo-
llients, induced irritant contact dermatitis and a 
high level of anxiety to the patient. Systemic the-
rapy was second choice, an algorithm based on 
metronidazole 1 g/day twice a day for two weeks 
and pimecrolimus cream administered one hour 
after removal of the face mask and no emollients. 
A slight improvement was obtained after two 
weeks of treatment. Pustules disappeared and the 
nurse could continue her job, despite persistent 
contact dermatitis and erythematous rosacea.

DISCUSSION

COVID-19 (SARS-COV-2) pandemic is associ-
ated, besides other skin diseases, with facial 

dermatoses caused by professional prophylactic 
measures (mostly face masks), especially reported 
in healthcare workers, such as irritant and contact 
dermatitis, seborrheic dermatitis, rosacea, acne 
(2). Prolonged use of facial masks causes a humid 
and warm environment that triggers facial skin 
diseases. 

Flare-up of rosacea in healthcare providers 
working with personal protective equipment 
(PPE) has been reported and has raised the ques-
tion of prophylactic and therapeutic measures, 
since abandoning the use of PPE was not an op-
tion (3). Moreover, pruritus can cause scratch and 
skin damage, with the risk of removing the mask, 
even for a short period of time, reducing the role 
of PPE in preventing COVID-19 contagion. This 
risk urges the correct diagnosis and rapid and pre-
cise treatment, adapted to persistence of occlu-
sion induced by PPE. Initially, rosacea treatment 
can aggravate the symptoms, especially pruritus, 
so daily skin care is essential and should be indi-
vidualized. Medical treatment should be associ-
ated to daily application of moisturizers, before 
and after face mask removal. q

CONCLUSION

The present case highlights the idea of an oc-
cupational rosacea due to protective measures 

during COVID-19 pandemic, which may be job 
threatening because its peculiar clinical features 
(pustular rosacea). q
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FIGURE 1. Papulopustular rosacea within the “face-mask area”, 
before and after tratament
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ABSTRACT
Introduction: Renal ectopia is an uncommon congenital condition, where kidney is misplaced and malrotated. 
Results: In the present study, it was found that the right kidney had a lower position (at the level of L2 to L5) 

than usual. The hilum of the right kidney was facing anterolaterally and had two renal pelvises. The right kidney 
was supplied by five renal arteries and the left one by two renal arteries. 

Discussion: Renal ectopia occurs due to abnormal ascend and rotation of the kidney. The majority of ectopia 
cases were reported in the pelvic region, but in the present study it was found in the abdominal region. 

Conclusion: Ectopic kidney may occur due to abnormal ascent and rotation of kidney. It may be associated 
with vascular and ureteric anomalies.  

Keywords: renal ectopia, malrotation of kidney, abnormal vasculature of kidney.

2020; 15(3): 418-421

INTRODUCTION

There is long list of urinary tract variation 
and most of them are congenital. These 
anomalies can lead to various patho-
logical conditions. Variations in the re-
nal system may be due to altered posi-

tion, shape, rotation and size of the kidney. Renal 
ectopia is a congenital condition, where the kid-
ney is misplaced and malrotated. 

In the present study, we report a case of uni-
lateral ectopic kidney with associated renal vas-

culature anomalies. These observations were 
made on one of the cadavers during routine ab-
dominal dissection, in the department of Anato-
my, Swami Vivekanand Subharti Medical Co-
llege, Meerut, India. 

RESULTS

On first look during dissection it was seen that 
the right kidney had a much lower position 

than usual (Figure 1). On further examination, it 
was found that the right kidney was located at 
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the level of L2 to L5, while the left kidney had a 
normal position (T12 to L2). The lower pole of 
the kidney lied 3.8 cm above the pelvic brim on 
the right side and 8.8 cm above the pelvic brim 
on the left side. 

In the present study, the left kidney was nor-
mally located in the abdomen, with normally po-
sitioned hilum (facing medially), and had a single 
pelvis originating from a hilum of 4.1 cm length. 
Contrary to this, the right kidney, which had a 

lower position in the abdomen, presented an an-
terolateral facing hilum. There were two renal 
pelvises originating from the right hilum; one of 
them originated from the upper part of the hilum 
and had 3.4 cm in length, while the other origi-
nated from the lower part of the hilum and had 
1.3 cm in length. Both united to form common 
pelvis, which was 3.8 cm long (length from the 
fusion point to the lower pole of the kidney). The 
length of ureter (from the lower pole of the kid-
ney to the opening in the urinary bladder) on the 
right and left sides was 12.6 cm and 19.9 cm, 
respectively.

The right kidney had five renal arteries origi-
nating from the abdominal aorta and the right 
and left common iliac artery (Figure 2). The left 
kidney was supplied by a single renal artery ori-
ginating from the lateral aspect of abdominal 
aorta, 0.3 cm distal to the origin of the superior 
mesenteric artery. 

The left renal artery bifurcated 1.1 cm distal 
to its origin from the abdominal aorta. One ar-
tery passed anterior to the left renal vein and an-
other, posterior to it. The length of the anterior 
and posterior branches was 3.5 cm and 4.3 cm, 
respectively. A single 5.6 cm long left renal vein 
opened into the inferior vena cava (IVC). 

There was a total of five right renal arteries 
which originated from the abdominal aorta and 
common iliac artery of both sides. These arteries 
were numbered according to their site of origin 

FIGURE 1. Abnormal position of lower pole and 
hilum the right kidney with duplication of renal pelvis

TABLE 1. 
Comparison between 
the right and left 
kidney
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cranio-caudally. The first right renal artery origi-
nated from the anterior aspect of the abdominal 
aorta 0.4 cm distal to the origin of the superior 
mesenteric artery; it was 7.3 cm long and passed 
posterior to the IVC and the right renal vein and 
opened into the hilum of the right kidney. 

The second right renal artery also originated 
from the anterior aspect of the abdominal aorta 
4.7 cm distal to the origin of the superior mesen-
teric artery; it was 4.1 cm long and passed ante-

rior to IVC and eventually entered into hilum of 
right kidney. 

The third right renal artery originated from 
the posterior aspect of the left common iliac ar-
tery, 0.5 cm distal to the bifurcation of aorta. It 
passed anterior to the right common iliac artery 
and entered into the right kidney along the lower 
part of the medial border. This artery was 5.1 cm 
long. 

The fourth right renal artery originated from 
the anterior aspect of right common iliac artery, 
1.6 cm distal to the bifurcation of the abdominal 
aorta. It passed behind the right kidney and en-
tered it 5.7 cm above the lower pole along its 
lateral border. This artery was 8.8 cm long.

The right fifth renal artery originated from the 
anterior aspect of the right common iliac artery 
2.7 cm distal to the bifurcation of the abdominal 
aorta. It opened into the posterior surface of the 
right kidney, just above the lower pole. The 
length of this artery was 4.6 cm. 

There was a single right renal vein originating 
from the hilum of the right kidney, passing anterior 
to the right kidney and eventually opening into the 
IVC. The length of the right renal vein was 4.8 cm. 
The dimensions of the right and left kidneys were 
11.2×5.7×3.2 cm and 10.7×5.6×4.5 cm, res-
pectively. 

Embryology

The kidney initially grows in the pelvic region 
and later ascends into the abdominal region. As-
cent occurs due to growth in lumber and sacral 
regions, which decreases the body curvature. In 
the pelvic region, the embryonic kidney (meta-
nephros) receives its blood supply from the pel-
vic branch of aorta. During ascent, renal arteries 
continuously originate from a higher level and 
lower arteries may remain, but usually degene-
rate. If these arteries remain, they are called ac-
cessory renal arteries (1).

DISCUSSION

Simple renal ectopia is defined as misplaced 
and malrotated kidney, with inferior mis-

placement being the most commonly encoun-
tered anomaly, though superior misplacement in 
thorax has also been reported by many authors 
(2). According to some reports, the incidence of 
renal ectopia ranges from 1:900 to 1:12 000 (3-5), 
but it is difficult to assume the exact range be-

FIGURE 2. Abnormal right renal arteries

TABLE 2. Number of renal arteries observed in 
previous case reports of ectopic kidney
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cause the majority of ectopia cases are asymp-
tomatic and require no intervention. If symptom 
develops, it may be due to vesicoureteral reflex, 
renal calculi, urinary tract infection and hydro-
nephrosis (6, 7).  Thompson et al (8) reviewed 
97 ectopic kidneys and observed that 61 were 
located in the pelvic region, 28 in the abdominal 
region and eight in the iliac region (false pelvis). 

Renal rotation anomalies are associated with 
renal ectopia. According to Braasch and 
Weyrauch (9, 10), there are four major types of 
rotation anomalies: non-rotation, incomplete ro-
tation, reverse rotation and excessive rotation. In 
case of non-rotation, renal pelvis is present ven-
trally and in case of incomplete rotation, ventro-
medially. Reverse rotation and excessive rotation 
are rare anomalies, in which the renal pelvis can 
assume any position (ventrally in reverse rota-
tion, and posteriorly in excessive rotation). 

In the present case, the renal pelvis is present 
antero-laterally and out of five renal arteries, 
three are present anteriorly, while two passes 
posterior to the right kidney. The present case 
scenario cannot be explained by the previously 
described rotational anomalies. 

The majority of ectopic kidney cases reported 
till now have an abnormal number of renal arte ries. 
Minee et al (11) reviewed 12 case reports of renal 
transplants where ectopic kidneys were used as 

conduits; they noticed a discrepancy in the num-
ber of renal arteries in three out of 12 cases in  
CT angiographic and operative findings. 

In the present study, we found five renal ar-
teries through careful dissection. It is very likely 
that some renal arteries may be missed in CT an-
giography if the radiologist is not experienced 
enough. 

Krishnaveni et al (12) published a case report 
about the right ectopic kidney located lower in 
the abdomen with an anterolateral hilum; au-
thors had also observed an abnormal vasculature 
with five renal arteries on the right side and three 
on the left side. 

CONCLUSION 

Renal ectopia is an uncommon anomaly. It oc-
curs due to an abnormal ascent of the kidney. 

It is also associated with rotation anomaly. Renal 
ectopia may be asymptomatic, but it can be as-
sociated with hypertension, vesicoureteral reflux 
and renal insufficiency. Ectopic kidney can also 
be used in renal transplant and therefore, a de-
tailed study of ectopic kidney with adequate 
sample size is needed. q
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files in Word format to editor@maedica.ro. Pro-
fessional image processing, scanning, graph pro-
cessing, if needed, are the responsibility of the 
editing team.

Referencing

Authors are encouraged to cite articles that 
have previously been published in Maedica J 
Clin Med, but these should not exceed 20% of all 
citations.

Citation examples mentioned below must be 
strictly followed.

Entire books: Authors/editors, name and 
initial(s) of surname (no full stop). Title, Edition (if 
suitable). Place of publication: Publishing House, 
Year.

Example: Carrel A, Cutler EC, Gross RE, 
Debakey ME. The Closing of Holes, Replacing of 
Valves and Inserting of Pipes, or How Cardiovas-
cular Surgeons Deal with Knives, Knaves and 
Knots. New York: York University Press, 1984.

Chapters from books and volumes written 
by different authors: Author of the chapter, 
name and initial(s) of surname (no full stop). Title 
of the chapter. Particle „In:” followed by authors/
editors of the volume. Title in Italic, Edition (if 
suitable). Place of publication: Publishing House, 
Year, followed by colon and pages where the 
chapter is to be  found.

Example: Nichols WW, O’Rourke MF. 
Aging, High Blood Pressure and Disease in Hu-
mans. In: Arnold E, ed. McDonald’s Blood Flow 
in Arteries: Theoretical, Experimental and Clinical 
Principles. 3rd ed. London/Melbourne/Auckland: 
Lea and Febiger; 1990:398 420.

Articles: Authors, name and initial(s) of sur-
name, no full stop, only the first three, followed 
by etc, in case there are more than four. Title of 
the article. Title of the Journal in international 
abbreviation, Italic. Year, followed by semicolon. 
Volume, followed by colons. Pages where the ar-
ticle may be found.

– Note: If the article quoted is published in 
abstract (e.g., journal, volume with abstracts of 
scientific events), the source will be indicated 
preceded by „Abstr. in:“

Example: Lems WF, Ader HJ, Lodder MC  
et al. Reproductibility of bone mineral density 
measurements in daily practice. Ann Rheum Dis 
2004;63:285 289

Every manuscript is immediately registered, and the registration number is communicated to 
authors by email, at the earliest convenience.
Any correspondence for the journal should be sent to: editor@maedica.ro.

 � Manuscript receipt is promptly confirmed to 
the corresponding author by an email, which 
is also mentioning the registration number, 
the date the manuscript was received and the 
fact that the manuscript was handed out to a 
specialised member of the Editorial Board 
(subject editor) by the Editor in chief/Deputy 
editors.

 � The initial responsibilities of a subject editor 
consist of checking whether the manuscript 
complies with the editing criteria:
• if it does not comply with these criteria, 

the subject editor will send a brief email 
to the corresponding author, with the re-
quest to re-write the manuscript accor-
ding to the editorial criteria.
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• if there are serious errors of content 
and/or editing, the manuscript will be re-
jected ab initio by the Editor in chief.

• if the manuscript complies with the 
editing requirements from the very 
beginning, the subject editor selects two 
peer-reviewers (either from those already 
accredited by the journal or from a bulk 
of new proposals), and it is compulsory 
that one of them belongs to an academic 
setting other than the authors of the 
manuscript.

Note: In this respect, the data base with 
potential peer reviewer plus new proposals 
will be used.

 � Possible objections formulated by authors 
against reviewers are to be seriously taken 
into consideration by the journal’s editors.

 � The subject editor (or the editorial board on 
subject editor’s request) invites the peer re-
viewer by email to evaluate the manuscript 
(attached ias a Word Document) within 
two weeks.

 � The reviewers’ decision (approval without re-
vision, approval with major/minor revision, 
rejection) is promptly emailed to the corre-
sponding author (in CC to editor@maedica.
ro) by the subject editor.

 � If the manuscript gets approval with revi-
sion, the anonymous comments of reviewers 
will be conveyed together with the reviewers’ 
decision and a statement of the subject edi-
tor, which will be the synthesis of the review-
ers’ opinions.

 �  Within four weeks, the corresponding author 
should send the revised version (complying 
with the initial submittal requests, mentio-
ning the initial registration number of the 

manuscript followed by „.R1“), together with 
an attached letter/Word document to an 
email (to the subject editor and CC to 
editor@maedica.ro) which clearly explains 
how the manuscript was modified according 
to each of the reviewers’ comments/sug-
gestions.

 � The subject editor will convey the corre-
sponding author’s answer to the peer review-
ers. If the corresponding author’s answer is 
satisfactory, they will inform the subject edi-
tor about their decision of approving the re-
vised version of the manuscript („.R1“) for 
publication.

 � If the peer reviewers consider the corre-
sponding author’s answer is only partially sa-
tisfactory, they will request an additional eval-
uation of the manuscript through new item 
by item comments (in which case the manu-
script will receive the extension „.R2“), the 
editing process following the same route as in 
the case of the first revision.

 � If the peer reviewers consider the revision re-
quests were poorly met/not met on both revi-
sions, they will inform to the subject editor 
that the manuscript is not accepted for publi-
cation.

 � Once a manuscript is accepted for publica-
tion, the reviewers’ decision will be commu-
nicated in an editorial meeting (by an email 
to to all@maedica.ro, which immediately 
gets to all members of the editorial board). 
During this meeting, the degree of priority 
for the manuscript is established, depen-
ding on the following criteria:
• reviewers’ opinions;
• none of the authors has two articles (as 

first author) in the same issue of the jour-
nal;

• the degree of coverage for the different 
sections of the journal.
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1. How many textbooks in the series ”Companions 
of Braunwald’s Heart Disease” have been edited till 
August 2020?
   a. Less than 10
   b. Between 10 and 15
   c. Between 15 and 20
   d. More than 20
   e. There is no such textbook

2. The therapy of atherothrombosis addressed to 
inflammation
   a. is analysed in the Cantos clinical study
   b. is analysed in the COLCOT clinical study
   c. is analysed in the CHIP clinical study
   d. attacks interleukin 6 
   e. includes Canakinumab

3. Diagnostic criteria for Takotsubo sydrome include:
   a. The aspect of apical ballooning of the left 

ventricle
   b. The territory corresponds exactly to the territory 

of distribution of the left ventricular descending 
coronary artery

   c. The apical ballooning is preceded by an 
emotional stress

   d. All ECG ST segment and T wave abnormalities 
may be present

   e. Brain natriuretic peptide may be elevated

4. In patients with diabetes, peripheral artery disease 
(PAD) 
   a. affects almost one quarter of diabetic patients
   b. if present, produces diabetic foot in about one 

quarter of cases
   c. gives trophic lesions if it is more severe
   d. is treated surgically either by infra inguinal or 

infra popliteal revascularisation
   e. may be treated by beta-blockers

5. The suprascapular notch
   a. forms a tunnel with the superior transverse 

scapular ligament
   b. is penetrated by the suprascapular artery
   c. may contribute to the compression of the 

suprascapular nerve
   d. may be affected by a fracture of the proximal 

humerus
   e. may produce atrophy of the supraspinatus and 

infraspinatus muscles, when compression of the 
suprascapular nerve is present

6. Asymmetric dimethylarginine (ADMA)
   a. has a role in producing nitric oxide
   b. has an isomere, symmetric dimethyl arginine, 

that does not produce nitric oxide
   c. decreases the production of nitric oxide
   d. increses cardiovascular risk
   e. is present in a larger amount in chronic kidney 

disease, constituting a cardiovascular risk factor in 
this condition

7. The haemolytic uremic syndrome in children 
icludes:
   a. Acute renal failure
   b. Microangiopathic haemolytic anemia
   c. Thrombocytosis
   d. Escherichia coli Shiga toxin
   e. Leucocytosis with neutrophilia

8. The passage of SARS-CoV-2 into the body 
includes:
   a. Binding to the surface molecule of ACE-2
   b. Forming an envelope around the virus 

(endosome)
   c. The use of a protease which cleaves the S1 from 

the S2 subunit of the virus
   d. The blocking of ciliated cells of the tongue
   e. The development of an inflammatory reaction

9. Tooth bleaching
   a. uses peroxides for bleaching
   b. removes the pigments of the teeth by an 

oxidative reaction
   c. contributes to the deterioration of the surface of 

composite resin restorations
   d. when applied, may be followed by bacterial 

adhesion
   e. can be applied on metal surfaces as well

10.  In stable coronary artery disease, the following 
diagnostic methods are routinely used:
   a. M-mode echocardiography
   b. Stress test echocardiography with noradrenaline
   c. Myocardial longitudinal strain echocardiography
   d. Computer tomography
   e. Myocardial perfusion imaging
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Dear readers, 

Since 2006, when Mædica J Clin Med was initiated by Prof. Dr. Mircea Cinteza, the journal has been 
constantly aiming at improving the quality of clinical practice in Romania by both its specialized 
editorial content and the strong commitment of over 50 national and international reputed scientists 
serving as its editorial board members, such as Prof. Dr. Mircea Cinteza (the editor-in-chief of 
Mædica J Clin Med), Acad. Prof. Dr. Ioanel Sinescu – Rector of “Carol Davila” University of Medicine 
and Pharmacy (UMF) in Bucharest, Prof. Dr.  Dragos Vinereanu – Pro-Rector of “Carol Davila” UMF,  
Prof. Dr. Mircea Beuran, Prof. Dr. Adrian Streinu-Cercel and many others.
 Mædica J Clin Med appears four times a year, under the scientific auspices of “Carol Davila” 
University of Medicine and Pharmacy in Bucharest. It is accredited by the Romanian College of 
Physicians (RCP) (10 CME credits/annual subscription + 8 Distance CME credits) and indexed in 
PubMed (which confers each author 30 CME credits/published paper) as well as in other international 
scientific databases. 
 Only subscribers will receive a certificate for 8 Distance CME credits, which will be issued at the end 
of their subscription period if each subscriber has already sent all the 4 CME quizzes in a year with a 
grade of at least 75% of the questions correctly solved.
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