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THE IMPORTANCE OF URATE PATHWAY ENZYMES ACTIVITY AND ITS 
RELATION WITH OXIDATIVE STRESS IN PROGRESSION AND 

INVASION OF HUMAN COLORECTAL CANCER 
 

Andrej Veljković1, Jovan Hadži-Djokić3, Goran Stanojević2, Branko Branković2,  

Aleksandar Skakić2, Ivana Damjanović1, Mladen Stojanović2,  

Andrija Šmelcerović1, Gordana Kocić1 

 

 
Colorectal cancer (CRC) is one of the main reasons for the mortality connected with 

tumor diseases. There is still a shortage of examination including the influence of urate pathway 
enzymes in the progressiveness and invasion of CRC, so the present study investigated the role 
of xanthine oxidase (XO), adenosine deaminase (ADA) and 5'-nucleotidase (5'-NT) activity, 
concerning TBA-reactive substances (TBARS) as an oxidative stress (OS) marker in 
progression, also an invasion of human colorectal cancer. 

We took tissue specimens from 50 patients with colon cancer, in all four TNM clinical 
stages of the disease. They were divided into 3 groups: cancer tissue, tissue surrounding the 
tumor and healthy control tissue group. We made 10% homogenates in which we conducted 
the study with proper methods. 

The activity of ADA and XO in tumor tissue and tissue adjacent to the tumor is 
statistically higher in comparison to healthy colon tissue. The 5'-NT is not significantly higher in 
carcinoma tissue. The highest activity of ADA and XO is in T2 and T3 tumor stages. TBARS has 
the highest concentration in T3 and T4 stages of the tumor. 

Presented results suggest that the possible cause of OS in colon carcinoma is high XO 
and ADA activity. It may include those enzymes in the transformation of the colon tissue, as 

well as in the progression of CRC. So, the ADA and XO activity might be helpful in determing 
the margins of colon resection. They can have significance in diagnosis, but in the prognosis of 
the disease as well. 

Acta Medica Medianae 2021;60(2):05-14. 
 
Key words: colorectal cancer, adenosine deaminase, 5′-nucleotidase, xanthine 

oxidase, oxidative stress 
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Introduction 
 
Colorectal cancer (CRC) is the third most fre-

quent tumour in the human population. It is one of 
the main reasons for mortality connected with tumor 
diseases (1). Despite the fast development of diag-

nostic and treatment strategies, the five-year sur-

vival rate of CRC remains poor, mostly because of 
recurrence and metastasis. However, the precise 
mechanisms resulting in the initiation and progres-
sion of CRC remain unclear, and it has focused con-
siderable scientific interest on the molecular patho-
genesis of CRC. Emerging evidence has shown that 

enzymes of purine nucleotides are included in the 

pathogenesis and progression of CRC.  
Adenosine deaminase enzyme (ADA) cataly-

ses the conversion of adenosine to inosine which is 
in the end transformed into uric acid (2). Adenosine 
is a vital signalling molecule that exerts main anti-

inflammatory movements in tumorous conditions in-
cluding inhibition of tumour infiltration in lymphoid 
cells (3). Higher ADA activity can also additionally 
have an impact on scavenging of a vital molecule, 
adenosine. 

Adenine nucleotide catabolism that embodies 
vital pathways of the intermediary metabolism main-

tained the regulatory effector (adenosine) and mole-
cular energy compound, adenosine triphosphate 
(ATP). In a lot of tissues, it gives an excellent 
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adenine nucleotide pool through a specialised me-

chanism that correlates with adenosine 5' mono-

phosphate (AMP) metabolism (4). Two essential en-
zyme sequences typically take a component with-
inside the catalysis of the original AMP metabolism 
pathway. The first is AMP deaminase, which cata-
lyses the deamination of AMP to provide inosine 

monophosphate (IMP). The 2nd is 5'-nucleotidase (5'-

NU), which catalyses the dephosphorylation of AMP 
to provide adenosine. In addition, the catabolism 
method consists of the conversion of adenosine to 
inosine through adenosine deaminase (ADA) cataly-
tic activity (5). 

Human adenosine deaminase-ADA (E.C. 

3.5.4.4.) exists in lots of molecular forms, with spe-
cific molecular weights. It performs an important 
function as a key enzyme involved in the salvage of 

purine nucleosides and the utilization of purines (6). 
Many researchers have found out the best activity 
and significant molecular heterogeneousness of in-

testinal adenosine deaminase. Besides soluble ade-
nosine deaminase shape, a particulate-membrane 
bound shape turned into isolated additionally from 
the normal gut, however, a cancer-unique shape be-
came isolated in some colorectal tumours (7, 8).  

The second is 5'-ribonucleotide phosphohy-

drolase-5'-nucleotidase (5'-NT E.C.3.1.3.5.), which 

catalyses the dephosphorylation of AMP to produce 
adenosine. This was first described by Reis in 1934. 
It is a phosphomonoesterase because it catalyses 
the hydrolytic degradation of monophosphate nu-
cleotides (AMP, GMP, CMP, UMP, IMP) and their 
deoxy analogues (9). Although the activity of this 

enzyme has been shown to be reduced in tissues 
and neoplasm cells in some studies (10), some re-
searchers have additionally found high 5'-NT activity 
in cancer tissue relative to surrounding normal tis-
sue (11).  

Xanthine oxidase (XO) catalyses the final de-
gradation of purine bases which generate uric acid, 

that's the final product of purine catabolism (5). It is 
widely recognized that xanthine oxidase (XO) is an 
enzyme found in interconvertible forms, dehydroge-
nase and oxidase. Results of our previous examina-
tions have proven that during most cancers the tis-
sue through oxidation of sulfhydryl groups or res-

tricted proteolysis, dehydrogenase XO activity is 

transformed to oxidase form that produces hydro-

gen peroxide and superoxide. (12). Simultaneously 
with the production of uric acid, XO activity liberates 
hydrogen peroxide and superoxide anion, which are 
one of the major ROS and oxidative stress-inducers. 
DNA damage caused through ROS performs a vital 

function in the carcinogenic transformation of the 
cell (13). There are lots of pathological conditions at 
some stage in which elevated plasma XO exists, like 
cholecystitis, shock, ischaemia-reperfusion injury, 
acute virus infection, adult respiration distress synd-
rome, carcinogenesis (14). It has not been clarified 
but whether or not the activity of XO will increase or 

decline in human cancers. Since there is still a 
shortage of examination including influence of these 
enzymes in progressiveness and invasion of CRC, 

the present study investigated the role of urate 

pathway enzyme activity, such as ADA, 5'-NT and 

XO, in relation to oxidative stress in progression and 

invasion of human colorectal cancer. 
 
Materials and methods 
 
Patients and tissue samples 
 
The investigation was conducted in 50 pa-

tients with CRC at the Clinical Centre Niš, Serbia. All 
patients gave their knowledgeable consent for in-
clusion prior to their participation in the study. The 
investigation was carried out in accordance with the 
Declaration of Helsinki, and the protocol was ap-
proved by the Ethics Committee of the Faculty of 

Medicine in Niš (Decision No. 01-1591/8). 

We took tissues from 50 patients with pri-
mary colorectal cancers. Patients were at different 
stages of the disease according to TNM classification. 
Tissue specimens used for this study were obtained 
during the surgery as soon as possible after resec-
tion of the carcinoma. In all patients, ph confirmed 

adenocarcinoma, and we excluded patients with 
other types of tumours from the study. We also 
excluded patients with: gravidity, co-malignancies, 
inoperable tumoirs, preceding chemotherapy or ra-
diotherapy. Tumour stages are shown in Table 1. 

 
 

 
 

Table 1. Tumour Stages (TNM Classification) 

 

Tumor stage 
Gender 

Age (Mean) 
m w 

T1 4 2 50.5 

T2 8 3 52.5 

T3 16 9 63 

T4 5 3 61.5 

In total 33 17 56.5 
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Stage I tumours (n = 6) are tumours limited 

to the bowel wall. Stage II (n = 11) denotes tu-

mours that have penetrated the muscularis propria. 
Stage III (n = 25), the tumours have spread to in-
volve the regional nodes. Stage IV (8), the tumours 
which have a faraway metastasis. Also, as a control, 
we gathered the identical quantity of samples from 

macroscopically unchanged colon areas farthest from 
cancer, and tissue immediately surrounding the tu-
mour without a macroscopic or pathological mani-
festations. 

 
Preparation of tissue samples 
 

We removed tissues quickly during the pro-
cess of surgery. All samples were placed in iced 0.15 
mol/L NaCl solution, perfused with an isotonic solu-

tion to get rid of blood cells and other tissue resi-
dues. Further on, after removal of fat, connective 
tissue, and major vessels, the tissue was cut into 
small pieces and washed with de-mineralized water 

to remove RBC as much as possible and subseq-
uently with 0.15 M phosphate-buffered (30 HIM) 
saline (pH 7.5). We homogenized the tissue with a 
homogenizer with a teflon pestle; made 10% homo-
genates and centrifuged them at 3,000 x g for 15 
min, and the supernatant was frozen at -80 OC and 

kept until assayed. 
 
Biochemical assays 
 
The ADA activity  
 

We measured activity of ADA according to the 

slightly modified method of Pederson and Berry (15, 
16). We expressed enzyme activity in U/g protein. 

 
The 5'-NT activity  
 
The activities of the 5'-nucleotidase were de-

termined by Wood and Wiliams method (17). Sub-

strate was AMP at an optimal pH of 7.5 using a 

barbiturate-HCL buffer. 5'-nucleotidase activity is ex-

pressed as IJ/mg protein. 
 
 

Xanthine oxidase activity 

 

XO activity was evaluated with spectrophoto-
metric method, by using xanthine as a substrate 
where the uric acid formation was measured. En-
zyme activity was expressed in IJ/mg of protein 
(18). 

 
TBARS concentration  
 
TBA concentration of reactive substances in 

the homogenate was measured using the slightly 
modified Nabavi et al. method (19). MDA-reactive 
lipid peroxidation products were measured at 532 

nm. We expressed concentration in nmol/mg of 
protein. 

 

Protein content  
 
The amount of protein was determined by 

Lowry et al. method, where by bovine serum al-

bumin was a standard (20). 
 
Statistical analysis 
 
The values of all parameters were expressed 

as X ± SD (mean value ± standard deviation). The 

examination of received data was assessed via way 
of means of the t-test evaluating the enzyme acti-
vity of mucosa with pathological manifestations or 
mucosa next to tumour tissue with the activity of 
corresponding further healthy tissue and with the 
activity of acquired tissue from patients without pa-

thological manifestations. 

The statistical significance of differences be-
tween TNM stages of tumour was calculated using 
the ANOVA test. The limit value of p < 0.05 was 
considered to be statistically significant. 

 
Results 
 

The activity of ADA in tumour tissue was sig-
nificantly higher in comparison to healthy control tis-
sue (p < 0.001). Tissue surrounding the tumour 
likewise had higher activity of ADA in relation to 
control tissue (p < 0.001) (Graph 1). 

 

 
 

 
 

Graph 1. The ADA activity in tumour, adjacent and healthy colon tissue 
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T2 and T3 tumour stages had a significantly 

higher activity of ADA when compared to T1, and T4 

tumour stages (p < 0.001). Highest activity was in 
T2 stage without statistical significance compared to 
T3 stage (Graph 2). 

The activity of 5'-NT was the highest in ad-
jacent tissue, but without statistical significance 

(Graph 3). 
The activity of XO in tumour tissue was not-

ably higher in comparison to control colon tissue    

(p < 0.001). Also, the tissue of tumour had sig-

nificantly higher XO activity when compared to ad-

jacent tissue (p < 0.001) (Graph 4). 
T3 and T4 tumour stages had a significantly 

higher XO activity when compared to T1, T2 tumour 
stages (p < 0.001) (Graph 5). 

The T4 tumour stage had a significantly high-

er concentration of TBARS when compared to T1, 
T2, and T3 tumour stages (p < 0.001) (Graph 6). 

 
 
 

 
 

Graph 2. The ADA activity in tumour tissue, patients with T1, T2, T3 and T4 stage 

 
 

 
 

Graph 3. The 5'-NT Activity in tumour, adjacent and healthy colon tissue 

 
 

 
 

Graph 4. The XO activity in tumour, adjacent and healthy colon tissue 
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Graph 5. The XO activity in tumour tissue of patients with T1, T2, T3, and T4 stage 

 
 

 
 

Graph 6. The concentration of TBARS in tumour tissue of patients with T1, T2, T3, and T4 stage 

 

 
 

Discussion 

 
Alterations in the enzymology of the human 

colorectal tumour absolutely distinguished it from 
the regular colorectal mucosa. To get a higher know-
ledge of purine enzymology in colorectal carcinoma, 
we have paid a great deal interest to investigating 
the interrelations among the carcinogenic process 
and the activities of some urate pathway enzymes. 
CRC is a complex disease, multifactorial, related to 
accumulated oxidative stress and inflammation fol-
lowed by fast tissue proliferation. In this study, the 
role of ADA, 5'-NT, and XO has been investigated 
concerning oxidative stress in CRC patients. 

Adenosine deaminase (ADA) an enzyme of 
the purine metabolism is widespread in tissues and 
relatively high levels have been found in the villi 
intestinal of the large intestine epithelial cells.  

Several researches have proven changes of 
ADA activity withinside the tumour tissue and blood 
serum in patients with lung, head and neck, breast, 
and ovarian cancer (21, 22). Additionally, a group of 
authors founded elevated ADA activity in the cancer-
ous large intestine tissue (23). 

ADA is particularly susceptible to stimulation 
by growth factors and cytokines during rapid tissue 
proliferation (24). Various researches have docu-
mented the rise of ADA in unexpectedly developing 
malignancies, where it has been documented as a 
tumour marker, whereas slow-developing well-

differentiated tumours do not show prominent en-
zyme activity (25). Results of our observation addi-
tionally display that there may be a higher activity of 
an enzyme in cancer tissue in comparison to the 
control healthy tissue of colon in our study. But, the 
tissue surrounding the cancer has even higher acti-
vity of this enzyme. So ADA could be included in 
tumour proliferation and invasion of large intestine 
tissue where the tumour is located, directly to ad-
jacent tissue. One of the possible reasons could be 
lower effect of adenosine.  

Indeed, improved ADA activity in patients sug-
gests decreased availability of adenosine, which may 
be a defensive molecule just in case of the tumorous 
condition. Adenosine is an endogenous purine nu-
cleoside generated from ATP (26). This is an import-
ant signalling molecule that exerts important anti-
inflammatory action. Tumours have an excessive 
concentration of adenosine that could inhibit the 
characteristic of tumour-infiltrating lymphoid cells 
(2). We may take this as a compensative mecha-
nism against the tumorous conditions. ADA enzyme 
scavenges adenosine through degrading it into ino-
sine, which eventually gets regenerated into uric 
acid (3). There are numerous proofs that adenosine 
acts as a crucial regulative autocrine and paracrine 
component accumulating in the cellular micro-envi-
ronment (27). The concentration of adenosine, 
which is typically low in physiological conditions, will 
grow in reaction to certain conditions, including 
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inflammation, hypoxia, ischaemia, or trauma (28). 
The fast accumulation of extracellular adenosine has 
a protecting effect, since it prevents immoderate in-
flammatory reaction of the cells in order to help the 
tissues return to their physiological state (29). How-
ever, in the tumour environment, low adenosine 
concentration may be associated with immunosup-
pression leading to neoplasia (30), which is related 
to our results, which show the highest ADA activity 
in the tissue surrounding the tumour. 

Hypoxia is one of the reasons malignant tu-
mours no longer perform the functions necessary for 
cellular homeostases, such as the proper production 
of ATP, resulting in the decomposition of nucleotides 
and the discharge of adenosine. Some authors, 
therefore, proposed that adenosine is the main com-
ponent in promoting tumour increase (31). The di-
rect consequences of adenosine on molecular growth 
in vitro are controversial (32, 33). There is a sig-
nificant evidence that low levels of extracellular ade-
nosine, both in a paracrine or autocrine manner, can 
promote tumour increase in numerous ways (31). 
Next, the available data strongly support the low 
adenosine concentration as a stimulator of angioge-
nesis (34). Third, adenosine has a role in lowering 
the inflammatory and cellular immunity responses 
and contributes to the formation of specific, tumour 
immune barriers (35). It can also take part in signal 
transduction through specific adenosine receptors, 
which result in the alterations in the adenyl cyclase 
system and PLC activity (36). 

A crucial aspect of most cancers cells is their 
spreading from the primary tumour that conse-
quently produces diverse clinical symptoms. There 
are generally four clinical levels of CRC which are 
highlighted in the literature.  

Results of our investigation show the highest 
activity of ADA in the T2 and T3 stages of the di-
sease (Graph 2). Those are the stages where the 
tissue invasion and proliferation are the highest. So, 
ADA might be included in tumour progression.  

Other authors additionally found that inflam-
mation progresses with the development of the dis-
order in patients with clinical degree four compared 
to the ones having stages 1, 2, or 3 of breast can-
cer. Mahajan (37) confirmed most activity of ADA at 
stage three of breast cancer, but at some point of 
their observation probably they did not come across 
any affected person with stage 4 breast cancer. High 
levels of ADA activity can additionally be interpreted 
as a compensatory mechanism for tumours towards 
highly toxic adenosine, deoxyadenosine and its deri-
vatives, ADP, and dATP, which are effective inhibi-
tors of ribonucleotide reduction, a restricting enzyme 
in nucleic acid biosynthesis (38), which can be 
higher in tumour than in normal colon tissue (39). 

The proof of excessive ADA activity in fast and 
stimulated normal tissue increase is crucial for the 
existence of useful purine metabolism because of 

the viable inactivation of adenosine and 2'-deoxy-

adenosine, toxic metabolites for the cells increase 
(40). The enzyme is mainly sensitive to stimulation 
by growth factors and cytokines in the course of 
rapid tissue proliferation (24). Therefore, a few data 
show that ADA isn't always directly involved in carci-
nogenesis, however has a metabolic function in 

assisting a fast increase state of relevant tissues, 
through the re-utilisation of nucleosides, related as 
RNA and associated precursors. When CRC cells are 
treated with deoxycoformicine, an ADA inhibitor, the 
cell growth is inhibited (41). The highest ADA acti-
vity in T2 and T3 tumour stages may support its 
influence in the progression and invasiveness of the 
colon carcinoma.  

Some authors additionally related accumula-
ted ADA activity to lower or deficient ADA complex-
ing macromolecule (ADBP), a specific glycoprotein 
localized in the healthy colon membranes. The mo-
noclonal antibodies against tumour represent also 
ADBP (42). 

We have also investigated the activity of 5'-
NT to test the process of enzymes resolving mono-
nucleotide to nucleosides. Although, Sanfilippo et al. 
(43) have shown that there was no important dif-
ference in different activity in tumour and healthy 
large intestine tissue, within the study by Eroglu et 
al. (23) activity of 5'-NT in tumour tissue was above 
in tumour-free tissue. They even found that its level 
was related to the development of the carcinoma.  

Our results do not show a statistically signi-
ficant higher value of 5'-NT activity in the tumour 
compared to the control colon tissue and tissue ad-

jacent to the tumour. Low activity of 5'-NT, also the 

accumulated ADA activity results in reduced levels of 
adenosine. These conditions result in enhanced OS 
and generate some complications as a result of the 
amount of remaining adenosine does not perform its 
physiological functions. Additionally, adenosine is a 
generally anti-inflammatory agent, that suppresses 
neoplasm necrosis factor-alpha (TNF-α) production 
in monocytes and macrophages, inhibiting the libe-
ration of arachidonic acid and leukotriene production 
in neutrophils (44). Adenosine can also be an acti-
vator in antioxidant enzyme signalling pathways. In 
our preceding report, we suggested that colon can-
cer tissue had an extensively higher concentration of 
oxidative stress parameters which included TBARS 
and advanced oxidation protein products as com-
pared to healthy colon tissue that represented con-
trol. The tissue adjacent to the tumour additionally 
had a higher concentration of those oxidative pro-
ducts as compared to the control, and it could con-
sist of oxidative stress in the process of tumour 
development and nearby invasion. Also there may 
be a decreased activity of anti-oxidative enzymes 
(45). 

Erkiliç et al. (46) reported that ADA would 
increase the production of ROS, like H2O2, O2-, NO, 
and 1O2. The high concentration of ROS causes OS, 
which leads to inflammation by enhancing lipid per-
oxidation next to the membrane.  

The lower 5'-NT activity is considered to be a 

consequence of destruction of the membrane and its 
structure because of the high levels of ROS (47). 

Extracellular AMP is hydrolysed by the action of 5'-
NT on free phosphate and adenosine. The most 
commonly suggested reason for depletion of activity 

is precisely the oxidative modification of the 5'-NT 

sulfhydryl (-SH) groups and the interaction with LPO 
also, the final product of oxidative stress.   
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This conclusion is derived from a previous 

study which shown the inhibition of 5'-NT activity by 

impaired sulfhydryl groups compared with many dif-
ferent enzymes (48). 

But our results show the highest concentra-
tion of TBARS in T3 and especially T4 stadium of the 
disease (Graph 6). The highest ADA activity is in T2 
and T3 stages, so ADA is not likely the source of 
ROS.  

Further, the enhanced ADA activity which rai-
ses the xanthine concentration might lead to higher 
XO activity. Therefore, the high activity of XO may 
be linked to the high xanthine levels present in the 
cancer tissue, because it is the substrate of XO. 
Therefore, higher levels of xanthine raise XO acti-
vity, which might be the source of high oxidative 
stress. It is the main enzyme that links the meta-
bolism of purines and free radicals along with oxida-
tive stress. 

The results of this study showed a high rise in 
XO activity in cancer tissues when compared with 
the healthy tissue and also the adjacent tissue. Tis-
sue surrounding the tumour had lower activity when 
compared to tumour tissue, so XO is not the main 
reason of tumour proliferation. 

Most of the previous studies reported lower 
XO activity in cancers, and it is suggested that the 
lower purine catabolism and higher activity of salv-
age pathway enzymes could favour tumour cell 
growth (49). Some of the previous researches have 
refuted the thesis that XO activity is the source of 
the oxidative stress (50). The lower XOR activity in 
more aggressive cancer cells has unexplained effects 
on tumour development and leads to cancer growth 
and metastasis. 

We could relate increased XO activity to the 
change of the dehydrogenase form of XO into the 
oxidase one, by process of the oxidation of thiol 
groups or by proteolytic degradation caused by 
higher level of peroxynitrite. Furthermore, higher 
activity of ADA that raises the xanthine pool could 
lead to increased XO activity. Therefore, the high XO 
activity could be explained by the higher levels of 
xanthine. 

Our results showed the highest XO activity in 
T3 and T4 stage (Graph 5) and it is in correlation 
with the TBARS concentration in the higher stage of 
the disease. 

ROS induced by the activity of XO can in-
fluence the higher hypoxia-inducible factor 1a ex-
pression and activate NF-kB, and thus contribute to 
cancer-associated inflammatory signalling and to tu-
mour progression (51, 52). One recent article has 

shown that xanthine oxidase inhibition could sup-
press migration of the cell and metastastatic po-
tential of breast cancer (53). 

High level of OS in the last cancer stage in our 
investigation shows the advancement of the tumour 
since the higher OS gives rise to inflammatory pro-
cesses. ROS can also act as a secondary messenger 
by activating intracellular signalling pathways, parti-
cularly NF-kB, one of the major modulators of car-
cinogenesis. Oxidative activation, stimulates the ex-
pression of many pro-inflammatory cytokines in the 
epithelium of the gut, such as TNF-𝛼, IL-8, and COX-
2, and leads to inflammation and tumorigenesis 
(54). 

Increased XO activity in the tissue of patients 
with cancer in our study suggests that OS may be 
increased in cancerous changes and processes, and 
could affect the course of the disease. We may 
relate higher XO activity in our study to increased 
levels of TBARS in tumour tissue representing mark-
ers of oxidative damage. 

 
Conclusion 
 
We can conclude that colon cancerogenesis 

could require a higher concentration of many meta-
bolic changes responsible for tumour development in 

a co-operative fashion. Presented results could sug-
gest that the possible cause of OS in colon carci-
noma is high XO and ADA activity. It may include 
those enzymes in the transformation of the colon 
tissue, as well as in the progression of CRC. So, the 
ADA and XO activity might be helpful in determining 
the margins of colon resection. They can have signi-

ficance in diagnosis, but in the prognosis of the di-
sease as well. 

The simplicity of measuring activity asserts 
the usefulness of these enzymes in some patients 
where cytopathological findings cannot lead to a 
clear conclusion, this simple test, together with all 
clinical findings can have significance in diagnosis, 

but in the prognosis of the disease as well. 
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Kolorektalni karcinom jedan je od najčešće dijagnostikovanih karcinoma i najčešći 

uzrok smrtnosti od svih malignih bolesti. I dalje postoji nedostatak ispitivanja patogeneze ove 
bolesti, uključujući uticaj enzima uratnih puteva na progresivnost i invaziju kolorektalnog 

karcinoma, te je cilj ovog rada da istraži ulogu aktivnosti adenozin deaminaze (ADA), 5'-

nukleotidaze (5'-NT) i ksantin oksidaze (KSO ) u odnosu na TBA reaktivne supstance (TBARS), 

kao markere oksidativnog stresa u progresiji i invaziji humanog karcinoma debelog creva. 
Uzeli smo uzorke tkiva karcinoma – zdravo kontrolno tkivo i tkivo koje okružuje tumor 

od 50 bolesnika sa primarnim karcinomom debelog creva u sva četiri klinička stadijuma 
bolesti. U 10% homogenatima sprovedeno je istraživanje odgovarajućim metodama. 

Aktivnost ADA i KSO u tkivu tumora i tkivu uz tumor bila je značajno veća u poređenju 

aktivnosti ADA i KSO u zdravom tkivu debelog creva. Aktivnost 5'-NT nije značajno veća u 

tkivu karcinoma. Najveća aktivnost ADA i KSO je u stadijumima tumora T2 i T3. Najveća 
koncentracija TBARS je u stadijumima T3 i T4 tumora. 

Dobijeni rezultati sugerišu da bi jedan od mogućih uzroka oksidativnog stresa u 
karcinomu debelog creva mogla biti visoka aktivnost KSO i ADA. To može dovesti u vezu te 
enzime sa malignom transformacijom epitela debelog creva, kao i sa napredovanjem i 
metastaziranjem karcinoma debelog creva. Na ovaj način, procena aktivnosti ADA i KSO 
mogla bi da pomogne u proceni margina prilikom odstranjivanja karcinoma, kako bi se 
utvrdila opsežnost resekcije debelog creva. Takođe, ovi enzimi mogu imati značaj u dijagnozi, 

ali i u prognozi bolesti. 
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MORPHOMETRIC ANALYSIS OF LARGER OPENINGS OF THE GREATER 
WING OF THE HUMAN SPHENOID BONE 

 
Miljana Pavlović1, Ivan Jovanović1, Milena Trandafilović1, Vesna Stojanović1, Milorad Antić1, 

Jovana Čukuranović Kokoris1, Milica Stanković2 

 

 
Analysis of the anatomical characteristics of openings in the greater wing of the 

sphenoid bone (round, oval and spinous opening – FR, FO and FS) has a clinical significance in 
surgical and diagnostic procedures. The aim of the study was to examine the morphological and 
morphometric characteristics of the round, oval and spinous openings in the human skulls. The 
research was conducted on 20 skulls housed at the Institute of Anatomy of the Faculty of 
Medicine in Niš. The skulls were numerated, and the openings were photographed against the 
ruler with a Canon A470 camera. Photo processing and morphometric analysis (measuring the 
length and width of the FR, FO and FS) were performed using ImageJ software. The average 

length of the FR on the right was 3.14 ± 0.77 mm and 3.44 ± 0.65 mm on the left, width on 
the right was 2.38 ± 0.58 mm, 2.61 ± 0.55 mm on the left; length of the FO on the right was 
5.88 ± 0.88 mm, 5.50 ± 1.06 mm on the left, width on the right was 2.70 ± 0.58 mm, 2.82 ± 
0.68 mm on the left; length of the FS on the right was 1.65 ± 0.27 mm, 1.73 ± 0.49 mm on 
the left, width on the right was 1.32 ± 0.32 mm, and 1.20 ± 0.39 mm on the left. The t-test of 
independent samples determined no statistically significant difference neither between the 
parameters on both sides, nor between the measured parameters of the same openings. A 
moderate positive correlation existed between FS length and width on the left, FR length and 
width on the right and between FS widths on both sides; a negligible positive correlation 
between the length and width of FO on the right and between lengths of the FS on both sides; 
a weak positive correlation existed between other measured parameters.  
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Introduction 

 
The greater wing (ala major) is a paired ex-

tension of the sphenoid bone. Its inner surface 
forms most of the floor of the middle cranial fossa 
(1, 2, 3). The greater wing originates from the 
lateral surface of the body of the sphenoid bone by 

three roots: front, middle and back root. It contains 
openings for the passage of vital neurovascular ele-
ments. Variants of these openings have been des-

cribed in the anatomical and radiological literature, 
which is important both for understanding complex 
regional neurovascular anatomy and for differentia-
ting normal from potentially abnormal structures 
(4). Between the front and middle roots of the 

greater wing, there is the foramen rotundum (FR), a 
communication between the middle cranial fossa 
and the pterygopalatine fossa. The maxillary nerve 
leaves the skull through this opening along with the 

venous plexus that surrounds it. The cavernous si-
nus, which lies in the skull, and the pterygoid ple-

xus, which is outside the skull, are connected via the 
foramen rotundum (5, 6). The opening can commu-
nicate with the superior orbital fissure and its con-
tents since it is located below and behind its inner 
part (2, 7). In a small percentage of cases a lateral 
rotundal canal, opened to the infratemporal fossa, 
may be present laterally from the FR. Although the 

nature of this canal has not been fully elucidated, it 
is thought that an emissary vein passes through it 
(8). Between the middle and posterior roots of the 
greater wing, posterolaterally from the FR and out-
side from the foramen lacerum, there is the foramen 
ovale (FO). It is a communication between the 
middle cranial fossa and the infratemporal fossa 
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through which the mandibular nerve and occasio-

nally the lesser petrosal nerve exit the skull, while 

the accessory branch of the maxillary artery enters it 
(5, 9, 10, 11). Located in the transition zone be-
tween intracranial and extra cranial structures, the 
FO has great clinical significance as an approach 
during surgical, radiological and radiotherapy treat-

ments (like in trigeminal neuralgia), as well as in 
various diagnostic procedures (11, 12). In neurosur-
gery, it is important in terms of micro vascular de-
compression of the trigeminal nerve (trigeminal rhi-
zotomy). Knowledge of the topography and variation 
of the FO can be of great importance in the pre-
vention of damage of the trigeminal nerve during 

mentioned interventions. Knowing the position of 
this opening is also important in a percutaneous 
biopsy of cavernous sinus tumors (13). Also, the 

oval opening is the most common site of the na-
sopharyngeal cancer spread (11). In addition to the 
FO, a venous opening (foramen Vesalius) or several 
small openings for the passage of venous blood 

vessels may be present (6). If absent, small veins 
pass through the oval foramen (7). In the outer part 
of the posterior margin of the greater wing, on the 
spine of the sphenoid bone, there is the foramen 
spinosum (FS), placed posterolaterally of the oval 
opening. It is a communication between the middle 

cranial fossa and the infratemporal fossa (2, 3, 8). 
Through the FS, the middle cerebral artery and the 
meningeal branch of the mandibular nerve enter the 

skull (4, 5). Proximity of the FS to the FO can make 

the middle cerebral artery susceptible to iatrogenic 

injury during percutaneous trigeminal rhizotomy and 
anesthesia of the mandibular nerve and increase the 
risk of developing extradural hematomas (14, 15). 

Knowing the variability of the size of the men-
tioned openings, as well as their mutual relations 

can greatly facilitate numerous diagnostic interven-
tions, and at the same time prevent complications. 
That’s why the aim of the research was to examine 
the morphological and morphometric characteristics 
of the FR, FO and FS and to contribute to the know-
ledge of their representation and possible variations. 

 

Materials and methods 
 
The research was conducted on 20 dried adult 

human skulls obtained from the Institute of Ana-
tomy, Faculty of Medicine in Niš. All the skulls were 
numerated. The FR, FO and FS were photographed 
next to the ruler with a Canon A470 7 Mpix camera. 

The obtained photographs were processed in the 
"ImageJ" program for processing and analysis of 
photographs. Morphometric analysis was performed 
in the same program (Figures 1, 2 and 3). The 
values of the length and the width of the FR, FO and 
FS were processed with the graph-analytical and 

tabular data processing program "Microsoft Office 
Excel". 

 
 
 

 
 

Figure 1. Setting the unit of measurement using ImageJ software 
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Figure 2. Procedure for measuring the length and width of the foramen spinosum 

 
 

 
 

 

 
 
 

Figure 3. Procedure for measuring the length and width of the foramen rotundum 
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Results 

 

In our study, the FR, FO and FS were present 
in all cases and on both sides. The values of the 

measured parameters and their mean values (  ± 

SD) are shown in the Tables 1 and 2. Statistically 
significantly reduced or increased values were 

marked in the tables: all values less than  SD in 

blue and the ones greater than  +SD, in red. 

The average length of the FR on the left side 
was 3.44 mm, the maximal length was 4.41 mm, 
the minimal 2.29 mm. On the right side, the aver-
age length was 3.14 mm, the maximal 4.49 mm 
and the minimal 1.90 mm. The average FR width on 

the left was 2.61 mm, the maximal 3.63 mm and 
the minimal 1.48 mm. The average width of the FR 
on the right side was 2.38 mm, the maximal 3.43 

mm and the minimal 1.51 mm. In 75% of cases, the 
FR was slightly oval in shape, in the rest almost 
round, with the dimensions which differed just in the 

decimals of mm. In most cases (65%), the FR was 
longer on the left, wider on the right (55% of cases). 

The average length of the FO on the left side 
was 5.50 mm, the maximal 7.54 mm and the 

minimal 3.25 mm. On the right, the average length 

of the FO was 5.88 mm, the maximal being 8.30 

mm and a minimal 4.52 mm. In terms of width, the 
average value on the left was 2.82 mm, the maxi-
mal 4.36 mm and the minimal 1.54 mm. The aver-
age width of the FO on the right was 2.70 mm, the 
maximal 3.72 mm and a minimal 1.42 mm. The 

right FO were longer in 70% of cases while the left 
ones were wider in the 75% of cases. 

The average length of the FS on the left side 
was 1.73 mm, the maximal 2.79 mm and the mini-
mal 0.84 mm. On the right, the average length of 
the FS was 1.65 mm, the maximal 2.27 mm and a 
minimal of 0.81 mm. The average width of the FS 

on the left side was 1.20 mm, the maximal 1.92 mm 
and a minimal 0.54 mm. On the right side, the aver-
age width of the FS was 1.32 mm, the maximal 2.07 

mm and a minimal 0.78 mm. In 25%, FS were 
almost round, differing in the decimals of the mm 
only, while in the rest 75% of cases they were 
slightly oval in shape. The lengths of FS were equally 

large on both sides, the widths larger on the right in 
65% of cases. 

 
 
 

 

Table 1. Values of measured parameters (mm) on the left side and their mean values ( X  ± SD) 

 

No. 
Left side 

FR 
length 

FR width 
FO 

length 
FO width 

FS 
length 

FS width 

1 4.41 2.57 4.66 2.35 1.40 1.08 
2 2.49 2.11 5.10 1.54 1.76 1.10 
3 3.66 2.58 5.24 2.78 1.96 1.09 
4 2.41 2.17 4.89 2.67 1.53 0.74 
5 3.88 2.60 4.09 2.87 1.14 0.78 

6 3.79 2.66 5.45 2.27 0.84 0.56 
7 3.98 2.39 5.64 2.90 1.07 0.54 
8 2.71 1.48 6.14 2.16 1.97 1.33 
9 3.33 3.61 3.84 2.43 1.79 1.71 

10 4.12 2.92 6.27 4.36 1.67 1.14 
11 4.32 3.03 6.91 3.15 1.65 1.43 
12 2.29 2.14 3.25 1.91 1.85 1.74 
13 3.34 3.09 5.59 3.07 1.84 1.51 
14 3.12 1.92 4.91 2.13 1.34 1.00 
15 3.15 2.09 6.04 3.53 1.49 0.98 
16 3.24 2.33 5.71 3.27 2.25 1.58 
17 3.78 2.78 5.81 3.09 2.42 1.12 
18 3.68 3.63 7.54 3.20 2.79 1.49 
19 2.90 2.93 6.11 3.93 2.49 1.92 
20 4.17 3.10 6.90 2.85 1.41 1.17 

 

3.44 2.61 5.50 2.82 1.73 1.20 

SD 0.65 0.55 1.06 0.68 0.49 0.39 

+ SD 4.08 3.16 6.56 3.50 2.23 1.59 

- SD 2.79 2.06 4.44 2.14 1.24 0.81 
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Table 2. Values of measured parameters [mm] on the right side and their mean values ( X  ± SD) 

 

No. 
Right side 

FR length FR width FO length FO width FS length FS width 

1 3.90 2.70 6.11 1.58 1.64 0.82 
2 2.67 1.87 4.82 1.42 1.64 1.27 
3 4.37 3.43 6.21 2.20 1.55 1.40 
4 2.68 2.18 4.52 2.14 1.67 0.78 
5 2.87 1.93 5.31 2.83 1.97 1.28 
6 2.21 1.51 6.33 3.01 0.81 0.85 
7 3.34 2.12 5.52 2.61 1.89 1.19 
8 1.90 1.62 6.46 2.79 1.79 1.41 
9 3.27 2.23 4.96 3.26 1.82 1.24 
10 2.26 3.02 6.44 2.52 1.62 1.53 
11 3.04 1.68 8.30 3.41 1.69 1.39 
12 3.47 2.35 4.54 3.19 1.57 1.56 
13 4.49 3.26 6.59 2.81 1.55 1.84 
14 2.54 1.95 5.62 2.57 1.71 1.48 
15 3.10 2.27 6.21 3.44 1.60 1.41 
16 2.64 2.36 6.27 3.72 1.67 1.53 
17 4.24 3.42 6.10 2.74 1.40 1.00 
18 2.91 2.71 5.09 2.82 1.52 1.11 

19 2.56 2.12 6.06 2.64 2.27 2.07 
20 4.26 2.79 6.24 2.28 1.60 1.19 

 

3.14 2.38 5.88 2.70 1.65 1.32 

SD 0.77 0.58 0.88 0.58 0.27 0.32 

+SD 3.90 2.96 6.76 3.28 1.92 1.64 

-SD 2.37 1.79 5.01 2.11 1.38 0.99 

 
 
 

 
Table 3 shows the numbers of skulls with sta-

tistically significantly increased (>  + SD), or sta-

tistically significantly reduced (<  - SD) values. 

T-test for independent samples revealed ab-
sence of statistically significant difference of the cor-
responding parameters on the right and left sides. 
These results are shown in the Table 4. 

The results of the correlation analysis be-
tween the measured parameters of the same open-
ings are shown in the Table 5. A moderate positive 

correlation existed between the length and width of 
the FS on the left and between the length and width 

of the FR on the right side. There was a negligible 

positive correlation between the length and width of 
the FO on the right side. Among all other measured 
parameters, a weak positive correlation was noted. 

The results of the correlation analysis among 
the same measured parameters on different sides 

are shown in the Table 6. There was a positive cor-
relation between all parameters, but it was of ne-
gligible strength for the length of FS between left 
and right sides, moderate for the width of FS be-
tween left and right sides, and also weak for all 
other parameters of the measured openings. 

 
 
 
 

Table 3. Number of skulls with significantly increased or decreased values of measured parameters  
(l – length; w – width) 
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Table 4. Comparison of measured parameters on the right and left side 

 

Measured parameter  ± SD p 

Left side FR length [mm] 3.44 ± 0.65 
0.187 

Right side FR length [mm] 3.14 ± 0.77 

Left side FR width [mm] 2.61 ± 0.55 
0.204 

Right side FR width [mm] 2.38 ± 0.58 

Left side FO length [mm] 5.50 ± 1.06 
0.223 

Right side FO length [mm] 5.89 ± 0.88 

Left side FO width [mm] 2.82 ± 0.68 
0.540 

Right side FO width [mm] 2.70 ± 0.59 

Left side FS length [mm] 1.73 ± 0.50 
0.510 

Right side FS length [mm] 1.65 ± 0.27 

Left side FS width [mm] 1.2 ± 0.39 
0.301 

Right side FS width [mm] 1.32 ± 0.32 

 
 

 
Table 5. The correlation coefficient between measured parameters of the same openings (l – length; w – width) 

 

Side Compared parameters r 

Left side 

FR l : FR w 0.516 

FO l : FO w 0.539 

FS l : FS w 0.729 

Right side 

FR l : FR w 0.741 

FO l : FO w 0.288 

FS l : FS w 0.505 

 
 
 

Table 6. The correlation coefficient between measured parameters of the same openings on both sides 
(l – length; w – width) 

 

Parameter Compared sides r 

FR l Left side: Right side 0.323 

FR w Left side: Right side 0.387 

FO l Left side: Right side 0.566 

FO w Left side: Right side 0.319 

FS l Left side: Right side 0.226 

FS w Left side: Right side 0.639 

 

 
 
 
 

Discussion 

 
The greater wing of the sphenoid bone con-

tains several openings. The FR, FO and FS are per-
manent and connect the middle cranial fossa with 
the pterygopalatine fossa (FR) and the infra tempo-
ral fossa (FO and FS) and convey significant neuro-
vascular elements (16). The studies of the size and 
shapes of these foramina have not only anatomical 

but also clinical importance during evaluation of 
radiologic images, then a profound surgical import-
ance such as in percutaneous trigeminal rhizotomy 
and transfacial fine-needle aspiration and also a dia-
gnostic importance in tumors and in electroencepha-
lographic analysis of seizures in some types of epi-
lepsy (17). Only scattered reports of the size and 
variations of these foramina are available in the 
literature. 
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The foramen rotundum is located in the root 
of the greater wing of the sphenoid bone, lateral to 
the lower part of the superior orbital fissure. It 
serves as a passage for the maxillary nerve and also 
contains venous plexus which surrounds the nerve 
and links the cavernous sinus with the pterygoid 
plexus lying outside the skull. 

In our investigation, the FR was always pre-
sent and its morphology did not show essential vari-
ability. Although its name indicates a round shape, it 
was most often (in 75% cases) slightly oval in 
shape. The average dimensions of the FR on the left 
were 3.44x2.61 mm, while on the right they were 
3.14x2.38 mm. According to the average dimen-
sions, the left FR were larger than the right ones. 
The left FR were longer in 65.00% of cases while the 
right ones were wider in 55.00% of cases. We did 
not determine the existence of statistically significant 
difference between the measured parameters on the 
left and right side. There was a weak positive cor-
relation between the parameters of the different 
sides. Other authors have reached similar dimen-
sions in their researches. Thus, Shapiro and Robin-
son (7) found the dimensions of FR ranging from 
3x3 mm to 4x5 mm, Sepahdari and Mong (18) 3.00 
mm and Kumar et al. (16) 3.11 mm. There was no 
statistically significant difference between the para-
meters of the left and right side, neither in the in-
vestigations of the mentioned authors nor in the 
research of Kocaogullar et al. (19) and Reymond et 
al. (6). Some researchers have described rare varia-
tions in the shape and position of the FR. Double FR 
was described by Sepahdari and Mong (18), and oc-
curred in cases of double maxillary nerve. Rusu (20) 
observed a canal lateral to the foramen rotundum 
that could not clearly be linked to it in 8% of pa-
tients. He proposed calling it the lateral rotundal 
canal. Uncommon congenital asymmetry, enlarged 
FR was also observed. It is expected in a lesion or a 
tumor of the maxillary nerve. Anomalous enlarge-
ment of the foramen may be distinguished from pa-
thologic erosion by the presence of well-defined 
margins (7). 

The foramen ovale is the largest opening lo-
cated in the root of the greater wing of the sphenoid 
bone. It conveys mandibular nerve and the acces-
sory meningeal artery, occasionally lesser petrosal 
nerve and an emissary vein. The foramen ovale is 
situated at the transition zone between the intra-
cranial and the extracranial structures, therefore, it 
is used as a passageway to the intracranial structu-
res during the invasive surgical or diagnostic proce-
dures (12, 17). Variations of the size and shape of 
the FO could affect transcutaneous needle place-
ment into it or distort anatomic relationships during 
approaches to the cranial base. Therefore, know-
ledge of the exact topography, shape and size of this 
opening is of great clinical importance. 

In our study, the average sizes of the FO on 
the left and right sides were 5.50x2.82 mm and 
5.88x2.70 mm, respectively. The length of the 
opening, in most cases, was larger on the right side 
(70.00%), and the width was larger on the left side 
in 75.00% of cases. We did not find statistically sig-
nificant difference between the measured parame-
ters on the right and left side. The lengths of the FO 

were greater than the width in all cases, so they 
were clearly elongated in shape. There was a po-
sitive correlation and it was of medium strength for 
the length of the FO and for the width of this 
opening, too. Mean FO dimensions in our cases were 
similar to those in the studies of Reymond et al. (6) 
and Sepahdari and Mong (18), while in the studies 
of Ray et al. (12), Osunwoke et al. (21), Nirupma 
and Anju (22), Patil et al. (13), Murugan and Saheb 
(23) and Kuppasad et al. (24), they were larger. 
There was not statistically significant difference be-
tween the measured parameters on the right and 
left side in the researches of Reymond et al. (6), 
Osunwoke et al. (21), Patil et al. (13) and Kuppasad 
et al. (24). In contrast, Murugan and Saheb (23) 
obtained statistically significant differences between 
the measured values of the FO on the right and left 
sides. The difference between the length of the FO in 
the opposite sexes was not statistically significant 
(6, 12, 23) while the mean width in male skulls was 
slightly larger than in females. According to the re-
sults of one study, FO is narrower on the right than 
on the left side. The narrow FO can cause pressure 
on the mandibular nerve which may cause trige-
minal neuralgia. In this study, the incidence of trige-
minal neuralgia on the right side was shown to be 
higher (25). Researchers in the USA found statisti-
cally significant difference in the length of FO as well 
as between the average area and perimeter of the 
FO on both sides (27). Others, comparing the di-
mensions of FO and FS in newborns and adults, 
came to the conclusion that the diameter of the FO 
and FS changes during the growth and development 
of the child (21). 

Variations in the shape of FO were evidenced 
by a number of investigators with slight differences. 
Most openings were oval shaped; followed by 
almond, round and slit like ones. In a small number 
of cases, the edges of the FO were uneven, with 
nodules or smaller or larger spines that incompletely 
divided the opening into sections (11, 12, 17, 22, 
23, 24, 26). Variations in the shape of the FO were 
due to developmental reasons (24) as well as a con-
sequence of the venous blood vessel passing 
through it (7). The contents of the FO can be par-
tially separated by bony spikes in the cases of 
doubled foramen ovale (12) or multiple foramen 
ovale (6). Some other variations as merged FO and 
FS and crescent-shaped FO were also described 
(10). 

Knowledge of the topography and position 
variabilities of FO and FR enables avoidance of com-
plications in the cases of surgical procedures with 
the access through these openings, like during ca-
vernous sinus surgery (28), or in the setting of 
tumor in the masticator space (13, 18). 

The foramen spinosum is a small opening 
located in the posteromedial part of the root of the 
greater wing. It transmits the middle meningeal 
artery and the nervus spinosus. In terms of surgical 
and anesthetic exploratory maneuvers in the base of 
the skull, this opening is of great importance, so 
some researchers have studied its incidence, shape, 
morphometric details, relations with the FO, as well 
as the presence of possible anomalies (17, 29).  
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In our study, FS was present on all skulls, and 
was single, as in the results of a study by Reymond 
et al. (6). During morphometry of the FS, we found 
that its average dimensions on the left and right side 
were 1.73x1.20 mm, and 1.65x1.32 mm, respecti-
vely. The differences between the measured para-
meters on the right and left side were not sta-
tistically significant. Neither Ginsberg et al. (8) nor 
Osunwoke et al. (21) obtained statistical significance 
when comparing these parameters. The FS was 
sometimes absent in a small number of cases, 3.2% 
(8), 0.8% (6), 4% (10). This happened in the cases 
when the middle cerebral artery originated from the 
ophthalmic or internal carotid artery instead of the 
maxillary artery. The foramen spinosum showed 
numerous asymmetries and variations in shape and 
size in the studies. These variations were caused 
either by incomplete osteogenesis or by aberrant 
formation of the middle cerebral artery. In our 
study, the FS was slightly oval in shape in 70.00% 
of cases, in the study of Saheb et al. (4) it was 
round in 58% of cases, oval in 38%, and irregular in 
4%. The FS may also be incompletely separated 
from the FO or completely connected to it (7). 
Double FS has been also seen, in cases when the 
middle cerebral artery branches before passing 
through it (10, 17, 30). 

Many authors state that variations present on 
skull-based openings may be the result of an 
evolutionary process and that it may turn out that 
the presence of a particular variation is actually 

normal or frequent in a particular geographic popu-
lation or ethnic group (31). Perhaps this may explain 
the differences in the dimensions of FR, FO and FS in 
our study, as well as in the studies of other re-
searchers. 

Knowing of morphological characteristics as 
well as variations of size and shapes of FR, FO and 
FS can be of great importance in neurosurgery in 
terms of planning and performing of diagnostic or 
surgical interventions such as tumor detection, 
biopsy and resection, micro vascular decompression 
of the trigeminal nerve and other transcutaneous 
methods of treating trigeminal neuralgia. 

 
Conclusion 
 
In this study dimensions (lengths and widths) 

of the FR, FO and FS were determined. Difference 

between the lengths and widths of the left and right 
FR, FO and FS exists but is not statistically signi-
ficant. Also, correlation between measured dimen-
sions is either moderate or weak. 
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U korenu velikog krila klinaste kosti nalaze se otvori za prolaz krvnih sudova i živaca 

(okrugli – FR, ovalni – FO i spinozni – FS otvor). Analiza anatomskih karakteristika i dimenzija 
ovih otvora ima klinički značaj, zbog njihove pozicije između intrakranijalnih i ekstrakranijalnih 
struktura i hirurških i dijagnostičkih procedura. Cilj istraživanja bio je da se ispitaju morfološke 
i morfometrijske karakteristike okruglog, ovalnog i spinoznog otvora na humanim lobanjama. 
Istraživanje je sprovedeno na 20 lobanja na Institutu za anatomiju Medicinskog fakulteta u 
Nišu. Lobanje su numerisane, a otvori fotografisani pored lenjira fotoaparatom marke Canon, 
model A470. Obrada fotografija i morfometrijska analiza (merenje dužine i širine okruglog, 
ovalnog i spinoznog otvora) izvršene su u programu "ImageJ". Prosečna dužina okruglog 
otvora desno iznosila je 3,14 mm ± 0,77 mm, levo 3,44 mm ± 0,65 mm; širina okruglog 
otvora desno iznosila je 2,38 mm ± 0,58 mm, levo 2,61 mm ± 0,55 mm; dužina ovalnog 
otvora desno 5,88 mm ± 0,88 mm, levo 5,50 mm ± 1,06 mm; širina ovalnog otvora desno 
2,70 mm ± 0,58 mm, levo 2,82 mm ± 0,68 mm; dužina spinoznog otvora desno 1,65 mm ± 
0,27 mm, levo 1,73 mm ± 0,49 mm; širina spinoznog otvora desno 1,32 mm ± 0,32 mm, 
levo 1,20 mm ± 0,39 mm. T-testom nezavisnih uzoraka, utvrđeno je da ne postoji statistički 
značajna razlika među parametrima na desnoj i levoj strani, ni između merenih parametara 
istih otvora. Srednja pozitivna korelacija postoji između dužine i širine FS na levoj, dužine i 
širine FR na desnoj strani i između širina FS na desnoj i levoj strani; zanemarljiva pozitivna 
korelacija postoji između dužine i širine FO na desnoj strani i između dužina FS na desnoj i 
levoj strani, dok između ostalih merenih parametara postoji slaba korelacija. 
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IMPORTANCE AND POTENTIAL APPLICATION OF MORPHOMETRIC 
ANALYSIS OF HUMAN GLOMERULI IN CADAVERIC KIDNEY 

TRANSPLANTATION 
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Cadaveric kidney transplantation is on the constant rise due to decreased mortality of 

younger individuals. In these transplantations, it is of great importance to determine not only 
the age limit of recipients, but also the status of donors.  

This investigation included 30 tissue samples of human cadaveric kidneys (both 
genders, aged 20-85). Tissue samples were stained with Mallory's trichrome stain and analyzed 
by a light microscope. Images were analyzed using ImageJ software. As a result of cluster 
analysis, 743 glomeruli were classified into 3 groups by morphometric characteristics and into 3 
age groups (I with average age of 29, II with 44, III with average of 71 years old). By mor-
phometric characteristics, there were 114 sclerotic glomeruli with the significantly (p ≤ 0.0001) 
smallest area and cellularity, and the highest connective tissue percentage in the first group. 
There were 430 morphologically normal glomeruli with the greatest number of cells/area unit in 
the second group (p ≤ 0.0001). In the third group, there were 199 hypertrophic glomeruli with 
the greatest area, significantly large cellularity and connective tissue area (p ≤ 0.0001). Out of 
114 sclerotic glomeruli, the smallest number belonged to I age group (p ≤ 0.0001). There were 
430 morphologically normal glomeruli in total. Most of them were in II age group (p ≤ 0.0001). 
Most of 199 hypertrophic glomeruli were in III age group vs. other two (p ≤ 0.0001), as well as 
in II vs. I (p ≤ 0.0001). Morphometric analysis of morphologically normal glomeruli should be 
of the greatest importance for transplantation, and not only the assessment of their total 
number and number of detected manifestly sclerotic glomeruli. 
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Introduction 
 
Kidney transplantation in older patients is as-

sociated with an array of ethical dilemma. Previous 

studies have shown that the older patients in the 
end stage renal disease gain significant benefit from 
kidney transplantation (1-3). Relative statistical risk 
of graft rejection is similar either in patients below or 
over 65 years of age and it mostly depends on the 
presence of associated diseases which, in the older 

patients, often may lead to graft rejection and fatal 

complications (4). Therefore, the older kidney trans-
plant candidates should be carefully screened for can 
cer, cardiovascular diseases, peripheral vasculopa-
thy, diabetes mellitus, in order to minimize the risk 
of early post-transplant morbidity and mortality (3). 
Apart from age limit of the recipient, it is of great 
importance to determine the status and age limit of 

the donor as well, particularly in cases of cadaveric 

transplantation. There are no age limits for the 
kidney transplant procedure in the USA currently, 
which is reflected in the fact that the kidneys of 
donors over 65 years of age make 13% of total 
cadaveric kidney transplant number. Due to the 

lower mortality of young indivuduals, the mean age 
of cadaveric kidney donors is increasing as well (1). 
Expanded criteria kidney donor include those either 
from a brain-dead donor over 60 years of age, or a 
donor 50 to 59 years of age with at least two of the 
following features: history of hypertension, terminal 
serum creatinine > 1.5 mg/dL, or cerebrovascular 

cause of death. In accordance with it, there are two 
kidney transplant waiting lists in the USA: one with 
standard and one with expanded criteria donors. 
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Expanded criteria donor list is recommended for 

older recipients with renal failure as the main cause 

of the disease, as well as for those with difficult 
vascular access. Kidneys donated by expanded cri-
teria make 17% of all donated kidneys in the USA 
(5). Eurotransplant Senior Program allows kidney 
transplantation from donors over 65 years of age to 

a selected group of nonimmunized 65+ patients 
undergoing their first transplant.  

Kidney ageing process is associated with vari-
ous factors, such as cytokines, growth factors, proli-
feration, apoptosis, transcription factors, advanced 
glycation end products (AGEs) (6-8). Genetic muta-
tions, diet, and living conditions appear to have a 

key role in ageing process as well (9). Age-related 
alterations in the kidney are similar to those verified 
in chronic renal diseases and experimental models 

with chronic renal failure.  
With the medulla being relatively spared, loss 

of renal mass is primarily expressed in the renal 
cortex, which is confirmed by the studies that found 

that half of the total nephron number might be lost 
till ripe old age. 

Age-related increase in sclerotic glomeruli 
number is empirically confirmed by the clinical data 
and may be found in many studies. Within the glo-
meruli, mesangial matrix is progressively being ex-

panded, the arterioles are hyalinized, and while the 
number of renal corpuscles is decreasing, their area 
is increasing (10, 11).  

Changes associated with the ageing of human 
glomeruli are progressive decrease of the number of 
glomeruli, which is directly related to the birth 

weight, existence of shunts between afferent and ef-

ferent arterioles, mesangial matrix expansion fol-
lowed by the onset of glomerusclerosis, and in-
creased number of globally sclerotic glomeruli (12-
17). The key question is: what is the nature of 
glomerular damage mechanisms, are they immuno-
logically (immune complex accumulation) or non-
immunologically associated with hemodynamic fac-

tors? From the majority of researchers' standpoint, 
as pathological substrates we may consider mesan-
gial matrix expansion due to the collagen deposits, 
vascular changes, and glomerular inflammation 
caused by immunological mechanisms (18-20). 

The aim of our research was to differentiate 

manifestly sclerotic glomeruli from hypertrophic 
ones and morphologically non-sclerotic ones, to 

quantify the presence of mesangial connective tissue 
and number of glomeruli during ageing, and to in-
vestigate the importance of these changes in clinical 
practice. 

 

Materials and methods 
 
The material was human right kidney tissue 

of 30 cadavers, obtained during routine autopsies at 
the Institute of Forensic Medicine in Niš. Their age 
ranged from 20 to 85 years. During autopsy, kidney 
damage or congenital anomalies were not observed. 

Cadavers were without previously diagnosed kidney 
disease, diabetes, hypertension, or any other syste-
mic disease. Tissue specimens were fixed in 10% 

buffered formalin for 12 hours and then embedded 

in paraplast. The tissue was then cut into 5 µm thick 

sections and routinely stained with Mallory's trich-
rome stain. Histological slices were analyzed under 
400x magnification. Images of histological slices 
were captured with digital camera (5 megapixels 
resolution).  

Glomeruli were analyzed with ImageJ soft-
ware (http://rsbweb.nih.gov/ij/) which was spatially 
calibrated with object micrometer (1:100). The glo-
merular tuft area (AG), perimeter (BG), diameter 
along main (DM) and secondary axis (Dm), Feret’s 
diameter (DF), glomerular connective tissue area 
(ACT), percentage of connective tissue (CT%) and 

total number of cells per glomerular area unit (Nn) 
were measured. Glomerular images were additio-
nally processed for connective tissue area measure-

ment. Glomerular tuft image was first manually 
selected by polygonal selection tool and extracted 
from the other parts of histological slice image. 
Selection of its connective tissue, which was green 

stained on Mallory's trichrome stained sections, was 
performed by "Color based tresholding" option. Its 
application was based on green colored sample of 
glomerular tuft image. Afterwards, only green 
stained parts of glomerular tuft remained on image, 
which was further converted into a binary image. 

The binary image was used for connective tissue 
area measurement. Green colored samples were 
taken at three different localizations in each glome-
rular tuft image. Connective tissue area was measu-
red for each sample. Average connective tissue area 
was then calculated from three obtained values for 

each glomerular tuft. Glomerular connective tissue 

percentage was obtained from the ratio between 
glomerular connective tissue area and total glome-
rular area. Seven cortical, seven columnar and 
seven juxtamedullary glomeruli were analyzed per 
one case. Additionally, no more than seven globally 
sclerotic glomeruli were also analyzed per one case. 
They served as a positive control during morpho-

metric analysis. Totally, 743 (114 sclerotic and 629 
morphologically nonsclerosed) glomeruli were ana-
lyzed in all 30 cases. Average values of morpho-
metric parameters were calculated for each of all 30 
evaluated cases. 

Statistical analysis was performed with NCSS-

PASS software (http://www.ncss.com/). Cluster 
analysis by the k-means method was performed for 

the classification of glomeruli into age groups ac-
cording to their morphometric characteristics. One-
way ANOVA was used for the comparison of more 
than two groups. In cases where data did not have 
normal distribution, Kruskal-Wallis One-way ANOVA 

was used for the comparison of more than two 
groups. Statistical significance test was performed 
for p < 0.05.  

Cluster analysis was performed twice during 
this study. Firstly, it was used for the classification of 
glomeruli into types according to their morphometric 
characteristics and secondly, for the classification of 

the evaluated human cases into the groups, accord-
ing to the percentage of obtained types of glomeruli 
and their age. 

http://rsbweb.nih.gov/ij/
http://www.ncss.com/
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Results 

 

After morphometric analysis of a total of 743 
glomeruli, three groups of glomeruli were made. The 
first group included 114 glomeruli with the lowest 
values of area, cellularity, and greatest percentage 
of connective tissue. There were 430 morphologi-

cally normal glomeruli with the largest number of 

cells per area unit in the second group. The third 

group included 199 glomeruli with the largest area, 
significant cellularity and percentage of connective 
tissue (Table 1). All investigated morphometric para-
meters of glomeruli showed statistically significant 
alterations (Table 2). 

 
 
 

Table 1. Morphometric characteristics of glomeruli groups classified by the cluster analysis 

 

 AG (µm2) BG (µm) DM (µm) Dm (µm) 

Cluster I (n = 114) 

Parameter 
 

Md 
 

Md 
 

Md 
 

Md 

Value 6712.36 6520.95 302.39 302.31 102.73 100.87 81.97 82.38 

SE 173.86 / 3.85 / 1.41 / 1.20 / 

95% LCL 6367.90 6148.01 294.76 289.59 99.93 98.80 79.60 78.91 

95% UCL 7056.82 7013.99 310.01 314.58 105.53 106.53 84.35 85.87 

Cluster II (n = 430) 

Parameter 
 

Md 
 

Md 
 

Md 
 

Md 

Value 14618.41 14154.06 453.37 450.69 152.07 150.43 121.43 120.54 

SE 154.99 / 2.80 / 0.95 / 0.74 / 

95% LCL 14313.77 13825.43 447.86 442.54 150.19 148.05 119.99 118.65 

95% UCL 14923.05 14697.38 458.87 457.68 153.95 152.03 122.88 121.84 

Cluster III (n = 199) 

Parameter 
 

Md 
 

Md 
 

Md 
 

Md 

Value 22478.81 21894.61 564.24 556.76 189.36 185.69 149.84 149.53 

SE 314.27 / 4.69 / 1.53 / 1.30 / 

95% LCL 21859.05 21188.06 554.99 546.10 186.36 183.13 147.27 146.19 

95% UCL 23098.56 22664.15 573.50 568.77 192.37 189.62 152.40 151.94 

 

 DF (µm) ACT (µm2) CT% Nn (1/µm2) x 10-3 

Cluster I (n = 114) 

Parameter 
 

Md 
 

Md 
 

Md 
 

Md 

Value 107.03 105.17 4761.58 4774.59 71.10 71.77 1.7 1.6 
SE 1.44 / 128.66 / 0.53 / 0.1 / 

95% LCL 104.18 102.06 4506.69 4273.92 70.04 69.86 1.6 1.5 
95% UCL 109.87 110.44 5019.23 5019.23 72.16 73.24 1.8 1.8 

Cluster II (n = 430) 

Parameter 
 

Md 
 

Md 
 

Md 
 

Md 

Value 158.87 157.14 3576.19 3591.79 25.26 25.70 6.8 6.9 
SE 0.96 / 47.80 / 0.37 / 0.1 / 

95% LCL 156.98 154.64 3482.23 3437.98 24.52 24.76 6.7 6.7 
95% UCL 160.75 160.00 3670.15 3739.07 25.99 26.11 6.9 7.0 

Cluster III (n = 199) 

Parameter 
 

Md 
 

Md 
 

Md 
 

Md 

Value 197.22 193.01 6774.02 6406.87 30.66 31.49 5.9 5.9 
SE 1.58 / 115.15 / 0.45 / 0.1 / 

95% LCL 194.11 189.62 6546.94 6207.42 29.76 30.54 5.7 5.8 
95% UCL 200.33 197.60 7001.10 6588.96 31.55 32.46 6.0 6.1 

Md – median,  
SE – standard error,  
95% LCL – lower limit of confidence interval,  
95% UCL – upper limit of confidence interval 
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Table 2. Results of One Way ANOVA test of morphometric characteristics of the glomeruli classified into groups 

 

Parameter 
One-Way ANOVA 

Kruskal-Wallis 

One-Way ANOVA 

F p Power H p 

AG * 799.64 ≤ 0.0001 1.00 503.66 ≤ 0.0001 

BG * 740.03 ≤ 0.0001 1.00 478.13 ≤ 0.0001 

DF * 748.78 ≤ 0.0001 1.00 469.26 ≤ 0.0001 

DM * 712.63 ≤ 0.0001 1.00 464.30 ≤ 0.0001 

Dm * 673.00 ≤ 0.0001 1.00 449.39 ≤ 0.0001 

ACT * 445.72 ≤ 0.0001 1.00 416.66 ≤ 0.0001 

CT% * 1886.46 ≤ 0.0001 1.00 337.67 ≤ 0.0001 

Nn * 1345.94 ≤ 0.0001 1.00 365.70 ≤ 0.0001 

* p < 0.05 – positive D'Agostino-Pearson Omnibus normality test 

 
 

 

 
The average values of area, perimeter, dia-

meter along main and secondary glomerular axis, 
Feret's diameter are considered as morphometric 
parameters which describe the size and form of the 
glomerulus.  

The average area of glomeruli in the first 
group was 6712.36 μm2 and it was significantly (p ≤ 
0.0001) lower compared to the second and third 
group. The mean area in the third group was 
22478.81 μm2, which was a statistically significant 
increase in comparison with the first and second 

groups of glomeruli (Table 1; Table 2). The average 
area (4761.58 μm2) and percentage (71.1%) of 
connective tissue within glomeruli had the greatest 
values in the first group. There was a statistically 

significant decrease in connective tissue area in the 
second group vs. the first group (3576.19 μm2, p ≤ 
0.0001), which made 25.26% of the total glome-

rular connective tissue in group II. In the third group 
of glomeruli, the mean connective tissue area was 
6406.87 μm2, or 30.66% of the total glomerular 
connective tissue, which was significantly lower (p ≤ 
0.0001) vs. the first group (Table 1, Graph 1). 

Mean perimeter, diameter along main and se-
condary glomerular axis, Feret's diameter were sta-
tistically significantly lowest in group I of glomeruli 
(p ≤ 0.0001). Their values were statistically signifi-
cantly increasing towards the third group (Table 1, 
2). 

The average cell nuclei number per area unit 
of the investigated glomeruli showed the largest 
increase in group II of glomeruli. It was significantly 
higher (p ≤ 0.0001) vs. the first group, where it had 

the lowest values, as well as vs. the third group of 
glomeruli (Table 1, Graph 2). 

 
 
 
 

 
 
 

Graph 1. Mean glomerular connective tissue percentage in the group of glomeruli classified by the cluster analysis 
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Graph 2. Mean cellularity in the group of glomeruli classified by the cluster analysis 

 
 
 

 
According to the changes in morphometric 

parameters, it is evident that morphologically sclero-
tic glomeruli, which are the smallest and with high-

est connective tissue percentage, are present in the 
first group. Morphologically normal glomeruli in the 
second group are characterized by a higher cell 
number and the lowest connective tissue percent-
age. In the third group, there are morphologically 
normal glomeruli with the largest area, decreased 
cell number per are unit, and increased connective 

tissue percentage, which suggests the presence of 
hypertrophy. 

Further analysis was performed to investigate 
the representation of the aforesaid group of glome-
ruli within the age groups. The first group consisted 
of the youngest cases, six in total, who were aged 

24-33 years, average 29. Eleven older cases, aged 
40-49 years, average 44, were in the second group. 
In the third group there were 13 oldest cases aged 

65-76 years, average 71 (Table 3). Out of 114 
sclerotic glomeruli only two were identified in the 
first age group, which was significantly lower (p ≤ 
0.0001) than in the second (37 glomeruli) and the 

third age group (75 glomeruli). There were 430 
morphologically normal glomeruli, most of them 

being in the second age group (162), which was 
significantly higher number of glomeruli (p ≤ 
0.0001) than in the first (124) and third age groups 

(144). We found 199 hypertrophic glomeruli, only 2 
of them classified in first age group, 69 of them in 
the second age group, which was significant increase 
vs. the first group (p ≤ 0.0001), and 128 glomeruli 
in the third age group, being statistically significantly 
higher vs. both younger groups (p ≤ 0.0001) (Table 
4).  

These data show a significant increase in the 
number of sclerotic and hypertrophic glomeruli dur-
ing ageing, particularly in age group II and III, while 
morphologically normal glomeruli are most frequent 
in the first and second age groups. It is at the age of 
40-49 when the first changes appear, followed by 

hypertrophy and glomerulosclerosis, intensifying 
with age and being the most prominent in the oldest 
ones. 

Gained and expected distribution of clusters 
of glomeruli within age groups classified by cluster 

analysis are statistically significantly different (χ2 = 

118.91, d.f. = 4, p ≤ 0.0001). 
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Table 3. Age groups of the investigated cases 

 

 Age AG (µm2) BG (µm) DM (µm) Dm (µm) 

Cluster I (n = 6) 

Parameter 
 

Md 
 

Md 
 

Md 
 

Md 
 

Md 

Value 29 27 15605.61 15693.20 463.64 465.11 154.99 157.53 126.43 127.08 

SE 2 / 1157.63 / 17.16 / 6.32 / 4.61 / 

95% LCL 24 25 12629.84 11055.55 419.53 393.21 138.73 128.21 114.57 108.91 

95% UCL 33 34 18581.39 19991.87 507.76 521.23 171.25 176.25 138.28 144.30 

Cluster II (n = 11) 

Parameter 
 

Md 
 

Md 
 

Md 
 

Md 
 

Md 

Value 44 45 15982.37 14524.17 466.58 439.88 157.16 148.42 125.03 122.35 

SE 2 / 1299.80 / 18.04 / 6.64 / 4.61 / 

95% LCL 40 38 13086.23 12873.85 426.38 416.36 142.37 137.36 114.75 112.19 

95% UCL 49 50 18878.51 17306.07 506.79 490.13 171.95 166.27 135.30 129.78 

Cluster III (n = 13) 

Parameter 
 

Md 
 

Md 
 

Md 
 

Md 
 

Md 

Value 71 71 15340.53 14772.57 456.81 462.46 153.44 152.87 121.01 119.92 

SE 2 / 1071.91 / 15.08 / 4.51 / 4.31 / 

95% LCL 65 63 13122.69 12551.79 423.97 414.25 143.61 140.12 111.61 109.28 

95% UCL 76 78 17558.37 19091.36 489.66 516.56 163.27 170.55 130.40 138.91 

 

 DF (µm) ACT (µm2) CT% Nn (1/µm2) x 10-3 

Cluster I (n = 6) 

Parameter 
 

Md 
 

Md 
 

Md 
 

Md 

Value 161.47 164.43 2601.18 2451.77 17.53 15.16 6.9 7.1 

SE 6.24 / 133.16 / 2.28 / 0.2 / 

95% LCL 145.41 134.60 2258.87 2336.03 11.67 14.69 6.4 6.2 

95% UCL 177.52 181.76 2943.48 3012.00 23.38 28.86 7.5 7.4 

Cluster II (n = 11) 

Parameter 
 

Md 
 

Md 
 

Md 
 

Md 

Value 163.44 155.02 4468.52 4280.17 32.11 33.48 6.1 6.0 

SE 6.72 / 213.61 / 1.42 / 0.2 / 

95% LCL 148.46 144.63 3992.57 3761.00 28.96 30.41 5.7 5.6 

95% UCL 178.41 172.25 4944.48 5245.75 35.27 34.91 6.4 6.5 

Cluster III (n = 13) 

Parameter 
 

Md 
 

Md 
 

Md 
 

Md 

Value 160.53 160.78 5496.72 5507.65 40.66 41.58 5.1 5.0 

SE 4.56 / 364.47 / 1.19 / 0.2 / 

95% LCL 150.61 147.03 4702.62 4347.51 38.08 35.96 4.7 4.5 

95% UCL 170.46 176.88 6290.83 6600.06 43.25 44.32 5.6 5.9 

Md – median,  
SE – standard error,  
95% LCL – lower limit of confidence interval,  
95% UCL – upper limit of confidence interval 
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Table 4. Distribution of clusters of glomeruli within the age groups classified by the cluster analysis 

 

Cluster of glomeruli 
Age group 

Σ 
I II III 

I 2 37 75 114 

II 124 162 144 430 

III 2 69 128 199 

Σ 128 268 347 743 

 
 
 

Discussion 

 
Structural changes found during normal ageing 

of the kidney support the concept of decline of renal 
function along with ageing. Some authors do not 
consider this as a rule, due to a phenomenon of 
vascular adaptation which may preserve glomerular 
filtration by provoking hyperperfusion and hyperfil-
tration in healthy glomeruli (21-23). Functional al-
terations are reflected as a decrease of renal func-
tional reserve, associated with limits in renal capa-
city to adequately answer the challenges of excess 
or deficit. 

Kidney has an ability for adaptation and re-
generation. Temporary increase of load is being 
compensated in kidney by turning on its reserve 
functional units which are out of function occa-
sionally. If this functional load increase lasts for a 
long time, it leads to the onset of renal hypertrophy. 
The best example is compensatory renal hypertro-
phy, where there are no new nephrons produced, 
but the diameter and epithelial cell number are 
being increased, mostly within the wall of the pro-
ximal segment of nephron. It is confirmed that, 
along with increase in kidney size, there is an 
enlargement of glomeruli as well, whose number 
stays the same or even get lower (8, 9). 

Histological assessment of preimplantation 
kidney biopsies gained on the basis of expanded 
criteria donors enables their further use according to 
the scale for histological kidney sustainability scale 
(24, 25). In humans, the number of nephrons is 
determined by genetic and environmental factors 
and does not increase after birth. Therefore, glome-
rular adaptation on the higher metabolic demand or 
decrease in renal mass is associated only with a 
change in glomerular size (26). So far, studies have 
shown that "physiological" decline in glomeruli 
normally begins in utero and continues during child's 
growth and development. In adults aged between 
20 and 33, the process may be repaired, therefore 
95% of population under 40 have less than 10% of 
sclerotic glomeruli, while its percentage starts in-
creasing after the age of 50, being 12.5% in aver-
age, whilst in patients older than 70 years of age the 
percentage may reach 30% (9, 17). Most authors 
consider the presence of glomerulosclerosis as a 
consequence of a renal failure, if there are more 
than 10% of sclerotic glomeruli in persons younger 
than 40 years of age (12, 14, 19). Contrary to that, 
we cannot precisely define clear boundary between 
abiotrophic involutional sclerosis caused by ageing 
from that caused by a renal disease, in persons aged 
over 40 (18, 23). However, some studies show that 

the ability of glomeruli to grow in size without any 
consequent damage progressively decrease during 
ageing (27, 28). 

It is assumed that the implantation of one 
kidney may be in favor of the onset of hyperfiltra-
tion-mediated damage of glomeruli due to the 
imbalance between mass of the nephron and size of 
the recipient. Further, it leads to glomerular growth, 
then to glomerulosclerosis and eventually to prog-
ressive renal insufficiency (29). Glomerular adapta-
tion after renal transplantation may be influenced 
also by present chronic renal failures, post-trans-
plantation injuries, vascular lesions (30), glomerulo-
sclerosis diagnosed after donor kidney biopsies (31), 
which altogether may affect the outcome of the 
kidney transplantation. Larger glomerular volume in 
donor biopsies is related to allograft malfunction 
(32) and it is suggested that extreme post-trans-
plantation glomerular size is associated with glome-
rulosclerosis (33). In morphometric study of the 
kidney tissue obtained from older and young donors 
by Tan et al. (34), a significant increase of globally 
sclerotic glomeruli percentage was observed in the 
older donor group versus the younger donors group. 
According to Tracy et al. (15) nonsclerosed glomeruli 
showed increasing volume in the older group com-
pared to the young donors. This resulted in a sig-
nificant increase of the filtration surface area and 
single nephron ultrafiltration coefficient. Sclerosing 
glomerulopathy led to consequent glomerulopenia 
and compensatory hypertrophy with adaptive hyper-
filtration of nonsclerosed glomeruli.  

The method for quantification of the glome-
rular size, area of connective tissue, and cell number 
within glomeruli that we used might be useful to 
evaluate donor kidney tissue intended for trans-
plantation. It is known that significant alterations of 
glomerular morphology are present in older donors. 
Anyway, similar data about potential donors aged 
40-49 years old are very scarce. Our results showed 
that these examinees might possess a significantly 
higher number of morphologically normal glomeruli 
at the first sight, but morphometrically they might 
belong to the group of hypertrophic glomeruli which 
are in the initial phase of sclerosis. In our former 
study we predominantly found the presence of hy-
pertrophic glomeruli in cases over 55 years of age, 
while those morphologically normal were prevailing 
in younger ones (28). Such glomeruli are probably 
in the initial phase of glomerulosclerosis and their 
predomination in older cases might affect the im-
pairment of their renal functional reserve, as well as 
the success of the renal transplantation in cases 
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where renal allograft originated from such older 
individuals (34-37). 

It might be suggested that morphometric 
assessment of morphologically normal glomeruli 
should be of greatest importance transplantation-
wise, and not only estimation of its total number and 
number of detected manifestly sclerotic glomeruli 
(26). Alperovich et al. (38) evaluated mean glome-
rular volume before and after transplantation using 
paired pre-implantation and protocol biopsies perfor-
med in stable renal allografts. Multiple regression 
analysis confirmed that glomerular volumes in do-
nors and allografts with chronic nephropathy are 
independent indicators of glomerular size after 
transplantation. They detected the increase in glo-
merular volume after four months, which correlated 
with creatinine values and indirectly points out that 
glomerular enlargement is a necessary condition for 
glomerular adaptation after transplantation. 

Glomerular enlargement is reduced in pa-
tients with chronic allograft nephropathy. Data from 
studies on donor biopsies suggested inversely pro-
portional relationship between age and glomerular 
volume (37). Abdi et al. (32) showed that the in-
crease in glomerular volume in donor biopsies cor-
related with renal allograft dysfunction. They noticed 
that the larger glomerular volume in donor biopsies, 
the smaller post-transplant glomerular size. This 
result suggests that kidneys with larger glomeruli 
are already adapted to metabolic needs of a donor 
and therefore their potential for further adaptation is 
limited. In stereological studies on a cadaveric ma-
terial, the inverse ratio between the number and the 
perimeter of the glomeruli is often described (26). 
Thus, greater glomerular volume may be considered 
as a consequence of a decrease in the total number 
of glomeruli and as such may be predisposing factor 
for the development of renal disease (39). 

Our results suggest that glomerular enlarge-
ment may be a necessary precondition for the trans-
planted kidney to reach adequate renal function, and 
that higher values of the glomerular area in donors 
indicate depleted capacity for further functional 
adaptation of the kidney after transplantation. 

Adaptation of glomerular volume either to 
renal mass loss or increased metabolic needs has 
been investigated in various experimental and 
clinical studies. In adults, glomerular volume was 

doubled after a kidney removal, but mostly without 
the onset of sclerosis, while glomerular hypertrophy 
and intraglomerular hypertension developed after a 
decrease in the number of nephrons may initiate 
and accelerate the onset of hypertension and pro-
gressive renal insufficiency (39). On the contrary, in 
patients with unilateral renal agenesis, conditions 
characterized by lower number of nephrons, or oli-
gomeganephronia, the glomerular volume increases 
five - to eightfold and is associated with glomerulo-
sclerosis (33). This indicates that the capacity for 
glomerular enlargement in the old age depends on 
nephron loss, whereby the onset of compensatory 
glomerular hypertrophy is related to the loss below 
critical threshold. Our results of increased number of 
hypertrophic glomeruli in the oldest group supports 
this assumption. 

 
Conclusion 
 
In accordance with the aforementioned data 

and our results on cadaveric material, it may be 

concluded that the donor age alone should not be a 
problem if a histological analysis of the kidney finds 
it adequate. Also, if there is a great number of en-
larged glomeruli in young donors before transplanta-
tion, it may be a reason for possible graft rejection. 
It is for sure that renal vascular diseases, acute 
renal failure, obstructive nephropathy, and some 

systemic diseases are more frequent in the older 
population. Such conditions may lead to the damage 
of glomeruli accelerating age-related physiological 
alterations in the kidney. 

Using the new methods for the investigation 

and classification of glomeruli which morphologically 

have not shown signs of sclerosis on the basis of 
area, presence of connective tissue, and cell number 
within them, the given results may be useful to 
assess renal function after transplantation. 
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Kadaverična transplantacija bubrega u stalnom je porastu, zbog smanjenog mortaliteta 

mlađih pojedinaca. Tokom procesa ovih transplantacija, od velike je važnosti odrediti ne samo 
starosnu granicu primaoca, već i status davaoca. 

Istraživanje je obuhvatilo 30 uzoraka tkiva ljudskih kadaveričnih bubrega (oba pola, 
starosti od 20 do 85 godina). Uzorci tkiva obojeni su Mallori trihromskim bojenjem i analizirani 
pod svetlosnim mikroskopom. Slike su analizirane pomoću softvera ImageJ. Kao rezultat 
klaster analize, 743 glomerula klasifikovana su u 3 grupe prema morfometrijskim karakte-
ristikama i u 3 starosne grupe (I grupa prosečne starosti 29 godina, II grupa 44 godine, III 
grupa sa prosekom starosti 71 godina). U prvoj grupi po morfometrijskim karakteristikama 
bilo je 114 sklerotičnih glomerula sa značajno (p ≤ 0,0001) najmanjom površinom i calu-
larnošću, a najvećim procentom vezivnog tkiva. U drugoj grupi bilo je 430 morfološki nor-
malnih glomerula sa najvećim brojem ćelija po jedinici površine (p ≤ 0,0001). U trećoj grupi 
bilo je 199 hipertrofičnih glomerula sa najvećom površinom, značajno velikom calularnošću i 
površinom vezivnog tkiva (p ≤ 0,0001). Od 114 sklerotičnih glomerula najmanji broj pripada I 
starosnoj grupi (p ≤ 0,0001). Ukupno je bilo 430 morfološki normalnih glomerula. Većina 
morfološki normlanih glomerula bila je u II starosnoj grupi (p ≤ 0,0001). Većina od 199 

hipertrofičnih glomerula bila je u III starosnoj grupi, naspram druge dve grupe (p ≤ 0,0001), 
kao i u II grupi u odnosu na I grupu (p ≤ 0,0001). Morfometrijska analiza morfološki 
normalnih glomerula treba da bude od najveće važnosti za transplantaciju, a ne samo 
procena njihovog ukupnog broja i broja detektovanih manifestno sklerotičnih glomerula. 
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2017 TO 2018 
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Measles was the leading cause of death among children under 5 years of age before 

the introduction of mandatory vaccination. 
The objective of the paper was to describe the epidemiological and clinical 

characteristics of the affected individuals in the large measles outbreak in 2017-2018 in the 
Nišava and Toplica Districts.  

Descriptive study was done. For the investigation of the outbreak, the general 
principles of the case definition of the European Union (EU) Commission Decision of 2012 were 
used. Laboratory investigations of initial patients were conducted at the Center for Control and 
Prevention of Diseases in the Institute of Public Health Niš, and all specimens were sent for 
anti-measles IgM/IgG antibody tests to the reference laboratory of the Institute of Virology, 
Vaccines and Sera "Torlak" in Belgrade. 

A total of 1327 (584 males and 743 females) cases were reported from 23 November 
2017 to 28 July 2018, when it ended. The average age was 35 years (range from < 1 to 70 
years). The highest number of patients (510; 38.4%) were in the 30–39 year age group and 
the lowest number (34; 2.6%) was in the 15-19 year age group. Infants represented 5.3% of 
all affected and children from primary schools accounted for 4.4% out of all affected. One-
fourth of the outbreak cases (338; 25.5%) were unvaccinated. Only 37 (2.8%) patients 
received two doses of the combined vaccine against measles, mumps, and rubella (MMR) and 
50 (3.8%) received one dose. For the majority of affected cases (902; 68.0%) vaccination 
status was unknown. Measles-related complications were registered in 962 (72.5%) patients. 
Complications were the most common in infants (92.9%) and among children 1-6 years of age 
(88.2%). Malnutrition was the most frequent complication (823 cases; 62.0%) followed by 
diarrhea (590 cases; 44.5%) and pneumonia (122 cases; 9.2%); encephalitis was reported in 
1 case. Measles-related deaths in the observed outbreak were confirmed in four patients (all 
laboratory-confirmed, three unvaccinated and an immune compromised child). The case-
fatality rate of 0.3 per 100 measles cases was determined. 

The probable causes of this large measles outbreak were insufficient vaccination and 
low vaccine coverage with MMR vaccine and accumulation of a high susceptible population. 
Four measles-related deaths were registered. Monitoring of the vaccination status, high vaccine 
coverage and effectiveness of MMR vaccine are essential for the prevention of measles 
outbreaks. 
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Introduction 

 
Measles is a highly contagious acute respira-

tory viral illness characterized by fever, malaise, 
rash, cough, coryza, and conjunctivitis (1). Measles 
is a vaccine-preventable disease (2) and before the 
introduction of measles vaccination, measles prima-
rily affected children under the five years of age (3) 

and mortality due to measles-related complications 
was high up to 10% (3). 

The most common measles-related compli-
cations are: diarrhea (in 8% of cases), otitis media 
(7-9%), pneumonia (1-6%), and encephalitis (1-2 
per 1000 cases). Measles-related death occurs in 1-
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3 per 1000 cases (4). Measles is still common and 

often fatal disease in developing countries (5), and 

incidence has decreased substantially in regions 
where vaccination has been instituted. Measles oc-
curs predominantly in areas with low vaccination 
rates, particularly in the developing parts of the 
world (6).  

In 2000, the United States of America (USA) 
has maintained measles elimination but as measles 
outbreaks continue to occur globally, the USA re-
mains at risk of imported measles and potential 
spread (7). Also, imported cases still occur and the 
highest incidence is in infants, young children and in 
unvaccinated persons (8). Measles vaccines are live 

attenuated and are among the most highly effective 
vaccines available (providing 97% protection with 
two doses, given at 12 to 15 months and 4 to 6 

years of age), with a proven safety record.  
In 2000, measles vaccination has prevented 

an estimated 21 million deaths worldwide (9). Des-
pite these substantial gains, global elimination goals 

have not been met, and previous studies are now 
being threatened by a 31% increase in the number 
of measles cases reported globally between 2016 
and 2017. 

The measles vaccine was introduced in Serbia 
in 1971 as a monovalent preparation (10) and the 

combined against measles, mumps, and rubella 
(MMR) vaccine has been widely used since 1994 by 
the National Immunization Program (NIP) in Serbia. 
The combined MMR vaccine has been given as the 
first dose from 12 to 15 months of age with addi-
tional booster shot before starting school at the age 

of seven. Since 2010, there have been problems in 

the distribution and therefore lack of MMR vaccine, 
which led to the accumulation of highly sensitive 
unvaccinated or incompletely vaccinated children 
(10).  

For the period 2012-2015, the estimated nati-
onal vaccine administrative coverage with the first 
MMR vaccine dose coverage was suboptimal in the 

Nišava District (ranging between 44.3% for the first 
dose and 80.4% for the second dose during the 
period 2007-2016) (11-13). 

The objective of the paper was to describe the 
epidemiological and clinical characteristics of the 
affected individuals in the measles outbreak in the 

period from 2017 to 2018 in the Nišava and Toplica 
Districts. 

 
Materials and methods 
 
Descriptive study was done. Data covering 

the period from 23 November 2017 to 28 July 2018 

were retrospectively analyzed. 
 
Case-Definition 
 
For the investigation of the outbreak, the ge-

neral principles of the case definition of the Euro-
pean Union (EU) Commission Decision of 2012 were 

used (14). Laboratory investigations of initial pa-
tients were performed at the Center for Control and 
Prevention of Diseases in the Institute of Public 

Health Niš. All blood samples collected from measles 

cases were sent for anti-measles IgM/IgG antibody 

tests in the reference laboratory of the Institute of 
Virology, Vaccines and Sera "Torlak" in Belgrade. 

 
Data Analysis 
 

During the measles outbreak, case-based re-
ports provided data for the date of disease onset, 
gender, and date of birth, age, and date of vacci-
nation against measles, vaccination status, labora-
tory confirmation, hospitalization, complications, and 
death. Incidence was calculated per 100,000 inha-
bitants with the number of measles cases as the 

numerator and the number of the population by 
Census 2011 as the denominator. The case fatality 
rate was calculated as the number of measles-re-

lated deaths per 100 cases. Data are presented as 
frequencies and percentages. Chi squared tests were 
used to compare characteristics between groups.  

The p value was set at p < 0.05. Statistical 

analysis was performed in EPI INFO v7.2.2.6 (CDC, 
Atlanta, USA). 

 
Laboratory data 
 
The laboratory confirmation of the measles 

was carried out by detecting measles IgM antibodies 
in serum samples from the National Reference Labo-
ratory "Torlak". The blood specimens were taken 
from all case-patients suspected to the measles.  

The Ethics Committee of the Faculty of Medi-
cine, University of Niš approved this investigation by 

Decision Number 12-3782/5 of 13 April 2018. 

 
Results 
 
A total of 1327 cases were reported from the 

beginning of the measles outbreak on 23 November 
in 2017 to 28 July 2018 when it ended. The total 
number of 1045 measles cases (78.7%) were labo-

ratory confirmed, and 282 (21.3%) were epidemio-
logically connected (Table 1).  

The first three measles cases were recorded 
on the 23 November, 2017. These were unvaccina-
ted children from the city of Niš, who were in the 
same room at the Pediatric Clinic of the Clinical 

Center of Niš, and were infected by an imported 
case. Almost all patients lived in the Nišava and the 

Toplica Districts or the neighboring rural places and 
had many contacts with the urban population.  

The monthly incidence increased from 15 
cases registered in November to a peak of 297 cases 
in January. The highest number of cases (638) were 

in the municipalities of Niš (Figure 1). 
Laboratory confirmed diagnosis of the disease 

was found in 78.7% of the patients, mostly in the 
15-19 year old age group (85.3%), in older than 30 
years old and in infants (80%). The epidemiological 
relationship was most present in children aged 1-6 
years (29.7%) and in persons aged 20-29 years 

(Table 1). 
The number of new cases ranged from 2 to 

106 per week. The highest number of cases was 
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reported from 9th to 11th week of January 2018 

(Graph 1). The average number of new measles 

cases was 40 per week. Majority of patients, 953 
(71.7%) were older than 20 years. The median age 
of the cases was 35 years (Min < 1 year, Max 70 
years). The highest number of patients, 510 
(38.4%) were in the 30-39 year age group , 306 

(23.1%) patients were in the 40-49 year age group, 
and 212 (16.0%) were children aged 1-6 years. The 
lowest number (34; 2.6%) were in the 15-19 year 
age group. Infants represented 5.3% of all affected 
and children from primary school accounted for 
4.4% out of all affected. 

In this measles outbreak, females were more 

affected than males. Of the total, 584 (44.0%) were 
males and 743 (56.0%) were females (Table 1). 
Majority of the affected males were from the age 

group of 15-19 and infants. Most affected females 
were from the 20-29 year age group. In the age 
group up to 20 years, males were more affected 
compared to females, but in age groups older than 

20 years, females were more affected than males. 
We found that there was a statistically significant 
sex difference in relation to the age categories of the 
affected individuals (p < 0.001). 

In relation to occupation, health workers, em-
ployees in health institutions, kindergartens, primary 

and secondary schools were significantly more 
affected. This can be explained by the fact that they 
were not vaccinated and that they were more ex-
posed (Table 2).  

One-fourth of the outbreak cases (338; 
25.5%) were not vaccinated against measles and 

nearly one fifth of them were children under one 

year of age who were not eligible for vaccination (69 

cases, 20.4%). Only 37 (2.8%) patients received a 
full course of vaccination, two doses of the MMR 
vaccine and 50 (3.8%) received one dose. For the 
majority of affected, 902 (68.0%) cases vaccination 
status was unknown.  

The most unvaccinated children were infants 
(98.6%). The high percentage of unvaccinated 
children was recorded in the 1-6 year age group 
(89.6%), and in the 7-14 year age group (62.7%). 
These findings indicated that children had not been 
vaccinated or revaccinated. Non-vaccinated patients 
from all age groups were significantly more numer-

ous than those who had one or two doses of vaccine 
(Table 1). 

The highest number of vaccinated patients 

with two doses (approximately one-third) was in the 
15-19 age group (32.4%) among all age groups. 
With age, the number of people with unknown vacci-
nation status increased. We found that there was a 

statistically significant difference in the vaccinal sta-
tus concerning age categories (p < 0.001). 

 
Complications, hospitalization and mortality 

 
Of the total number of measles cases, com-

plications presented in 962 (72.5%) patients. Com-
plications were the most common in youngest pa-
tients (92.9%) and among children 1-6 years old 
(88.2%). With age, the number of complications 
was statistically significantly decreased (p < 0.001) 
(Table 3). 

 

 
 
 

 
 
 

Graph 1. Distribution of measles cases by the week 
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Table 1. Demographic, vaccination status and measles-related complications related to age category 

 

Characteristics 
Total 

(n = 1327) 

< 1 

(n = 70) 

1-6 

(n = 212) 

7-14 

(n = 59) 

15-19 

(n = 34) 

20-29 

(n = 136) 

30+ 

(n = 816) 
p value 

Gender 

Male 584 44.0 40 57.1 108 50.9 30 50.8 20 58.8 60 44.1 326 40.0 0.002 

Female 743 56.0 30 42.9 104 49.1 29 49.2 14 41.2 76 55.6 490 60.0  

Clinical symptoms 

Rash 1319 99.5 70 100.0 209 98.6 57 96.6 34 100.0 136 100.0 813 99.8 0.065 

Temperature 1253 94.5 68 97.1 206 97.2 57 96.6 34 100.0 127 93.4 761 93.4 0.124 

Cough 904 68.2 63 90.0 199 93.9 49 83.1 27 79.4 79 58.1 487 59.8 < 0.001 

Coryza 573 43.2 53 75.7 174 82.1 42 71.2 16 47.1 52 38.2 236 29.0 < 0.001 

Conjunctivitis 574 43.3 52 74.3 163 76.9 41 69.5 17 5.0 41 30.1 260 31.9 < 0.001 

Vaccination status 

Unvaccinated 338 25.5 69 98.6 190 89.6 37 62.7 7 20.6 8 5.9 27 3.3 < 0.001 

1 dose 50 3.8 0 0.0 10 4.7 1 1.7 1 2.9 4 2.9 34 4.2  

2 dose 37 2.8 0 0.0 0 0.0 5 8.5 11 32.4 14 10.3 7 0.9  

Unknown 902 68.0 1 1.4 12 5.7 16 27.1 15 44.1 110 80.9 748 91.7  

Complications 962 72.5 65 92.9 187 88.2 42 71.2 25 73.5 86 63.2 557 68.3 < 0.001 

Diarrhea 590 44.5 44 62.9 127 59.9 31 52.5 13 38.2 52 38.2 323 39.6 < 0.001 

Malnutrition 823 62.0 46 65.7 171 80.7 38 64.4 20 58.8 71 52.2 477 58.5 < 0.001 

Pneumonia 122 9.2 21 30.0 29 13.7 8 13.6 2 5.9 11 8.1 51 6.2 < 0.001 

Encephalitis 1 0.1              

Koplik spots 1 0.1              

Hospitalized 212 16.0 33 47.1 52 24.9 8 13.6 6 17.6 24 17.6 89 11.0 < 0.001 

Laboratory findings 

Laboratory 

confirmed 
1045 78.7 56 80.0 149 70.3 43 72.9 29 85.3 107 78.7 661 81.0 

0.023 
Epidemiologically 

linked 
282 21.3 14 20.0 63 29.7 16 27.1 5 14.7 29 21.3 155 19.0 

 
 
 
 

Table 2. Demographic, clinical characteristics and vaccination status of the affected individuals in the outbreak 
 

1 Chi-squared test 

 

Characteristics 
Vaccination status 

p-value1 

0 dose (n = 38) 1 dose (n = 50) 2 dose (n = 37) Unknown (n = 902) 

Gender 

Male 170 50.3 17 34.0 21 56.8 376 41.7 0.008 

Female 168 49.7 33 66.0 16 43.5 526 58.3  

Clinical symptoms 296 87.6 29 58.0 20 54.1 617 68.4 < 0.001 

Rash 199 58.9 17 34.0 9 24.3 365 40.5 < 0.001 

Temperature 260 76.9 27 54.0 14 37.8 522 57.9 < 0.001 

Cough 65 19.2 0 0.0 0 0.0 57 6.3 < 0.001 

Coryza          

Conjunctivitis 1 0.3        

Hospitalized 105 31.3 2 4.0 0 0.0 105 11.7 < 0.001 

Laboratory findings 

Laboratory 

confirmed 
249 73.7 39 78.0 26 70.3 731 81.0 

0.025 
Epidemiologically 

linked 
89 26.3 11 22.0 11 29.7 171 19.0 

Occupation  

Employees in health 

institutions  
7 2.1 8 16.0 6 16.2 106 11.8 < 0.001 

Health care 

personnel 
7 2.1 8 16.0 6 16.2 88 9.8 < 0.001 

Employees in 

kindergarten 
33 9.8 1 2.0 0 0.0 9 1.0 < 0.001 

Employees in 

Primary schools 
28 8.3 1 2.0 5 13.5 24 2.7 < 0.001 

Employees in 

Secondary schools 
5 1.5 2 4.0 8 21.6 7 0.8 < 0.001 
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Table 3. Measles-related complication 

 

Characteristics 
Complications 

p-value1 
No (n = 338) Yes (n = 50) 

Gender 

Male 168 46.0 416 43.2 0.395 

Female 197 54.0 546 56.8  

Age 

< 1 5 1.4 65 6.8 < 0.001 

1-6 25 6.8 187 19.4  

7-14 17 4.7 42 4.4  

15-19 9 2.5 25 2.6  

20-29 50 13.7 86 8.9  

30+ 259 71.0 557 57.9  

Clinical symptoms 

Rash 361 98.9 958 99.7 0.182 

Temperature 324 88 929 96.7 < 0.001 

Cough 161 44.1 743 77.3 < 0.001 

Coryza 85 23.3 488 50.8 < 0.001 

Conjunctivitis 70 19.2 504 52.4 < 0.001 

Hospitalized 32 8.9 180 18.8 < 0.001 

Laboratory findings 

  Laboratory confirmed 279 76.4 766 79.6 
0.233 

  Epidemiologically linked 86 23.6 196 20.4 

Occupation  

  Employees in health institutions  37 10.1 90 9.4 0.743 

  Health care personnel 28 7.7 81 8.4 0.740 

  Employees in kindergarten 5 1.4 38 4.0 0.028 

  Employees in Primary schools 14 3.8 44 4.6 0.662 

  Employees in Secondary schools 8 2.2 14 1.5 0.485 

  Employees at University 6 1.6 14 1.5 1.000 
1 Chi-squared test 

 
 
 

Malnutrition was the most frequent complica-
tion (823 cases; 62.0%) followed by diarrhea (590 

cases; 44.5%), and pneumonia (122 cases; 9.2%); 
encephalitis was reported in 1 case (> 0.1%). Diar-
rhea and pneumonia were most common in the 
youngest patients (62.9% and 30.0%, respectively). 
Malnutrition was the most common among children 
aged 1-6 (80.7%). It was found that all complica-
tions were statistically significantly different among 

age categories (p < 0.001 for all).  

Among all clinical symptoms - cough, corneas 
and conjunctivitis (signs of catarrhal inflammation of 
the upper respiratory tract, which is the site of the 
virus entry) were significantly more frequent in pa-
tients of all age groups, while rash as a typical clini-

cal sign of this rash fever and elevated temperatures 
were less present in affected patients. 

Among minor complications, diarrhea and mal-
nutrition were significantly present, and pneumonia 
was registered among severe complications. Diar-
rhea and malnutrition were significantly more often 
observed in infants as well as pneumonia compared 

to other age groups.  
Measles-related complications were signifi-

cantly more common in unvaccinated patients - both 

less complicated (diarrhea and malnutrition) and 
pneumonia as a severe complication. The unvacci-

nated patients were significantly more frequently 
hospitalized.  

The least complication was in patients who 
received two doses of vaccine (54.1%). The inci-
dence of complications significantly varies with the 
vaccine status (p < 0.001). All complications were 
the lowest in people who were fully vaccinated. All 

individual complications were statistically significan-

tly different in relation to sex (p < 0.001, for all). 
There was no fully vaccinated person who was 
hospitalized (p < 0.001) (Table 2). 

Measles-related deaths in the observed period 
were confirmed in four patients (all laboratory-con-

firmed, three unvaccinated and an immune compro-
mised children). The case-fatality rate of 0.3 per 100 
measles cases was determined. 

 
Control measures 
 
In order to prevent further spread and to con-

trol the epidemic, persons with measles were asked 
to stay at home. The vaccination of unvaccinated 
children was implemented. Active contact finding of 
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all suspected and laboratory-confirmed cases of 

measles in the areas most affected by the outbreak, 

as well as contact-tracing in hospitals and the com-
munity were the priorities. 

 
Discussion 

 
The latest measles outbreak in the Nišava and 

Toplica Districts of November 2017 with the total of 
1327 patients was one of the largest measles out-
breaks in Serbia since the introduction of mandatory 
vaccination against measles in 1971.  

In this outbreak, there were 1327 reported 
cases and four measles-related deaths. We found 
that there were more affected females than males, 
the majority of all affected were over 20 years of 
age and the median age of the patients was 35 
years, ranging from < 1 to 70 years. The highest 
number of patients were in the 30-39 years age 
group, more than one third. Infants represented 
5.3% of all affected and children from primary 
school represented 4.4% out of all affected.  

In measles outbreak in Bulgaria from 2009 to 
2011 (15), out of the total number of patients, 51% 
were males and the median age of the cases was 
seven years. On the contrary, in the measles out-
break in the Nišava and Toplica District, females re-
presented 56% of all affected and the median age of 
the patients was 35 years. In the measles outbreak 
in Bulgaria, infants had the highest age-specific in-
cidence of 5,457 per 100,000 inhabitants, followed 
by 2,008 in children aged one to four years (15).  

In measles outbreak in Italy in 2017, 50.7% 
of all affected were females and the median age was 
27 years and these results were similar to ours (16). 
In Italy, 88.3% of all cases were unvaccinated, 
6.5% received only one dose and 1.6% were fully 
vaccinated and 3.6% received an unknown number 
of doses.  

We found that 25.5% out of all affected in 
this measles outbreak were unvaccinated, only 
2.8% patients received a full course of vaccination, 
two doses of the MMR vaccine and 50 (3.8%) re-
ceived one dose. For the majority of affected, 902 
(68.0%) cases, vaccination status was unknown.  

In Portugal, the country with high uptake of 
MMR vaccine, measles outbreaks were registered in 
two regions from February to May 2017 after 12 
years without endemic transmission (17). One 
hundred fifty-six measles cases were notified and 
the most confirmed cases occurred in adults, two 
cases were adolescents, seven cases were children 
under 10 years and 13 cases were unvaccinated 
healthcare workers. Among the unvaccinated cases, 
five were infants under 1 year and thus too young to 
be vaccinated, the remaining eight cases were 
adults and three were unvaccinated healthcare 
workers. Such situation was expected in highly vac-
cinated communities and might be explained by the 
fact that MMR was not 100% effective, with about 
7.5% and 5.0% non-respondents to the first and 
second doses (17).  

In the measles outbreak in the Nišava and 
Toplica Districts, the most unvaccinated patients 
were infants (98.6%) because they were too young 

to be vaccinated and this finding also indicated that 
their mothers didn’t have antibodies against measles 
virus or were not vaccinated. Antibodies against 
measles are transmitted transplacentally, and they 
are maintained for a long time in the bloodstream of 
a newborn child. 

The high percentage of unvaccinated children 
was also recorded in the 1-6 year age group, which 
means that the first dose of MMR vaccine was not 
taken. Sixty-two point seven percent of unvacci-
nated children from the age group 7-14 could in-
dicate that children had not been vaccinated or 
revaccinated or both. We found that there were 
more males fully vaccinated (56.8%). The vaccine 
status was statistically significantly different in rela-
tion to sex (p = 0.008). 

In our study of the outbreak in 2017, there 
were much more laboratory confirmed cases 78.7% 
and 21.3% were epidemiologically connected. 

Most of patients in this measles outbreak 
were above 30 years of age. The epidemiological 
shift of disease incidence to the older age groups 
may potentially increase the rates of serious disease 
and complications (16). Some studies have attri-
buted this effect to the continuing low vaccination 
coverage (18-20). 

A shift in movement of incidence of measles 
to older age groups was already observed in the 
seventies (21-23), so the fact that the largest num-
ber of patients in this outbreak was at the age of 20 
years and older is not surprising. 

The lowest number of patients, above 2% 
was in the 15 to 19 year age group, the highest 
number of patients who were vaccinated with two 
doses were from this age group. Also, most took 
their last dose less than 10 years ago, so they had a 
solid immune system as well.  

The majority of the patients, more than 65% 
had unknown vaccination status, about 25% of all 
reported were unvaccinated, and those who were 
vaccinated with a single dose or two doses together 
accounted for about 7% of patients.  

Similar data about vaccination status against 
measles have been reported from recent measles 
outbreaks (22-25) but the proportion of patients 
with unknown vaccination status was lower compa-
red with our findings. 

The number of notified measles outbreaks es-
pecially in Central and Western Europe has been in-
creasing in the last five years, with a reported peak 
in 2011 (15, 22). 

When measles outbreaks occur in a region in 
which measles has been eliminated, like in the USA 
(7), they occur in clusters of unvaccinated persons, 
including those in religious communities (8) such as 
the Amish, a Christian sect descended from the 
Swiss Anabaptists, who practice group solidarity and 
rejection of modern conveniences (19, 20). 

In 2016, there was a large measles outbreak 
in Romania with more than 15,500 cases and a total 
of 59 deaths by the end of 2018 (21). Slovenia was 
measles free from 2000 to 2009 and then in 2010, 
several measles cases were reported in a hospital 
setting, in 2011 six measles cases were imported 
from Germany, Italy and Romania, and in November 
2014, at the international dog show, measles 
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outbreak with 44 cases was registered (22). In both 
outbreaks, in 2011 and in 2014, the most affected 
were adults from 34 to 51 years of age (22). 

In the outbreak of measles in the territory of 
Nišava and Toplica Districts in the period from March 
to August 2015, the number of cases was 250 com-
pared to 1327 cases in the outbreak in 2017-2018 
(24). Majority of cases in measles outbreak in 2015 
were unvaccinated and patients with unknown vac-
cination status (24) which was similar to the vac-
cination status of the affected in the 2017-2018 
outbreak.  

Similarly to the patients in outbreaks in the 
USA, where in 23 outbreaks in 2014, there were 
77% of unvaccinated, 15% of unknown status, 8% 
vaccinated and 8% were under the age at the time 
of vaccination (7, 8). 

Further, in Serbia and especially in the Nišava 
and Toplica Districts, vaccination coverage of the 
predisposed population with MMR vaccine was less 
than 95% (10-13). According to the official reports, 
in the territory of Nišava District the lowest coverage 
was recorded with the first dose of MMR vaccine, 
only 34.5% in 2013. Then, the lowest coverage with 
the second dose was in 2014 and in 2015 the 
minimum coverage in the Republic was recorded 
both in the case of vaccination and revaccination 
(10-13).  

It is estimated that at the time of the be-
ginning of the 2017-2018 epidemic, in the territory 
of Nišava and Toplica Districts there were about 
7,000 unvaccinated children. The reasons for this 
high number of the unvaccinated were numerous: 
MMR vaccine shortage of 2010; the influence of anti-
vaccine lobby and propaganda that linked the MMR 
vaccination with autism morbidity; the lack of aware-
ness of parents of the importance of immunization 
against measles in prevention of serious complica-
tions and death. 

Mandatory vaccination against measles has 
been conducted in the territory of Nišava and Toplica 
Districts since 1971, and already in 1972 there was 
a significant decline in the incidence of measles. 
Despite the high coverage of vaccination, records 
show an increase in the incidence of measles and 
even their outbreaks. The success in coverage of 
vaccination carried out at the end of the seventies 
and eighties was 95%, and yet measles outbreaks 
occurred. Vaccinated patients accounted for about 
30% of the total number of patients (24).  

In all measles outbreaks in the territory of the 
Nišava and Toplica Districts since 1972, there was 
always 1/3 of completely vaccinated people who got 
sick. This was explained many years later. In the 
70s and 80s, it was not obligatory to store vaccines 
in a cold chain regime as it is now. MMR vaccine 
contains live attenuated viruses which are very 
unstable in the higher temperature.  

Approximately two thirds of reported measles 
cases in this outbreak had one or more compli-
cations. In the literature, measles-related complica-
tions approximately appear in one third of the affec-
ted and they are the most common among children 
younger than 5 years of age and immunocompro-
mised individuals (6). Measles-related complications 
were the most common reason for hospitalization of 
the affected in the measles outbreak in 2017 and 
the most common complications were in infants, 
pre-school and school children up to 14 years of 
age.  

In Serbia, as previously stated, the first dose 
of MMR vaccine is required for all children aged 12 to 
15 months, and the other is required in the seventh 
year prior to enrollment in the first grade of primary 
school (10). Such vaccination schedule exists in 
most European countries, and already during the se-
venties and eighties of the XX century many coun-
tries like Czechoslovakia, Hungary, France, Belgium 
carried out vaccination against measles in the period 
from 14 to 16 months of age because serocon-
version was the highest (25). Study from the 
Netherlands showed that early MMR vaccine admini-
stration during an outbreak was safe to protect in-
fants aged 6-14 months against measles (26). 

 
Conclusion 
 

This was the largest measles outbreak in 
Serbia and the probable causes of this large measles 
outbreak were insufficient vaccination and low vac-
cine coverage with MMR vaccine and accumulation 
of a high susceptible population. There were more 
than two thirds among affected older than 20 years 

of age and more females were affected than males. 
Four measles-related deaths were registered. Moni-
toring of the immunization status, high vaccine 
coverage and effectiveness of MMR vaccine are 
essential for the prevention of measles outbreaks.  
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Male boginje su pre uvođenja obavezne vakcinacije bile glavni uzrok umiranja dece 

mlađe od 5 godina. 
Cilj rada bio je da prikaže epidemiološke i kliničke karakteristike obolelih u epidemiji 

malih boginja, koja je počela 23. novembra 2017. godine i trajala sve do 28. jula 2018. 
godine, na teritoriji Nišavskog i Topličkog okruga.  

Primenjena je deskriptivna metoda, kojom su retrospektivno analizirani podaci od 
novembra 2017. godine do jula 2018. godine. Primenjena je definicija slučaja, koju je dala 
Komisija Evropske unije (EU) 2012. godine. U Institutu za javno zdravlje Niš, uzimana je krv 
za određivanje antitela i svi uzorci su slati u referentnu ustanovu Zavod za vakcine i serume 
"Torlak" u Beogradu, gde su testirani na prisustvo IGM i IgG antitela. Statistička analiza 
izvršena je u programskom paketu EPI INFO v7.2.2.6.  

Od 23. novembra 2017. godine do 28. jula 2018. godine, ukupno je obolelo 1327 
osoba (584 muškarca i 743 žene), a prosečan uzrast obolelih bio je 35 godina. Najviše 
obolelih bilo je iz dobne grupe od 30 od 39 godina, 510 osoba (38,4%), a najmanje iz dobne 
grupe od 15 do 19 godina, 34 osobe (2,6%). Deca mlađa od jedne godine bila su zastupljena 
sa 5,3%, a deca iz osnovnih škola sa 4,4%, u odnosu na ukupan broj obolelih. Više od jedne 
četvrtine obolelih nije bilo vakcinisano, 338 osoba (25,5%); samo su 37 (2,8%) bolesnika 
primili dve doze kombinovane vakcine protiv malih boginja, zauški i rubele (MMR), a 50 osoba 
(3,8%) vakcinisano je samo jednom dozom. Za 902 (68,0%) bolesnika vakcinalni status nije 
bio poznat. Komplikacije su zabeležene kod 962 osobe (72,5%) i najčešće su bile kod dece 
mlađe od jedne godine (92,9%) i kod dece predškolskog uzrasta (88,2%). Najčešće kompli-
kacije bile su: malnutricija (kod 823 osobe, 62,0%), dijareja (kod 590 osoba , 44,5%), pne-
umonija (kod 122 osobe, 9,2%), a encefalitis je zabeležen samo kod jednog deteta. Smrt 
zbog komplikacija potvrđena je kod 4 bolesnika; svi su imali laboratorijsku potvdu oboljenja, 
troje nije bilo vakcinisano, a jedno dete bilo je imunokompromitovano. Letalitet je iznosio 0,3 
na 100 obolelih. 

Mogući uzrok ove velike epidemije bili su nedovoljna imunizacija i mali obuhvat MMR 
vakcinom osetljive populacije. Zabeležena su 4 smrta ishoda kod obolelih. Nadzor nad imu-
nizacijom, visok vakcinalni obuhvat osetljive populacije, kao i efikasnost MMR vakcine, 
osnovni su preduslovi za prevenciju malih boginja. 
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Primary teeth mineralized tissue resorption is considered physiological, while this 

process in persons with permanent dentition is obligatory pathological. External root resorption 
is the consequence of multinuclear clastic cell activity which starts at the root surface and 
spreads further into cementum all the way to the dentin. In normal conditions there is a 
dynamic balance between osteoblastic and osteoclastic cell activity that maintain a physiological 
state of root and bone. Due to the disbalance of cells activity, under the influence of different 
factors, root resorption occurs. The aim of the present study was to perform ultrastructural 
analysis of pathologically resorbed apical root cementum and dentin formed after traumatic 

occlusion. The study was conducted on 18 extracted teeth from male patients aging from 54 to 
73 years with internal and external pathological root resorption. The resorbed root surface 
(dentine structure) was analyzed using scanning electron microscope. In all studied samples 
occlusal surface enamel cracks, as a consequence of traumatic occlusion, were found. 
Ultrastructural analysis of the dentine surface in the peripheral parts of the root revealed the 
smooth surface of the resorbed apical root surface, described as "eggshell", with clear 
demarcation line separating preserved from the resorbed dentine. Also, wavy multi-layered 
resorption with irregular structure could be seen. Based on the scanning electron microscopic 
analysis of the apical root dentin one can conclude that the main cause of the external 
pathological resorption of the apical root, occurring due to traumatic occlusion, is aseptic 
inflammation. 
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Introduction 

 
Tooth resorption represents a process, seen 

in different physiological and pathological conditions, 
which can lead to irreversible dentine, cementum 
and alveolar bone loss in both vital and nonvital 
teeth (1, 2). Primary teeth mineralized tissue 

resorption is considered physiological, while this pro-
cess in persons with permanent dentition is obliga-
tory pathological (3). This process depends on the 
interaction between different inflammatory, clastic 
and mineralized tissue cells. Besides a great number 

of cells (monocytes, macrophages, osteoclasts, etc.) 
that control this process, systemic and local factors 
(cytokines, prostaglandins, bacteria, etc.) are in-
volved in this process as well (4). 

Pathological resorption can be internal and 

external. Internal resorption is a pathological pro-

cess that leads to mineralized tooth tissue loss due 
to tooth destruction from within, where this process 
starts from pulp and spreads towards the surface 
(5). 

The etiology of external resorption has two 
stimulatory components (i) mechanical/chemical and 
(ii) infection/pressure that affect osteoclasts. Ex-

ternal root resorption is the consequence of multi-
nuclear clastic cell, localized in the periodontal liga-
ment and bone, activity, which starts at the root 
surface and spreads further into cementum all the 
way to the dentin (6). The mineralized tissue of the 
permanent denture is hard to resorb since it is well 
protected by predentin and odontoblasts found in 



Ultrastructural analysis of external apical root resorption                                                                             Aleksandar Mitić et al. 

45 

root canals and cementoblasts found on the root 

surface. When predentin or precementum is minera-

lized and the mechanical damage of precementum 
occurs, osteoclastic cells migrate to the mineralized 
surface in order to resorb it (1, 7). 

Based on the clinical and histological mani-
festations, there are numerous root resorption clas-

sifications, however the authors present the follow-
ing external resorption classification as it is the most 
frequent one:  

(i) superficial root resorption;  
(ii) inflammatory resorption, called cervical/apical; 
(iii) ankylosis;  
(iv) replacement resorption and  

(v) transient apical disorders (8).  
According to Andersons classification from 

1988, there are three types of external resorption: 

superficial, external ankylosis-resorption and exter-
nal inflammatory resorption. Recently, Hulsman et 
al. also described three types of external resorption: 
progressive inflammatory, cervical (extra-canalicular 

invasive resorption) and replacement resorption (9). 
External root resorption can be found in both 

vital and nonvital teeth and is most frequently re-
vealed on routine radiographic image as an asymp-
tomatic condition (1). Pathological resorptions can 
be diagnosed using radiographic images only when 

they are large, with lesion diameters of 2 mm and at 
least 1 mm separated from the superficial cortex. 
Numerous external resorptions are painless and 
pass unnoticed by patients until the pulpous or pe-
riodontal tissue gets inflamed (1). Deep cavity oc-
curring during resorption can lead to heat tender-

ness of the tooth due to pulp vicinity. 

Osteoclasts are multinuclear cells, originating 
from multipotent hematopoietic stem cells, involved 
in bone resorption. Their origin is much closer to 
immune then to connective tissue cells (2). Using 
specific receptors osteoclast adhere to root bone and 
cementum, thus forming an isolated area in which 
they secrete proteolytic enzymes, that degrade pro-

tein matrix, and acids that "meltdown" the mineral 
composition of the bone and other structures. Under 
physiological conditions, when there are no trauma-
tic and/or pathological tooth changes, there is a 
dynamic balance between osteoblastic and osteo-
clastic activity that maintains the root bone homeo-

stasis. Different factors can disturb this balance 
leading to root resorption (10). 

Osteoclast polarity is regulated by their actin 
cytoskeleton and in contact with the mineralized 
extracellular matrix, this cytoskeleton forms a zone 
without cellular organelles within the cell (clear 
zone), allowing the cell to form a direct contact with 

cementum via cell membrane. The clear zone is 
surrounded by a numerous finger-like cell mem-
brane invaginations (podosomes) that are known as 
a ruffled border. Bellow this border the resorption 
process is occurring, where the resorbed surface 
within the clear zone, isolated from the extracellular 
surface, is forming acidic microenvironment for mi-

neralized tissue resorption (8). 
Multinuclear clastic cells responsible for the 

bone and root resorption do not possess the recep-

tors for direct binding of parathormone (PTH), thus 

the clast cell stimulation by PTH is indirect. Both PTH 

and PTH related protein (PTHrP) bind to osteoblasts 
and increase the receptor activator of nuclear factor-
kB ligand (RANKL) expression, which further binds 
to a RANK receptor of osteoclast precursors, acti-
vating these cells to fuse and form osteoclasts (2, 

8). 
The multinuclear clastic cells of the perio-

dontal ligament also express RANKL that binds the 
same way as described previously. The intracellular 
signal pathway includes TRAF6 that activates protein 
complex NF-B, protein kinase c-Src and JNK-cell 
cycle regulators. If the OPG would block RANKL, 

clastic cells would undergo apoptosis rather than 
their activation. The relation RANKL-RANK is manda-
tory for clastic cell survival (8). 

Osteoprotegerin (OPG) is a secreted glycopro-
tein belonging to TNF receptor family and has dif-
ferent biological functions including tissue remodula-
tion. OPG is a powerful competitive inhibitor of 

osteoclastic bone resorption (11). 
Recently, it was discovered that besides pro-

inflammatory cytokines IL-1 and IL-2, TNF-α signi-
ficantly contributes to the development of osteo-
clasts and multinuclear cells with dentine resorption 
potential (1). According to Komine et al., human 

TNF-α significantly stimulates mononuclear pre-
osteoclast cells (POC) in the presence of conditioned 
osteoblast cell medium and contributes to hemato-
poietic cell differentiation to POC. The TNF-α induce 
POC to form multinuclear cells, which further ex-
press dentin resorbing potential. Extremely low 

levels of TNF-α in POC increase calcitonin receptor 

cathepsin K mRNA. Both RANKL and TNF-α effects 
on osteoclast development are inhibited by OPG.  

Transformation of macrophage-like clastic cells 
leads to the formation of multinuclear clastic cells 
that are almost identical to osteoclasts. Several 
mediators produced by various cells can be involved 
in the development of multinuclear cells from their 

precursors. These multinuclear resorbing cell activa-
tors/stimulators include PTH, PTHrP, IL-1, IL-6, IL-
11, PDGF, 1α,25-dihydroxy vitamin D3, glucocorti-
coids, and substance P, while on the other hand cal-
citonin, estrogen, interferon, IL-4, IL-8, IL-10, IL-18, 
and corticosteroids are known to inhibit osteo-

clast/odontoclast cells (8). 
Cytokines (IL-1, IL-6, and TNF-α as proin-

flammatory ones) bind to pattern recognition recep-
tors (PRR) and via secondary messengers, e.g. 
tyrosine-kinase, activate cells to start their clastic 
activity. 

The aim of the present study was to perform 

ultrastructural analysis of pathologically resorbed 
apical root cementum and dentin formed after 
traumatic occlusion by using scanning electron 
microscope. 

 
Materials and methods 
 

The study was conducted on 18 extracted 
teeth from male patients, aged 54 to 73 years, with 
internal and external pathological root resorption 
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(Figure 1). The diagnosis was made according to the 

radiographic images (type and process localization), 

where in all studied patients with external root 
resorption the abrasion of the occlusal surface due 
traumatic occlusion was found. 
 
 

 

 
 

Figure 1. Radiographic image of a tooth with  
external root resorption 

 
 
 

The resorbed root surface (dentine structure) 
was analyzed using JEOL-JSM-5300 scanning elec-
tron microscope (SEM) by a single researcher. 

Sample preparation included teeth preserva-

tion in sterile saline at 4 OC, without any fixative. 

Occlusal surfaces (2-3 mm thick) of the tooth 
crowns were circularly cut by the thinnest diamond 
borer. The roots were cut transversely using shafts 
in order to separate the apical part of the root. In 
order to eliminate superficial debris, generated by 

cutting, the samples were rinsed with distilled water 
and dried using a compressed air. First, the occlusal 
sur-face was separated using separating forceps, 
followed by transversal separation of the roots (apex 
third) down the cut gutters. Each sample was 
mounted on a special holder and covered with gold 
in a vacuum evaporator before they were analyzed 

under SEM. 
 
Results 

 
Results obtained using SEM are shown in 

Figures 2-7. In all investigated samples superficial 
occlusal enamel cracks, as a consequence of trau-

matic occlusions, were found (Figure 2). Ultrastruc-
tural analysis of the dentine root surface appeared 
as smooth surface of the resorbed apex, described 
as "eggshell" (Figure 3). At the root peripheral parts, 
a clear demarcation line separating the preserved 
from the resorbed dentin could be seen (Figure 4). 

The irregularity of resorbed dentine surface can be 
seen in Figures 6 and 7. At the level of the middle 
and apical third (proximal side) of the root, cellular 
cementum was observed (Figure 5). 

 
 

 
 

  
 
 

Figure 2. Occlusal enamel surface with cracks due to 
traumatic occlusion 

 

 
Figure 3. External resorption of root apex with broad, 

irregular and funnel-like apical foramen 

 
 
 
 

 
 
 



Ultrastructural analysis of external apical root resorption                                                                             Aleksandar Mitić et al. 

47 

 

  
 
 

Figure 4. Demarcation border between resorbed and 
preserved peripheral dentine 

 

 
 

Figure 5. Cellular cementum at the approximal side of  
the root at the level of the apical and mid third 

 

 
 

 

  
 
 

Figure 6. Resorbed irregularly structured dentine surface 
near apical foramen 

 
 
 

 
 
Figure 7. Irregular structure of resorbed dentine surface at 

the peripheral parts of root apex 
 
 

 
 

Discussion 

 
Osteoclasts and other cells (e.g. macropha-

ges, monocytes and osteocytes) have the ability of 
mineralized tissue resorption. They from erosions, 
Howship’s lacunae, by liberating demineralizing 
agents and enzymes, allowing phagocytes to ingest 
the degraded products (13). In some of the lacunae 
examined on the teeth in the present study dentine 
tubules could be seen, which points to the fact that 
the process is affecting the dentin as well. Sub-
stances that are liberated from the surrounding 
tissue cells, such as osteoclast activating factor, 
macrophage chemotactic factor and prostaglandins 
are intensifying the process of mineralized tissue 
resorption (5). 

Different causes of root resorption are attri-
buted to pressure, inflammation, neoplastic proces-
ses and some systemic conditions (1). Clastic cells in 
different physiological and pathological conditions 
have different potential for root resorption and the 
variations in the type of resorption can be expected. 
Active external resorption can be found in patients 
two months after orthodontic treatment. The areas 
of resorption could be seen on the entire surface and 
lead to the loss of normal smooth surface ap-
pearance. 

In the early phases of the orthodontic treat-
ment, this causes premolar buccal leaning of the 
crown and with its apex leaning lingually producing 
zones of tension and compression on opposite sides 
of the crown and root. In the present study, the 
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resorption process observed under SEM was not 
focused on that part. There are numerous cases of 
root resorption, except in advanced phase, seen as a 
consequence of inflammation due to orthodontists’ 
therapy (13). In the present study, all premolar 
resorption was limited to the small cementum 
surface, probably due to the short time period of 
tooth exposure to mechanical force. The size and 
location of the resorption were not uniform in the 
studied sample, thus one cannot conclude that the 
local factors are playing a key role in root resorption 
caused by orthodontic treatment. It is very 
important to know that even in these phases of 
orthodontic treatment, the cementum resorption is 
occurring, although these processes are not always 
visible on radiographic images. Inflammatory 
resorption of the apical parts of the root can be seen 
in teeth with apical periodontitis and is probably 
more frequent than reported (15-17). Ferlini found, 
in his microscopic analysis, that in teeth with chronic 
apical periodontitis resorption is occurring in the 
foramen region (18). In most of the cases root 
resorption can be detected on radiographic images, 
however, in everyday clinical practice, these images 
are not sufficiently precise for establishing the 
diagnosis of resorption defects as a consequence of 
apical periodontitis. 

In the present study, the formed lacunae are 
spreading on the teeth surface, rather than affecting 
deeper parts (layers). In some lacunae, dentine 
tubules could be seen, which implicates that the 
process is affecting dentin as well. Only in the cases 
of severe resorption, changes in the foramen 
contours, which appeared irregular, were seen 
(Figure 2). In accordance with the results of the 
present study, Rosa Neto et al., found apical root 
surface to be irregular, eroded, with cementum-
dentine resorption (19). 

External root resorption can be seen as root 
contour irregularity located in the neck of the tooth 
(cervical resorption) at any level of external root 
surface, or at the apex followed by surrounding bone 
resorption (19). Root apex is susceptible to 
resorption due to anato-morphological variations in 
cementum-dentine connection structure, as well as 
due to a number and Sharpey's fibers attachments. 
The mentioned structures with some others as well, 
form a barrier that prevents the clastic cell activity 
(21). In the present study, the apical region 
appeared funnel-shaped, which is in accordance with 
previous research (22). According to the present 
findings, the resorption areas are localized at the 
apex with clear demarcation line which separates 
healthy from the affected area, pointing to the fact 
that pressure which creates lesions can be a 
significant factor in this process (Figure 3). 

Different epidemiological research related to 
root resorption is allowing us to see a bigger picture 
and enable us to perform adequate and ''timely'' 
diagnosis, and treatment of the tooth with external 
root resorption (23). 

Resorption areas are unreachable for the 
chemical-mechanical treatment, thus they remain 
the resident places for different microorganism (24, 
25). This information should be beared in mind 
when treating root canals since the presence of 

external root resorption can be the cause of 
therapeutic failure. 

For the treatment of external resorption 2% 
solution of chlorhexidine and calcium hydroxide 
powder are used, due to their relatively low cyto-
toxic potential and stable antibacterial properties. 
The usage of sodium hypochlorite is not recom-
mendable since in the case of root resorption it can 
pass through apical foramen and cause periapical 
irritation (23). Chlorhexidine increases dentin pH, 
inhibits acidic hydrolase, arriving from osteoclasts, 
activity in periodontal tissue and at the same time 
inhibits alkaline phosphates. It also acts as antiseptic 
with a prolonged activity which increases antibacte-
rial activity of calcium hydroxide (23). 

External root resorption is a process that in-
volves the activity of multinuclear clastic cells ori-
ginating from periodontal ligaments. The process is 
spreading from the surface, in a form of infiltration, 
into a cementum and dentin at different root levels 
(2). 

The most commonly affected teeth are upper 
molars and incisors, which is explained by the fact 
that these teeth are under greater occlusal pressure, 
especially when the occlusion is not adequate. Addi-
tionally, in these teeth, crown abrasion as a con-
sequence of occlusal pressure could be seen (8). The 
present study revealed that the teeth affected by 
external apical root resorption were secondary 
mandibular premolars, which is not in agreement 
with the previous findings. However, such conclusion 
related to the frequency of the affected teeth, in this 
case, is not possible due to small sample size. 

The literature data related to RANKL-RANK-
OPG system response to traumatic occlusion, which 
could be observed as a mechanical stress that would 
trigger inflammatory mechanism within the pulp, are 
scarce. It is known that aseptic inflammatory res-
ponse is the organisms’ response to any mechanical 
stress including the traumatic occlusion (13). Having 
in mind that there are no data related to this topic, 
one can assume, but not claim, that the external 
root resorption is the consequence of stress caused 
by traumatic occlusion. 

The disturbance in pulp circulation arriving 
from a traumatic occlusion initiates immunological 
mechanisms and causes clast cell differentiation, 
where the entire immunological mechanism is under 
the control of proinflammatory cytokines (4). Pro-
inflammatory cytokines are binding to pattern recog-
nition receptors (PRR), which include TRAF6 that 
activates protein complex NF-B, protein kinase c-Src 
and JNK-cell cycle regulators. If the OPG would block 
RANKL clastic cells would undergo apoptosis rather 
than their activation. The relation RANKL-RANK is 
mandatory for clastic cell survival (8). 

 
Conclusion 
 
In our population, external root resorption is 

not a very common clinical phenomenon and the 
data relating to its prevalence, accurate and fast 
diagnosis are a predisposition for successful endo-
dontic treatment. Based on the scanning electron 
microscopic analysis of the apical root dentin, one 
can conclude that the main cause of the external 
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pathological resorption of the apical root, occurring 

due to traumatic occlusion, has immunopathogenic 

background. Aseptic pulp inflammation that is a 
consequence of mechanical stress, an initial factor in 

pro-inflammatory cytokine production (IL-1, IL-6, 

and TNF-α), leads to tissue resorption at various 

parts of the root. 
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Resorpcija mineralizovanog tkiva mlečnih zuba smatra se fiziološkim procesom, dok je 

ovaj proces kod osoba sa stalnom denticijom uvek patološki. Eksterna resorpcija korena 
posledica je multinuklearne aktivnosti klastnih ćelija, koja započinje na površini korena i širi se 
dalje u cement sve do dentina. U normalnim uslovima postoji dinamička ravnoteža između 
aktivnosti ćelija osteoblasta i osteoklasta, koje održavaju fiziološko stanje korena i kosti. Zbog 
dis-balansa aktivnosti ćelija, pod uticajem različitih faktora, dolazi do resorpcije korena. Cilj 
ovog rada je ultrastrukturna analiza patološki resorbovanog cementa i dentina na apeksu 
korena zuba, koji su posledica traumatske okluzije. Studija je sprovedena na 18 izvađenih 
zuba muškaraca starih od 54 do 73 godine, sa internom i eksternom patološkom resorpcijom 
korena zuba. Resorbovana površina korena zuba (dentinska struktura) analizirana je na 
skening elektronskom mikroskopu. Kod svih posmatranih uzoraka uočene su naprsline na 
okluzalnoj površini gleđi, kao posledica traumatske okluzije. Ultrastrukturnom analizom 
dentinske površine u perifernim delovima korena, uočena je glatka površina resorbovanog 
apeksa, slična "ljusci jajeta". Na periferiji korena zuba uočljiva je jasna demarkaciona linija, 
koja odvaja očuvani od resorbovanog dentina. Uočava se i slojevita, talasasta resorpcija 
iregularne strukture. Na osnovu analize skening elektronske mikroskopije dentina na apeksu 
korena zuba, može se zaključiti da značajnu ulogu u etiologiji patološke eksterne resorpcije 
apeksa korena zuba, pod dejstvom traumatske okluzije, ima aseptična inflamacija. 

 
Acta Medica Medianae 2021;60(2):44-50. 

 
Ključne reči: traumaska okluzija, eksterna resorpcija korena, SEM analiza 



 

51 www.medfak.ni.ac.rs/amm 

Original article UDC: 616-097:616.322‑002.2 

doi:10.5633/amm.2021.0206 

 

 
 

 
 

EXPRESSION OF CD68 ANTIGEN IN CHRONICALLY DISEASED HUMAN 
PALATINE TONSIL 

 
Braca Kundalić1, Vesna Stojanović1, Miljana Pavlović1, Vladimir Živković1,  

Milena Trandafilović1, Jovana Čukuranović Kokoris1, Milorad Antić1, Ivana Graovac1 

 

 
Based on the pathohistological examination of tonsillar tissue, chronic tonsillitis can be 

classified as chronic hypertrophic tonsillitis (CHT) and recurrent tonsillitis (RT). CD68 is a 
glycoprotein ubiquitously expressed on the cells of the monocyte-macrophage lineage, as well 
as on the dendritic cells. Macrophages and dendritic cells are major initiators, effectors, and 
regulators of immune response in the palatine tonsil. The aim of this paper was to examine 
microanatomical distribution of CD68-immunopositive cells and to determine their numerical 
areal density in morphological compartments of palatine tonsils with CHT and RT, in order to 

show the possible differences in antigen-presentation potential between these two pathological 
conditions. As a material we used tonsils taken after tonsillectomy, from patients of both sexes, 
aged 10-29 years: six tonsils with RT and nine tonsils with CHT. The quantification of CD68-
immunopositive cells by "ImageJ" software was performed on 5 µm thick serial paraffin tissue 
slices, which were stained immunohistochemically, by using monoclonal anti-CD68 antibody. 
The results of morphometrical analysis showed presence of CD68-immunopositive cells in all 
morphological compartments of tonsils with RT and CHT, being higher in number in RT 
compared with CHT. Statistically significant difference in numerical areal density of the CD68-
immunopositive cells was found in the germinal centers of lymphoid follicles (RT > CHT), and 
interfollicular lymphoid tissue (CHT > RT). The difference in the number of CD68-immuno-
positive cells might imply the different mechanisms involved in the infiltration of tonsillar tissue 
with CD68-immunopositive cells, as well as the different antigen-presenting potential in these 
two conditions. 
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Introduction 
 
Palatine tonsil is the organ of the immune 

system that significantly contributes to the local and 
general immunity, due to its specific anatomic loca-
tion and histological structure. As a part of Waldeyer’s 
tonsillar ring, it is responsible to initiate both the 

cellular and humoral immune response against the 
antigens entering the organism trough the oral cav-
ity (1, 2). The parenchyma of palatine tonsils con-
tains both T- and B-lymphocytes, as well as antigen 
presenting cells, which are specifically distributed 
into four morphological compartments: crypt epithe-

lium, subepithelial lymphatic tissue, lymphoid follic-
les (germinal center and mantle zone) and inter-
follicular lymphoid tissue (3-5). Lymphoid follicles 
are structurally and functionally divided into mantle 

zone and germinal center. The mantle zone contains 
mostly small B memory lymphocytes, while in the 
germinal center there are large dividing B lympho-
blasts (centroblasts) and their differentiated non-
dividing forms called centrocytes, specific subset of T 

helper cells, germinal center dendritic cells and folli-
cular dendritic cells (4, 6-8). 

Chronic inflammations are the most common 
pathological conditions of the palatine tonsil. How-
ever, the exact pathogenetic mechanisms leading to 
the chronic inflammation of the palatine tonsils are 
not yet elucidated (3, 9). Based on the pathohistolo-
gical examination of tonsillar tissue, chronic tonsillitis 
can be classified as chronic hypertrophic tonsillitis 

(CHT) and recurrent tonsillitis (RT). CHT is charac-
terized by enlarged palatine tonsils and hypertrophy 
and hyperplasia of lymphoid follicles, while in RT 
palatine tonsils contain lymphoid follicles with active 
germinal centers, fibrosis in interfollicular lymphoid 
tissue and thin crypt epithelium (10).  
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CD68 is glycoprotein expressed on the cells of 

the monocyte-macrophage lineage, as well as on 

dendritic cells. Unlike macrophages that are part of 
the innate immune system, dendritic cells are com-
ponents of the acquired immunity and have the abi-
lity of its modulation (11). The main function of 
macrophages in germinal centers is the phagocyto-

sis of cellular remains after the division of B lym-
phoblasts and plasma cells, and of those localized in 
subepithelial tissue is the antigen presentation to T-
lymphocytes (2, 12). The sole role of dendritic cells 
is the antigen presentation to T-lymphocytes (11).  

After penetrating the crypt epithelium the 
antigens reach the subepithelial tissue and inter-

follicular lymphoid tissue where they are being 
caught and processed by macrophages and dendritic 
cells, and subsequently presented via MHC II mole-

cules to CD4+ T-lymphocytes (4, 13). T helper lym-
phocytes stimulate the divisions of germinal center B 
cells which give rise to two populations: antibody-
expressing B memory cells and antibody-producing 

plasma cells (14). Dendritic cells also have the abi-
lity to activate naïve T cells and to initiate, coordi-
nate, and regulate adaptive immune responses (15, 
16).  

The aim of the paper was to examine micro-
anatomical distribution of CD68-immunopositive cells 

and to determine their numerical areal density in 
morphological compartments of palatine tonsils with 
CHT and RT, in order to show the possible differ-
ences in the antigen-presentation potential between 
these two pathological conditions. 

 

Materials and methods 

 
The research was performed at the Depart-

ment of Anatomy and Department of Histology of 
the Faculty of Medicine, University of Niš, and at the 
Clinic for Ear, Throat and Nose of the University 
Clinical Center of Niš, Serbia.  

The material was obtained following the ethi-

cal guidelines and consisted of palatine tonsils taken 
after the tonsillectomies of patients of both genders: 

5 tonsils with RT (patients aged 10-29 years) and 5 

tonsils with CHT (patients aged 18-22 years). 

The tonsils were fixated in 10% buffered 
formaldehyde and were routinely processed to para-
ffin blocks. The paraffin blocks were cut on Leica 
microtome in order to obtain 5µm thick tissue sec-
tions that were subsequently stained with hemato-

xylin-eosin and immunohistochemically by using 
antibody against CD68 antigen (GeneTex, GTX41865, 
1:100). As a visualization system for immunohisto-
chemistry was used EnVisionFLEX, High pH (Agilent).  

The numerical areal density (NA) is the para-
meter showing the average number of cells in mm2 
of the tissue. We were determining the numerical 

areal density of CD68-immunopositive cells in dif-
ferent morphological compartments of palatine ton-
sils with CHT nad RT: crypt epithelium and subepi-

thelial lymphoid tissue, germinal centers of lymphoid 
follicles, mantle zones of lymphoid follicles and inter-
follicular lymphoid tissue. The values are obtained 
by using formula NA = (N/A)*1000000 (N – number 

of cells on the examined visual field, A – area of the 
examined visual field in µm2). 

The images of the tonsillar tissue were ob-
tained by using Olympus BX50 (Olympus, Japan) 
microscope equipped with Leica DFC 295 camera 
(Leica Microsystems, Germany). All images were 

taken under the magnification of the objective x40. 
For the numbering of cells and determining the area 
of the examined visual field we used Image J soft-
ware. Fifty visual fields per the morphological com-
partment were examined in each group (CHT or RT), 
after the calibration of the images.   

The obtained values for NA were compared 

between the examined groups by using Mann-
Whitney test. 

 
Results 
 
CD68 immunopositive cells were found to be 

present in all examined morphological compart-

ments of palatine tonsils with CHT and RT (Figures 
1, 2).  

 
 
 

  
 

Figure 1. Distribution of CD68-immunopositive cells in the 
palatine tonsil with chronic hypertrophic tonsillitis x100 

 
Figure 2. Distribution of CD68-immunopositive cells in the 

palatine tonsil with recurrent tonsillitis x100 
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The results of CD68-immunopositive cells nu-

merical areal density in morphological compart-

ments in palatine tonsils with CHT and RT are pre-
sented in Table 1. 

Numerical areal density of CD68-immunopo-

sitive cells shows statistical significance between the 

germinal centers and interfollicular lymphoid tissue 
of palatine tonsils with RT and CHT. 

 
 
 

Table 1. Average values of numerical areal density (NA) of CD68-immunopositive cells  
in morphological compartments of palatine tonsils with CHT and RT 

 

Morphological compartment of 

palatine tonsil 

CHT RT 
p 

n = 5 n = 5 

Crypt epithelium and 

subepithelial connective tissue 
185.17 ± 47.1 227.54 ± 48.32 0.3 

Germinal center 276.16 ± 85.18 477.58 ± 27.9 0.018 

Mantle zone 179.72 ± 47.68 210.17 ± 45.72 0.106 

Interfollicular lymphoid tissue 262.40 ± 36.84 197.67 ± 23.49 0.001 

RT – recurrent tonsillitis,  
CHT – chronic hypertrophic tonsillitis,  
n – number of palatine tonsils per examined group 

 
 
 

Discussion 

 
Our results show that the CD68-immunoposi-

tive cells are distributed in all morphological com-
partments of the palatine tonsil, which is in ac-
cordance with the findings of the other authors (12, 
17-19). Statistically significant difference in nume-
rical areal density of these cells was found in ger-
minal centers of lymphoid follicles and interfollicular 
lymphoid tissue, which differs from the reports of 
Gorfien et al. that found the difference in the num-
ber of these cells only in interfollicular areas in ton-
sils with RT and CHT (17). Stent et al. reported that 
CD68 antigen was expressed in all dendritic cell po-
pulations and macrophages in cell cultures obtained 
from human palatine tonsils after tonsillectomy. In-
terestingly, their findings suggest that S-100 anti-
gen, usually associated with macrophages and den-
dritic cells, was not expressed in subpopulation of 
dendritic cells that were CD11c negative (20). 
Yamamoto et al. reported the presence of S-100-
immunopositive cells in all morphological compart-
ments of palatine tonsils with RT, tonsillar hyper-
plasia and tonsils with focal infection (19). They 
examined the numerical areal density of these cells 
in crypt epithelium and interfollicular lymphoid tis-
sue, and found the statistically significant difference 
in the number of these cells in crypt epithelium of 
tonsils with tonsillar hyperplasia and tonsils with 
focal infection. Although these results cannot be 
directly compared with the results of our study, it is 
noteworthy to mention that they reported 611 ± 
231 S-100-immunopositive cells by mm2 in crypt 
epithelium in RT, while our findings suggest the 
number of 227.54 ± 48.32 CD68-immunopositive 
cells in mm2 in both crypt epithelium and subepi-
thelial connective tissue in tonsils with RT.  

The previous studies reported that the num-
ber of macrophages increases in the diseased pala-

tine tonsils, compared to the healthy ones (17). How-
ever, regardless the higher numbers, the increase in 
number of macrophages in superficial and crypt epi-
thelium of the chronically diseased palatine tonsils is 
not followed by the increased expression of RFD7 
antigen that is a characteristic of mature phagocyte 
cells, which might imply that these cells are still 
functionally immature and inactive. Also, the num-
ber of dendritic cells decreases in these compart-
ments, as well as the expression of RFD1 antigen 
which is connected with functional activation and 
antigen-presenting potential of dendritic cells (17). 
The functional immaturity of macrophages and den-
dritic cells, possibly caused by chronic inflammation, 
might represent one of the reasons of local immu-
nosuppression that occurs in the chronically inflamed 
tonsillar tissue (17, 21). T- and B- lymphocytes in 
palatine tonsils with CHT, although increased in 
number due to the bacterial load and hypertrophy of 
tonsillar tissue, are not adequately immunocompe- 
tent and the experiments performed in vitro showed 
that these lymphocytes are relatively unresponsive 
to the stimulation by antigens (12).  

Chen et al. examined tonsils with the RT and 
the TH (tonsillar hyperplasia) by combining beta-
galactosidase staining, connected with the cellular 
senescence, and immunohistochemical staining with 
CD68. Their results showed the increased number of 
senescent CD68-immunopositive cells in germinal 
centers and mantle zones in both examined groups 
(22). Macrophages and dendritic cells are the major 
initiators, effectors and regulators of immune sys-
tem, and the senescence of these cells is charac-
terized by increased inflammatory cytokine produc-
tion and impairment of chemotaxis and phagocytosis 
(22, 23). The impairment of these three functions 
might be responsible for the hyperplasia of lymphoid 
follicles in TH and CHT, as well as for increased 
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overload of pathogens in palatine tonsils especially 
found in RT.  

The crypt epithelium and subepithelial con-
nective tissue represent the main site of entry and 
contact of different antigens with M cells, macro-
phages and dendritic cells of the palatine tonsil (18). 
The previous studies showed the decreased ability of 
M cells to uptake the antigens, as well as the func-
tional immaturity of macrophages and dendritic cells 
in this morphological compartment in hronic ton-
sillitis (12, 17, 21, 22, 24). Although the reasons for 
this local immuno-suppression are not yet comple-
tely elucidated, there is an increased number of evi-
dences that some bacteria (Pseudomonas aerugi-
nosa, Streptococcus pneumoniae), viruses (Epstein-
Barr), bacterial bio-films and recurrent infections 
cause the cellular senescence probably via cellular 
oxidative stress, and lead to the morphological 
changes of the crypt epithelium (hyperkeratosis, 
cryptitis) (17, 22, 25-27). Lymphocytes and antigen 
presenting cells re-present the axis of the immune 
response in palatine tonsils and every change in 
their functional activity impairs the immunological 
potential of this organ. Bearing in mind the import-
ance of epithelial com-partment for the function of 
the palatine tonsil, the future studies should focus 
on the possibly surface- and crypt epithelium-related 
mechanisms involved in the impairment of lympho-

cyte functions and in-adequate activation of macro-
phages and antigen presenting cells. 

 
Conclusion 
 

The results of our study showed that CD68-
immunopositive cells were present in all morpho-
logical compartments of the tonsils with RT and CHT. 
Numerical areal density of the CD68-immunopositive 

cells was significantly higher in the germinal centers 
of lymphoid follicles with the RT compared to the 
CHT, and in the interfollicular lymphoid tissue in the 
CHT compared to the RT. The difference in the 
number of CD68-immunopositive cells might imply 
the different mechanisms involved in the infiltration 
of tonsillar tissue with CD68-immunopositive cells, 

as well as the different anti-gen-presenting potential 
in these two conditions. 
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Hronični tonzilitis se prema patološkom nalazu tkiva krajnika može podeliti na hronični 

hipertrofični (HHT) i rekurentni tonzilitis (RT). CD68 predstavlja ubikvitarni glikoprotein, koji se 
eksprimira na ćelijama monocitno-makrofagne linije i dendritičnim ćelijama. Makrofagi i 
dendritične ćelije glavni su inicijatori, efektori i regulatori imunog odgovora u nepčanom 
krajniku. Cilj ovog istraživanja bio je da se istraži mikroanatomska distribucija ćelija pozitivnih 
na CD68, kao i da se odredi njihova numerička arealna gustina u morfološkim odeljcima 
nepčanih krajnika sa HHT i RT, da bi se odredile moguće razlike u antigenoj prezentaciji 
između ova dva stanja. Za materijal su korišćeni krajnici dobijeni nakon tonzilektomije, od 
bolesnika oba pola, starosti između 10 i 29 godina. Šest krajnika bilo je sa RT, a devet sa 
HHT. Kvantifikacija ćelija pozitivnih na CD68 rađena je putem programa "ImageJ", na 
parafinskim isečcima debljine 5 µm, koji su imunohistohemijski bojeni monoklonalnim anti-
telom na CD68. Rezultati morfometrijske analize pokazali su prisustvo ćelija pozitivnih na 
CD68 u svim morfološkim odeljcima krajnika sa HHT i RT, pri čemu ih je više bilo u potonjoj 
grupi. Statistički značajno veća razlika u numeričkoj arealnoj gustini ćelija imunopozitivnih na 
CD68 nađeno je u germinativnim centrima limfnih folikula (RT > CHT) i interfolikularnom 
limfnom tkivu (CHT > RT). Ova razlika u broju imunopozitivnih ćelija na CD68 može ukazati 
na postojanje različitih mehanizama, koji utiču na infiltraciju tkiva krajnika ovim ćelijama, kao 
i na različit potencijal za prezentaciju antigena u ova dva stanja. 
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THE QUALITY OF LIFE OF BREAST CANCER FEMALE PATIENTS IN 
MONTENEGRO 
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Gora Miljanović5 

 

 
Breast cancer is a common malignant disease in the Balkan region. The aim was to 

determine whether there is a difference in the parameters of perception of health and quality of 
life in Montenegrin female patients after surgery, chemotherapy and radiation therapy for 
breast cancer in relation to age, the type of treatment, and the attitudes towards preventive 
diagnostic measures. 

The research was carried out on a sample of 200 women diagnosed with breast cancer 
in health institutions in Montenegro. Authentically designed questionnaire relying on three 
questionnaires (Functional Assessment of Cancer Therapy: General (FACT-G), its breast cancer-

specific type (FACT-B), and the instrument designed by the European Organisation for Research 
and Treatment of Cancer (EORTC-QLQ C30)) was used.  

The lowest quality of life was seen in patients aged 60–64 years. The patients fre-
quently reported that they felt sad, lost hope or worried about family members suffering from 
breast cancer. The quality of life was lower in patients who stated that they did not understand 
their disease well. The history of breast cancer surgery was not significantly related to the 
quality of life, similarly to the history of chemotherapy (or the time since last chemothera-
peutical session). However, the analysis of the time since last radiation therapy course yielded 
statistical significance; in a sense that the quality of life was lowest in the group of patients who 
underwent radiation therapy. 

These results should inspire the clinicians to educate the patients and to provide 
psychological support during the treatment. 
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Introduction 
 

Breast cancer is the most common type of 
cancer in females worldwide, accounting for 25% of 

all malignancies worldwide and causing 20% of all 
deaths in the female population (1). It is one of the 
most common causes of cancer death in Europe, 
second only to lung cancer (2). About 45,000 new 
cases of female breast cancer and 18,000 deaths 

occur annually in South-Eastern European countries 
(3). Montenegro has roughly 600,000 inhabitants 
(with nearly half of the population female), and a 
successful mammography screening program active 

since 2016.  
The development of screening and thera-

peutical strategies increased the likelihood of breast 
cancer survival (2, 4), thus inspiring research on the 
quality of life of breast cancer sufferers and sur-
vivors. The quality of life stems from the state of 
physical and mental health, the degree of personal 
freedom, social and economic factors, personal be-
liefs and relationships with the environment (5). The 

main indicators of health in cancer patients are auto-
nomy and functional capacity, regarded not only as 
physical health, but also as the emotional and psy-
chological state of the patient, the environmental 
and social circumstances (6). The burden of breast 
cancer-a life-threatening chronic diagnosis with long 
-term therapy-presents as a transitional experience 
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which may result in anxiety or depression, subse-

quently affecting the quality of life (7). 

The aim of this study was to determine the 
quality of life of breast cancer female patients in 
Montenegro. Through an investigation of specific 
issues related to the physical, emotional and func-
tional state of the patients, the self-perceived quality 

of life scores were analyzed. Possible differences in 
the quality of life were examined in relation to the 
age of the patients, the type of treatment, the atti-
tudes towards the preventive diagnostic measures, 
as well as the understanding of their own illness. 
Given the fact that there are no studies on this 
subject in the Balkan region, the results might in-

spire the clinicians in the developing countries to 
make an effort in providing the psychological sup-
port during the process of breast cancer treatment. 

 
Materials and methods 
 
A cross-sectional study was performed on a 

sample of 200 breast cancer female patients treated 
during the period between June and September of 
2015. 

The patients included in the study suffered 
from histologically diagnosed malignant breast di-
sease treated with surgery, chemotherapy or radio-

therapy. Informed consent was signed by all the 
patients included in the study. The exclusion criteria 
were: the presence of other malignant and/or sig-
nificant systemic disease, psychiatric disorders, alco-
hol, and substance abuse. 

A questionnaire was designed specifically for 

this research, inspired by three instruments: the 

Functional Assessment of Cancer Therapy: General 
(FACT-G, version 4) and the version of FACT specific 
for breast cancer (FACT-B, version 4), as well as the 
instrument designed by the European Organisation 
for Research and Treatment of Cancer (EORTC): 
EORTC QLQ-C30. The possible answers to the ques-
tions related to the quality of life were ranged from 1 

("constantly") to 5 ("never"). With 37 questions, the 

total score ranges from 37 (all the questions res-
ponded "constantly") to 185 (all the questions res-
ponded "never“"). Certain questions are reverse-
scored so that a higher total score indicates a better 
quality of life. 

The standard protocol of descriptive statistics 
was used, including the Student's t-test and ANOVA. 

A p value below 0.05 was considered statistically 
significant. 

 

Results 

 

The mean total score of self-perceived quality 
of life in the entire sample was 98.95 ± 11.21 (with 
a minimum of 64 and a maximum of 132). The 
majority of women fell into the category of 55-59 
years of age (22.1%), followed by women of 45-49 

years of age (20.8%), and finally, women aged 50-
54 (19.5%). The age structure was significantly dif-
ferent among various age groups (p = 0.012), with 
the lowest quality of life in women aged 60-64 
(Table 1).  

The history of breast cancer surgery was not 
significantly related to the quality of life (p = 0.349), 

similar to the history of chemotherapy (or the time 
since last chemotherapeutical session) (p = 0.811). 
However, the analysis of the time since last radiation 

therapy course yielded statistical significance; in a 
sense that the quality of life was lowest in the group 
of patients who underwent radiation therapy 3-5 
years ago (p = 0.036) (Table 1).  

The quality of life of women with various 
attitudes towards preventive diagnostic measures 
(breast ultrasound, mammography, gynecological 
exams) was not significantly different. However, the 
participants who stated that they do not understand 
their illness well showed a significantly lower quality 

of life (Table 2).  
Table 3 shows the scores of specific questions 

regarding the quality of life. It is evident that the 
majority of women did not complain of physical 
symptoms such as pain, malaise, nausea, etc. On 
the other hand, a significant percentage of women 

complained of psychological issues such as feeling 

sad, losing hope, not being satisfied with the way 
they were dealing with cancer, and worrying about a 
family member possibly suffering from breast can-
cer. The results indicated that the majority of pa-
tients were satisfied with the support they received 
from their family and friends, as well as their overall 
activities (besides the questions regarding sexual at-

tractiveness and the satisfaction with sex life-where 
a significant number of women showed dissatisfac-
tion) (Table 3). 
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Table 1. The age structure and the quality of life total scores of the patients included 

in the study relative to the age groups and the received therapy 

 

 
Age groups 

40–44 45–49 50–54 55–59 60–64 ≥ 65 Total 

Number of 
patients (%) 

21 (10.4) 42 (20.8) 39 (19.5) 44 (22.1) 29 (14.3) 26 (13) 
200 

(100) 

Mean ± standard 
deviation 

(minimum – 
maximum) of the 

total scores 

106.75 ± 
11.27  

(87-123) 

101.81 ± 
8.62  

(84-121) 

95.53 ± 
7.87  

(84-107) 

98.24 ± 
9.08  

(74-110) 

90.73 ± 
14.52  

(64–115) 

103.5 ± 
12.86 

(87-132) 

64-132 
(98.95 ± 
11.21) 

Surgical treatment performed (tumorectomy or mastectomy) 

 
Number of 

patients (%) 
Minimum – maximum (mean ± standard deviation) p 

Yes 169 (84.4) 64 – 115 (99.72 ± 9.917) 
0.349 

No 31 (15.6) 84 – 132 (95.75 ± 15.618) 

Time since last chemotherapy session 

< 6 months 44 (22.1) 78 – 114 (99.75 ± 9.333) 

 
 
 

0.811 

6-12 months 31 (15.6) 85 – 111 (97.73 ± 8.253) 

1-3 years 49 (24.7) 74 – 115 (99.47 ± 11.292) 

3-5 years 21 (10.4) 64 – 121 (96.17 ± 15.467) 

> 5 years 44 (22.1) 84 – 123 (100.79 ± 9.034) 

No chemotherapy 10 (5.2) 78 – 106 (96 ± 9.957) 

Time since last radiotherapy session 

< 6 months 31 (15.6) 85 – 132 (100.35 ± 12.175) 
 
 
 
 

0.036 

6-12 months 31 (15.6) 92 – 101 (96.25 ± 3. 775) 

1-3 years 55 (27.3) 74 – 115 (98.25 ± 13.572) 

3-5 years 21 (10.4) 64 – 105 (92.42 ± 11.65) 

> 5 years 42 (20.8) 84 – 123 (101.48 ± 8.394) 

No radiotherapy 21 (10.4) 78 – 114 (95.63 ± 11.057) 

 
 
 

Table 2. The quality of life total scores relative to the attitudes towards 
preventive diagnostic procedures and the understanding of own illness 

 

Do you agree that regular breast ultrasound exams are important for female health? 

 
Number of 

patients (%) 
Minimum – maximum (mean ± standard deviation) p 

Strongly agree 171 (85.7) 64 – 132 (99.23 ± 8.182) 

0.772 Agree 26 (13) 87 – 107 (97.8 ± 11.731) 

Disagree 3 (1.3) 92 

Do you agree that regular mammography exams are important for female health? 

Strongly agree 169 (84.4) 64 – 132 (98.65 ± 11.356) 

0.156 
 

Agree 18 (9.1) 89 – 107 (100.43 ± 7.656) 

Disagree 3 (1.3) 123 

I do not know 10 (5.2) 87 – 106 (95.25 ± 9.743) 

Do you agree that regular gynaecological exams are important for female health? 

Strongly agree 166 (83.1) 64 – 132 (99.28 ± 11.876) 

0.772 Agree 23 (11.7) 86 – 106 (98.22 ± 6.2) 

I do not know 10 (5.2) 64 – 132 (99.49 ± 11.138) 

Do you agree that regular check-up exams contribute to successful treatment? 

Strongly agree 153 (76.6) 84 – 132 (96.71 ± 11.751) 

0.58 Agree 44 (22.1) 105 – 115 (106.15 ± 11.138) 

I do not know 3 (1.3) 64 – 132 (98.95 ± 11.206) 

How do you estimate your understanding of your own illness? 

Well 156 (77.9) 95 – 132 (110.5 ± 13)  

0.012 Unsatisfactory 44 (22.1) 64 – 123 (97.25 ± 10.656) 
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Table 3. Self-perceived quality of life regarding specific issues addressed through the administered questionnaire 

 

Specific issues 
Percentage of given answers 

Never Sometimes Often Very often Constantly 

Experiencing lack of energy 24.7 54.5 15.6 2.6 2.6 

Nausea 55.8 35.1 5.2 1.3 2.6 

Overall pain 45.5 44.2 5.2 1.3 3.9 

Pain in specific regions of the body 23.4 62.3 2.6 6.5 5.2 

Feeling malaise 49.4 44.2 2.6 1.3 1.3 

Shortness of breath 61 28.6 7.8 1.3 1.3 

Experiencing treatment side effects 45.5 45.5 5.2 2.6 1.3 

One or both arms being soft or swollen 53.2 27.3 6.5 2.6 10.4 

Being forced to stay in bed 64.9 27.3 3.9 2.6 1.3 

Being unable to perform household 

chores 
48.1 44.2 1.3 3.9 1.3 

Feeling sad  20.5 22.7 6.8 22.7 27.3 

Losing hope in the battle with own illness 7.8 20.8 15.6 26 29.9 

Anxiety 71.8 19.5 2.6 3.9 2.6 

Fear of death 28.6 55.8 13 1.3 1.3 

Fear of condition worsening 59.7 22.1 15.6 1.3 1.3 

Annoyed by hair loss  49.3 29.9 4.5 9 7.5 

Worried about family members suffering 

from the same illness 
23.4 35.1 10.4 14.3 16.9 

Worried about stress affecting the 

current illness 
18.2 37.7 18.2 16.9 9.1 

Annoyed by weight change 37.7 26 14.3 10.4 11.7 

Satisfactory dealing with own illness 28.9 59.2 9.2  2.6 

Being able to feel feminine 6.5 22.1 18.2 13 40.3 

Being conscious of the current dressing 

style 
15.6 19.5 13 6.5 45.5 

Feeling sexually attractive 30.4 36.2 14.5 11.6 7.2 

Feeling satisfied with sex life 92.4 3.8   3.8 

Enjoying things usually done for fun 1.3 14.3 16.9 19.5 48.1 

Satisfactory current quality of life 5.2 9.1 16.9 27.3 41.6 

Feeling close to the friends 2.6 5.2 18.2 22.1 51.9 

Feeling emotional support from the 

family 
1.3 5.2 14.3 18.2 61 

Feeling emotional support from the 

friends 
1.3 6.5 19.5 18.2 54.5 

Family accepting the disease 3.9 2.6 10.4 14.3 68.8 

Satisfied with the way the family 

communicates regarding my disease 
1.3 13 9.1 18.2 58.4 

Feeling close with the partner/strongest 

supporter 
2.6 10.4 9.1 16.9 61 

Being able to work individually 41.6 40.3 13 1.3 3.9 

Feeling content with household work 2.6 9.1 18.2 23.4 46.8 

Being able to enjoy life 2.6 24.7 11.7 29.9 31.2 

Accepting the disease 1.3 10.4 11.7 27.3 49.4 

Good quality sleep 1.3 20.8 15.6 29.9 32.5 
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Discussion 

 
The study presented herein presented several 

interesting findings regarding the self-perceived qua-
lity of life of breast cancer patients in Montenegro: 

1. The lowest self-perceived quality of life was 
seen in women aged 60-64. 

2. The majority of patients claimed that they 
often felt sad, lost hope in their battle against the 
illness, or worried about a family member suffering 
from breast cancer. 

3. Lower quality of life was seen in women 
who reported that they did not understand their 
disease well. 

The screening program in Montenegro re-
sulted in a relatively large number of patients diag-
nosed in the treatable phase of the disease, mean-
ing that a significant number of patients underwent 
long-term therapy. The results indicate that the 
major complaints of breast cancer patients in 
Montenegro are related to the psychological aspect 
of the disease. A similar conclusion was reached in a 
study by Carelle et al., which showed that breast 
cancer patients regarded the nonphysical effects of 
chemotherapy as more important than the physical 
symptoms. The most frequent complaints made by 
the patients included in their study were related to 
the effect of chemotherapeutical treatment on the 
family or partners of the patients, as well as hair loss 
and fatigue. Additionally, their study showed that 
the patient complaints regarding chemotherapy 
shifted from nausea, emesis, and apprehension of 
treatment difficulties to the worries about fatigue 
and functional aspects of life (8). Costa et al. 
analyzed 400 breast cancer survivors using EORTC 
QLQ-C30 (as well as its Breast Cancer-Specific ver-
sion) and the Karnofsky Performance Scale, showing 
a positive correlation between the functional capa-
city and the quality of life. Furthermore, their results 
indicate that women with distant metastases have a 
lower functional capacity and quality of life, as ex-
pected (9). Hsu et al. performed a follow-up study 
on 535 women suffering from early or locally ad-
vanced breast cancer, reporting that their overall 
quality of life was similar to the quality of life of the 
cancer-free control group. The patients analyzed in 
this study showed a significant improvement in their 
quality of life during the first year after the diag-
nosis, and this trend was continued during long-
term follow-up. Interestingly, a significant cognitive 
deficit was seen in breast cancer long-term survivors 
in comparison with controls. The authors hypothe-
size that this finding may be contributed to the long-
term effects of cancer treatment, or it may reflect 
unmasking the previously present and undiagnosed 
congitive issues (4).  

The study conducted by Kaminska et al. on 
85 patients treated with breast-conserving treat-
ment and 94 patients treated with mastectomy 
showed that the patients aged 30-45 were more 
worried about their prognosis, the disease affecting 
their family and the relationship with their partner. 
Also, their study showed that highly educated pa-
tients who underwent breast-conserving therapy 
showed a superior social and physical functioning 
(7). This is in accordance with the results of the 

study presented herein-lack of understanding of 
their own disease leads the patients to a poorer qua-
lity of life. Boman et al. showed that the learning 
process in breast cancer patients relied mainly on 
the bodily experiences and the events occurring 
during the process of diagnosing and treating the di-
sease. The authors describe three main themes 
which encompass the process of learning and under-
standing from the perspective of a breast cancer 
patient: interacting with a diversity of information, 
concealed and expressed understandings, and strug-
gling to understand and manage the new life situa-
tion (10). 

Hamer et al. found that breast cancer patients 
receiving chemotherapy had a lower quality of life 
and a greater symptom burden than patients with-
out chemotherapy. On the other hand, patients with 
ductal carcinoma in situ and with early-stage cancer 
who underwent radiation treatment had a greater 
quality of life than the patients not receiving radia-
tion therapy (11). Marino et al. showed that patients 
receiving chemotherapy for breast cancer more 
commonly report "severe problems" with physical 
well-being and had a lower breast cancer-specific 
quality of life; however, there were no differences in 
the functional, social and family well-being in com-
parison with the patients who did not receive che-
motherapy (12). Tiezzi et al. found that chemother-
apy worsened the physical functioning of the patient 
(13). The study presented herein did not show any 
significant differences in the quality of life regarding 
chemotherapy or radiation therapy. However, a re-
latively small number of patients not receiving these 
types of treatment (10 and 21, respectively) may 
have influenced the lack of statistical significance. 

A satisfying result of this study is related to a 
significant number of patients receiving psycholo-
gical support from their environment (family and 
friends). Namkoong et al. published the results of 
two randomized clinical trials performed by the 
National Cancer Institute as an analysis of expressed 
and received emotionally supportive messages in 
breast cancer patients within 2 months of diagnosis. 
In their study, perceived bonding was positively re-
lated to all four coping strategies (active coping, 
positive reframing, planning and humor). The au-
thors emphasize the significance of perceived bond-
ing as well as the patients' power to provide emo-
tional support to others, thus strengthening shared 
group bonds (14). 

The present study has several limitations. 
There was neither specific analysis of the type of 
radiotherapy or chemotherapy, nor there was any 
precise information on the extent of the disease 
(locoregional or distant metastases). Also, there was 
no analysis of the time passed since diagnosing 
cancer and administering the questionnaire, or any 
baseline psychological testing before receiving any 
treatment for breast cancer. A similar study should 
be repeated in a prospective manner (with the 
aforementioned variables which were omitted in this 
study) with a matched control group in order to 
further investigate the quality of life of breast cancer 
patients in the developing European countries. 
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Conclusion 
 

Breast cancer is a serious, life-threatening 

condition requiring long-term therapy. The treat-
ment of breast cancer in developing countries is 
challenged with social and economic circumstances. 
The study indicates that breast cancer patients in 
Montenegro complain about the psychological issues 

more frequently than the physical symptoms. 

Furthermore, the understanding of their own illness 

is positively related to the quality of life. The results 
should inspire the health professionals in developing 
countries to provide psychological support and edu-
cate the patients in order to facilitate the treatment 
of breast cancer. 
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Karcinom dojke je česta maligna bolest na Balkanu. Cilj rada bio je utvrditi da li 

postoje razlike u parametrima percepcije zdravlja i kvaliteta života među crnogorskim 
bolesnicama nakon operacija, radioterapije i hemioterapije zbog karcinoma dojke. Pomenuti 
ishodi ispitivani su u odnosu na uzrast, vrstu tretmana i stav prema preventivnim dijagno-
stičkim merama. 

Istraživanje je sprovedeno na uzorku od 200 žena sa karcinomom dojke, lečenim u 
zdravstvenim ustanovama u Crnoj Gori. Korišćen je autentično dizajnirani upitnik baziran na 
tri prethodno dizajnirana upitnika (Functional Assesment of Cancer Therapy: General (FACT-
G); njegova vrsta, specifična za karcinom dojke (FACT-B), kao i instrument dizajnirani su od 

strane Evropske organizacije za istraživanje i lečenje raka (EORTC-QLQ C30)). 
Najniži kvalitet života nađen je kod bolesnica starosti od 60 godina do 64 godine. 

Bolesnice su često navodile da se osećaju tužno, da gube nadu ili da brinu da će neko iz 
njihove porodice oboleti od raka dojke. Kvalitet života bio je niži među bolesnicama koje su 
navele da ne razumeju svoju bolest dobro. Vreme operacije karcinoma dojke nije bilo 
značajno povezana sa kvalitetom života, slično vremenu hemioterapije (ili vremenu od 
posljednje hemioterapijske sesije). Međutim, analiza vremena od posljednjeg kursa zračenja 
dala je statističku značajnost, u smislu da je kvalitet života bio najniži u grupi bolesnica koje 
su bile podvrgnute zračnoj terapiji.  

Ovi rezultati treba da inspirišu kliničare da edukuju bolesnike i pruže im psihološku 
podršku u toku lečenja. 
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Proton pump inhibitors (PPIs) are the most potent drugs for suppressing gastric acid 

secretion. They are used in the treatment of acid-peptic disorders, including peptic ulcer 
disease, gastroesophageal reflux disease, Zollinger Ellison syndrome, in the eradication of 
Helicobacter pylori infection and ulcer prophylaxis. In the pharmacotherapy of these disorders, 
they have significantly suppressed the use of H2 blockers, like other, older groups of 
antisecretory drugs.  

Long-term PPI therapy leads to moderate hypergastrinemia (increased gastrin 
secretion) in 20-25% of patients. This hypergastrinemia results in rebound acid hypersecretion 
(RAHS) in 30-40% patients, who abruptly discontinue PPI. Most patients who abruptly 
discontinue PPI have symptoms of dyspepsia and gastroesophageal reflux, most commonly 
heartburn and a burning sensation in the esophagus. 

Therefore, care should be taken to properly discontinue PPI and reduce the dose of the 
drug before complete discontinuation. A less effective acid blocker (H2 blocker) can be 
switched, since H2 receptor blockers cause less pronounced hypergastrinemia and hyperplasia 
of enterochromaffin-like cells (ECL cells) compared to PPI. 
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Introduction 

 
At present, there is plentiful evidence to sug-

gest that short-term PPI therapy is well effective and 
relatively safe. Therefore, PPIs have become the 
drug of choice in all conditions accompanied by in-
creased gastric acid secretion (1). Thus, in 2001 and 
2008 they were the second group of drugs pre-
scribed and dispensed in the United States (1). They 
significantly suppress the use of H2 blockers, as 
other, older groups of antisecretory drugs. 

Indications for the use of PPI are short term 
treatment of gastroesophageal reflux disease (GERD) 
and long term treatment of severe esophagitis and 
Barrett’s esophagus, dyspepsia caused by acid hy-
persecretion, Zollinger Ellison syndrome, healing of 
gastric and duodenal peptic ulcer disease, eradica-

tion of Helicobacter pylori infection (in combination 
with antibiotic therapy), prophylaxis of gastroduo-
denal lesions associated with the use of non-ste-
roidal anti-inflammatory drugs (NSAID), aspirin or 
antiplatelet agents, as well as in critical patients in 
intensive care units (2). 

Long-term PPI therapy increases the risk of 
developing "rebound" hypersecretion of gastric acid. 
Abrupt discontinuation of PPI in these patients can 
lead to a worsening of disease symptoms, even 
above the intensity of initial symptoms (3). 

 
Regulation of gastric secretion 
 
The proton pump (H+/K+ ATPase) located in 

the canalicular membrane of gastric parietal cells 
has a key role in acid secretion. It enables the 
transport of hydrogen ions into the gastric lumen 
(3). Three types of receptors have been identified on 
parietal cells whose activation leads to stimulation of 
acid secretion: receptors for acetylcholine, histami-
ne and gastrin. Gastrin is the main hormonal media-
tor of the gastric phase of acid secretion released by 
antral neuroendocrine G-cells into peripheral blood 
in response to a variety of physical and neurohumo-
ral stimuli such as gastric distension, histamine, pre-
sence of amino acids, and vagal stimulation. Gastrin 
stimulates histamine synthesis (via an increase in 
expression of histidine decarboxylase) and histamine 
secretion from fundic enterochromaffin-like (ECL) 
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cells (4). Histamine diffuses to interact with the H2-
receptors and stimulate parietal cells to secrete HCL. 
This activation cascade usually named gastrin–ECL 
axis is considered as the main stimulatory pathway 
of gastric acid secretion. Gastrin might directly 
promote acid secretion to some extent inducing 
H+/K+-ATPase activation directly on parietal cells. 
This mechanism is considered to be less extensive 
(4). Vagal stimulation of acid secretion is mediated 
by acetylcholine which stimulates the parietal cells 
directly by binding to M3 receptors. Acetylcholine 
and gastrin stimulation leads to an increase in cyto-
solic calcium (Ca2+). Histamine induces the activa-
tion of adelynate cyclase which converts ATP to cy-
clic adenosine monophosphate (cAMP). An increase 
of cytosolic calcium (Ca2+) followed by accumula-
tion of cAMP activates cAMP-dependent protein kina-
ses and phosphorylation cascades which activate 
proton pump transport (H+/K+ ATPase). Activation 
of proton pump results in the exchange of intra-
cellular H+ with extracellular K+-gastric acid secre-
tion. 

The inhibiting negative feedback prevents ex-
cessive gastric acid secretion which is potentially 
harmful to the integrity of the gastric mucosa. The 
main negative regulator of gastric acid secretion is 
somatostatin. It is produced in the antral mucosa by 
D cells in response to several stimuli. Gastrin is one 
of the stimuli which induce secretion of somatostatin 
by antral D cells and in turn inhibits secretions of 
gastrin from G cells. This constitutes the so-called 
gastrin-somatostatin axis which takes part in gastric 
levels and acid secretion. Another stimulus, low an-
tral pH is considered as the most important inducer 
of somatostatin release which inhibits further gastrin 
secretion from G cells. Gastric food content or neu-
tral gastric secretion inhibits somatostatin secretion 
(5).  

 
Pharmacokinetics and pharmacodynamics 

of proton pump inhibitors 
 
PPIs are acid-resistant capsules or tablets, 

which in inactive form pass through the esophagus 
and stomach. They are resorbed in the small in-
testine and reach the systemic circulation, and then 
by diffusion into the secretory canaliculus of parietal 
cells (6). The pH in the canalicular system of parietal 
cells is very low and activates PPI. After being acti-
vated, PPIs inhibit the active proton pump (H+/K+ 
ATPase) by covalent binding. Longer duration of the 
acid secretion inhibition, even after the PPIs levels in 
the blood have decreased, is enabled by this cova-
lent binding. The duration of the inhibitory activity of 
PPIs is variable. The loss of covalently bound PPIs 
and pump turnover affect the inhibitory activity du-
ration (7). The PPIs effect is most prominent when 
the proton pumps are active which occurs after a 
meal. This is the reason why patients should take 
PPIs before a meal (8). 

PPIs inhibit acid secretion and lead to hypo-
acidity (higher pH level). The increase in pH inhibits 
antral D cells from somatostatin secretion which 
inhibits the negative feedback of gastrin secretion 
from antral G cells. The secretion of gastrin from the 
antral G cells is increased which is followed by an 

increase in gastrin blood concentration. Some in-
crease in gastrin blood levels develops in patients 
who have been on long-term PPI therapy. Only a 
small number of them develop hypergastrinemia 
which defines gastrin levels higher than the upper 
limit of the reference range for fasting blood gastrin 
(9). Gastrin has a hypertrophic effect on the gastric 
mucosa and causes enterochromaffin-like (ECL) hy-
perplasia. The increase in gastrin is most pronoun-
ced in the first few months, but also up to 1-2 years 
in patients on PPI long-term treatment (10, 11). 

 
Rebound phenomenon of proton pump 

inhibitors 
 
After abrupt discontinuation of PPI treatment, 

a rebound phenomenon of acid hypersecretion can 
develop. It is believed that the rebound acid hyper-
secretion (RAHS) phenomenon results from hyper-
trophic effects of gastrin on ECL cells, which leads to 
an increase in acid production following discontinua-
tion of PPIs therapy. The increased acid production 
causes rebound symptoms which may be followed 
by new inappropriate PPI prescribing (12). In 30-
40% of patients who abruptly discontinue PPI ther-
apy, there will be rebound acid hypersecretion and 
rebound symptoms. Most patients have rebound 
symptoms of dyspepsia and GERD: heartburn and a 
burning sensation in the esophagus (12). 

Cellular hyperplasia leads to reversible ex-
cessive secretion of gastric acid and can last for 
weeks. There is no consensus on how long this 
hypersecretion lasts on average. It is estimated that 
it is a period of 6-8 weeks, but also up to 26 weeks. 

The incidence of a rebound phenomenon de-
pends on the intensity and duration of the drug and 
how long it has been applied, the individual sen-
sitivity of the patient (severity of the primary disease 
and the present comorbidity), and the application of 
other co-therapy (13).  

A gastric carcinogenic effect may be a 
consequence of long-term hypergastrinemia. (14). 
PPI therapy with secondary hypergastrinemia and 
ECL cell hyperplasia on a long term basis may lead 
to ECL cells neoplasia. In numerous case reports it 
has been described that gastric polyp formation with 
subsequent development of ECL carcinoids and 
carcinomas may appear in patients on long-term PPI 
therapy (15-18). It is debatable whether gastric 
cancer is induced by gastrin alone or gastrin acts as 
a co-factor with once triggered premalignant 
changes. 

 
Proper dosing of proton pump inhibitors 
 
Proton pump inhibitors are often inappro-

priately prescribed inconsistent with recommenda-
tions and guidelines, whether there is a poor indica-
tion, an overdose, or an excessive duration of ther-
apy. For example, in therapeutic guidelines, short-
term use of PPI in a duration of eight weeks is re-
commended for GERD and mild esophagitis to heal 
the inflammation and lose symptoms (19). 

It has been reported that 51% of 901 Danish 
primary care patients on long-term PPI therapy had 
uninvestigated symptoms. This cross-sectional study 
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showed that 22% of these patients received PPI 
regardless of normal upper GI endoscopy (20). 

If PPIs are prescribed without an appropriate 
indication or for longer than necessary, the dose 
and/or frequency of administration should be re-
duced. A proper way to quit PPI therapy seems to be 
halving the PPI dose for a month or two, and then 
ceasing PPI or switching to a less effective acid 
suppressant (H2 blocker). Antacids or H2 blockers 
should be prescribed to control rebound symptoms, 
for another 1-3 weeks after discontinuation of PPI 
(3). H2 blockers cause less pronounced hypergastri-
nemia and ECL cell hyperplasia compared with PPIs. 

Studies have shown that about 30% of pa-
tients can discontinue long-term PPI therapy (21). 
The dose of PPI may be lower in up to 80% of pa-
tients on long term therapy (11). 

If there is an appropriate indication for PPIs, 
PPIs should be continued with the lowest effective 
dose. Indications for long-term PPI therapy are 
severe esophagitis (LA grade C or D), Barret's eso-
phagus, documented history of bleeding GI ulcer, 
chronic NSAIDs use with bleeding risk factors, 
Zollinger-Ellison syndrome (22). 

Proper prescribing of PPI requires a docu-
mented indication, plan of the treatment duration, 
and patient control plan to decide on the need for 
further treatment. 

 
Conclusion 
 

Proton pump inhibitors are relatively safe 
drugs, with rare serious side effects. 

However, it should be pointed out that these 
drugs are overprescribed, and it should be em-

phasized that they should be given only to patients 
with clear indications. 

Long-term use of PPIs carries certain risks, 
insofar as their use is abruptly discontinued due to 
the possible rebound phenomenon of gastric hyper-
secretion and the appearance of rebound symptoms 
of dyspepsia and reflux disease. 

Therefore, care should be taken to properly 
discontinue the use of PPIs by reducing the dose and 
frequency of drug administration before complete 
cessation, and if necessary, we can switch to H2 
blockers. 
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Inhibitori protonske pumpe (IPP) najpotentniji su lekovi za suprimiranje sekrecije 

želudačne kiseline. Primenjuju se u terapiji acido-peptičkih poremećaja, uključujući peptičku 
ulkusnu bolest, gastroezofagusnu refluksnu bolest, Zollinger–Elissonov sindrom, infekciju 
izazvanu bakterijom Helicobacter pylori i profilaksu ulkusa. U farmakoterapiji ovih pore-
mećaja, u značajnoj meri je potisnuta upotreba H2 blokatora, kao drugih, starijih grupa 
antisekretornih lekova. 

Dugotrajna terapija IPP dovodi do umerene hipergastrinemije (pojačana sekrecija 
gastrina) kod 20% do 25% bolesnika. Ova hipergastrinemija rezultira povratnom hiper-
sekrecijom želudačne kiseline (rebound fenomen) kod 30% do 40% bolesnika, koji su naglo 
prekinuli IPP. Većina bolesnika, koja je naglo prekinula IPP, ima simptome dispepsije i 
gastroezofagusnog refluksa, najčešće gorušicu i osećaj gorenja u jednjaku.  

Zbog toga treba voditi računa o pravilnom prekidu upotrebe IPP i smanjiti dozu leka 
pre potpunog ukidanja. Može se preći na manje efikasan blokator kiseline (H2 blokator), s 
obzirom na to da blokatori H2 receptora izazivaju manje izraženu hipergastrinemiju i hiper-
plaziju ćelija sličnih enterohromafinu (ECL ćelija) u poređenju sa IPP. 

 
Acta Medica Medianae 2021;60(2):64-68. 

 
Ključne reči: inhibitori protonske pumpe, rebound, hipergastrinemija, želudačna 

hipersekrecija 



 

69 www.medfak.ni.ac.rs/amm 

Case report UDC: 616.12-089.819.5-073.7 

doi:10.5633/amm.2021.0209 

 
 

 

 
 

OPTIMIZATION OF PERCUTANEOUS CORONARY INTERVENTION WITH 
OPTICAL COHERENCE TOMOGRAPHY 
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Optical coherence tomography (OCT) is a method which provides precise insight into 

the morphology of the coronary arteries. The application of OCT can evaluate atherosclerotic 
plaques, stoutness of fibrous cap, and also gives precise illustration of the stent position in the 
coronary artery. 

A 72 year old woman was received with acute myocardial infarction with ST segment 
elevation in anterolateral leads and immediately was sent to catheterization lab for PCI. During 
the procedure, we found occluded left circumflex artery and after predilatation two stents were 
implanted. Flow rate of stents was very slow and signs of stent thrombosis were registered. The 
flow rate was not restored after post-dilatation and thrombus aspiration. Due to rapid 
worsening of condition of the patient, the surgery was ceased, and we continued therapy with 
GP inhibitors, anticoagulant and antithrombotic therapy. After 7 days, coronary angiography 
was repeated and OCT system was used. We found substantial apposition of stents with some 
struts at up to 0.5 mm distance from the coronary artery wall. Post-dilatation was done with 
the larger balloon sized according to the arterial diameter, and subsequently the thrombosis 
disappeared and struts were close to the coronary artery wall. The patient was discharged from 
hospital with dual antiplatelet therapy in a good condition. 

OCT is a new diagnostic method which provides exceptionally easy and precise 
identification of unexpanded stents in coronary arteries, which present main mechanical cause 
for stent thrombosis after PCI. 
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Introduction 
 
First ever percutaneous coronary intervention 

(PCI) was performed by Andreas Ghruncig in 1977 
and since than a new era of nonsurgical therapy for 
coronary artery disease started. Development of 
materials technology and techniques for PCIs led to 
safe coronary diagnostics and therapy even in cen-
ters without support of cardiosurgery which resulted 
in expansion and opening of huge number of cath 

labs through the world. As coronary angiography 
became the gold standard for visualization of coro-
nary arteries, new additional diagnostic procedures 
were developed in order to make better assessment 
of severity and importance of lesions: flow measure-

ment through the coronary artery (flow fractional 
reserve - FFR), intravascular ultrasound (IVUS) and 
few years ago, development of optical coherence 
tomography. Both IVUS and OCT provide visual as-
sessment of inner side of coronary arteries which 
overcomes limitations of coronary angiography. 

These limitations often understate or overstate coro-
nary artery stenosis. 

Optical coherence tomography is a diagnostic 
method in interventional cardiology which provides 

almost histological resolution in observation and 
analysis of coronary arteries by the use of light (near 
infrared spectrum). In this way, even a small details 

in coronary pathology as atherosclerotic plaque spe-
cificity, analysis of stent position and periprocedural 
blood vessel injuries can be seen. OCT is much more 
sensitive than intravascular ultrasound, which was 
inviolable method for analysis of changes in coro-
nary arteries until now (1, 2). 

OCT measures intensity of reflected light 

waves and converts these optical echoes to high 
resolution two dimensional images, analogue to 
ultrasound. As the speed of light is much faster than 
the speed of sound, latency of reflected light wave 
cannot be direct so interference is used. That means 
that light signal is divided into two parts: referent 
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signal, which has a known instance, and causal 

signal, which comes from the tissue. The reflected 

signal from the tissue is compared to the light signal 
that comes through known distance.  

High resolution image of blood vessel is made 
based on comparison of these two signals (signal 
interference). The use of light instead the use of 

ultrasounds has consequences. Image resolution is 
ten times higher compared to IVUS, but because of 
that there is less and limited penetration into tissue. 
It is necessary that the blood vessel is free of blood 
for a short period of time and filled with contrast 
because the erythrocytes could cause multiple 
scattering and deformation of the light signal.  

OCT can be used in multiple indications (3, 4, 
5): 

 to check and determine characteristics of 

atherosclerotic plaque with the possibility to identify 
a high risk of plaque rupture; 

 evaluation of vulnerable plaque; 

 thrombus detection; 

 evaluation of stent after PCI; 

 assessment of acute effects in coronary ar-

tery stenting; 
 follow up in covering and endothelialization 

of struts; 
 stent apposition identification; 

 follow up and assessment of restenosis; 

 periprocedural lesion assessment. 

If the distance from endoluminal surface of 

stent is bigger than the sum of strut and polymer 
thickness, that is called malapposition or stent struts 
apposition. Existence of stent apposition is signifi-

cant because those struts are a site of early and late 
stent thrombosis and their coverage is poor and 
happens later or it can even fail. Stent apposition is 
possible when the artery size is underestimated or 

when the implanted stent is smaller than the dia-

meter of the blood vessel. In acute coronary synd-

rome, especially in ST segment myocardial infarction 

(STEMI) there is often the presence of a thrombus 
that is adherent to the vessel wall. This can give 
wrong impression of the size of the coronary vessel. 
No matter the reason for stent apposition, if appo-
sition is not corrected, stent thrombosis is almost 

certain when anticoagulation therapy is stopped des-
pite double antiaggregation therapy. Angiography 
cannot detect stent apposition, so IVUS and OCT are 
the only known certain methods by which stent ap-
position can be identified for now.  

There is a description of the first OCT in 
Serbia in further text. 

 
Case presentation 
 

A female patient, 72 years old was admitted 
to the Cardiology Clinic as an emergency with acute 
inferolateral myocardial infarction with ST elevation. 
She had only arterial hypertension as a risk factor 

(well regulated, for 5 years). As pain occurred for 
more than 3 hours from the symptom onset, and 
patient was admitted to the primary PCI (pPCI) cap-
able center, decision to perform coronary angiogra-
phy was made in order to determine further ther-
apy. She was treated by STEMI protocol directed to 

pPCI (ASA 300 mg, clopidogrel 300 mg, unfractio-
nated heparin 5000 IU). At the moment of coronary 
angiography, her blood pressure was 95/65 mm Hg 
and heart rate 40/min so temporary pace maker 
was first placed. 

Left coronary artery angiography revealed oc-

cluded proximal part of the circumflex artery (TIMI 

flow 0) and left anterior descending artery had no 
changes (Figure 1).  

 
 
 

 
 

Figure 1. The occluded circumflex artery at the beginning of the procedure (TIMI 0 flow) 
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PCI was immediately started and angiography 

of right coronary artery was not done due to wor-

sening of the patient’s condition. Coronary wire was 
easily passed through thrombus (Runthough Hyper-
coat, Terumo, Japan) and predilatation by using 
balloon Powerline 2.0x15 mm (Biosensors, Singa-
pore) was done. The artery was opened and the 

distal part of the artery was visualized (TIMI 2 flow). 
The surgeon decided to implant stents in the artery: 
Tsunami Gold 2.5x18 mm (Terumo, Japan) distally, 
insufflated at 16 atmospheres. The proximal part of 
this stent was overlapped with ML Vision 2.75x23 
mm stent (Abbott, USA) insufflated at 16 atmo-
spheres. 

Despite implanted stents, the flow through 

the circumflex artery was not good and stent 

thrombosis developed (TIMI 1 flow). Post-dilatation 
with balloon Sprinter NC 2.5x15 mm was done 
(Medtronic, USA) in all segments of both stents, but 
the flow was not improved (Figure 2). Unsuccessful 
thromboaspiration was performed by the use of 

Diver (Invatec; USA) aspiration catheter. PCI was 
stopped due to rapid worsening of the patient’s ar-
terial blood pressure (50/35 mmHg), signs of hypo-
perfusion and threatening cardiogenic shock. Intra-
aortic balloon pump was placed as a hemodynamic 
support, tirofiban was started and she was trans-
ferred to ICU. 

 
 
 

 
 

Figure 2. The circumflex artery after PCI (TIMI 1 flow) 
 

 
 
 

In the next 24 hours patient became stable 
and blood pressure and heart rate were within refer-
ence range. Temporary pacemaker and intraaortic 
balloon pump were turned off. When tirofiban ther-
apy ended, low molecular weight heparin was star-

ted (enoxaparin, 50 mg every 12 hours subcuta-

neously) with double antiaggregation therapy, statin 
and symptomatic treatment. She was treated for 
five days and then she was sent again to the cath 
lab for right coronary artery angiography and to 
estimate stent position with the use of optical coher-
ence tomography (OCT). Multiplate test revealed 
good inhibition of thrombocyte aggregation and ef-

fectiveness of anticoagulant therapy.  
The right coronary artery had no morphologic 

changes. Angiography of the left coronary artery 
revealed patent circumflex artery (TIMI3 flow) but 
with opacifications within the artery at the level of 
implanted stents which rose suspicion of thrombus 

not big enough to compromise flow through the 

artery. We decided to use OCT (LightLab Imaging, 
USA) in order to evaluate the presence of stent 
apposition and eventual need for another PCI. 

Coronary wire Balance MiddleWeight (Abbott 
Vascular, USA) was introduced in the artery but the 

placement of OCT catheter over it was unsuccessful. 

We concluded that the wire passed beneath the 
struts so the tip of the wire was reshaped and then 
the wire was successfully placed in the artery. First 
OCT capture was done at the length of 56 mm which 
covered part of the circumflex artery distally to the 
placed stent all the way to its ostium. 

Struts of both stents were seen very well and 

stent apposition was seen immediately from 6th 
millimeter of the distal stent all the way to the os-
tium of the artery, meaning that struts do not lay 
over the artery wall but there is a space for at least 
double of strut thickness. 

At some places, distance of stent struts from 

the artery wall was greater than half a millimeter. 



Optimization of percutaneous coronary intervention with optical...                                                                    Zoran Perišić et al. 

72 

The most apposed struts had huge thromb-

otic masses around them and in a stented part of 

the artery thrombotic masses were also present, 

displaced by guidewire (Figures 3 and 4). 

 
 
 

 
 

Figure 3. OCT image shows thrombotic masses around the struts in apposition 

 
 
 

 
 

Figure 4. OCT image with few struts in apposition
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We decided to postdilate implanted stents. 

Noncompliant balloon Sprinter NC 3.5x15 mm (Med-

tronic, USA) was placed over the coronary wire and 
insufflated at 14 atmospheres through the length of 
both stents. No thrombotic masses after post-dila-
tation could be seen on angiography and TIMI 3 flow 
was present (Figure 5). The artery was examined by 

OCT once again. All the struts were adherent to 
endothelium with very little thrombosis over the 

arterial wall which did not affect the blood flow. 

There were no more struts that were in apposition 

(Figure 6). After this, PCI was done without another 
stent implantation. Enoxaparin was continued for 
another 24 hours and the patient was discharged 
two day after in good general condition and symp-
toms free. Six month after the procedure, the pa-

tient is symptoms free. 

 
 
 

 
 

Figure 5. The circumflex artery after optimization of PCI and using of OCT (TIMI 3 flow) 

 
 
 

 
 

Figure 6. OCT image at the end of the procedure: struts adhering to the wall of the coronary artery after post-dilatation 
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Discussion and conclusion 

 
In the last couple of interventional cardiology 

congresses, optical coherence tomography has be-
come optimal or at least suboptimal diagnostic 
method for assessment of coronary morphology. 
OCT enables enormous possibilities for inspection of 
inner structures and around coronary arteries up to 
10 microns. Compared to IVUS which was a golden 

standard until now, OCT has many advantages but it 
also has limitations. The use of OCT system provides 
us to see fine morphological details in arteries, it is 
much faster and has more flexibility. On the other 
hand IVUS is better for inspection of bigger arteries 
and the presence of blood in the blood vessels does 
not affect examination. Table 1 shows comparison of 
physical characteristics of OCT and IVUS (6). 

 
 
 

Table 1. View of the parallel characteristics of OCT and IVUS 

 

 OCT IVUS 

Frames per second 100 30 

Pullback speed 20 mm/sec 0.5 or 1 mm/sec 

Lines per frame 500 100 

Axial resolution 12 um 225 um 

Scan diameter 7-10 mm 12-15 mm 

 
 
 

Stent thrombosis is present as long as there 
is PCI and it has always been Damocles' Sword 
above the head of the patient as well as the inter-

ventional cardiologist. Stent thrombosis refers to the 
presence of thrombotic formation in already im-
planted stent in the coronary artery. Drug coated 
stents, PCI in acute myocardial infarction and bi-
furcation lesions are thought to be risk factors for 

stent thrombosis and as for main mechanical pre-
dictor stands stent malapposition or overestimating 

of the coronary artery and the use of smaller stent 
(7, 8). Until now, IVUS was used as the gold 
standard for estimating stent apposition and newer 
imaging methods have been described in order to 
make identification of stent apposition easier (9). For 
the last couple of years, OCT has been described in 

the literature as a very successful method in de-
tection of stent apposition mainly because of its 
possibility of detail visualization to size up to the one 
hundredth part of a millimeter. Compared to other 
OCT systems in which a complete closure of the 
artery was needed, the new LightLab C7 XR Imaging 
system requires only the presence of contrast in the 

blood vessels during one time application. The 

simplicity in use of OCT system and high quality of 
acquired information enables easy and simple identi-
fication of even small details as it is the distance of 

free struts of the stent from the coronary artery 
wall. All authors agree that this is the main mecha-
nical reason for stent thrombosis. Once identified, 
stent malaposition can be easily solved by using 
post-dilatation with noncompliant balloons of ade-

quate size and OCT(or IVUS) can determine the size 
of the balloon, that is, in which size the stent should 

be expanded (10). After the procedure is completed 
like this one, anticoagulation therapy can be stopped 
and double antiaggregation therapy can be conti-
nued. The number of all the complications (death, 
lesion revascularization or vessel revascularization, 
stent thrombosis) was significantly smaller in all 

major studies in which PCI optimization was guided 
and performed by IVUS compared to those in which 
IVUS was not used. There are not many major 
studies where OCT was performed, but individual 
studies reveal that OCT guided PCI enables signi-
ficantly greater survival of patients and less compli-
cations after PCI (11, 12, 13). 
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Optička koherentna tomografija (OCT) je metoda koja omogućava precizno sagle-

davanje koronarne morfologije. Upotrebom OCT može se procenjivati aterosklerotski plak, 
proceniti debljina fibrozne kape, a može se dobiti i precizna slika pozicije stenta u koronarnoj 

arteriji. 
Žena stara 72 godine primljena je sa slikom akutnog infarkta sa elevacijom ST 

segmenta lateralne lokalizacije i odmah je upućena na primarnu perkutanu koronarnu 
intervenciju (PCI). Tokom procedure, pronađena je okludirana cirkumfleksna arterija, koja se 
otvara predilatacijom, nakon čega se postavljaju 2 stenta. Protok kroz stentove veoma je slab 
i registruju se znaci tromboze unutar stentova. Protok se ne popravlja ni posle postdilatacije i 
aspiracije tromba. Zbog naglog pogoršanja stanja bolesnika, prekida se procedura, a nastavlja 
se terapija tirofibanom, uz antikoagulantnu, antiagregacionu i drugu simptomatsku terapiju. 
Posle 7 dana, ponavlja se angiografija i upotrebljava se OCT sistem. Nađena je značajna 
apozicija stenta, gde su pojedini stratovi stenta i do 0,54 mm odmaknuti od zidova koronarne 
arterije. Urađena je postdilatacija većim balonom prema izmerenom dijametru arterije, nakon 
čega tromboza nestaje, a stratovi se pri ponovljenom OCT snimku nalaze uz zid koronarne 
arterije. Bolesnik se otpušta sa dvojnom antiagregacionom terapijom nakon par dana u 
dobrom opštem stanju. 

OCT je relativno nova dijagnostička metoda, koja omogućava izuzetno lako i precizno 
identifikovanje nedovoljno ekspandiranih stentova u koronarnoj arteriji, što predstavlja glavni 
mehanički razlog tromboze posle PCI. 
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Migraine is a common neurological disorder that is characterized by episodes of 

moderate to severe headache. Magnetic resonance spectroscopy (MRS) is a noninvasive 
method that enables in vivo studying of tissue metabolism by utilizing the magnetic properties 
of certain atomic nuclei, mainly hydrogen (1H) and phosphorous (31P).  

1H-MRS is most commonly used to measure the concentration of gamma aminobutyric 
acid (GABA), glutamate, phosphocreatine (PCr), creatine, choline, N-acetylaspartate (NAA), 
myo-inositol, aspartate and lactate. 

31P-MRS enables noninvasive in vivo measuring of concentration of compounds 
containing phosphorus nuclei. This allows the measurement of metabolites involved in brain 
energy metabolism including concentrations of phosphocreatine (PCr), inorganic phosphate, 
creatine, adenosine diphosphate (ADP) and adenosine triphosphate (ATP). 

1H-MRS studies reported significant differences in levels of GABA, glutamate, lactate 
and NAA between migraine patients and controls, measured in various brain regions, while 
most of the studies found no significant differences in levels of myo-inositol, choline and total 
creatine. 

The main consistent findings using 31P-MRS are concomitantly decreased PCr and 
increased inorganic phosphate, that is, a decreased PCr/inorganic phosphate ratio, as well as 
decreased magnesium measured in cortical regions of migraine patients.  

For identifying a biomarker in migraine it is necessary for future MRS studies to obtain 
additional information of the ictal state in migraine as well as before and after interventions.  
Severity of the disease (disease duration and migraine attack frequency) has to be taken into 
account to detect possible correlation with MRS findings which also needs further research. 
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Introduction 
 
Migraine is a common neurological disorder 

that is characterized by episodes of moderate to 

severe headache. It is associated with autonomic 
symptoms and sometimes is preceded by aura in 
the form of transient neurological symptoms (1). It 
is considered that migraine affects subjects with an 
inherited alteration of brain excitability and that it is 
a neurovascular disorder with recurrent sensitization 

and activation of the trigemino-vascular pathways, 

as well as diencephalic nuclei and brain stem (1-3).  
Imaging and neurophysiological studies indi-

cate that chronic migraine can be correlated with 
functional and structural alterations in some brain 
regions, especially brainstem dysfunction and corti-
cal hyperexcitability (4-6). Technological advances in 
neuroimaging have enabled the exploration of 

different aspects of cerebral metabolism in migraine 

patients, and complementary animal research indi-
cates that there are possible links between trige-
minovascular activation and metabolic factors in 
migraine pathophysiology (7).  

The implementation of advanced magnetic re-

sonance imaging (MRI), including magnetic reso-
nance spectroscopy (MRS), represents a significant 
step forward in the understanding of the underlying 
mechanisms in migraine, giving insight into struc-
tural and functional brain alterations in migraine 
patients (1). Magnetic resonance spectroscopy (MRS) 
is a noninvasive method that enables in vivo 

studying of tissue metabolism by utilizing the mag-
netic properties of certain atomic nuclei, mainly hy-
drogen (1H) and phosphorous (31P). This technique 
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has been used for the past three decades to study 

brain metabolism in a variety of diseases, including 

migraine (8). 
 
1H-MRS 
 
1H-MRS is a neuroimaging technique that 

allows the separation of neurometabolites according 
to their chemical structure. Differentiation of spectra 
is possible through observation of the radiofre-
quency signal detected from hydrogen nuclei spins 
and their chemical environment when placed in a 
magnetic field (9). Neurometabolites can be differ-
entiated along an x-axis depending on their radio-
frequency that is chemical-specific, also termed che-
mical shift. Signal strength represents the level of 
neurometabolite (10).  

1H-MRS is most commonly used to measure 
the concentration of gamma aminobutyric acid 
(GABA), glutamate, phosphocreatine (PCr), creatine, 
choline, N-acetylaspartate (NAA), myo-inositol, as-
partate and lactate, depending on field strength and 
the exact sequence (8). The concentration of the 
measured metabolite can be reported as absolute 
concentration, quantified from measured water peak 
and assumptions of water concentration or as the 
relative ratio to the measured total creatine concen-
tration in the spectrum (11, 12).  

1H-MRS studies reported significant differ-
ences in levels of GABA, glutamate, lactate and NAA 
between migraine patients and controls, measured 
in various brain regions, while most of the studies 
found no significant differences in levels of myo-
inositol, choline and total creatine. 

 
Gamma aminobutyric acid (GABA) 
 
Gamma aminobutyric acid (GABA) is a pre-

dominant inhibitory neurotransmitter in the central 
nervous system (13) and can serve as a potential 
biomarker for migraine (14). GABA has been im-
plicated in neuronal disorders, such as pain, and the 
temporal modulation of neuronal excitability and it is 
widely distributed in the brain (15). Changes in 
GABA levels in the brain could result in pathophysio-
logical events leading to migraine (16) as it is a 
crucial regulator of excitation and inhibition (17). In 
order to gain an understanding of migraine patho-
genesis, it is essential to study migraine GABA levels 
(14).  

Some studies of migraine with and without 
aura showed decreased GABA levels in the occipital 
lobe measured interictally (18, 19) which could be 
explained as increased susceptibility to excitatory in-
puts and/or reduction in the inhibitory mechanisms 
(8). However, one meta-analysis showed that the 
level of GABA in migraine was significantly increased 
compared with controls (10) which is more difficult 
to explain (19, 20). It is hypothesized that in-
creased GABA levels reflect a homeostatic response 
to the increased glutamate through the GABA meta-
bolic pathway (21) or that GABA has a protective 
role in suppressing headaches (19). Increased GABA 
levels may represent a pathophysiological migraine 
mechanism that has yet to be fully explained (10). 
For example, GABA may have a role in neurogenic 

inflammation in migraine (22) or control of vasodila-
tion (23). GABA is generally thought to reflect 
"inhibitory tone" (24) but increased GABA may be a 
response to increased excitation (10). Studies have 
implicated polymorphisms in genes encoding for 
GABA receptor subunits in migraine (25). Reduced 
GABA-receptor activity may lead to hyperexcitability 
of both inhibitory and excitatory neurons and hence 
increased levels of neurotransmitters (10). Some 
studies indicate that drugs targeting GABAA or 
GABAB-receptor activity (26) could be used as a 
treatment for pain disorders, including migraine. 

 
Glutamate 
 
There is no consensus on the best way to test 

glutamate levels. Glutamate is present at higher 
concentrations (27) than GABA, but difficulties in 
distinguishing it from glutamine and glutathione (24) 
have been highlighted. Although some studies assess 
glutamate alone (28), others choose to estimate 
Glx, the combined measure of glutamate and gluta-
mine, even though the signal also contains gluta-
thione (10).  

1H-MRS studies in migraine with and without 
aura reported increased levels of glutamate in the 
anterior paracingulate (29) and visual cortex (30), 
and during visual stimulation in migraine with aura 
in the visual cortex (18). Glutamate is the main 
excitatory neurotransmitter in the brain and is 
thought to be a central factor in the migraine brain 
hyperexcitability theory, which entails an imbalance 
in excitatory and/or inhibitory activity (16). This pos-
sibly enhances the excitability of the migraine brain, 
both by leading to the mechanism of cortical 
spreading depression in the migraine aura and the 
activation of trigeminovascular pain pathways (16, 
31-33).  

Cortical spreading depression is a process 
that is uniquely associated with transient neurolo-
gical conditions such as epilepsy and migraine (34). 
Cortical spreading depression is characterized as a 
wave of excitation accompanied by inhibition that 
spreads through the brain. High levels of glutamate 
have been thought to trigger this process (34, 35). 
As the recorded increases in glutamate are mea-
sured interictally, migraine patients may exert per-
sistently altered brain excitability and increased sen-
sitivity to excitatory stimulation (8). The glutamate 
abnormalities are consistent with previous genetic 
findings of glutamate regulation and homeostasis 
abnormalities, likely involving the glutamate trans-
porter-1 receptor (36, 37). Also, some studies re-
ported increased glutamate levels in plasma and 
cerebrospinal fluid interictally (38).  

 
Lactate 
 
The inconsistency in patient selection criteria 

and methodologies in brain lactate level studies in 
migraine patients means that a firm conclusion can-
not be drawn (39, 40). Brain lactate levels were 
elevated in patients with migraine with aura (41, 42) 
but not in those with migraine without aura (43-45). 
Occipital baseline lactate levels were increased in 
patients with a purely visual aura relative to healthy 
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controls but not in those with complex neurological 
auras (41). Lactate levels increased significantly 
during photic stimulation in patients with complex 
neurological auras but not in patients with a purely 
visual aura (41).  

A significant consideration is that stimulus-
induced rises in cortical lactate levels are physiolo-
gical (46) and are explained by the astrocyte-to-
neuron lactate shuttle (47), the process by which 
astrocytes supply neurons with energy when they 
become activated. The lack of a stimulus-induced 
increase in lactate levels in migraine patients may 
therefore be considered pathological, as it could 
make them vulnerable to an energy crisis, particu-
larly because neuronal activation is likely to have a 
higher energy demand in migraine patients than in 
healthy individuals because their sensory informa-
tion processing is abnormal (48). Research incorpo-
rating the quantification of lactate in the cortex and 
the electrophysiological monitoring of brain-evoked 
responses would be able to explain this relationship 
between function and metabolism (7). 

 
N-acetylaspartate 
 
N-acetylaspartate (NAA) is widely distributed 

in the central nervous system in both neurons and 
glia (49). It has a variety of functions, and it can be 
a potential marker for neuronal health as measured 
using MRS techniques (50). In the healthy brain, 
NAA is one of the highest peaks of the acquired MRS 
spectrum (51). The ratio between NAA and total 
creatine (NAA/Cre) was found to be clinically useful, 
as total creatine usually remains constant (52).  

Studies reported decreased levels of NAA in 
the occipital lobe (53) and thalamus (45, 54) in 
migraine with and without aura and in the cere-
bellum of sporadic and familiar hemiplegic migraine 
(55, 56). Low NAA levels have been reported in the 
serum of migraine patients (57). No studies reported 
ictal findings using 1H-MRS.  

Decreased NAA level is generally believed to 
indicate a neuronal loss (58) and impairments of 
energy metabolism decrease NAA levels in the brain 
(51). Migraine brain has been suggested to be 
hyperexcitable or to have alterations in migraine 
energetics due to possible mitochondrial dysfunction 
(51) and it has been proposed that the NAA de-
crease might indicate a subsided mitochondrial dys-
function if accepted that the synthesis is mito-
chondrial, thus contributing to the abnormal energy 
metabolism (58). In addition, one genetic study 
documented a higher prevalence of mitochondrial 
DNA mutations in migraine patients relative to con-
trols, indicating a link between mitochondrial dys-
function and susceptibility to migraine (59). 

 
31P-MRS 
 
31P-MRS enables noninvasive in vivo mea-

suring of concentration of compounds containing 
phosphorus nuclei. This allows for measurement of 
metabolites involved in brain energy metabolism in-
cluding concentrations of phosphocreatine (PCr), in-
organic phosphate, creatine, adenosine diphosphate 

(ADP) and adenosine triphosphate (ATP). Energy in 
the form of ATP is formed by oxidative phosphoryla-
tion under aerobic conditions. ATP is also generated 
with a higher synthesis rate by glycolysis under ana-
erobic conditions, resulting in concomitant lactate 
production and decreased intracellular pH. Intra-
cellular pH is estimated from the chemical shift be-
tween PCr and inorganic phosphate in the 31P-MRS 
spectrum (60). Transfer of inorganic phosphate from 
PCr to ADP, by the creatine kinase, produces ATP 
and creatine (8).  

The main consistent findings using 31P-MRS 
are concomitantly decreased PCr and increased in-
organic phosphate, that is, a decreased PCr/inorga-
nic phosphate ratio, measured in cortical regions of 
migraine patients with and without aura in both ictal 
and interictal conditions (61-64). In addition, four 
studies recorded decreased phosphorylation poten-
tial (61, 62, 65, 66), three of which additionally 
reported increased ADP and V/Vmax in migraine 
with (61, 62) and without aura (65). Overall, the 
results suggest that there is insufficient availability 
of free energy in the cell (67-69).  

The use of 31P-MRS has shown that mito-
chondrial oxidative phosphorylation is impaired in 
the brain of migraine patients between (39, 61-63, 
65, 70, 71) and during migraine attacks (64). This 
impairment is seen as decreased levels of organic 
phosphate, decreased phosphorylation potential and 
increased levels of ADP (7). Modified 31P-MRS tech-
nique was used to specifically measure the brain 
ATP, which was found to be decreased by 16% be-
tween attacks in patients with migraine without aura 
compared with healthy controls (66). Most severely 
affected patients had the lowest ATP concentrations, 
a result that coincides with other studies showing 
moderate associations between brain hypometabo-
lism and attack frequency (66, 71, 72).  

Consistently reported finding was also de-
creased magnesium in the ictal and interictal state in 
cortical regions in migraine with and without aura in 
cortical regions (62, 71, 73, 74). 31P-MRS studies of 
neural metabolism often measure magnesium be-
cause it is an essential cofactor for ATP production 
(7). These studies have shown that cytosolic free 
magnesium is reduced in the occipital lobes of pa-
tients with migraine, consistent with alterations in 
oxidative phosphorylation (62, 71, 74). Decreased 
serum magnesium levels have been shown to raise 
the chances of a migraine attack (75). Since magne-
sium is a cofactor in oxidative phosphorylation and 
stabilizes the mitochondrial membrane, magnesium 
level abnormalities can suggest a mitochondrial fac-
tor in migraine pathophysiology (76). These results, 
therefore, indicate reduced availability of neuronal 
energy and mitochondrial dysfunction in the mi-
graine brain (8). 

The possible mitochondrial dysfunction in mi-
graine can be explained by a decrease in the num-
ber or efficiency of the mitochondria (66) or a de-
crease of mitochondrial enzymes (77). Q10 (78) and 
riboflavin (79) have shown efficacy as preventive 
migraine treatment, possibly by increasing the mito-
chondrial activity (8).  
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Table 1. 31P-magnetic resonance spectroscopy and 1H-magnetic resonance spectroscopy studies in migraine 

 

Study Participants 
Type of 

MRS 
Brain 
region 

Scanner 
Strength 

(model, brand) 
TR/TE (ms) Results 

Barbiroli et al. (82) 
MpA (4) 
MS (4) 
C (15) 

31P-MRS Occipital 
1.5 T  

(Signa, GE) 
5000/NS 

+ PCr/Pi 
+ PCr/ATP 
= PME/ATP 
= PDE/ATP 
= pH 

Barbiroli et al. (61) 
MA (12) 
C (12) 

31P-MRS Occipital 
1.5 T  

(Signa, GE) 
5000/NS 

- PCr 
+ Pi 
- PP 
+ ADP 
+ V/Vmax 
- pHi 
= Magnesium 

Lodi et al. (62) 

MA (7) 
MpA (3) 
MbA (5) 
C (12) 

31P-MRS Occipital 
1.5 T  

(Signa, GE) 
5000/NS 

- PCr 
+ Pi 
- PP 
+ ADP 
+ V/Vmax 
- Magnesium 
+ pHi 

Lodi et al. (71) 

MO (21) 
MA (37) 
MpA (13) 
C (36) 

31P-MRS Occipital 
1.5 T  

(Signa, GE) 
5000/NS 

- Magnesium 
- DGATPhyd 

Montagna et al. (65) 
MO (22) 
C (18) 

31P-MRS Occipital 
1.5 T  

(Signa, GE) 
5000/NS 

- PCr 
- PP 
+ ADP 
+ V/Vmax 
= Pi 

Reyngoudt et al. (66) 
MO (19) 
C (25) 

31P-MRS Occipital 
3.0 T 

(Siemens) 
4000/2.3 

- PCr 
- PP 
- ATP 
= Pi 
= Magnesium 
= pHi 

Uncini et al. (83) 

FHM (2) 
MO (1) 
Family 

members (2) 
C (30) 

31P-MRS Occipital 
1.5 T (Signa, 

GE) 
5000/NS 

- PCr 
+ Pi 
- PP 
+ ADP 
+ V/Vmax 
= pH 

Arngrim et al. (84) 
MA (15) 
C (14) 

1H-MRS Occipital 
3.0 T (Achieva, 

Philips) 
PRESS 

5000/36.5 

= Glutamate 
= Lactate 
= NAA 
= tCr 

Bigal et al. (19) 
MO (10) 
MA (9) 
C (9) 

NS Occipital 
4.0 T (Inova, 

Varian) 
NS - GABA 

Bridge et al. (18) 
MA (13) 
C (13) 

-MRS 
(MRS 

type not 
specified 
in paper, 
assumed 
1H-MRS) 

Occipital 
3.0 T (Verio, 

Siemens) 
4000/8.5 

No visual 
stimulation: 
- GABA 
= Glutamate 
—————————
———— 
Visual stimulation: 
= GABA 
+ Glutamate 
 

Reyngoudt et al. (85) 
MO (25) 
C (25) 

1H-MRS Occipital 

3.0 T  
(TIM Trio, 
Siemens) 
PRESS 

2000/30 

= NAA 
= tCr 
= Choline 
= Myo-inositol 

Reyngoudt et al. (43) 
MO (20) 
C (20) 

1H-MRS Occipital 

3.0 T  
(TIM Trio, 
Siemens) 

 

2000/288 

= Lactate/ tCr 
= Lactate/NAA 
= NAA/ tCr 
= Choline/ tCr 

Sarchielli et al., 2005 
(53) 

MA (22) 
MO (22) 
C (10) 

1H-MRS Occipital 

1.5 T  
(GEMS LX 
system) 

 

2000/144 

No visual 
stimulation: 
- NAA/Choline 
- NAA/ tCr 
= Choline 
= tCr 
———————— 
Visual stimulation: 
- NAA/Choline 
- NAA/ tCr 
= Choline 
= tCr 
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Siniatchkin et al. (30) 
MA (10) 
C (10) 

1H-MRS Occipital 
3.0 T  

(Achieva, Philips) 
PRESS 

2000/37 
+ Glx 
= NAA 

Watanabe et al. (42) 

MA (3) 
MbA (1) 
MI (1) 

MpA/MI (1) 
C (6) 

1H-MRS Occipital 
1.5 T  

(Signa, GE) 
1500/270 

+ Lactate/NAA 
= NAA/Choline 
= NAA/(Choline+ 
tCr) 

Ramadan et al. (74) 
MO (11) 
MA (8) 
C (25) 

31P-MRS 
Frontal 

Temporal 
Occipital 

1.89 T 
(Bruker) 

NS 
- Magnesium 
= pHi 

Welch et al. (86) 
MO (12) 
MA (8) 
C (27) 

31P-MRS 
Frontal 
Occipital 

1.89 T  
(Bruker) 

NS = pHi 

Welch et al. (64) 
MO (12) 
MA (8) 
C (27) 

31P-MRS 
Frontal 
Occipital 

1.89 T  
(Bruker) 

NS 

Ictal: 
- PCr/Pi 
- PCr/TP 
+ Pi/ TP 
= pHi 
———————— 
Interictal: 
+Pi/TP 
= PCr/Pi 
= PCr/ TP 
= Pi/ TP 
= pH 

Dichgans et al. (40, 55) 
FHM1 (15) 

C (17) 
1H-MRS 

Parietal 
Occipital 

Cerebellum 

1.5 T  
(Signa, GE) 

2000/35 

- Glutamate 
- NAA 
+ Myo-inositol 
= tCr 
= Choline 

González de la Aleja et al. 
(87) 

MO (19) 
MA (8) 
C (19) 

1H-MRS 

Anterior 
paracingulate 

cortex 
Occipital 

3.0 T  
(Signa, GE) 

2000/28 

Anterior 
paracingulate 
cortex: 
+ Glutamate 
= Glutamine 
= 
Glutamate/Glutam
ine 
= tNAA 
= Choline 
———————— 
Occipital lobe: 
+ 
Glutamate/Glutam
ine 
= Glutamate 
= Glutamine 
= tNAA 
= Choline 

Grimaldi et al. (88) 
FHM2 (4) 
C (10) 

1H-MRS 
Parietooccipital 

Ventricles 
1.5 T  

(Signa, GE) 
4000/35 
1500/288 

= Lactate 
= NAA 
= Choline 
= Myo-inositol 

Sándor et al. (41) 
MA (5) 

FHM/SHM (5) 
C (11) 

1H-MRS 
Occipital + 

Tempoparietal 

1.5 T  
(Gyroscan ACS-

NT, 
Philips) 

1500/288 
+ Lactate 
= tCr 
= Choline 

Zielman et al. (56) 

SHM (10) 
FHM1 (5) 
FHM2 (3) 
C (19) 

1H-MRS 

Cerebellum 
Pons 

Occipital 
Hypothalamus 

7.0 T  
(Achieva, Philips) 

 
2000/21 

- tNAA/ tCr 
= Glx/ tCr 
= Myo-inositol/ tCr 
= Choline/tCr 

Becerra et al. (89) 
MO (17) 
MA (15) 
C (33) 

1H-MRS 
Anterior cingulate 

cortex 

3.0 T  
(TIM Trio, 
Siemens) 

2000/31-229 

= Glutamine 
= Glutamate 
= GABA 
= NAA 
= Aspartate 
= NAAG 
= Lactate 
= Myo-inositol 

Prescot et al. (90) 
MX (10) 
C (8) 

1H-MRS 
Anterior cingulate 

cortex 
Insula 

4.0 T  
(Inova, Varian) 

2000/30-260 

= Glutamate 
= NAAG 
= Glutamine 
= Lactate 
= NAA 
= Choline 

Aguila et al. (20) 
MX (19) 
C (19) 

1H-MRS 
Posterior cingulate 

cortex 

3.0 T 
(Discovery 
MR750, GE) 

1800/68 
+ GABAþ 
= Glx 

Fayed et al. (91) 
MX (33) 
C (183) 

1H-MRS 
Posterior cingulate 

gyrus 
1.5 T  

(Signa, GE) 
2000/35 

= NAA 
= Glutamate 
= Glx 
= Myo-inositol 
= Choline 
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+: Significant increase when compared to controls; -: Significant decrease when compared to controls;  
=: No significant difference when compared to controls; ADP, adenosine diphosphate; ATP, adenosine triphosphate;  
C, controls; CM, chronic migraine; Cr, Creatine;  
EM, episodic migraine; FHM, familiar hemiplegic migraine; FHM1, familiar hemiplegic migraine Type 1;  
FHM2, familiar hemiplegic migraine Type 2;  
GABA, g-aminobutyric acid; Glx, glutamate and glutamine;  
MA, migraine with aura patients; MbA, basilar type migraine; MI, migraineous infarction; MO, Migraine without aura;  
MpA, migraine with prolonged aura; MS, migraineous stroke;  
PM pediatric migraine; MX, migraine type not reported; N, number; NAA, N-acetylaspartarte;  
NAAG, N-acetyl aspartarylglutamate A; NS, not specified; PCr, phosphocreatine; PDE, phosphosdiesterase;  
pHi, intracellular pH; Pi, inorganic phosphate; PME, phosphomonoesterase; PP, phosphorylation potential;  
SHM, sporadic hemiplegic; tCr, creatine and phosphocreatine; TE, echo time;  
tNAA, N-acetylaspartarte and N-acetyl aspartarylglutamate A;  
TP, total phosphorous signal; TR, repetition time; V/Vmax, ATP-synthesis rate. 

Boska et al. (92) 

MO (19) 
MA (19) 
SHM (4) 
FHM (4) 
C (40) 

31P-MRS 
Anterior 
Posterior 

3.0 T 
(Magnex) 

1000/NS 

Posterior region: 
- Magnesium 
(FHM+SHM) 
+ PDE (MO) 
———————— 
Anterior and 
posterior 
regions: 
= PCr 
= Magnesium 
= Pi 
= PME 
= pH 

Schulz et al. (63) 

MA (10) 
SHM+FHM 

(11) 
C (16) 

31P-MRS Temporoparietal 
2.0 T  

(Bruker) 
2500/NS 

- PCr/P 
+ Pi/ATP 
= PCr/ATP 
= pH 

Lirng et al. (93) 

MX (14) 
MX with 

depression 
(16) 

1H-MRS 
Dorsolateral 

prefrontal cortex 
1.5 T  

(Signa, GE) 
1500/35 

+ Myo-inositol 
= NAA 
= Choline 

Gu et al. (54) 
MO (20) 
C (14) 

1H-MRS 
Thalamus, 
bilaterally 

3.0 T  
(Signa, GE) 

1000/144 
- NAA/Choline 
= NAA/ tCr 
= Choline/ tCr 

Mohamed et al. (45) 
MO (22) 
C (10) 

1H-MRS 
Thalamus, 
bilaterally 

1.5 T  
(Signa, GE) 

1000/144 
1000/35 

- NAA/Choline 
- NAA/Cr 
+ Myo-inositol 
/NAA 
+ Lactate/NAA 
= Choline/Cr 

Wang et al. (94) 
CM (16) 
C (21) 

1H-MRS 
Hypothalamus, 

bilaterally 
1.5 T  

(Signa, GE) 
1500/144 

= NAA 
= Choline 

Schulz et al. (63) 

MA (10) 
SHM+FHM 

(11) 
C (16) 

1H-MRS Basal ganglia 
2.0 T  

(Bruker) 
1500/135 

= Lactate 
= NAA 
= Choline/Cr 

Lai et al. (95) 
EM (19) 
CM (53) 
C (16) 

1H-MRS 
Pons, dorsal rostral 

bilaterally 
PAG 

1.5 T  
(Signa, GE) 

1000/144 
+ NAA 
= Choline 

Macrì et al. (96) 
MA (8) 
C (7) 

1H-MRS Cerebellum 
1.5 T  

(Signa, GE) 
1500/30 

- Choline/NAA 
- Choline/ tCr 
= Choline/ tCr 
= tCr/NAA 
= Myo-
inositol/NAA 
= Myo-inositol/ tCr 
= Myo-
inositol/Choline 

Stærmose et al. (97) 
MA (14) 
C (16) 

1H-MRS 
Occipital, 

Somatosensory 
cortex 

3.0 T  
(Magnetom  
Trio System, 

Siemens) 

4000/8.50 

= GABA 
= GABA/Cr+PCr 
(Total Creatinine) 
= GABA/NAA 
+NAAG(N-
acetylaspartate 
+ N-
acetylaspartylgluta
mate) 
 

Bell et al. (98) 
PM (29) 
C (27) 

1H-MRS 

Thalamus, 
Sensorimotor 
cortex, Visual 

cortex 

3.0 T  
(GE) 

1800/80; 
1800/35 

= Glx 
= Glu 
= GABA 

Bathel et al. (99) 
M (15) 
C (15) 

1H-MRS 
Thalamus, 
Occipital 

3.0 T  
(Achieva, Philips) 

2000/30; 
2000/68 

+ Glx 
= GABA 

Niddam et al. (100) 
CM (25) 
EM (24) 
C (25) 

1H-MRS 
Anterior cingulate 
cortex, Occipital 
cortex, Thalamus 

3.0 T  
(Trio, Siemens) 

NS - NAA 
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In a state of reduced available energy and 
mitochondrial dysfunction, it is expected that ATP 
would be synthesized at an increased rate under 
anaerobic conditions to meet the increased energy 
needs (8). This process is followed by an increase in 
lactate concentration and a decrease in intracellular 
pH (68, 80). Lactate increase may be caused by 
glutamate increase to protect against glutamate ex-
citotoxicity (81). However, these findings were not 
consistently reproducible in either the 1H-MRS or 
the 31P-MRS studies (8). It remains to be deter-
mined if the mitochondrial migraine deficiency is 
primary or secondary. (1). The defect of oxidative 
energy metabolism represents the rationale for the 
use of metabolic enhancers (riboflavin, coenzyme 
Q10, magnesium and ketogenic diet) in migraine 
prevention (40). 

 
Conclusion 
 
The limited reproducible findings are partly 

explained by the different techniques used in the 

studies, often conducted below the magnetic field 

strength of 3.0 T, inhomogeneity of migraine cohorts 

and variation in studied brain areas. Despite of the 

variation between the MRS migraine studies over 
time, some results were reproducible and consistent. 
1H-MRS studies reported significant differences in 
levels of GABA, glutamate, lactate and NAA between 
migraine patients and controls measured in various 

brain regions. The main consistent findings using 
31P-MRS are concomitantly decreased PCr and in-
creased inorganic phosphate as well as decreased 
magnesium measured in cortical regions of migraine 
patients. Most of the MRS studies investigated the 
interictal state of migraine patients. For identifying a 
biomarker in migraine it is necessary for future MRS 

studies to obtain additional information of the ictal 
state in migraine as well as before and after inter-
ventions. Also, there are no studies that have taken 

the severity of the disease (disease duration and 
migraine attack frequency) into account to detect 
possible correlation with MRS findings which also 
needs further research (8). 
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Migrena je čest neurološki poremećaj, koji se karakteriše epizodama umerene do 

teške glavobolje. Magnetno rezonatna spektroskopija (MRS) je neinvazivna metoda, koja 
omogućuva in vivo proučavanje metabolizma tkiva korišćenjem magnetnih karakteristika 
određenih anatomskih jezgara, pre svega vodonika (1H) i fosfora (31P). 

1H-MRS najčešće se koristi za merenje koncentracije gama aminobuterne kiseline 
(GABA), glutamata, fosfokreatina (PCr), kreatina, holina, N-acetilaspartata (NAA), mioino-
zitola, aspartata i laktata. 

31P-MRS omogućava neinvazivno in-vivo merenje koncentracije jedinjenja koja 
sadrže jezgra fosfora. Ovo omogućava merenje metabolita uključenih u moždani energetski 
metabolizam, uključujući koncentracije fosfokreatina (PCr), neorganskog fosfata, kreatina, 
adenozin-difosfata (ADP) i adenozin-trifosfata (ATP). 

1H-MRS studije pokazale su signifikantne razlike u nivoima GABA, glutamata, laktata i 
NAA između bolesnika sa migrenom i bolesnika iz kontrolnih grupa, merenih u različitim 
regionima mozga, dok u većini studija nije pronađena signifikantna razlika u nivoima mioino-
zitola, holina i ukupnog kreatina. 

Glavni konzistentni nalaz u 31P-MRS studijama je konkomitantno smanjenje PCr i 
povećanje nivoa neorganskog fosfata, odnosno povećanje PCr / neorganski fosfat odnosa, kao 
i smanjenje nivoa magnezijuma merenih u kortikalnim regionima mozga bolesnika sa migre-
nom.  

Za identifikaciju biomarkera u migreni nephodno je da u budućim studijama budu 
pribavljene dodatne informacije o iktalnom stanju u migreni, kao i o stanju pre i posle tera-
pije. Težina bolesti (trajanje bolesti i frekvencija migrenoznih napada) mora biti uzeta u obzir 
da bi se detektovala moguća korelacija sa MRS nalazima, što takođe zahteva dalje istra-
živanje. 
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ARTHROSCOPIC MANAGEMENT OF STIFF ELBOW 
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Stiff elbow is a common clinical consequence in the elbow joint. Impairment in active 

daily living is noted in flexion-extension stiffness as well as rotational stiffness. 
Elbow stiffness can be divided into 3 different types: intrinsic, extrinsic and mixed type. 

The intrinsic type is referred to as articular deficit and loss of conformity resulting from trauma, 
infection or arthritic changes of intra-articular origin. The extrinsic stiffness is caused by fibrotic 
changes or scar formation of surrounding muscles, ligaments or skin. Ectopic ossification is a 
typical example of the extrinsic type of stiff elbow. The mixed type is defined when both 
intrinsic and extrinsic causes are combined, and is most common among post-traumatic elbow 
stiffness. 

Arthroscopic release of the anterior capsule for flexion contracture can be done in a 
safe way. In cases of severe joint contracture, however, it is safe to release and isolate the 
ulnar nerve with minimal incision before the arthroscopic capsular release; otherwise sudden 
gain of flexion after extensive release of the capsule may tether the ulnar nerve around 
posterior aspect of the medial epicondyle. 

A recent trend of arthroscopy is to draw equal clinical outcomes compared to existing 
open surgery by incising minimally and starting early rehabilitation to lessen patients’ pain and 
achieve better range of motion. But a thoughtful understanding of the elbow anatomy and 
skillful arthroscopic technique is essential to minimize neurovascular insult or other surgical 
complication caused by inexperience. 
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Introduction 
 
Stiff elbow is a common clinical consequence 

in the elbow joint. Impairment in active daily living is 
noted in flexion-extension stiffness as well as rota-
tional stiffness. There are many potential causes, 
such as simple dislocation or fracture of the radial 

head or intra-articular distal humerus fracture. 
Elbow contracture can happen as the result of a 

complex fracture caused by high energy and usually 
associated with the surrounding muscles, collateral 
ligaments and joint capsule, and this has been indi-
cated as the cause of post-traumatic joint stiffness 
or systemic diseases like hemophilia, osteoarthritis 
and rheumatoid arthritis (1). 

The treatment of stiff elbow was classically 
done in open procedures, yet worsening of residual 
pain and stiffness, as well as infection are possible 
complications of open surgery. Arthroscopic proce-

dures have advantages in minimizing damage to the 
surrounding soft tissues and relieving post-operative 
pain allowing the patients to start early mobilization 

and easy rehabilitation (2). Significant improvement 
of pain and elbow motion in patients who underwent 
arthroscopic treatment was observed in different 
studies (2-4). The trans-articular portal devised by 
Kim et al. is frequently used in elbow arthroscopy 
because it has a safer approach to the elbow joint, 
compared to others.  

 
Diagnosis 
 
There are different opinions about normal 

range of motion in elbow joint. Morrey from Mayo 
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clinic defined it as possible performance of more 

than 90% of daily activities with flexion-extension 

range of motion from 30 to 130 degrees and supina-
tion-pronation range of motion of 60 degrees (5). 

Precise investigation regarding the cause of 
stiffness is a key to successful treatment. Elbow 
stiffness can be divided into 3 different types: intrin-

sic, extrinsic and mixed type. The intrinsic type is 
referred to as articular deficit and loss of conformity 
resulting from trauma, infection or arthritic changes 
of intra-articular origin. The extrinsic stiffness is 
caused by fibrotic changes or scar formation of the 
surrounding muscles, ligaments or skin. Ectopic ossi-
fication is a typical example of extrinsic type of stiff 

elbow. The mixed type is defined when both intrinsic 
and extrinsic causes are combined, and is most 
common among post-traumatic elbow stiffness. 

 
Treatment  
 
Conservative treatment 

 
Most of the patients with a mild limitation of 

elbow motion showed good response to conservative 
treatment and satisfying clinical results were repor-
ted with aggressive rehabilitation in patients with 
mild flexion contracture, especially caused by long-

term immobilization due to simple dislocation of the 
elbow. NSAIDS and intra-articular steroid injection 
are good in controlling patients’ pain and improve 
their daily activities. 

 
Arthroscopic surgery 

 

Many authors have reported techniques of ar-
throscopic elbow surgery since the first introduction 

of arthroscopic capsular release of elbow in 1992 (6, 

7). Anterior and posterior capsular release is applic-

able to post-traumatic patients with external type of 
stiff elbow. Arthroscopic release of anterior capsule 
for flexion contracture can be done in a safe way. In 
cases of severe joint contracture, however, it is safer 
to release and isolate the ulnar nerve with minimal 

incision before arthroscopic capsular release; other-
wise sudden gain of flexion after extensive release of 
the capsule may tether the ulnar nerve around the 
posterior aspect of the medial epicondyle (8).  

Although we generally use a 4.5 mm arthro-
scopic device, a 2.7 mm arthroscopic device for 
small joints can be used. The cannula is rarely used 

during elbow arthroscopy for its disadvantages in 
limiting the mobility of instruments. Prone position is 
the preferred position as it allows better access to 

the anterior and posterior capsular structures. How-
ever, other positions may be used such as the 
supine or lateral decubitus (1). Approach procedures 
for capsular release differ depending on the operator 

and the lesions affected, but the author prefer relea-
sing anterior capsule first since neurological compli-
cations can occur more often in situation of visual 
disturbance in severe joint swelling. On the contrary, 
it is better to start with posterior capsular release 
when the ulnar nerve decompression is necessary. 

As contractures may alter the normal anatomy of 
the elbow, and the neurovascular structures may be 
displaced during insufflation (5). Moreover, it is im-
portant to precisely mark the anatomical structures 
on the skin in stiff elbow surgery, thus the me-
dial/lateral epicondyle, radial head, ulnar nerve, 

intermuscular septum should be marked before joint 

influation (Figure 1). 

 
 
 
 

 
 

Figure 1. Exact skin marking is crucial in arthroscopic stiff elbow surgery.  
The lateral epicondyle, medial epicondyle, radial head and ulnar nerve are drawn.  

The arthroscopic portals are marked around the elbow joint. 
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Sometimes it is hard to insert instruments in 

to the joint, especially in severe stiff elbow. In such 

circumstances, the trans-articular portal devised by 
Kim et al. (9) is useful in inserting the device safely 
into the elbow joint. The entry point for the trans-
articular approach is the intersecting point of hori-
zontal line drawn from the capitellum to the olecra-

non and the sagittal line of the lateral margin of the 

olecranon. After the entry portal is made, a trocar is 

inserted and the space between radius-ulna-capite-
llum is carefully widen (Figure 2). Using this widened 
space, we can easily access to the anterior compart-
ment. 

 
 
 
 

 
 

Figure 2. Approach to the anterior compartment of the elbow by using the trans-articular portal, devised by Kim et al. 

 
 

 
 

The extra-articular approach is another meth-

od to reach in to the space between the fibrous joint 
capsule and the brachioradialis muscle, but there are 
more chances of nerve damage (10).  

The proximal anterolateral portal (P-ALP) and 

anteromedial portal (P-AMP) are frequently used in 
procedures. The P-ALP is located 2 cm proximal, 1 
cm anterior to lateral epicondyle, and is a safer por-

tal in terms of ulnar nerve damage. It is used as an 

extra portal to insert traction device into the joint. 
An intra-articular traction device is especially helpful 
when scar formation is very severe or extensive 
bone resection is required to gain operating space 

and secure good visual field in the anterior compart-
ment (Figure 3). 

 
 
 
 

 
 
Figure 3. The anterolateral portal (ALP) can serve as an extra portal for intra-articular traction device. Traction device is put 
to use in extending the operating room in the stiff elbow surgery and maintaining good arthroscopic vision during surgery. 
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First, we insert the shaver to remove the loose body 

and synovium, then use burr to remove the radial 

head fossa and bony spurs. It is favorable to deal 
with a lesion around the anterior compartment be-
fore releasing the anterior capsule. The capsule 
should be released from the lateral side and proxi-
mal attachment of the distal humerus (Figure 4). 

Since the radial nerve runs between the brachialis 

and brachioradialis muscle, just 2-3 cm anterior to 

the radial head, scar formation and adhesion derived 
from the capsular contracture can deteriorate normal 
anatomical structure. Thus, extreme caution is re-
quired during the soft tissue dissection and release 
in order to avoid radial nerve damage. 

 
 
 
 

 
 

Figure 4. Radiologic and arthroscopic images of stiff elbow.  
A. AP view X-ray image of stiff elbow.  

B. 3D reconstruction image of affected elbow.  
C-D. Arthroscopic image of the radiocapitellar joint.  

The forearm should be supinated and pronated during operation to visually identify fibrotic scars (*)  
around radial head and severe fibrosis should be removed around the radiocapitellar joint, 
ulno-humeral joint, proximal radioulnar joint space. (Cap: capitellum, R.H: Radial head) 

 
 
 

 
The posterior compartment is relatively safe 

from neurovascular insult compared to the anterior 
compartment. The posterior, posterolateral, and soft 
spot portals are commonly used in operation. Pri-
marily, the posterolateral portal should be made at 
the lateral border of the triceps residing directly 

superior to the olecranon. Then, make the posterior 
portal by using spinal needle to insert the shaver. 
The posterior capsular release is done after ob-
taining clear vision, by removing fibrotic tissues and 
fat tissues with the shaver. Special attention should 

be paid on ulnar nerve damage during posterome-

dial capsular release and possibility of bony impinge-
ment during elbow flexion and extension as well 
(Figure 5). 

The next step is to move the scope posteriorly 
to visualize the radiocapitellar joint and radio-ulnar 

joint and look for any rotational disability. If rotatio-
nal abnormality is mainly due to abnormal articular 
surface of the proximal radius, radial head resection 
and removal of fibrotic scars can help to restore 
rotational stiffness. 
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Figure 5. The posterior compartment of stiff elbow.  
A. Arthroscopic image of the elbow joint.  

Posterior bony impingement can be visualized by passive flexion and extension during surgery.  
B. Schematic drawing of bony spurs at the tip of the olecranon. 

 
 

 
 

Complication 
 
Complication rate of arthroscopic stiff elbow 

surgery is relatively high among others. Infection 

rate is reported to be about 0.8-2%. Since the elbow 
joint is located just beneath the skin tissue, infection 
through the portals or fistula formation is more com-

mon and for this reason post-operative wound ma-
nagement is very crucial in elbow surgery. Further-
more, the nerve damage rate of around 2.5% is 
reported. Temporary nerve palsy was reported the 

most frequently (11). The risk factors are rheuma-
toid arthritis and contracture. However, permanent 

neurovascular injuries, hematomas or compartment 
syndrome were low or even neglected. 

 
Rehabilitation 

 
Post-operative immobilization is unnecessary 

in most cases. Early rehabilitation is started as early 

as within 3-4 postoperative days. In fact, the pri-
mary target of early rehabilitation is to lessen the 
pain of patients and to reduce swelling of the affect-
ed joint in order to start active exercise. We recom-

mend repeating active assisted elbow ROM exercise 
4-5 times a day, 5-10 minutes each (Figure 6). 

 
 
 
 

 
 

Figure 6. Post-operative elbow rehabilitation.  
Repeat active assisted elbow ROM exercise 4-5 times a day, 5-10 minutes each. 
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Clinical Results 

 

Overall, clinical outcome after arthroscopic 
surgery of the elbow is favorable. Many of the 
reports included both the intrinsic and extrinsic type 
of stiff elbow showed good results in mild and mo-
derate grade of stiff elbow without articular defect 

(Table 1). Savoie et al. (12) have reported 388 

cases of arthroscopic capsular release of the stiff 

elbow. Clinical results showed the increase in the 
range of average elbow extension from -40 degrees 
to -5 degrees, while elbow ROM increased by 65 
degrees. Overall 93% of the patients expressed 
satisfaction about the result of surgery.  

 
 
 
 

Table 1. Outcomes of elbow arthroscopy in the treatment of elbow stiffness 

 

Study No. of patient Surgery 
Mean Follow-up 

in months (Range) 

Nguyen et al. 
22 (11 arthritic,  

8 trauma related) 

Capsulectomy/capsulotomy. 
Removal of loose body and 
osteophytes when needed 

25 (12-47) 

Lapner et al. 
12 (stiffness following 
radial head fracture) 

Debridement (n = 12) and 
capsular release 

54 (12-120) 

Ball et al. 14 (all post trauma) 
Debridement and capsular 

release 
(12-29) 

Savoie et al. (12) 24 (all arthritic) 

Debridement of 
osteophytes, capsular 

release, removal of radial 
head 

32 (24-60) 

Phillips and Strasburger 25 (10 arthritic) Debridement 18 (6-34) 

Kim et al. 25 (12 post-trauma) 

Loose body removal, 
anterior capsule release, 

osteophyte removal, partial 

radial head resection 

25 (12-46) 

Timmerman and Andrews 
19 (all post-trauma,  

4 with moderate arthritic) 
Debridement, capsular 

release and manipulation 
29 (12-51) 

Byrd 
5 (type 1 radial head 

fracture) 
Arthroscopic debridement 24 (12-41) 

Jones and Savoie 12 Arthroscopic release 22 (15-32) 

 
 
 
 

Conclusion 
 

Stiff elbow is hard to treat effectively and 
most of the intrinsic and extrinsic causes bring about 
limitation of motion. A recent trend of arthroscopy is 
to draw equal clinical outcomes compared to existing 
open surgery by incising minimally and starting early 
rehabilitation to lessen patients’ pain and achieve 
better range of motion (13). But a thoughtful under-

standing of the elbow anatomy and skillful arthro-
scopic technique is essential to minimize neuro-

vascular insult or other surgical complication caused 
by inexperience. 
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Ukočen lakat je česta klinička posledica u zglobu lakta. Ukočenost u vidu savijanja i 

opružanja u laktu, kao i ukočenost rotacionih pokreta u laktu, u mnogome utiče na normalno 
obavljanje svakodnevnih aktivnosti. 

Ukočenost lakta deli se na tri tipa: unutrašnji, spoljašnji i kombinovani tip. 
Unutrašnji tip ukočenosti u laktu podrazumeva zglobni deficit, koji je rezultat traume, 

infekcije ili artrotičnih promena unutar zgloba. 
Spoljašnji tip ukočenosti u laktu uzrokuju fibrozne ili ožiljne promene na okolnim 

ligamentima, mišićima ili koži oko lakta. Ektopični kalcifikati su tipičan primer spoljašnjeg tipa 
ukočenog lakta. 

Kombinovani tip ukočenog lakta posledica je kombinacije unutrašnjih i spoljašnjih 
uzroka i najčešći je uzrok posttraumatske ukočenosti. 

Artroskopsko osolobađanje prednje kapsule zgloba lakta za fleksionu kontrakturu 
bezbedana je hirurška tehnika. U slučajevima teške kontrakture, potrebno je osloboditi i 
izolovati ulnarni živac minimalnom kožnom incizijom pre artroskopske operacije, budući da bi 
dobijeni pokret fleksije u laktu, nakon opsežnog oslobađanja kapsule, mogao da dovede do 
natezanja ulnarnog živca oko zadnjeg dela medijalnog epikondila. 

Najnoviji rezultati u lečenju ukočenosti lakta metodom artroskopije ukazuju na 
postizanje jednakih kliničkih rezultata u poređenju sa tradicionalnom otvorenom hirurgijom i 
omogućavanje rane rehabilitacije, kako bi se postigao što bolji obim pokreta. Za uspeh 
artroskopskog lečenja ukočenog lakta neophodni su odlično poznavanje anatomije i vešta 
artroskopska tehnika, radi minimalizovanja neurovaskularnih povreda ili drugih hirurških 
komplikacija uzrokovanih neiskustvom. 
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CONTEMPORARY APPROACH IN THE DIAGNOSIS AND MANAGEMENT 
OF PRIMARY MYELOFIBROSIS 

 
Irena Ćojbašić1,2 

 

 
Primary myelofibrosis (PMF) is an infrequent chronic myeloproliferative neoplasm. PMF 

is a result of clonal expansion of myeloid cells and is distinguished by the variable presence of 
mutations, morphologically by increased proliferation of megakaryocytes, progressive bone 
marrow fibrosis, hepatosplenomegaly, anemia, leukoerythroblastosis, with constitutional symp-
toms and shortened survival. World Health Organization defined the current diagnostic criteria 
for PMF in 2016, which involve a combined assessment of clinical, histological, mutational and 
laboratory features of diseases. Recently, a several new PMF prognostic scoring systems have 
started being used in the clinical practice, which are based solely on genetic markers or include 
clinical variables in addition to mutations and karyotype. In the treatment of myelofibrosis, risk 
adapted therapy has been applied, which implies the selection of the type of therapy according 
to the risk category obtained by calculating the valid prognostic scores. Allogenic stem cell 
transplant remained the only potentially curative therapy for PMF treatment but is suitable only 
for a small number of high risk patients who have a matching donor. In the last decade, the 
development and approval of ruxolitinib for the treatment of PMF has been of the greatest 
importance in the treatment of this disease, although it is a palliative therapy. Ruxolitinib is a 
potent JAK1/JAK2 inhibitor that leads to decreases in splenomegaly and symptoms and has 
prolonged overall survival in patients with this disease. 
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Introduction 

 
Myeloproliferative neoplasms (MPNs) are clo-

nal diseases of hematopoietic stem cells distingui-
shed by excessive production of terminally differen-
tiated myeloid lineage cells. MPN are associated with 
clinical conditions that significantly shorten the over-
all survival and reduce the patient’s quality of life 

(1). Myelofibrosis (MF) belongs to the group of BCR-
ABL1 negative clonal myeloproliferative disorders. 
Myelofibrosis encompasses primary myelofibrosis 
(PMF), prefibrotic-myelofibrosis (PF-MF), and post-
polycythaemia vera myelofibrosis (post PV-MF) or 
post-essential thrombocythaemia myelofibrosis (post 

ET-MF) that occur after PV and ET (2, 3). PMF is a 
heterogeneous disease, not only in terms of clinical 
and hematological manifestations, but also in terms 
of prognosis. It is characterized by megakaryocytes 
proliferation, reactive bone marrow fibrosis, periphe-
ral blood leukoerythroblastosis, anemia, hepatosple-
nomegaly, and constitutional symptoms (4). MF be-

longs to a group of rare diseases that usually occur 
in elderly people, with an average survival of 6 
years, which can vary from 1 year to more than 2 
decades (5, 6). 

The true cause of myelofibrosis is still un-
known, but multiple pathogenetic mechanisms are 

considered responsible for the main features of the 

disease: genetic mutations, cytokine overproduction 
and stem cell-derived clonal myeloproliferation (7). 
In primary myelofibrosis somatic mutations are 
categorized into two groups: "driver" mutations that 
are associated with JAK-STAT hyperactivation, JAK2, 
MPL, and CALR in addition "other" mutations con-

nected to epigenetic dysregulation in some. The 
existence of mutations in the JAK2 and MPL genes 
causes constitutive activation of the JAK2/STAT sig-
naling pathway leading to increased production of 
myeloid and megakaryocyte progenitors. CALR gene 
encodes calreticulin, a significant role-playing protein 
in intracellular signaling, gene expression regulation, 

Ca2+ storage, apoptosis, cell adhesion and autoim-
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mune response (8). Research has shown that in 

PMF, 45%-68% of patients are carriers of the JAK2 

V617F mutation, MPL mutations occur in 5%-10% 
and CALR mutations hold 25%-35% of patients. It is 
assessed that around 9% of patients with PMF have 
no "driver" mutations, when the disease is referred 
to as "triple-negative" PMF, which is considered to 

be an indicator of a poor prognosis. Superior overall 
survival of CALR-mutated MF compared to JAK2-
mutated or "triple-negative" patients has been re-
ported in several studies (9, 10, 11). In a large 
Italian study by Rumi et al. (12), the median overall 
survival was longest in patients with a CALR muta-
tion of 17.7 years, while the shortest survival of 3.2 

years was found in triple-negative patients. 
"Driver" mutations may be associated with 

"other" mutations whose effect on pathogenesis has 

not yet been fully elucidated like ASXL1, SRSF2, 
IDH1/2, EZH2, TET2, DNMT3A and CBL. It is widely 
accepted that "other" mutations have affected di-
sease progression and leukemic transformation while 

"driver" mutations are all-important for the MPN 
phenotype. The ASX1, EZH2 and SRSF2 mutations 
have been related with shorter survival, and AXL1, 
SRSF2 and IDH1/2 mutations with increased risk of 
leukemic transformation compared with patients 
without mutations (9, 13). The previously mentio-

ned mutations are included in the group of so-called 

High Molecular Risk (HMR) mutations, and it was 

found that 24%-35% of patients carry one mutation 
and 7%-9% carry at least 2 mutations (14). The 
presence of U2AF1Q157 mutation was shown to be 
correlated with shorter overall survival and anemia, 
but not with poor leukemia-free survival, in contrast 

to other high molecular risk mutations (15).  
This article will address the impact of genetic 

mutations on the diagnosis and development of new 
prognostic models in patients with myelofibrosis. 
The application of risk adapted therapy and different 
current treatment options will also be analyzed. 

 

Diagnosis 
 
The latest classification of myeloid malignant 

diseases by the World Health Organization of 2016 
recognizes two categories: acute myeloid leukemia 
and linked neoplasms and chronic myeloid neo-
plasms, with the latter category including MPN to 

which PMF belongs (16). World Health Organization 
defined the current criteria for PMF diagnosis in 2016 
(17) which present a complex evaluation of clinical, 
histological, mutational and laboratory features as 
represented in Table 1. 

 
 
 
 

Table 1. World health organization (WHO) 2016 revised diagnostic criteria for primary myelofibrosis 

 

Primary myelofibrosis (prefibrotic) Primary myelofibrosis (overtly fibrotic) 

Major criteria  

1. Typical megakaryocyte changes, an accompanied by 

≤ grade 1 reticulin/collagen fibrosis 

2. Not meeting the WHO criteria for other myeloid 

neoplasms  

3. Presence of JAK2, CALR or MPL mutations, or 

presence of other clonal markers, or absence of 

evidence for reactive bone marrow fibrosis 

Major criteria  

1. Typical megakaryocyte changes, an accompanied by 

≥ grade 2 reticulin/collagen fibrosis 

2. Not meeting WHO criteria for other myeloid 

neoplasms  

3. Presence of JAK2, CALR or MPL mutations, or 

presence of other clonal markers, or absence of 

evidence for reactive bone marrow fibrosis 

Minor criteria  

a. Anemia not attributed to a comorbid condition  

b. Leukocytosis ≥ 11x109/L  

c. Palpable splenomegaly  

d. Increased serum lactate dehydrogenase 

Minor criteria  

a. Anemia not attributed to a comorbid condition    

b. Leukocytosis ≥ 11x109/L   

c. Palpable splenomegaly  

d. Increased serum lactate dehydrogenase  

e. Leukoerythroblastosis  

Diagnosis requires meeting all 3 major criteria and one 

minor criterion 

Diagnosis requires meeting all 3 major criteria and one 

minor criterion 

 
 
 

 
The difference from the previous WHO diag-

nostic criteria of 2008 is the definition of prefibrotic 
myelofibrosis as a new entity of the disease. Prefi-
brotic MF and ET remain entities that are frequently 

difficult to distinguish but this can be achieved using 
histomorphological findings and occurrence of minor 
clinical criteria (18). In addition, it is necessary to 
make a difference between prefibrotic and overtly 
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fibrotic PMF on the basis of clinical data of prodromal 

stages of PMF which are distinguished by mild ane-

mia, minimal splenomegaly, absence of leukoery-
throblastosis but with the presence of thrombocy-
tosis and a morphological presence of fibrosis grade 
0-1 (17, 19). 

 

Prognostication in myelofibrosis 
 
PMF prognostic models have been devised 

and introduced into clinical practice to suggest the 
most suitable therapy for each patient individually 
(20). The International Prognostic Scoring System 
(IPSS) has been in use since 2009 (5) and deve-

loped with the purpose of assessing the prognosis at 
the initial diagnosis time. IPSS uses five predictors 
for shortened survival: age > 65 years, hemoglobin 

< 10 g/dL, leukocyte count > 25×109/L, circulating 
blasts ≥ 1% and the presence of constitutional 
symptoms. Depending on the presence of unfavor-
able factors, four risk categories of low, interme-

diate-1, intermediate-2 and high were defined, 
which correlated with median survivals from 11.3 
years to 2.3 years. 

In the year 2010, the International Working 

Group for Myelofibrosis Research and Treatment 

(IWG-MRT) (6) established a dynamic prognostic 
model (DIPSS) based on the same five variables as 
IPSS, that may be used whenever during the di-
sease and be helpful for treatment decision-making. 
In DIPSS for hemoglobin < 10 g/dL two negative 

points were awarded. In low risk patients the res-
pective median of survival was not attained, while in 
high risk patients it was 1.5 years. Next year, the 
DIPSS-plus system additionally included an unfavor-
able karyotype presence that contained +8, -7/7q, 
i(17q), inv(3), -5/5q-, 12p- or an 11q23 rearr-
angement, transfusion dependency and thrombocy-

topenia. There are also four risk categories for 
DIPSS-plus, with appropriate median survivals from 
15.4 years to 1.3 years (21). 

During the year 2018, MIPSS70 (mutation-
enhanced international prognostic scoring system for 
transplant-age patients), a newer prognostic model, 
was being utilized. It encompassed clinical features 

plus mutations and karyotype to be pertinent for 
transplant decision making in patients with PMF. 
Table 2 summarizes a few of the latest prognostic 
models in PMF. 

 
 

 
Table 2. Novel prognostic models in myelofibrosis 

 

Prognostic models MIPSS70 MIPSS70+ version2.0 GIPSS 
MPN 

personalized risk 
calculator 

Criteria 

Hb < 100 g/L          
(1 point) 
WCC > 25×109/L 
(2points) 
PB blasts ≥ 2% 
(1point) 
Constitutional Sx 
(1point) 
Plt < 100x109/L 
(2points) 
BM fibrosis Gr ≥ 2 
(1point) 
Absence of CALR 
Type 1/like 
mutations (1point)  
HMR category 
(1point) 
≥ 2HMRmutations 
(2points) 

Severe anemia 
(2points) 
Moderate anemia 
(1point) 
PB blasts ≥ 2% (1point) 
Constitutional Sx 
(2points) 
VHR karyotype 
(4points) 
Unfavorable karyotype 
(3points) 
≥ 2 HMR mutations 
(3points) 
One HMR mutation 
(2points) 
Type 1/like CALR absent 
(2 points) 

VHR karyotype 
(2points) 
Unfavorable 
karyotype (1point) 
Type1/like CALAR 
absent (1point) 
ASXL1 mutation 
(1point) 
SRS2 mutation 
(1point) 
U2AF1Q157 
mutation (1point) 

Age at diagnosis 
Hb 
WCC 
Platelet count 
Gender 
Prior Thrombosis 
Splenomegaly 
JAK2 V617F 
MPL 
CALR 
JAK2 Exon 12 
Other mutation a 
 

Risk groups (median survival) 

Very low  
Low  
Intermediate-1  
Intermediate 
Intermediate-2  
High 
Very high 

 
0-1 point (27.7y) 
 
2-4 points (7.1y) 
 
≥ 5 points (2.3y) 

0 point(not reached) 
1-2 points (16.4y) 
 
3-4 points (7.7y) 
 
5-8 points (4.1y) 
≥ 9 points (1.8y) 

 
0 point (26.4y) 
1 point (8.0y) 
 
2 points (4.2y) 
≥ 3 points (2y) 

N/A as risk 
personalized and 

not grouped 

MIPSS-Mutation enhanced international prognostic scoring system;  
MIPSS70+ version 2.0: mutation and karyotype enhanced international prognostic system;  
GIPSS-Genetic inspired prognostic scoring system; Hb-Hemoglobin; WCC-white cell count; PB-peripheral blood;  
Sx-symptoms; HMR: high molecular risk mutations include ASXL1, SRSF2, EZH2, IDH1, IDH2 and, in addition, for GIPSS 
and MIPSS70+ version 2.0, U2AF1Q157;  
VHR: very high risk karyotype. Severe anemia: Hemoglobin < 8 g/dL in women and < 9 g/dL in men. Moderate anemia: 
Hemoglobin 8-9.9 g/dL in women and 9-10.9 g/dL in men. 
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MIPSS70 includes nine variables, tree genetic 

and six clinical risk factors. MIPSS70 prognostic mo-

del has tree risk categories with appropriate median 
survival rates from 2.3 years to 27.7 years (22). 
MIPSS70+ prognostic model includes 7 independent 
variables, of which four aregenetic (CALR type 1/like 
mutation absence; HMR presence; more than 2 HMR 

presence; and "unfavorable" karyotype) and three 
are clinical risk factors (hemoglobin < 10 g/dl; circu-
lating blasts ≥ 2%; and constitutional symptoms). 
There are four levels of risk categories in MIPSS70+, 
low (0-2 points), intermediate (3 points), high (4-6 
points), and very high risk (≥ 7 points) with an 
approximated average survival of 20 years, 6.3 

years, 3.9 years, and 1.7 years (23). A few months 
later, the same authors presented revised MIPSS70+ 
version 2.0 because they had recognized U2AF1Q157 

as an added HMR mutation (23) and defined new 
hemoglobin thresholds accommodated for sex and 
severity (24), so this score includes 5 genetic and 4 
clinical factors. MIPSS70+ version 2.0 considered 

five risk patient groups with significantly different 
median survival of 1.8 years to 16.4 years and 
"median not reached" (25). 

GIPSS prognostic scoring system is based so-
lely on genetic markers. GIPSS encompasses the 
following variables: "Very high risk" (VHR) karyotype 

(-7, i(17q), inv(3)/3q21, 12p-/12p11.2, 11q-/ 
11q23,+21, or other autosomal trisomy’s, not in-
cluding +8/+9), "unfavorable" karyotype, absence 
of type 1/like CALR mutation and presence of 
ASXL1, SRSF2, or U2AF1Q157 mutation, as inter-
independent predictors for poor survival. GIPSS re-

cognizes four categories of risk with different survi-

val lengths from 26.4 years to 2 years (26). 
Latterly, Grinfeld et al. (27) developed the 

"MPN personalized risk calculator" which predicts the 
clinical outcome for each individual patient based on 
the analysis of available clinical, laboratory and ge-
nomic characteristics of patients with myeloprolife-
rative neoplasms. The authors linked disease cha-

racteristics and 69 myeloid cancer genes and 
created prognostic models that allow personal pre-
diction of clinical outcome. This prognostic model 
showed superior performance compared to the 
prognostic models used until then. The combination 
of genetic and clinical characteristics enabled perso-

nalized prediction of clinical outcomes and may be 
helpful in choosing the type and intensity of therapy. 

 
Risk-adapted therapy 
 
During several years, risk adapted therapy 

was applied in the treatment of myelofibrosis, which 

implies that the selection of the type of therapy was 
made according to the risk category obtained by 
calculating the valid prognostic scores. In patients 
with determined genetic markers, the use of my-
elofibrosis treatment algorithm based on the revised 
MIPSS70+ version 2.0 prognostic scoring system 
and treatment algorithm based on GIPSS risk stra-

tification is recommended (25, 26). Patients be-
longing to the high-risk group according to GIPSS 
correlate with the group of high-risk and very high-

risk patients according to MIPSS70 + version 2.0. 

and involves the use of allogenic stem cell transplant 

(ASCT) in transplant eligible patients as the only 
ones potentially curative therapy and therapy that 
can prolong significant survival of patients with MF 
(28, 29, 30). A patient who is not a suitable can-
didate for ASCT due to advanced age and comor-

bidity or does not have a matching donor should be 
treated with conventional drugs, study drugs, radio-
therapy, or splenectomy. Also, a parallel can be 
drawn between a group of low-risk patients accord-
ing to GIPSS and low and very low risk according to 
MIPSS70+ version 2.0. For patients with MF who are 
asymptomatic, only regular monitoring of the di-

sease is recommended. Patients belonging to the 
intermediate risk group according to MIPSS70+ ver-
sion 2.0 are treated depending on whether they 

have symptoms that require management. These 
patients are treated by using conventional therapy 
based on treatment indications such as anemia, 
splenomegaly, constitutional symptoms, bone pain 

or extramedullary hematopoiesis. The prognosis of 
patients with GIPSS intermediate-1 and interme-
diate-2 is very diverse, so it requires additional eva-
luation of the risks by MIPSS70+ version 2.0 appli-
cation and the treatment algorithm for intermediate 
risk patients (25, 28, 29). 

 
JAK inhibitor therapies for myelofibrosis 
 
Ruxolitinib 
 
Discovery of the crucial function of dysregu-

lation JAK-STAT signaling in pathophysiology of MF 

enabled the detection and development of new in-
hibitors for its treatment. Ruxolitinib directly acts on 
the basic mechanism of the disease, JAK2 dysregu-
lation, blocks excessive stimulation of the JAK/STAT 
pathway leading to a decrease in STAT-3/5 activity 
and Akt/ERK phosphorylation which then causes a 
reduction of cell expansion and initiation of apoptosis 

(31). Since 2011, MF patients with intermediate-2 
and high-risk disease have been able to be treated 
with ruxolitinib. It was the first approved JAK1/JAK2 
inhibitor causing a reduction in the enlarged spleen 
and constitutional symptoms and prolonging overall 
survival in patients with MF. Furthermore, ruxolitinib 

can reduce hepatomegaly in splenectomized pa-
tients, relieves cachexia-related weight loss, and 

what is particularly significant, reduces the level of 
cytokines that lead to systemic inflammation in the 
MF. Although the response rate to ruxolitinib may 
vary significantly, most patients have benefited from 
its use. (32).  

The COMFORT studies, which compared the 
effectiveness and toxicity of ruxolitinib versus pla-
cebo or best available therapy (BAT), were the most 
significant studies that demonstrated that ruxolitinib 
reduced spleen volume and disease-related symp-
toms, in addition to the prolonging of the overall 
survival of MF patients (33, 34). In the COMFORT-1 

study that made comparison of the drug with 
placebo, it was shown that after 24 weeks of 
therapy, a decrease in splenomegaly of ≥ 35% was  
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achieved in 41.9% of patients treated with ruxo-

litinib vs < 1% for patients treated with placebo. In 
addition, a reduction in constitutional symptoms of 
at least 50% with regard to the baseline was de-
monstrated in 45.9% of patients in group with 
ruxolitinib compared to 5.3% in group with placebo, 

and what was particularly significant, this occurred 
regardless of risk group (33). The COMFORT-2 trial 
compared ruxolitinib with the best available therapy, 
showing that after a period of 48 weeks, spleno-
megaly was reduced by more than 35% in 28.5% of 
patients in the ruxolitinib group in comparison to 0% 
in the BAT group. It was also shown that the reduc-

tion in constitutional symptoms after 48 weeks was 
significantly higher in the ruxolitinib treated group of 
patients. (34). In both studies, the most common 

hematologic adverse events were ruxolitinib-related 
moderate to severe anemia and thrombocytopenia, 
which was corrected by dose adjustment, disconti-
nuation of therapy and substitution therapy. With 

median follow-ups of approximately three years, the 
overall survival rate was significantly higher in the 
ruxolitinib group compared to placebo (35). Corres-
pondingly, after three years of treatment, the esti-
mated probability of survival was higher in the ruxo-
litinib group in comparison to the therapy considered 

as the best available, 81% versus 61% (36). 
 
Other JAK inhibitors 
 
Currently, three new JAK inhibitors are exa-

mined in phase III clinical trials in terms of their 

efficacy and safety compared to ruxolitinib. The 

JAKARTA-2 study (37) examined fedratinib, a JAK2-
selective inhibitor, in patients with myelofibrosis who 
have shown intolerance or resistance to ruxolitinib. 
In the study group of patients with intermediate or 
high risk disease, 55% of patients achieved a re-
duction in spleen volume of more than 35%, while 
26% achieved a reduction in disease-related symp-

toms by more than 50% after 6 months of therapy. 
In the analyzed group of patients, anemia and 
thrombocytopenia were the most reported side ef-
fects. The PERSIST-2 study (38) examined pacriti-
nib, a JAK2 and Fms-like tyrosine kinase 3 inhibitor, 
comparing it with the best available therapy for 

myelofibrosis. In a patient with myelofibrosis and 
thrombocytopenia, pacritinib has been shown to be 

more effective in reducing spleen volume and con-
stitutional symptoms compared to the best available 
therapy. The SIMPIFY-1 study (39) examined mo-
melotinib, a potent and selective JAK1/2 inhibitor 
compared with ruxolitinib, in patients not previously 

treated with JAK1/JAK2 inhibitors. After 6 months of 
follow-up, momelotinib was not inferior to ruxolitinib 
in decreasing splenomegaly, however, the same did 
not apply for reduction of symptoms. In this study, 
patients treated with momelotinib were less trans-
fusion dependent. 

 

 
 
 

 

Non-JAK inhibitor therapies for myelofibrosis 

 
Allogenic stem cell transplant  
 
Up to the present moment, allogeneic stem 

cell transplant remained the only therapy that could 

potentially lead to cure in patients with myelofi-
brosis. This therapeutic option is applicable to a re-
latively small number of patients due to their ad-
vanced age, poor performance status, comorbidity, 
and donor availability. All available prognostic in-
formation should be used by calculating new prog-
nostic models, such as MIPSS70 and MIPSS70+ 

version 2.0 which include mutation analysis and 
assess the clinical outcome and risk-benefit ratio for 
each patient individually. According to the valid con-

sensus of European Society for Blood and Marrow 
Transplantation/European LeukemiaNet international 
working group (40) patients with intermediate-2 or 
high risk disease and age of less than 70 years are 

potential candidates to be treated with ASCT. To the 
contrary, patients with myelofibrosis who have in-
termediate-1 risk disease and age of less than 65 
years may be candidates for treatment with ASCT if 
there is anemia requiring transfusion, or the pre-
sence of peripheral blasts > 2%, or unfavorable 

cytogenetics. 
The study by Ballen K et al. (41) was one of 

the largest studies examining long-term outcome 
after the application of ASCT as a possible thera-
peutic line in PMF. The researchers showed that 
after 5 years of follow-up in matched related trans-

plants, the progression-free survival rates and over-

all survival rates were 33% and 37%, while in un-
related transplants these rates were 27% and 30%. 
A recently published study by Tefferi A et al. (42) 
showed that after ASCT administration in patients 
with MF the median survival was almost 10 years, 
while the 5-year overall survival rate was 62%. This 
study proved that the very high risk mutations or 

unfavorable karyotype presence was not affecting 
survival. In order to predict the post-transplant out-
come using multivariate analysis, it was determined 
that each risk variable that is an integral part of the 
DIPPS plus model has significance in predicting 
overall mortality, relapse-free survival, and non-

relapse mortality rates (43). JAK inhibitors are now 
included in pre-ASCT therapy for many patients and 

their application has been shown to be safe, with no 
side effects on engrafment and long-term outcome 
(44). 

 
Hydroxycarbamide 

 
Hydroxycarbamide is a non-alkylating anti-

proliferative drug that has its application in the 
treatment of various hematological, oncological and 
infectious diseases. Before 2011, hydroxycarbamide  
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was often used in the treatment of myelofibrosis, 

but data on its efficacy and safety have been limited. 

Studies have shown that hydroxycarbamide was ef-
fective in reducing constitutional symptoms in 80% 
of patients and splenomegaly in 40% of patients. 
The average response duration to hydroxycarbamide 
is slightly longer than one year, although there may 

be large differences in the length of response (45). 
The most common side effects after this therapy 
were worsening of the anemia, the onset of severe 
pancytopenia and cutaneous complications such as 
oral or leg ulcers. Its toxicity is largely dose related, 
while its potential for leukemic transformation as a 
single agent is still a matter of controversy (46). 

According to the recommendations of European 
LeukemiaNet, resistance and intolerance to hydroxy-
carbamide in myelofibrosis is precisely defined as 

not achieving the desired reduction of splenomegaly, 
uncontrolled myeloproliferation, existence of cytope-
nias or appearance of signs of non-hematological 
toxicities (47). 

 
Interferon-alpha 
 
Interferon-alpha (IFN-α) has been shown to 

have potential to curb clonal myeloproliferation, may 
inhibit fibrogenic cytokines and angiogenesis in my-

elofibrosis, with the best results achieved at the 
onset of the disease. To date, this is the only treat-
ment option in myelofibrosis that is used safely in 
pregnancy (48). Pegylated interferon therapy use in 
myelofibrosis leads to a satisfactory therapeutic res-
ponse and a moderate toxic profile. Constitutional 

symptoms have been reported to disappear in 82% 

of patients while spleen size decreases in 46.5% of 
patients (49). Estimates of overall survival rates of 
patients having intermediate and high risk myelofi-
brosis treated with pegylated interferon were signifi-
cantly higher compared with historical cohorts. 
Furthermore, the overall survival rate was found to 
be significantly connected with the pegylated inter-

feron therapy duration (50). Recent studies have 
shown that new goal in the management of myelo-
fibrosis is achieving minimal residual disease and 
potentially curing patients using a drug combina-
tions, in which IFN-α predominantly and directly 
targets the malignant cells while anti-inflammatory 

agent such as JAK1/2 inhibitors that affect clonal 
expansion and disease progression (51). 

 
Splenectomy 
 
During disease, most patients with sympto-

matic splenomegaly become refractory to drugs and 

may require splenectomy. The results of one large 
study showed durable remissions after splenectomy 
with reduction of disease-related symptoms achi-
eved in 67% of patients, transfusion-dependent 
anemia in 23% and portal hypertension in 50% of 
patients. In the same study, there was an accept-
able operative mortality rate of 9% while the mor-

bidity rate was 31% (52). Recently published Mayo 
Clinic’s results confirmed that the median post 
splenectomy survival was 18 months and negative 

prognostic factors for survival were identified: age > 

65 years, transfusion dependence, leukocytes > 

25x109/L and peripheral blasts ≥ 5% (53). Current 
guidelines suggest that splenectomy remains an 
acceptable palliative treatment option for patients 
having symptomatic splenomegaly that does not 
respond to therapy, development of splenic infarc-

tion, portal hypertension with complications, or se-
vere hypercatabolic syndrome (54, 55). 

 
Splenic irradiation 
 
If patients with myelofibrosis are not accept-

able candidates for splenectomy but need further 

treatment, splenic irradiation is an alternative option 
when there is massive symptomatic splenomegaly 
and an appropriate platelet count of more than 

50x109/l. The optimal dose and frequency of radia-
tion has not been determined yet, but based on the 
results of different studies, the use of low-dose in-
termittent radiation is suggested. In most patients, a 

mild to moderate reduction in spleen volume is 
achieved after 6 months. It is considered that radio-
therapy should not be used as a substitute for 
splenectomy (54). 

 
Immunomodulatory drugs 

 
Thalidomide, lenalidomide, and pomalidomide 

have anti-angiogenic, and immunomodulatory effects 
on several hematologic diseases including myelofi-
brosis (56). Examinations have confirmed that low-
dose thalidomide or lenalidomide represents a pro-

ductive treatment for myelofibrosis, because it en-

ables the absence of transfusion dependence, in-
creases the number of platelets and reduces the 
volume of the spleen in a certain number of patients 
(57, 58). Overall response rates to thalidomide and 
lenalidomide were 20% vs. 22% for anemia, 21% 
vs. 50% for thrombocytopenia, and 31% vs. 33% 
for splenomegaly, respectively (59, 60). However, 

their value is diminished by their capacity to cause 
peripheral neuropathy and myelosuppression. Ac-
cording to a study by Tefferi et al. (61), pomalido-
mide shows fewer toxic effects in contrast to thali-
domide and lenalidomide and its therapeutic activity 
leads to delicate advancement between pomalido-

mide therapy with or without steroids and placebo in 
the treatment of myelofibrosis associated anemia. 

 
Androgens 
 
Severe anemia has been an important prob-

lem in patients with myelofibrosis. Danazol, a syn-

thetic attenuated drug has proved to be useful in the 
cure of anemia in myelofibrosis. In patients with 
myelofibrosis, the mode of action of androgens is 
not fully clarified but is thought to lead to stimulation 
of bone marrow function. When danazol therapy was 
conducted at a dose of 600-800 mg per day for 3-6 
months, it led to an overall response rate of 40% - 

55% of patients and was generally well tolerated. In 
patients on danazol therapy, monitoring of liver 
function and periodic imaging of the liver are needed 
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for early detection of liver tumors in both sexes, 

while in men screening for prostate cancer should be 

done (62, 63). 
 
Erythroid-stimulating agents 
 
Human recombinant erythropoietin (EPO) re-

presents an exogenous form of the kidney produced 
hormone that stimulates erythropoiesis. It has been 
proved successful in the treatment of MF-associated 
anemia. If EPO levels are < 500 IU, then EPO re-
placement therapy can be considered. The starting 
dose of EPO is 10,000 IU once a week, the dose can 
be escalated up to 40,000 IU once a week. Analysis 

of study Cervantes et al. (64) suggested that the 
overall response rate to human recombinant ery-
thropoietin was 45%-55%, while serum erythro-

poietin levels < 125U/l, higher hemoglobin concen-
tration, and transfusion independence were associa-
ted with a favorable response to human recombi-
nant erythropoietin. 

Conclusion 

 

A state-of-the-art approach to patients with 
primary myelofibrosis is the determination of genetic 
markers, which play a significant role in diagnosis, 
prognostic modeling, and treatment decision. Gene-
tic markers have become an integral part of WHO 

diagnostic criteria and because of their ability to pre-
dict survival rates somewhat accurately they have 
entered new prognostic scoring systems. As of re-
cently, risk adapted therapy has been applied as 
well as genetic prediction of treatment response. 
Since most patients with primary myelofibrosis die 
from this disease, one should strive for more perso-

nalized treatments based on genetic markers with 
the development of more efficient therapies or com-
binations of therapies that will lead to molecular 

remission and prolonged overall survival. 
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Primarna mijelofibroza (PMF) je retka hronična mijeloproliferativna neoplazma (MPN). 

PMF je rezultat klonske ekspanzije mijeloidnih ćelija i odlikuje se varijabilnim prisustvom mu-
tacija, morfološki povećanom proliferacijom megakariocita, progresivnom fibrozom koštane 
srži, hepatosplenomegalijom, anemijom, leukoeritroblastozom, konstitucionalnim simptomima 
i kraćim vremenom preživljavanjem. Svetska zdravstvena organizacija je 2016. godine 
definisala trenutne dijagnostičke kriterijume za PMF, koji uključuju kombinovanu procenu 
kliničkih, histoloških, mutacionih i laboratorijskih karakteristika bolesti. Nedavno, nekoliko 
novih prognostičkih skoring sistema za PMF počeli su da se koriste, koji se zasnivaju isključivo 

na genetskim markerima ili uključuju kliničke promenljive pored mutacija i kariotipa. U lečenju 
mijelofibroze primenjuje se terapija prilagođena riziku, što podrazumeva izbor vrste terapije 
prema kategoriji rizika dobijenoj izračunavanjem važećih prognostičkih skoring sistema. 
Alogena transplantacija matičnih ćelija ostala je jedina potencijalno kurativna terapija za 
lečenje PMF, ali je pogodna za mali broj visoko rizičnih bolesnika, koji imaju podudarnog 
davaoca. U proteklih deset godina, razvoj i odobravanje ruksolitiniba za lečenje PMF bilo je od 
najveće važnosti u tretmanu ove bolesti, iako je to palijativna terapija. Ruksolitinib je snažan 
JAK1/JAK2 inhibitor, koji dovodi do smanjenja splenomegalije i simptoma i produžava ukupno 
vreme preživljavanje kod bolesnika sa ovom bolešću. 

 
Acta Medica Medianae 2021;60(2):96-105. 

 
Ključne reči: primarna mijelofibroza, prognostičko modeliranje, lečenje 
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UREDNIŠTVO 

 

 

 
 
 

JEDINSTVENI KRITERIJUMI ZA OBJAVLJIVANJE NAUČNIH RADOVA U 

BIOMEDICINSKIM ČASOPISIMA 
 
 
 

 
Ideja o postavljanju jedinstvenih kriterijuma za 

objavljivanje radova u časopisima za biomedicinske 
nauke iskristalisana je 1978. godine u Vankuveru. Ovi 
kriterijumi za rukopise, uključujući pravila za pisanje 
bibliografije, prvi put su objavljeni 1979. godine. 
Vankuverska grupa je vremenom prerasla u 
Međunarodni komitet urednika medicinskih časopisa — 
International Committee of Medical Journal Editors 
(ICMJE). Trenutno je na snazi peta revizija kriterijuma 
za objavljivanje radova u biomedicinskim časopisima, 
doneta 1997. godine. 

 

Kriterijumi za citiranje i navođenje 
referenci 
 
Reference se obeležavaju arapskim brojevima u 

zagradama, pri čemu se reference obele-žavaju 
brojevima onim redosledom kojim se pojavljuju u 
tekstu. Reference citirane jedino u tabelama ili legen-di 
moraju se obeležiti brojem u skladu sa redosledom 
pojavljivanja u tekstu.  

Naslove medicinskih časopisa treba pisati u 
skraćenom obliku onako kako su navedeni u poglavlju 
List of Journals Indexed in Index Medicus. Lista 
skraćenih naziva medicinskih časopisa objavljuje se 
svake godine u januarskom broju Index Medicusa. 
Ova lista se takođe može naći na adresi www.nlm.nih.gov 

Izbegavati upotrebu apstrakata kao referenci, 
već koristiti samo izvorne tekstove (in extenso članci). 
Reference koje se odnose na radove koji su prihvaćeni, 
ali još nisu odštampani, treba označiti sa “u štampi”, pri 
čemu autor mora imati pismeno odobrenje da citira 
takve radove i da priloži pismeni dokaz da je citirani rad 
prihvaćen za štampu. Informacije iz rukopisa koji nisu 
prihvaćeni za štampanje mogu se citirati u tekstu kao 
“neobjavljeni rezultati”, ali sa pismenom dozvolom 
autora. 

Izbegavati citiranje prethodnih saopštenja 
(personal communication) ukoliko ona ne obezbeđuju 
esencijalne rezultate koji još nigde nisu objavljeni. U 
ovom slučaju, neophodno je u zagradi navesti ime 
osobe i datum usmenog saopštenja rezultata. Za 
objavljivanje ovih podataka neophodno je pismeno 
odobrenje autora. 

 

Kriterijumi za pisanje referenci 
korišćenih u radu 
 
U ovom pregledu biće obrađena pravila za pi-

sanje literaturnih referenci samo za najčešće korišćene 
tipove publikacija. 

 
Članci u časopisima 
 
1. Standardni članak u časopisu 
 

Navesti prvih šest autora, ukoliko ih je više iza 
šestog dodati et al. ukoliko je referenca na engleskom 
jeziku ili i sar. ukoliko je referenca na srpskom jeziku. 

Vega KJ, Pina I, Krevsky B. Heart transplantation 
is associated with an increased risk for pancreatobiliary 
disease. Ann Intern Med 1996; 124(11):980-3. 

Parkin DM, Clayton D, Black RJ, Masuyer E, 
Friedl HP, Ivanov E, et al. Childhood–leukaemia in 
Europe after Chernobyl: 5 year follow-up. Br J Cancer 
1996;73:1006-12.  

 

2. Organizacija kao autor  
 
The Cardiac Society of Australia and New 

Zealand. Clinical exercise stress testing. Safety and 
performance guidelines. Med J Aust 1996;164:282-4.  

 

3. Članak bez poznatih autora  
 
Cancer in South Africa (editorial). S Afr Med J 

1994;84:15. 
 

4. Volumen sa suplementom  
 
Shen HM, Zhang QF. Risk assessment of nickel 

carcinogenicity and occupational lung cancer. Environ 

Health Perspect 1994; 102 Suppl 1:275-82.  

 

5. Broj sa suplementom 
 

Payne DK, Sullivan MD, Massie MJ. Women's 

psychological reactions to breast cancer. Semin Oncol 
1996;23(1 Suppl 2):89-97. 

 

6. Volumen sa više delova  
 
Ozben T, Nacitarhan S, Tuncer N. Plasma and 

urine sialic acid in non-insulin dependent diabetes 

mellitus. Ann Clin Biochem 1995;32(Pt 3):303-6. 
 

7. Broj sa više delova 
 

Poole GH, Mills SM. One hundred consecutive 
cases of flap lacerations of the leg in ageing patients. N 

Z Med J 1994;107(986 Pt 1):377-8.  

 

 

8. Časopisi sa brojem bez volumena  

 
Turan I, Wredmark T, Fellander-Tsai L. Arthros-

copic ankle arthrodesis in rheumatoid arthritis. Clin 
Orthop 1995;(320):110-4.  

 

9. Časopisi bez volumena i broja  
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Browell DA, Lennard TW. Immunologic status of 
the cancer patient and the effects of blood transfusion on 
antitumor responses. Curr Opin Gen Surg 1993:325-33. 

 

10. Reference u obliku apstrakta ili 

prethodnih saopštenja  
 
Enzensberger W, Fischer PA. Metronome in 

Parkinson's disease (letter)  Lancet 1996;347:1337. 
Clement J, De Bock R. Hematological complica–

tions of hantavirus nephropathy (HVN) (abstract). 
Kidney Int 1992; 42:1285. 

 

Udžbenici i monografije 
 
11. Monografija  
 
Ringsven MK, Bond D. Gerontology and 

leadership skills for nurses. 2nd ed. Albany (NY): 
Delmar Publishers; 1996.  

 

12. Autori kao urednici  
 
Norman IJ, Redfern SJ, editors. Mental health 

care for elderly people. New York: Churchill Livingstone; 
1996. 

 

13. Organizacija kao autor i izdavač  
 
Institute of Medicine (US). Looking at the future 

of the Medicaid program. Washington: The Institute; 
1992.  

 

14. Poglavlje u knjizi 
 
Phillips SJ, Whisnant JP. Hypertension and 

stroke. In: Laragh JH, Brenner BM, editors. Hypertension: 
pathophysiology, diagnosis, and management. 2nd ed. 
New York: Raven Press; 1995. p. 465-78.  

 

15. Conference proceedings  
 
Kimura J, Shibasaki H, editors. Recent advances 

in clinical neurophysiology. Proceedings of the 10th 
International Congress of EMG and Clinical Neurophysiology; 
1995 Oct 15-19; Kyoto, Japan. Amsterdam: Elsevier; 
1996.  

 

16. Conference paper  
 
Bengtsson S, Solheim BG. Enforcement of data 

protection, privacy and security in medical informatics. 
In: Lun KC, Degoulet P, Piemme TE, Rienhoff O, editors.  
 
MEDINFO 92. Proceedings of the 7th World Congress 
on Medical Informatics; 1992 Sep 6-10; Geneva, 
Switzerland. Amsterdam: North-Holland; 1992. p. 1561-
5.  

17. Istraživački ili tehnički izveštaji  
 

Službeni izveštaji (Issued by funding / 
sponsoring agency): 
 
Smith P, Golladay K. Payment for durable medical 

equipment billed during skilled nursing facility stays. Final  
report. Dallas (TX): Dept. of Health and Human Services 
(US), Office of Evaluation and Inspections; 1994 Oct. 
Report No.: HHSIGOEI69200860.  

 

Sponzorisani izveštaji (Issued by 
performing agency)  
 
Field MJ, Tranquada RE, Feasley JC, editors. 

Health services research: work force and educational 
issues. Washington: National Academy Press; 1995. 
Contract No.: AHCPR282942008. Sponsored by the 
Agency for Health Care Policy and Research.  

 

18. Magistarske i doktorske disertacije  
 
Kaplan SJ. Post-hospital home health care: the 

elderly's access and utilization [dissertation]. St. Louis 
(MO): Washington Univ.; 1995.  

 

Druge vrste publikovanog materijala 
 

Neobjavljeni materijal 
 

19. U štampi (In press) 
 
Leshner AI. Molecular mechanisms of cocaine 

addiction. N Engl J Med. In press 1996.  
 

Elektronski zapisi 
 
20. Internet članak u elektronskom formatu  
 
Morse SS. Factors in the emergence of infectious 

diseases. Emerg Infect Dis (serial online) 1995 Jan-Mar 
“cited 1996 Jun 5”; 1(1)(24 screens). Available from: 
URL: http://www.cdc.gov/ncidod/EID/eid.htm  

 

21. Monografija u elektronskom formatu 
 
CDI, clinical dermatology illustrated (monograph 

on CD-ROM). Reeves JRT, Maibach H. CMEA Multimedia 
Group, producers. 2nd ed. Version 2.0. San Diego: 
CMEA; 1995.  

 

22. Kompjuterski podaci  
 
Hemodynamics III: the ups and downs of 

hemodynamics (computer program). Version 2.2. 
Orlando (FL): Computerized Educational Systems; 1993.  
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PROPOZICIJE ZA PISANJE RADOVA U ACTA MEDICA MEDIANAE 

 
 

 
Acta Medica Medianae (AMM) je tematski časopis 

iz oblasti medicinskih nauka. Časopis objavljuje origi-
nalne radove koji nisu prethodno publikovani.  

U AMM se objavljuju: uvodnici, naučni i stručni 
članci, prethodna ili kratka saopštenja, revijski radovi 
tipa opšteg pregleda, aktuelne teme, meta-analize, 
prikazi slučajeva, prikazi knjiga i drugi prilozi. Radovi 
se štampaju na srpskom ili engleskom jeziku sa 
apstrak-tom na srpskom i engleskom jeziku. Radovi na 
engles-kom jeziku se prezentuju u elektronskom 
formatu na sajtu Medicinskog fakulteta u Nišu, kao i na 
među-narodnim sajtovima iz oblasti medicinskih nauka. 
Acta Medica Medianae izlazi četiri puta godišnje, od 
1962 godine. 

Svi radovi koji se objavljuju u AMM podležu 

anonimnoj recenziji, a Uređivački odbor određuje 
redosled njihovog štampanja. Primedbe i sugestije 
urednika i recenzenata dostavljaju se autoru radi 
konačnog oblikovanja. Radovi se predaju u pisanom ili 
elektronskom obliku na srpskom i engleskom jeziku. 
Rukopisi radova prihvaćenih za štampu ne vraćaju se 
autoru. 

Rukopis treba predati sa jednostrukim 
proredom, formata A4, sa levom marginom od 3 cm. 

Prva strana rada treba da sadrži: a) naslov 
rada b) puna imena i prezimena autora c) puni nazivi 
ustanova i organizacijskih jedinica u kojima je rad 
realizovan i mesta u kojima se ustanove nalaze, d) 
znacima *, **, ***, #, ##, ###,…označavaju se 
redom autori i njihove institucije e) puna adresa, broj 
telefona i e-mail osobe zadužene za korespondenciju u 
vezi predatog rukopisa.  

Druga strana treba da sadrži samo naslov 
rada, rezime i ključne reči, bez imena autora i 
institucija. Veličina rezimea za naučne i stručne članke, 
revijske radove tipa opšteg pregleda i meta–analize 
može da bude do 250 reči. Ispod rezimea sa 
podnaslovom “Klučne reči” navesti 3-5 ključnih reči ili 
izraza. Poželjno je da autori za ključne reči koriste 
odgovarajuće deskriptore, tj. definisane termine iz 
Medical Subject Heading (MeSH) liste Index Medicus-a. 
Prva i druga strana se predaju na srpskom i engleskom 
jeziku i ne obeležavaju se brojevima.  

Tekst članka: Naučni i stručni članci, kao i opšti 
pregledi i meta-analize ne smeju prelaziti 11 stranica 
sa prilozima; aktuelne teme– 6 stranica; kazuistika 6– 
stranica; prethodna saopštenja– 5 stranica, a izveštaji 
sa skupova i prikazi knjiga 2 stranice. Naučni i stručni 
članci obavezno treba da sadrže poglavlja: uvod, cilj, 
materijal i metode, rezultati, diskusija i zaključak. 
Zahvalnost ili komentar povodom sponzorstva rada dati 
na kraju teksta članka iza poglavlja “zaključak”.  

 

U tekstu naznačiti mesta priloga i obeležiti ih 
onako kako su obeleženi u prilogu. 

Literatura se daje u posebnom poglavlju, pri 
čemu se navodi onim redosledom kojim se citati pojav-
ljuju u tekstu. Broj literaturne reference se u tekstu 
označava arapskim brojem u zagradi. Za navođenje li-
terature koristiti pravila Vankuverske konvencije. 
Strane se numerišu arapskim brojevima u donjem des-
nom uglu  

Priloge u vidu teksta, tabela i ilustracija (gra-
fikoni, crteži i dr.) ne unositi u tekst članka, već na 
kraju teksta, na posebnim stranicama obeleženim u 
gor-njem levom uglu sa “Tabela, Grafikon, Ilustracija” i 
arapskim brojem redosledom pojavljivanja u tekstu 
(npr. Tabela 1, Grafikon 1 i dr.) i svakoj se daje kratak 

naslov. Kratka objašnjenja i skraćenice daju se u 
fusnoti. Za fusnotu koristiti sledeće simbole: *, **, 
***, #, ##, ###, …itd. Tabele, grafikone i ilustracije 
treba praviti korišćenjem nekog od programa iz 
Microsoft Office paketa. Izbegavati upotrebu boja kod 
izrade grafika. 

Za izradu grafičkih priloga može se koristiti bilo 
koji grafički program, pri čemu slike moraju biti 
snimljene u jpg formatu rezolucije 300 dpi (u 
originalnoj veličini). Grafički prilozi se ne unose u Word 
dokument već se predaju kao posebni JPG fajlovi.  

Ukoliko je tabela ili ilustracija već negde 
objavljena, citirati izvor i priložiti pismeno odo-brenje, 
ukoliko se radi o zaštićenom materijalu. Ukoliko je na 
fotografiji prikazan bolesnik tako da se može 
prepoznati, potrebno je njegovo pismeno odobrenje, u 
suprotnom, delovi fotografije se moraju izbrisati da 
bolesnik ne može biti identifikovan.  

Uz rad, na posebnom listu, treba dostaviti: a) 
izjavu da rad do sada nije objavljivan, b) potpise svih 
autora, c) ime, prezime, tačnu adresu i broj telefona 
prvog autora.  

Rad je preporučljivo predati u elektronskom obliku 
na e-mail adresu uredništva: acta@medfak.ni.ac.rs ili 
poslati poštom na CD ili DVD disku sa materijalom u 
celini na srpskom i engleskom jeziku. 

Rad treba otkucati u programu ms office Word 
verzija 2003. ili novija. Za verziju na engleskom jeziku 
koristiti font Verdana, veličine 9 pt, kodna stranica 
(English). Za verziju na srpskom jeziku koristiti font 
Verdana, veličine 9 pt, kodna stranica (Serbian lat ili 
Croatian).  

U radu je obavezno korišćenje međunarodnog 
sistema mera (SI) i standardnih međunarodno prihva-
ćenih termina. 

AMM zadržava pravo dalje distribucije i štam-
panja radova. 
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SECRETARIAT 

 

 
 

GUIDELINES FOR PAPER SUBMISSION TO ACTA MEDICA MEDIANAE 
 

 
 

Acta Medica Medianae (AMM) is a thematic 
journal for medical sciences. The Journal publishes 
original reasearch articles that have not been published 
before. 

AMM also publishes editorials, observational and 
experimental articles, procedings or short communicati-
ons, review articles, meta-analyses, case reports, 
current topics, articles from the history of medicine as 
well as other contributions related to medical sciences. 
All articles are printed in Serbian or English with short 
abstracts in both Serbian and English. Articles in 
English are published in electronic form on the 
University of Nis Medical Faculty website as well as 
international sites related to medical sciences. Acta 
Medica Medianae is published four times a year. The 
first issue appeared as early as 1962. 

 
General Guidelines 

Paper Submission  
All research articles published in this journal 

undergo rigorous peer review, based on initial editor 
screening and anonymized refereeing by at least two 
anonymous referees. Remarks and suggestions made 
by the editors and reviewers are sent to the author for 
final revision. The papers in English are to be submitted 
by e-mail: acta@medfak.ni.ac.rs. Manuscripts accepted 
for publication are not returned to authors. 

The first page of a research article must 
contain: a) article title b) full name of author(s) c) full 
name(s) of institutions and/or address(es) of department(s) 
where either reasearch was conducted or research 
article written d) following signs *, **, ***, #, ##, 
### signifying author(s) and institutions e) full 
address, phone number and e-mail of a corresponding 
author.  

The second page should contain only research 
article title, abstract and key words without names of 
author(s) and institution(s). Abstract for research and 
professional articles, review articles and meta-analyses 
should  have up to 350 words while abstract for all 
other types of publications should consist of 250 words. 
Key Words section should have up to 5 key words or 
phrases related to a submitted article. It is desirable 

that authors use corresponding descriptors from 
Medical Subject Heading (MeSH) that can be found on 
Index Medicus list for key words. The first and the 
second page should not be numbered. 

Body of a Research Article – Research and 
professional articles, as well as general surveys and 
meta-analyses should not exceed 11 pages altogether; 
current topics - 6 pages, casuistics - 6 pages and 
proceding statements - 5 pages, history of medicine 
articles - 3 pages while conference reports and book 
reviews - 2 pages. Research and professional articles 
should comprise the following mandatory chapters: 
introduction, aim(s), material and method(s), result(s), 
discussion and conclusion(s). Result(s) and discussion  

can be comprized into one chapter. Acknowledgments 
of any kind in a submitted article should be written at 
the end of the paper after "Conclusion(s)". It is necessary 
to clearly mark a place for additions in the text. 

References should be written in a separate 
chapter in the same order of appearance as in a 
research article. Reference numbers that appear in the 
text should be written in Arabic numerals and put in 
brackets. All authors should be listed. If there are more 
than six authors this should be indicated with et al. Use 
the rules of the Vancouver convention when quoting 
literature. Pages should be enumerated in Arabic 
numerals in the bottom right corner. 

Additions in form of texts, tables and 

illustrations (photos, drawings, diagrams, etc) should 

not be inserted in the reasearch article body but at the 

end of the text on separate pages which should be 

marked in the upper left corner as "Table(s), 

Graphic(s), Illustration(s) etc) with Arabic numeral in 

the same order of appearance as in the text (for 

instance, Table 1, Graph 1, etc) with a short title. Short 

explanations and abbreviations should be stated in 

footnotes where the following symbols should be used: 

*, **, ***, #, ##, ###, etc. Table(s), graph(s) and 

ilustration(s) should be drawn in a Microsoft Office 

Program. Color should be avoided. 
Any graphic program can be used for making 

graphic addition(s) while picture(s) should be saved in 

.jpg format with 300 dpi resolution (original size). 

Graphic addition(s) should be sent as separate jpg 

file(s), and not inserted in the body of a research or 

any other article submitted to AMM. 

If some additions, included in a submitted 

reasearch article, have already been published, source 

of publication should be clearly stated, alongside 

written approval in case the material is copyright 

protected. Patients on photographs have privacy rights 

that should not be infringed without their consent. 

Namely, if a photograph shows a patient who can be 

recognized, his/her written approval should also be 

submitted; otherwise, visible and recognisable facial or 

bodily parts should be blackened so that the patient 

cannot be identified by readership. 

On a separate sheet the author should also 

enclose: a) his/her statement that a submitted article 

has not been published before, b) signatures of all 

authors, c) full name, address, e-mail and phone 

number of the first author.  

Submitted article should be typed in Word 
Version 2003 for Windows (or more recent ones), font 
Verdana 9 pt size; code page (English) should be used.  

The authors are required to use international 
measurement standards (SI) and internationally accepted 

standard terms.  
Acta Medica Medianae reserves the right for further 

distribution and printing of published reasearch articles.
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