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BETA-BLOCKERS IN SEPSIS: FACT OR MYTH?

Unic-Stojanovic D1,2

1 Medical Faculty University of Belgrade, “Dr Subotica Starijeg” 8, 11000 Belgrade
2 Cardiovascular Institute Dedinje, “Milana Tepica”1, 11000 Belgrade

In the early phase of septic shock, overwhelming inflammation leads to vasodilation and capil-
lary leakage, which decreases cardiac output due to both absolute and relative hypovolemia(1). 
In sepsis, the host responds to infection by activating hemodynamic, metabolic and immuno-
logical processes to attempt to restore homeostasis. The adrenergic system serves as an initial 
adaptive response to maintain homeostasis. Endogenous epinephrine and norepinephrine levels 
in serum are markedly elevated in septic patients. However, excessive catecholamine surge can 
cause adverse effects such as persistent tachycardia, which worsens the prognosis in patients 
with sepsis, and a plethora of nonhemodynamic effects(2). Besides of the increased sympathetic 
activity with endogenous catecholamine excess, the increasing of heart rate may be caused by 
the other multiple factors such as systemic and myocardial inflammation, pain, fever, hypo-
volemia, administration of catecholamines, autonomic dysfunction with decreased parasym-
pathetic control of the heart, direct effects of toxins such as lipopolysaccharide and cytokines 
such as thromboxane A2 and prostaglandins on the myocardium, and a physiologic response to 
absolute or relative hypovolemia (2,3).

Patients who remained tachycardic 24 hours after fluid resuscitation and the initiation of norep-
inephrine infusion had a threefold higher risk of death compared to those without tachycardia 
(4,5). The studies indicated that patients who have been prescribed chronic beta blockers might 
experience better survival outcomes if they later develop sepsis and are admitted to the ICU (6). 
Despite several theoretical benefits of beta blockers in the early stages of sepsis, clinicians may 
still find the use of this therapy to be unconventional or unexpected. Sepsis-induced myocardial 
injury is thought to be driven by two main mechanisms: an overproduction of catecholamines 
and an overabundance of cytokines (1,2).  Beta blockers, which affect both processes, have been 
suggested as potential therapies to lower mortality rates. So, the conventional view that beta 
blockers are inappropriate for sepsis or septic shock patients, because of cardiac suppressive 
effects, is now being questioned, and the use of beta -blockers in sepsis has gained increasing 
attention, particularly for patients with tachycardia. Decatecholaminisation is the reduction of 
endogenous and exogenous adrenergic stimulation (7). 

Morelli et al. analyzed 45 patients with septic shock with an HR 95beats/min after at least 24 
hours of resuscitation, requiring norepinephrine (NE) to maintain a MAP 65mm Hg and who 
were treated with a continuous esmolol infusion to achieve and maintain a target HR between 
80 and 94 beats/min during their entire ICU stay (8). Out of the 45 patients included in the orig-
inal study, 22 patients (48.9%) experienced a decrease in art dP/dtmax 4 hours after reducing 
HR with esmolol. Compared tobaseline values, the HR reduction caused a significant decrease 
of the CO only in the group of patients with low art dP/dtmax after esmolol administration (CO 
reduction from 5.0 [1.3] to 4.4 [1.0] L/min). However, in patients with high values of art dP/
dtmax after esmolol administration, it was found a significantly increased SV (from 48 [12] to 
67 [14] ml) with consequently maintained CO (even non-significantly increased) despite the 
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reduction in HR (8). The increase in stroke volume (SV) following heart rate (HR) reduction 
helped to maintain cardiac output. The heart rate reduction to 80–94bpm over a 4-hours period 
could have initially led to a decrease in cardiac output (8). However, the lower heart rate was bal-
anced by increased ventricular filling time and volume, along with a reduction in left ventricular 
afterload, ultimately resulting in an increase in stroke volume, compensating for the decrease 
in heart rate. Notably, the left ventricular ejection fraction remained unchanged throughout the 
process. This change in hemodynamic can be viewed as a way to reduce myocardial workload 
and oxygen consumption, which in turn lowers the risk of myocardial ischemia. The reduction 
in arterial elastance (Ea) and the resulting improvement in ventricular-arterial coupling, com-
bined with the reduction in myocardial workload and oxygen consumption, likely play a role 
in preserving myocardial efficiency, particularly in the context of established septic shock (8).

The J-land 3S study (9), multicenter, open-label, randomized controlled trial (54 hospitals) in-
cluded 151 patientswith sepsis and persistent tachyarrhythmia (atrial fibrillation - AF, atrial flut-
ter - Afl, Sinus tachycardia - ST), who were randomized to 2 groups: 76 patients who received 
Landiolol and standard therapy (Landiolol group) - mandatory for the first 96 h and 75 patients 
who received standard therapy (Control group). This study demonstrated that a higher pro-
portion of patients in the Landiolol group achieved target heart rates compared to the control 
group, with a notable reduction in new arrhythmias. Specifically, 41 patients (55%) in the Lan-
diolol group reached a heart rate of 60–94 beats/min 24 hours after enrollment, whereas only 25 
patients (33%) in the control group did. This difference was statistically significant (p=0.0031). 
Additionally, the incidence of new arrhythmias within 7 days was significantly lower in the 
Landiolol group (9%) compared to the control group (25%) (p=0.015). However, there was no 
significant difference in 28-days mortality rates between the two groups (9).

Another clinicalmulticenter, randomized, open-label, phase 2b study published in JAMA in 
2023 (The Study into the Reversal of Septic Shock with Landiolol STRESS-L) did not support 
the use of Landiolol in sepsis (10). The result found that administering Landiolol to sepsis pa-
tients did not decrease the SOFA score (Landiolol group 8.8 ± 3.9 vs. control group 8.1 ± 3.2 
(p=0.24) but increased the 28-days mortality (37.1% in the Landiolol group vs. 25.4% in the 
control group, p > 0.05) and 90-days mortality (43.5% rates in the Landiolol group vs. 14.9% in 
the control group, p > 0.05)). More importantly, the incidence of serious adverse events in the 
Landiolol group (25.4%) was significantly higher than that of the control group (6.4%), with a 
statistical difference between the groups (p=0.006). However, there were several limitations to 
this study that was stopped prematurely, including: 1) the outcomes of Landiolol administration 
when given before or after the 24-hours norepinephrine treatment window, at different doses of 
norepinephrine, or in various patient sub-phenotypes; 2) the absence of data on cardiac func-
tion, either through cardiac output monitoring or echocardiography; and 3) the reduced ability 
to identify specific patient groups that may have either benefited from or been harmed by the 
intervention (10).

Hasegawa et al. performed a systematic review and meta-analysis, combining data from six ran-
domized controlled trials with a total of 572 patients (11). Their analysis revealed that admin-
istering ultrashort-acting beta-blockers resulted in a reduction in heart rate (HR), an increase 
in stroke volume (SV), and no significant changes in cardiac index, mean arterial pressure, or 
norepinephrine dose. Moreover, the treatment was linked to a notable decrease in 28-days mor-
tality (risk ratio 0.68 [0.54–0.85]; P< .001).
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Meta-analysis of 8 out of 10 RCTs with 797 participants reported 28-days mortality outcomes 
(12). The results indicated that administering ultrashort-acting β- blockers (esmolol/Landiolol) 
to patients with sepsis who had persistent tachycardia despite initial resuscitation was signifi-
cantly associated with a lower 28-days mortality rate (RR: 0.73; 95% CI: 0.57–0.93; and p<0.01). 
But subgroup analysis revealed that the use of esmolol in sepsis patients was significantly linked 
to reduced 28-days mortality (RR: 0.68; 95% CI: 0.55–0.84; and p<0.001), while there was no 
significant difference between the Landiolol and control groups (RR: 0.98; 95% CI: 0.41–2.34; 
and p=0.96). It may be that the limited sample size prevented the identification of survival ben-
efits with Landiolol (12).

Recent findings indicate that in the early stages (< 24 hours) of septic shock, using esmolol to 
reduce heart rate increased the risk of hypotension and decreased the cardiac index (13). While 
lactate levels and microcirculatory markers remained stable, there was a reduction in most of 
the pro-inflammatory markers, suggesting that beta-blockade might have an immunomodu-
latory effect (13). Importantly, there was not registered increasing in extravascular lung water, 
implying that myocardial contractility, while reduced, remained adequate. This is consistent 
with preserved stroke volume and perfusion parameters. The results highlight that achieving 
optimal preload, ventricular filling, and myocardial contractility may require careful, gradual 
titration, potentially leading to a longer time needed to safely reach hemodynamic stability at a 
lower heart rate (13). 

Given these findings, it is recommended to refrain from administering beta-blockers during the 
early stages of septic shock to minimize the risk of hindering the chronotropic response, which 
is crucial at this point for compensating the reduced stroke volume. The choice of short acting 
I.V. beta1-selective adrenergic antagonist (esmolol, Landiolol) with limited effect on blood pres-
sure and inotropy may have advantage in aim to achieve optimal bradycardic effects.

The primary challenge is to accurately differentiate between tachycardia caused by compen-
satory mechanisms (due to low stroke volume) and tachycardia driven by non-compensatory 
factors, such as sympathetic overstimulation (9,14).This distinction is essential in determining 
whether controlling tachycardia will be beneficial or potentially harmful to the patient (14). 
While conventional hemodynamic markers and echocardiography can provide guidance on 
when tachycardia should not be addressed, they may not detect subtle declines in myocardial 
contractility that are common in septic shock, as these are often compensated by an elevated 
heart rate. Such myocardial dysfunction may only become noticeable after reducing the heart 
rate. As a result, rapid titration of beta-blockers should be avoided, and any reduction in heart 
rate should be carefully monitored. In practice, as heart rate increases, the rate of beta-blocker 
titration should be slowed accordingly. During treatment it is of utmost importance to titrate be-
ta-blocker to the heart rate that helps to optimize hemodynamic profile in the individual patient 
(15). A clinically relevant drop in blood pressure or an increase in noradrenaline requirement, 
respectively, during short action beta-blocker titration should prompt dose reduction or discon-
tinuation of the drug (15).

Some authors concluded that heart rate control by beta blockers may be beneficial in specific 
subgroups of septic patients. Until now, the only promising maker to discriminate tachycardic 
patients with sepsis qualified for beta-blocker use is the systolic-dicrotic notch pressure differ-
ence (16).
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The difference between systolic and dicrotic pressure (SDP difference - is the result of the coupling 
between myocardial contractility and a given afterload) might be helpful in discriminating the 
origin of tachycardia. A low SDP difference in patients with septic shock with tachycardia might 
indicate a high risk of decompensation in case of pharmacological reduction in heart rate (16).

Echocardiographic evaluations should be performed both before and during treatment to iden-
tify any potential contraindications and monitor hemodynamic performance. Subgroups that 
may benefit from heart rate control in septic shock include patients with atrial fibrillation and 
those with preserved ejection fraction (17). This hypothesis is currently being explored in a 
multicenter trial (HyperBetashock, NCT04748796).

It was shown that the using of beta-blockers may be useful particularly in patients with LV 
hyperkinesia and well-resuscitated phenotype, but not useful or detrimental in left ventricular 
(LV) systolic dysfunction, still hypovolemic patients, and in right ventricular failure (18).

Left intraventricular flow obstruction (IVO) is typically associated with asymmetric hypertroph-
ic cardiomyopathy. Dynamic IVO can also occur following aortic stenosis ormitral valve repair, 
particularly if the positioning of the mitral prosthesis interferes with the left ventricular outflow 
tract (LVOT). Obstruction may also be observed in patients at risk for hypovolemia, tachycar-
dia, or those exposed to catecholamines, as well as in individuals with a narrowed LVOT, a small 
LV lumenand LV hyperkinesia. In these cases, beta-blocker therapy may be considered, provid-
ed the patient has received adequate fluid resuscitation (19).

In conclusion, beta-blocker therapy could be advantageous for septic patients, but it requires 
careful consideration. Proper patient selection is crucial, with short-acting beta-blockers being 
the preferred option. Echocardiography plays an important role in identifying patients who 
might not tolerate beta-blocker treatment.
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ASSOCIATION BETWEEN VITAMIN D DEFICIENCY AND  
INSULIN RESISTANCE IN EARLY PREGNANCY:  
A CROSS-SECTIONAL STUDY

Todorova B1, Tosheska – Trajkovska K2, Bitoska I1, Milenkovik T1

1University Clinic for Endocrinology, Diabetes and Metabolic Diseases, Clinical Center “Mother 
Theresa” Faculty of Medicine,” Ss Cyril and Methodius” University, Skopje, Republic of North 
Macedonia
2Institute of Medical and Experimental Biochemistry, Faculty of Medicine,” Ss Cyril and Methodi-
us” University, Skopje, Republic of North Macedonia

Abstract

Introduction: Vitamin D is crucial in the metabolism of calcium and phosphorus, as well as in 
bone health, while also contributing to numerous other bodily functions. Vitamin D deficiency 
in pregnant women is very common worldwide. It is associated with an increased risk of preec-
lampsia, gestational diabetes mellitus and cesarean section. Consequences in the newborn are 
most often associated with low birth weight, risk of neonatal hypocalcemia, asthma, and/ or 
type 1 diabetes mellitus. A lack of vitamin D during pregnancy is linked to various metabolic 
issues, including insulin resistance. It is considered that increased body weight has a negative 
effect on the concentration of vitamin D. Deficiency of 25-hydroxyvitamin D has long been 
considered a risk factor for glucose intolerance and most likely 1,25-dihydroxyvitamin D has a 
role in the regulation of insulin secretion. 

Objective: To investigate how a deficiency in vitamin D impacts the onset of insulin resistance 
in pregnant women.

Material and Methods: A cross-sectional clinical study was conducted in the University Clinic 
for Endocrinology, Diabetes and Metabolic Diseases, Skopje, from March 2022 to March 2023 
with 55 pregnant women in the first trimester of pregnancy. According to vitamin D values, the 
sample subjects were divided into three groups: a) Group 1: <20ng/ml; b) Group 2: 20-44ng/
ml; and c) Group 3: >44ng/ml. We analyzed the level of insulinemia, glycemia and homeostatic 
model assessment for insulin resistance (HOMA IR) in the three groups.

Results: Among 55 pregnant women assessed in their first trimester, 30 (54.54%) showed a vi-
tamin D deficiency (below 20ng/ml). Nineteen patients (34.54%) had normal vitamin D levels 
(ranging from 20 to 44ng/ml), while 6 (19.91%) had elevated levels (above 44ng/ml). In the 
group with vitamin D deficiency, the average HOMA IR value was higher at 3.14±1.59, com-
pared to an average of 2.57±1 in the group with normal vitamin D levels.

Conclusion: A shortage of vitamin D during the first trimester of pregnancy is linked to in-
creased insulin resistance, which can complicate metabolic health. Therefore, adequate supsti-
tuion of vitamin D during pregnancy is necessary for mother’s and offspring’s wellbeing.

Key Words: glycemia; insulin resistance; pregnancy; vitamin D. 

ORIGINAL ARTICLE UDK: 616.391:577.161.2]:615.252.349.015.8:618.3
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Introduction

Vitamin D plays an essential part in regulating calcium and phosphorus metabolism and main-
taining bone health, while also contributing to a wide range of other bodily processes. A lack of 
vitamin D is frequently observed during pregnancy and has been connected to heightened risks 
of complications such as preeclampsia, gestational diabetes, early delivery, cesarean section, and 
delivering a baby smaller than expected for its gestational age. For newborns, this deficiency is 
often tied to issues like low birth weight, a greater chance of neonatal hypocalcemia, asthma and 
the potential development of type 1 diabetes. Additionally, there appears to be a link between 
conditions like attention deficit disorder and autism spectrum development (1). Vitamin D is 
a steroid hormone that plays a role in regulating body homeostasis, including cardiovascular 
function. A connection exists between low vitamin D levels and a rise in cardiovascular risk 
factors. It’s believed that providing vitamin D supplements could enhance outcomes for indi-
viduals with heart-related conditions. Beyond its role in bone health, vitamin D exhibits an-
ti-inflammatory properties and influences various systems in the body. It has been linked to the 
emergence of infectious diseases, autoimmune disorders, cardiometabolic conditions and the 
initiation of certain cancers (2). Insulin resistance is a multifaceted condition that contributes to 
the development of cardiovascular risk factors. As such, it is viewed as either a direct outcome 
or an indirect result of insufficient vitamin D levels (2). Vitamin D deficiency can be blamed on 
the same pathogenetic mechanisms that lead to the development of insulin resistance. Insulin 
resistance can be improved with proper diet and physical activity. Diet and exercise are believed 
to be linked to higher vitamin D levels, and addressing insulin resistance is key to boosting those 
levels. This underscores the importance of preventing vitamin D deficiency in pregnant women. 
At present, a vitamin D level of approximately 30ng/mL is advised during pregnancy. Vitamin D, 
a fat-soluble steroid prohormone, serves endocrine, autocrine and paracrine roles, and exists in 
forms like ergocalciferol (vitamin D2) and cholecalciferol (vitamin D3). Its primary metabolites, 
produced through hydroxylation, include calcidiol (25(OH)D) and calcitriol (1,25-dihydroxyvi-
tamin D3, or 1,25(OH)2D) (3).  

Vitamin D acts as a signaling molecule and plays a role in regulating the transcription of about 
3% of the human genome. In the bloodstream, it binds to the vitamin D-binding protein, which 
carries it to the liver, where it is transformed into 25(OH)D by the enzyme 25-hydroxylase. This 
compound is then converted in the kidneys into 1,25(OH)2D, the active form of vitamin D, 
through the action of 25-hydroxyvitamin D-1 alpha-hydroxylase. Additionally, vitamin D has 
been found to interact with the insulin receptor gene, suggesting its involvement in the tran-
scriptional regulation of insulin (4).

Glutathione plays a vital role in managing vitamin D levels by aiding in its transformation into 
active metabolites. Vitamin D, in turn, boosts glutathione levels, helping to lower oxidative 
stress. Consequently, a lack of glutathione is tied to insulin resistance, a common feature in 
metabolic disorders like obesity and diabetes. In individuals with type 2 diabetes, vitamin D 
supports pancreatic beta-cell function, with calcitriol acting as a signaling molecule that inter-
acts directly with beta-cell receptors to enhance their performance. It also influences insulin 
release by controlling calcium channel activity, improves insulin sensitivity by promoting insu-
lin receptor expression, and activates the peroxisome proliferator receptor delta. Furthermore, 
vitamin D helps curb chronic inflammation by suppressing inflammatory cytokines linked to 
insulin resistance.
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In humans, vitamin D is primarily activated through skin exposure to sunlight, consumption of 
foods high in vitamin D2 and D3, or supplementation. However, determining an ideal 25(OH)
D concentration remains debated, with no universally agreed-upon thresholds for optimal vi-
tamin D levels. Most of the tissues and organs possess vitamin D receptors, highlighting its 
involvement in numerous biological processes. During pregnancy, a deficiency in vitamin D has 
been connected to various metabolic issues, including insulin resistance. Pregnancy naturally 
increases insulin resistance, a key indicator of gestational diabetes, and excessive weight gain 
during this period is believed to further reduce vitamin D levels (5).

Objectives

The objectives of the study were to determine the effect of vitamin D deficiency during pregnan-
cy on the development of insulin resistance. 

Materials and Methods 

A cross-sectional clinical study was conducted at the University Clinic of Endocrinology, Dia-
betes and Metabolic Diseases, Skopje, from March 2022 to March 2023. The study included 55 
patients in the first trimester of pregnancy. A detailed medical history for each patient was used 
to obtain data on demographic characteristics, gestational week of pregnancy and vitamin D 
values, fasting insulinemia, fasting glycemia, and an insulin resistance value calculation homeo-
static model assessment for insulin resistance (HOMA IR) was performed.

According to vitamin D values, the sample subjects were divided into three groups: a) Group 1: 
<20ng/ml; b) Group 2: 20-44ng/ml; and c) Group 3: >44ng/ml. We analyzed the level of insu-
linemia, glycemia and HOMA IR in the three groups.

Statistical Processing

The data was processed in the SPSS software package, version 22.0 for Windows. Qualitative 
series were analyzed with ratios, proportions and rates, and quantitative series with measures of 
central tendency and measures of dispersion. The Shapiro-Wilk W test was used to determine 
the regularity of the frequency distribution of the variables examined. The Pearson Chi-square 
test was used to determine the association between certain traits in the groups of respondents. 
The Pearson correlation coefficient, as well as Partial correlations were used to determine the 
association between the numerical variables of vitamin D and HOMA IR with no adjustment 
for age and gestational week of pregnancy. Independent numerical parameters were compared 
with the Kruskal-Wallis H test. To determine statistical significance, a two-sided analysis with a 
significance level of p<0.05 was used.

Results

The study enrolled 55 patients in the first trimester of pregnancy, with a median gestation week 
of the whole sample of 9.76 ± 1.89, with a minimum of 6 and maximum of 13 weeks of gestation, 
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and with 50% of patients below 10 weeks of gestation for Median IQR=10 (8-11). The mean age 
of the patients in the sample was 30±4.66 years with a min/max age of 20/39 years. For 75% of 
respondents in the sample, the age was less than 34 years for a median IQR of 31 (29-34).

The mean vitamin D value in the entire sample of respondents was 22.87±14.50ng/mL, with 
a minimum value of 3ng/mL and 70ng/mL, respectively. In 50% of pregnant women, the vi-
tamin D value was less than 18.12ng/mL. According to vitamin D values, the sample subjects 
were divided into three groups: a) Group 1: <20ng/ml in 30 (54.54%); b) Group 2: 20-44ng/
ml in 19 (34.54%); and c) Group 3: >44ng/ml in 6 (19.91%). The mean vitamin D value for the 
three groups was consequentially 13.66±3.98 vs. 26.53±4.42 vs. 57.35±11.11ng/ml, a significant 
difference between the groups with the expected lowest mean value in Group 1 and highest in 
Group 3 (Kruskal-Wallis H test: Chi-square (2) = 42.956; p = 0.00001) (Table 1).

In pregnant women in the three vitamin D groups, the mean insulin was 14.72±7.16 in Vit D 
Group 1, 12.81±5.12 in Vit D Group 2, and 14.79±6.28 in Vit D Group 3. In 50% of the subjects 
in the three groups, insulin values were consequentially < 14.4 vs. 13.5 vs. 13.7 with no signif-
icant intergroup difference (Kruskal-Wallis H test: Chi-square (2)=0.478; p=0.7873) (Table 1).

Table 1. Intergroup comparison of vitamin D by selected parameters.

Parameters

Values Obtained

(No.) Mean± SD (Min/Max)
Percentiles

1p
25th 50th (Median) 75th

Vitamin D (ng/ml)

Vit D - Group 1 30 13.66±3.98 3/ 19.7 11.7 14 17.1
X2(2)=42.956;
 p=0.00001*Vit D - Group 2 19 26.53±4.42 20.8/ 37.5 22.3 26 30.1

Vit D - Group 3 6 57.35±11.11 44.5/ 7 45.9 56.9 70

Insulin 

Vit D - Group 1 30 14.72±7.16 5.2/ 40.9 10.1 14.1 17.9
X2(2)=0.478;

 p=0.7873Vit D - Group 2 19 12.81±5.12 2.4/ 20.2 9.3 13.5 16.4

Vit D - Group 3 6 14.79±6.28 7.9/ 24.7 9.5 13.7 19.1

Glycemia

Vit D - Group 1 30 4.88±0.55 3.4/ 5.8 4.6 5 5.2
X2(2)=5.500;

 p=0.0639Vit D - Group 2 19 4.59±0.40 4/ 5.4 4.2 4.6 4.9

Vit D - Group 3 6 4.88±0.31 4.5/ 5.3 4.6 4.9 5.1

HOMA IR

Vit D - Group 1 30 3.14±1.59 0.9/ 8.9 2.2 3.2 3.6
X2(2)=1.726;

 p=0.4220Vit D - Group 2 19 2.57±1.15 0.5/ 4.7 1.9 2.6 3.1

Vit D - Group 3 6 3.18±1.47 1.7/ 5.4 1.9 2.8 4.5

Vit D - Group 1: <20ng/ml; Vit D - Group 2: 20-44ng/ml; and Vit D - Group 3: >44ng/ml 
1Kruskal-Wallis H test   *significant for p<0.05
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Analysis in terms of glycemic levels indicated a marginally lower average glycemic value in Vita-
min D-Group 2 of 4.59±0.40 compared to Vitamin D-Group 1 and Vitamin D-Group 3, where 
the mean value was consequentially 4.88±0.55 vs. 4.88±0.31 (Kruskal-Wallis H test: Chi-square 
(2) = 5.50; p = 0.0639) (Table 1).

The mean HOMA IR was indistinctly low in Vitamin D-Group 2 of 2.57±1.15 compared to 
Vitamin D-Group 1 and Vitamin D-Group 3, where the mean HOMA IR was consequentially 
3.14±1.59 vs. 3.18±1.47 (Kruskal-Wallis H test: Chi-square (2) = 1.726; p=0.4330) (Table 1).

The majority of patients from the three Vitamin D groups had a HOMA IR≥2.5 and 22 (73.33%) 
in Vitamin D-Group 1; 11 (61.11%) in Vitamin D-Group 2; and 4 (66.67%) in Vitamin D-Group 
3 (Table 2). No significant association was found between patients belonging to any of the three 
vitamin D groups and HOMA IR values <2.5 and ≥2.5 (X2=0.7898; df=2; p=0.6737).

Table 2. Analysis of vitamin D and HOMA IR groups.

Vitamin D
HOMA IR

Total 1p
HOMA IR <2.5 HOMA IR ≥2.5

Groups

Vit D - Group 1 8 (26.67%) 22 (73.33%) 30 (55.56%)
X2=0.7898; df=2; 

p=0.6737Vit D - Group 2 7 (38.89%) 11 (61.11%) 18 (33.33%)

Vit D - Group 3 2 (33.33%) 4 (66.67%) 6 (11.11%)

Vit D - Group 1: <20ng/ml; Vit D - Group 2: 20-44ng/ml; и Vit D - Group 3: >44ng/ml 
X2 = Pearson Chi-square test;            *significant for p<0.05

An analysis was performed on the correlation of vitamin D levels with HOMA IR levels without 
and with gender-adjusted gestational weeks of study pregnant women (Table 3 and Graph 1).

Table 3. Correlation between vitamin D and HOMA IR without and with adjustment for age and gestation week. 

Option
HOMA IR

unajusted1 ajusted2 ajusted3

Vitamin D r (54)=-0.114; p=0.412 r (54)=-0.795; p=0.571 r (54)=-0.095; p=0.500
1Pearsons moment order correlations    2Partial correlations – adjusted for age; 

3Partial correlations - Adjusted for gestational weeks                                    *significant for p<0.05

Correlation analysis revealed the presence of a nondistinct linear negative correlation between 
vitamin D and HOMA IR levels (r(54)=-0.114; p=0.412) with increasing vitamin D levels and 
nondistinctly decreasing HOMA IR levels. No significant difference was found in the strength 
of the correlation between vitamin D levels and HOMA IR levels before and after age-related 
adjustment and gestational age (Table 3 and Graph 1).
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Graph 1. Correlation between Vitamin D and HOMA IR without and with Adjustment.

Discussion

In our study of the 55 patients evaluated in the first trimester, 30 (54.54%) were deficient in 
vitamin D (<20ng/ml). Normal vitamin D values (20–44ng/ml) were observed in 19 patients 
(34.54%), while higher vitamin D levels (> 44ng/ml) were found in 6 patients (19.91%). In the 
first group of patients with vitamin D deficiency, a higher average insulin value of 14.72 was 
observed compared to the average insulin value of 12.81 in the normal group of patients with 
vitamin D. In terms of glycemia, it indicated a marginally lower average glycemic value in Vita-
min D-Group 2 of 4.59±0.40 compared to Vitamin D-Group 1 and Vitamin D-Group 3, where 
the mean value was consequentially 4.88±0.55 vs. 4.88±0.31.

The study by Maghbooli et al., which analyzed 741 pregnant women, found that the preva-
lence of vitamin D deficiency was found in 70.6% of pregnant women. The prevalence of severe 
vitamin D deficiency (<12.5nmol/L) in patients with gestational diabetes was higher than in 
patients without gestational diabetes. They found a positive correlation between vitamin D and 
insulin sensitivity. Vitamin D deficiency could be a sign of insulin resistance and a higher prob-
ability of gestational diabetes during the pregnancy (5).

Christoph and colleagues, in a study involving 1,382 pregnant women, reported that 73.23% of 
the pregnant women are with a deficit of vitamin D. A severe deficit of vitamin D (vitamin D 
levels below 25nmol/L) was found in 34.2% of all pregnant women. They found an association 
between low vitamin D, increased insulin levels and gestational diabetes (6).

In our study, the vitamin D-deficient group had a higher average HOMA IR of 3.14±1.59 com-
pared to the normal vitamin D group with a HOMA IR of 2.57±1.15, similar to the previous 
cited studies.
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Diseases associated with insulin resistance are becoming all too common. Vitamin D deficiency 
has been blamed at the molecular level as one of the risk factors leading to insulin resistance (7).

Prevention from cardiometabolic diseases, cancer development and anti-inflammatory prop-
erties are the main extra skeleton activity of vitamin D (8). Supplementation with vitamin D 
during pregnancy in a woman with a low level of vitamin D can improve the growth of the fetus 
and reduce the risks for small for gestational age, preterm birth, preeclampsia and gestational 
diabetes. The link between vitamin D deficiency and adverse maternal outcomes is very com-
mon, like high blood pressure during pregnancy, preterm delivery, cesarian section recurrent 
pregnancy loss and postpartum depression (9).

Mothers who have sufficient levels of vitamin D have offspring with less attention deficit, hyperac-
tive disorders and autism (10). A severe deficit of vitamin D in the pregnant woman has been asso-
ciated with disordered skeletal homeostasis, congenital rickets and fractures in the newborn (11).

According to the National Institute for Health and Clinical Excellence, United Kingdom, the 
daily dosage of Vitamin D in all pregnant women should be 400IU (12.) According to the Endo-
crine Society the average dose is 1500–2000 IU (13), and 2000 IU by the Canadian Society (14). 

Emerging research has highlighted additional consequences of vitamin D deficiency during 
pregnancy that extend beyond those previously discussed. One significant area of concern is 
the potential impact on the epigenetic regulation of the developing fetus. Vitamin D plays a 
crucial role in the regulation of gene expression through epigenetic mechanisms, such as DNA 
methylation. Deficiencies in vitamin D during pregnancy have been associated with alterations 
in these epigenetic marks, which can influence fetal development, and have lasting effects on 
offspring health. Notably, studies have demonstrated that maternal vitamin D deficiency can 
lead to changes in DNA methylation patterns that persist across multiple generations, affecting 
both somatic and germline tissues. These epigenetic modifications have been linked to varia-
tions in body weight and metabolic function in the offspring (15, 16). Adequate vitamin D levels 
are essential for proper neurodevelopment. Emerging evidence suggests that maternal vitamin 
D deficiency may be associated with an increased risk of neurodevelopmental disorders in off-
spring, such as schizophrenia. Vitamin D is essential for the normal development of the nervous 
system, and its deficiency during pregnancy can cause prenatal neurodevelopmental defects, 
influencing neurotransmission and brain function (17). Vitamin D is known to modulate the 
immune system, and its deficiency during pregnancy may have implications for the immune 
development of the fetus as well. While specific studies on this aspect are limited, it is plausible 
that inadequate maternal vitamin D levels could influence the neonatal immune response, po-
tentially affecting susceptibility to infections and the development of autoimmune conditions 
later in life (18).

Conclusion

General screening for vitamin D deficiency, the timing of supplementation before conception, 
and personalized vitamin D dosing appear essential, possibly resulting in better maternal health 
and advantages for children. Providing vitamin D supplements to those who are deficient is es-
sential not only to address this issue but also to improve overall pregnancy outcomes, potentially 
reducing related risks and supporting maternal and fetal wellbeing.
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Abstract

Pulmonary contusions mediated immunological lung injury characterized with interstitial in-
volvement, as well as therapeutically applied positive pressures over the already damaged alveoli 
could lead to elevation of the pressures inside pulmonary circulation. Fifty patients were includ-
ed in the study and divided into two groups, whereby 26 were mechanically ventilated while 
24 were spontaneously breathing patients. In all patients Pulmonary Capillary Wedge Pressure 
(PCWP) was measured non-invasively using echocardiography. Measurements of Left Atrial 
Pressure (LAP) were made 24 hours after admission, on the 7th and 14th day of admission in the 
ICU. PCWP was calculated using the LAP values and the Nagueh formula ( LAPx1.24+1.98). 
Lung ultrasound was used for the measurement of severity of the lung injury according to the 
BLUE Protocol.  Mean values for PCWP were calculated in both groups and the difference was 
examined using the Student T Test. It was found that the values for PCWP did not differ signifi-
cantly between the groups when measured 24 hours and 7 days after admission and mechanical 
ventilation initiation (t = -0.11 and 1.13 for value for p 0.45 and 0.13),but were significantly 
higher in mechanically ventilated patients after 14 days of mechanical ventilation commence-
ment (mean 10.52 vs. 7.88, t=1.89 for p of 0.03). Lung injury in patients with pulmonary con-
tusions, as well as inflammation during the process of damage and repair, involves interstitial 
changes which can lead to affection of small pulmonary vessels as well. Therapeutically applied 
positive pressure ventilation and alveolar distension could impair blood flow through small 
pulmonary capillaries and vessels. When both combined, they can lead to elevation of small cir-
culation pressures. Mechanical ventilation in patients with pulmonary contusions is associated 
with higher PCWP after 14 days of positive pressure ventilation in comparison to spontaneously 
breathing patients. Duration of mechanical ventilation is associated with higher levels of PCWP. 
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Introduction

Pulmonary contusions are frequently met in polytraumatized patients demanding admission 
in the Intensive Care Unit. Approximately 25-80% of patients with chest trauma develop pul-
monary contusion which is considered as a serious morbidity and mortality predictor (1). After 
trauma occurrence which implies kinetic energy transfer over the lung, according to Kurt A. et 
al., the second attack of the lung is mediated by the exaggerated immunologic response involving 
cytokines and proinflammatory mediators release leading to generalized lung injury (2). There-
fore, inflammation mediated capillary leak leads to higher vascular permeability and leucocyte 
migration outside the pulmonary vasculature into interstitial space and into alveoli impairing 
gas exchange. Impaired gas exchange by itself leads to elevation of pulmonary vascular resist-
ance, and in some cases, it demands mechanical ventilation with positive pressure which addi-
tionally can have negative impact over pulmonary circulation. According to abovementioned 
facts we assume that mechanical ventilation in patients with pulmonary contusions can have 
deleterious effects over the heart and systemic hemodynamics. Therefore, left atrial pressure 
(LAP) was assessed using echocardiography in both mechanically ventilated and spontaneously 
breathing patients in order to calculate Pulmonary Capillary Wedge Pressure (PCWP) since 
LAP can be measured using echocardiography and PCWP can be calculated using equitation of 
Nagueh with high accuracy (3,4).

Aim of the Study

The aim of this study is to reveal does PCWP in patients with pulmonary contusions differ 
significantly in between mechanically ventilated versus spontaneously breathing patients. It is 
expected that the results of this study will help in understanding does mechanical ventilation 
when applied possesses additional negative effect over the already injured lungs. Since lung in-
jury by itself could be related to changes in PCWP, we have measured Lung Ultrasound Severity 
Score (LUSS) in order to quantify the severity of lung contusion and to examine the possible 
relationship between LUSS and PCWP.

Material and Methods

In total, 50 polytraumatized patients with pulmonary contusions were included in this study. All 
patients that were included in the study had signed informed consent by a family member since 
some of them were sedated and unconscious. All patients that we had a signed informed con-
sent for and were older than 18 years of age fulfilling the inclusion criteria were included in the 
study. Pulmonary contusions without pneumothorax were detected with computed tomography 
which has been evaluated by a radiologist prior to patient’s admission in the ICU. Patients who 
were previously resuscitated, with already known pulmonary hypertension or heart pathology, 
with pneumothorax or pregnant women were excluded from the study. The study was conduct-
ed at the Clinical Campus “Mother Theresa” in Skopje at the University Clinic for Traumatology, 
Orthopedics, Anesthesia, Reanimation, Intensive Care and Emergency department – Skopje at 
the Department of Anesthesiology, Reanimation and Intensive Care. Conduction of this study 
was approved by the Ethical Committee for Human Research of Medical Faculty – Skopje at “Ss 
Cyril and Methodius” University – Skopje on 1st  of February 2023 with number of approval 03-
300/3. All patients were divided regarding the need for mechanical ventilation into two groups, 
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a mechanically ventilated and spontaneously breathing group. Echocardiographic examination 
was performed in all participants 24 hours after admission, 7 days after admission and 14 days 
after admission. In order to calculate Pulmonary Capillary Wedge Pressure (PCWP), it was 
examined the left ventricle according to the Recommendations for Cardiac Chamber Quantifi-
cation by Echocardiography in Adults published by the American Society of Echocardiography 
and the European Association of Cardiovascular Imaging (5). Firstly, transmitral pulse wave 
doppler has been used in order to detect transmitral E/A (Figure 1A). Afterwards, with usage of 
Tissue Doppler, e’ was detected and measured using Pulse Wave Doppler (Figure 1B). Measured 
values for E and e’ when divided as in the equitation E/e’, gave us the value for LAP. Consequent-
ly, LAP was used for calculation of PCWP according to the Nagueh equitation (3,4). PCWP is 
equal to LAPx1.24+1.98 and it has been already proven that can be substitute of invasively meas-
ured PCWP without significant difference and with satisfying accuracy (3,4). From the meas-
ured values, mean PCWP was calculated in both mechanically ventilated versus spontaneously 
breathing patients, while the difference between them was examined using the Student T Test.

A

     

B

Figure 1. Transmitral Pulse Wave Doppler whit tracing of E and A waves (1A) and measurement of  
Septal e’ with tissue doppler and Pulse wave Doppler (1B).

At the same examining points when LAP and PCWP were measured, LUS Score was measured, 
as well. LUS Score was measured by performing an ultrasonographic examination of both lungs 
divided in total 12 segments or 6 of them in each lung according to Lichtenstein’s Protocol (6). 
Upper anterior, lateral and posterior and lower anterior, lateral and posterior segment in each 
lung were scanned with curvilinear probe in order to assess the severity of lung contusion. Nor-
mal aeration was seen as the presence of A-lines which are parallel to the pleural line and were 
scored with 0 points (Figure 2A). The existence of interstitial syndrome because of capillary 
leak was recognized when 3-5 B-lines were seen at any part of the lung scoring them as 1 point 
(Figure 2B). When more than 5 B-lines were detected or multiple B-lines were present, the ex-
istence of alveolo-interstitial syndrome was established and scored with 2 points (Figure 2C). 
The presence of dense consolidations with a hepatic or tissue-like structure were scored with 3 
points (Figure 2D). All scanned segments in total were referred to as Lung Ultrasound Severity 
Score (LUSS) which could vary from 0-36 depending on the injury heaviness. Mean LUS Scores 
have been calculated for all examining points, and we compared them in between mechanically 
ventilated versus spontaneously breathing patients. In order to understand does the severity 
of lung injury exemplified by LUSS could have an impact over the PCWP correlation between 
those two variables 24 hours after admission, 7 days and 14 days after admission, it was assessed 
with Pearson’s Correlation Test.  
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D

Figure 2. Ultrasonographic findings of pulmonary ultrasound: Figure 2A. Presence of A-lines showing good 
aeration of the lung scored with 0 points; Figure 2B. Presence of B-lines scored with 1 point; Figure 2C. Presence 

of multiple B-lines with their confluence scored with 2 points and Figure 2D. Pulmonary consolidation scored 
with 3 points according to LUSS.

Results

Among the 50 polytraumatized patients that were included in the study, 26 of them (52%) were 
mechanically ventilated, versus 24 (48%) who were in the spontaneously breathing group not 
needing mechanical ventilation. According to the values for measured LAP and calculated 
PCWP, we did not find statistically significant difference between groups 24 hours after ad-
mission (Mean PCWP: 8.09 versus 9.12; Student T-test: t=-1.2 and p 0.11). Nevertheless, of not 
existing significant difference 7 days after admission, we found that mean values for PCWP 
were higher in mechanically ventilated patients (mean PCWP: 10.15 versus 8.91; Student T-test: 
t=1.14 and p 0.12). Fourteen days after admission we have measured significantly higher values 
for PCWP in mechanically ventilated patients when compared to spontaneously breathing pa-
tients (mean PCWP: 10.52 versus 7.8; Student T-test: t=1.89 and p 0.032) (Table 1 and Figure 1).

Table 1. Mean values for PCWP measured in mechanically ventilated versus spontaneously breathing patients.

Mechanically 
ventilated

Spontaneously 
breathing

Mean PCWP after 24 hours of admission 8.09 9.12

Mean PCWP after 7 days of admission 10.15 8.91

Mean PCWP after 14 days of admission 10.52 7.8
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Figure 1. Mean values for PCWP measured in mechanically ventilated versus spontaneously breathing patients

Mean LUS Score after 24 hours of admission was 9.19 in mechanically ventilated patients versus 
7.96 in spontaneously breathing patients without significant difference between both groups 
(Student T test: t=0.85 and p 0.198). Seven days after admission mean LUSS was 14.41 in me-
chanically ventilated patients versus 9.78 in spontaneously breathing patients. After 14 days of 
admission, we have found mean LUS of 13.26 in mechanically ventilated patients versus 5.72 in 
spontaneously breathing patients. According to above-elaborated results we have found signif-
icantly higher values of LUSS in mechanically ventilated patients 7 and 14 days after admission 
when compared to spontaneously breathing patients (Student T test: t=2.56 and p 0.0069 for 
measurements done after 7 days of admission; t=3.77 and p 0.00029 for measurements taken 14 
days after admission) (Table 2).

Table 2. Mean values of LUSS in mechanically ventilated and spontaneously breathing patients and  
their comparison with Student T Test values.

Mechanically 
ventilated

Spontaneously 
breathing

Student T Test:  
T value

Student T Test:  
p values

LUSS 24 hours after admission 9.19 7.96 0.85 0.198

LUSS 7 days after admission 14.41 9.78 2.56 0.0069

LUSS 14 days after admission 13.26 5.72 3.77 0.00029

The correlation between LUSS and measured PCWP in both groups 24 hours after examination, 
7 and 14 days after admission was examined using Pearson Correlation Coefficient. The exist-
ence of positive correlation between measured LUSS and PCWP at every examination point in 
both groups was found. Values for correlation coefficient R in mechanically ventilated patients 
were 0.4; 0.17 and 0.46 for measurements made 24 hours after admission, 7 and 14 days after 
admission respectively. In spontaneously breathing patients values for R were 0.46; 0.373 and 
0.269 respectively.  
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Figure 2. Correlation between LUSS and PCWP in mechanically ventilated patients 24 hours after admission 
(2A), 7 days after admission (2B) and 14 days after admission (2C) and in spontaneously breathing patients 24 
hours after admission (2D), 7 days after admission (2E) and 14 days after admission (2F) (X values stand for 

LUSS; Y values stand for PCWP).

Discussion

Pulmonary Capillary Wedge Pressure (PCWP) has been recognized as a key factor in diseases 
that involve both heart and lungs. Since positive pressure ventilation adds pressure over the al-
veolar capillaries, it is expected to influence pulmonary circulation by exhibiting changes in pul-
monary pressures including PCWP. Therefore, Souza R. et al. have examined the level of PCWP 
in patients with idiopathic pulmonary hypertension and compared it to patients experiencing 
ARDS concluding that ARDS has been associated with mild pulmonary hypertension (7). These 
findings justify the examination of PCWP in patients with pulmonary contusions, since most of 
them experience some sort of acute lung injury. Since elevated levels of PCWP were recognized 
in mechanically ventilated patients with respiratory insufficiency and had been clearly stated 
back in 1977, we believe that mechanical ventilation could be another source of pulmonary in-
jury despite the primary pulmonary damage made by the kinetic energy leading to a higher level 
of PCWP in mechanically ventilated patients (8). According to our results it was found that lev-
els of PCWP were higher in mechanically ventilated patients after 7 days of mechanical ventila-
tion but were significantly higher in mechanically ventilated patients after 14 days of mechanical 
ventilation, initiation which implies that longer lasting positive pressure ventilation is related to 
higher values of PCWP. In one randomized controlled trial where systolic, diastolic pulmonary 
artery pressure and PCWP were examined in patients with ARDS induced by pulmonary contu-
sions versus ARDS from other origin, it was found that the patients experiencing ARDS caused 
by pulmonary contusions had significantly higher values for systolic and diastolic pulmonary 
artery pressure as well as PCWP (9). They found that PCWP is higher 72 hours after pulmo-
nary contusion occurrence when compared to measurements at 0 and 48 hours after admission, 
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which is in concordance with our findings that PCWP becomes higher as time passes after me-
chanical ventilation has been initiated. When compared to our study, the study of Yang W. et al. 
had examined the patients using Swan Ganz catheter and pulse index continuous cardiac output 
(PiCCO) monitoring while we were using non-invasive echocardiographic monitoring. Their 
study has provided results in timeframe of 0 to 72 hours, while ours have examined PCWP in 
an extended period of time up to 14 days of ICU admission. Compared to our study they have 
not specified if the patients were mechanically ventilated or not, but have confirmed that pul-
monary contusions are associated with higher values for pulmonary circulation pressures (8). 
Moreover, they have found that higher values for PCWP were associated with elevated values 
of extravascular lung water which could also be estimated when using LUS Lichtenstein’s BLUE 
Protocol as it was used in our study (9). Elevation of the amount of extravascular lung water has 
been related to increased microvascular permeability and due to high hydrostatic pressures (10). 
Regarding the relationship of the values for PCWP and the LUSS which are showing the severity 
of lung damage, we have found positive correlation of the measured PCWP with LUSS at 24 
hours, 7 days and 14 days after admission in the ICU, which once again confirms the above-stat-
ed findings of Yang W. et al. Increased pulmonary capillary wedge pressure was met in the study 
of Hakim TS. et al. as well, where increasement of PEEP above 5 was associated with significant 
increase of PCWP elevation which confirms that positive pressure mechanical ventilation is 
associated with higher values for PCWP which was observed in our study when comparing to 
spontaneously breathing patients (11). Another study published by Slim AM and coworkers 
have found strong association of increased levels of PCWP in mechanically ventilated patients 
with positive pressure ventilation which is believed to happen not because of change in volume 
but rather because of elevation of intrapulmonary pressures (12). Application of continuous 
positive pressure ventilation in the form of nasal CPAP in patients with obstructive sleep apnea 
was proven to be followed by significant elevations of pulmonary pressures including PCWP 
which was correlated with the amount of cm of H20 of CPAP applied over the lung (13). Positive 
pressure ventilation in contrast to spontaneous breathing implies application of PEEP which has 
been already verified to be associated with higher levels of PCWP which explains our results of 
detecting higher levels of PCWP in those patients who were mechanically ventilated (14). Since 
the mean value for LUSS in both groups 24 hours after admission did not differ significantly, 
we believe that the severity of pulmonary contusions was similar in both examined groups. This 
statement implies that the severity of the initial trauma could not be the reason why mechani-
cally ventilated patients exhibit higher PCWP values, but rather mechanical ventilation by itself 
leads to elevation in PCWP in patients exposed to positive pressure ventilation. The absence 
of invasive measurement of PCWP could be considered as a limitation in this study since that 
way more precise measurements could be provided and compared to noninvasively derived 
measurements provided by echocardiography. Invasive monitoring of PCWP is a gold standard 
in complex cases, but it has been related to complications with measurement, therefore a nonin-
vasive way of monitoring pulmonary pressures using echocardiography could be a safer source 
of valuable data on a daily basis in critically ill patients. Further examination of pulmonary pres-
sures on a bigger cohort of patients may be needed in order to provide deeper information about 
the heart lung interactions in polytraumatized patients with pulmonary contusions.

Conclusions

Using noninvasive echocardiography derived measurements, we have found higher values for 
PCWP in mechanically ventilated patients with pulmonary contusions when compared to spon-
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taneously breathing patients. According to our findings, the duration of mechanical ventilation 
has been associated to significantly higher PCWP values. Since we did not find any significant 
difference in the severity of the initial injury, we believe that initial lung injury is not related to 
difference in PCWP that we have found between the groups. PCWP has correlated with severity 
of lung injury and the amount of extravascular lung water both represented by LUSS. 
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Abstract

Urinary bladder carcinoma (UBC) is the most prevalent malignancy of the urinary tract and is 
associated with high recurrence and mortality rates. Histologically, urothelial carcinoma is the 
predominant form, accounting for nearly 90% of all bladder cancer cases. One of the most fre-
quent molecular alterations in malignant neoplasms, including UBC, is the abnormal activation 
of the telomerase gene.

This study aimed to quantitatively assess the expression of the TERT gene using Real-Time PCR 
in tissue samples obtained from patients with UBC. In total 34 patients, with histopathological 
confirmed urothelial bladder carcinoma, were included, along with a control group of 17 indi-
viduals without bladder malignancy.

The mean TERT gene expression level in the low-grade subgroup was 1.268 ± 0.472, compared 
to 2.137 ± 0.942 in the high-grade subgroup. This difference was statistically highly significant 
(p< 0.0001). Logistic regression analysis revealed that patients with high-grade UBC were 7.39 
times more likely to exhibit elevated TERT gene expression compared to those with low-grade 
UBC (p< 0.001). The area under the ROC curve (AUC) was calculated to be 7.89, indicating that 
the model is highly effective in predicting tumor grade based on TERT expression levels.

The study established a positive correlation between histological grade and TERT gene expres-
sion levels. These findings suggest that molecular detection of abnormal telomerase transcrip-
tional activity could serve as a useful auxiliary biomarker in the personalized management of 
patients with bladder carcinoma.

Key Words: gene expression, telomerase, TERT, urinary bladder cancer.
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Introduction

Urinary bladder carcinoma (UBC) is the most common malignancy of the urinary system and is 
characterized by high recurrence and mortality rates. Histologically, urothelial carcinoma is the 
most prevalent type, accounting for approximately 90% of all bladder cancer cases.

Urinary bladder carcinoma accounts for approximately 3% of newly diagnosed cancers globally, 
with men affected up to four times more than women (1, 2), The highest incidence is reported 
in Southeastern Europe (26.6/100,000 men), and rates are expected to rise due to aging popula-
tions and increased tobacco use (3).

According to the Cancer Registry of the Institute of Public Health of North Macedonia, there 
were 239 newly diagnosed cases of UBC, yielding an incidence rate of 11.52 per 100,000 inhab-
itants. In 2020, 137 deaths were attributed to bladder cancer (101 men and 36 women) (4).

A major challenge in managing bladder tumors is their tendency to recur and progress to higher 
stages and grades. Furthermore, treatment response is highly variable, as UBCs display diverse 
phenotypes with differing responses to surgery, chemotherapy, radiotherapy, immunotherapy 
and other treatments. Modern urological science within the medical field seeks to bridge the gap 
between tumor phenotype and genotype to better guide clinical decision-making.

To that end, there is a trend toward centralizing and standardizing preoperative diagnostic pro-
cedures for all patients with UBC. After initial transurethral resection (TUR), a treatment strat-
egy is developed based on both the phenotypic and genotypic characteristics of the tumor.

There is a strong interest, both scientifically and clinically, in identifying molecular and genetic mark-
ers that correlate with clinical and histopathological features of UBC. These biomarkers offer poten-
tial for use in differential diagnosis, disease prognosis, therapy selection and patient monitoring.

Telomeres are repetitive DNA-protein structures at the ends of eukaryotic chromosomes that 
protect them from degradation, fusion and genomic instability (5, 6). Due to the end-replication 
problem, telomeres shorten with each cell division, eventually leading to cellular senescence or 
apoptosis in normal somatic cells (7). Telomerase, a specialized enzyme composed of an RNA 
template (coded by hTR or hTERC gene) and a catalytic subunit telomerase reverse transcriptase 
(coded by gene TERT), counteracts telomere shortening by adding telomeric repeats to chro-
mosome ends (8, 9). While telomerase is active in germline, stem and some immune cells, it is 
typically inactive in most of the somatic cells.

In cancer, telomerase is abnormally reactivated, allowing cells to bypass senescence and achieve 
unlimited replicative potential- a hallmark of malignant transformation (10, 11). The TERT 
gene plays a central role in this process, and its expression is regulated by transcriptional and 
epigenetic mechanisms, including promoter binding sites and GC-rich regions that influence 
chromatin remodeling and methylation (12). Telomerase activation occurs in over 80% of hu-
man cancers through various telomere maintenance mechanisms, such as TERT gene mutations, 
rearrangements, amplifications, alternative splicing and transcription factor binding alterations, 
which are often tumor-type and tissue-specific (13, 14).

Our study aims to quantitatively assess TERT gene expression in patients with urothelial bladder 
carcinoma and examine its correlation with key clinical and pathological parameters. The ulti-
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mate goal is to evaluate the potential of abnormal telomerase activity as a supportive molecular 
marker in guiding personalized treatment strategies for bladder cancer patients.

Materials and Methods

This study involved the quantitative determination of TERT gene expression using Real-Time 
PCR in tissue samples obtained from patients diagnosed with urothelial bladder carcinoma 
(UBC). The investigation included 34 patients with histopathological confirmed UBC and a 
control group of 17 patients without malignant bladder disease.

Inclusion criteria in the study required primary tumors with a histopathological confirmed di-
agnosis of urothelial bladder carcinoma and written informed consent from the patient. Exclu-
sion criteria included absence of confirmed urothelial carcinoma, presence of a different tumor 
type, incomplete or missing key clinical data, insufficient quality of isolated DNA/RNA, age 
under 18 years or refusal to provide informed consent. 

For each patient, selected demographic data (age and gender) and histological grade of tumor 
differentiation were collected. The study was approved by the Research Ethics Committee at the 
Doctoral School of the Faculty of Medicine in Skopje.

Tissue samples were obtained either during transurethral resection (TUR). For control pur-
poses, samples of healthy bladder mucosa were collected from patients undergoing surgery for 
non-malignant pathologies with no history of bladder malignancy.

Each sample (200–300mg in weight) was preserved and transported in RNA stabilization solu-
tion (RNA Later) and stored at −80°C until analysis. Total RNA was isolated from tumor tissues 
using an automated nucleic acid extractor and a dedicated RNA extraction kit (Genolution).

RNA concentrations were measured using a Qubit 3.0 Fluorometer.

Quantitative TERT gene expression levels were assessed using a two-steps process involving 
reverse transcription and real-time PCR (qRT-PCR) amplification with fluorescent TaqMan 
probes, performed on the OneStep Real-Time PCR System (Applied Biosystems).

Total RNA was extracted from frozen TUR-obtained tissue samples using TRI-reagent. Comple-
mentary DNA (cDNA) synthesis was performed via reverse transcription using High-Capacity 
cDNA Reverse Transcription Kits (Thermo-Fisher), following the manufacturer’s instructions.

The following oligonucleotide primers and TaqMan probes were used:

• TERT gene:

• Forward primer (A): 5’-GCA TTG GAA TCA GAC AGC AC-3’,

• Reverse primer (R): 5’-CCA CGA CGT AGT CCA TGT TC-3’,

• TaqMan probe: 5’FAM-CGC CCT GCT GAC GTC CAG AC-NFQ-3’.
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• Reference gene GAPDH:

• Forward primer (A): 5’-ATG GGT GTG AAC CAT GAG AA-3’,

• Reverse primer (R): 5’-GTG CTA AGC AGT TGG TGG TG-3’,

• TaqMan probe: 5’FAM-CCT CAA GAT CAT CAG CAA TGC CTC C-NFQ-3’.

The amplification protocol included:

• Polymerase activation: 10 minutes,

• 40 cycles of:

• Denaturation at 95°C for 15 seconds,

• Combined annealing and elongation at 70°C for 1 minute.

A negative control (ddH₂O) was used for each master mix to validate the assay.

TERT gene expression levels were calculated using the Livak method (2^−ΔCt), relative to the 
expression of the housekeeping gene GAPDH. The ΔCt value was determined by subtracting 
the Ct (threshold cycle) value of GAPDH from the Ct of TERT for each sample.

The differential expression of TERT was presented as the relative fold-change compared to 
GAPDH, expressed as log₁₀(RQ) for consistency across samples.

Statistical methods were applied to determine correlations between clinical/ histopathological 
data and molecular genetic findings. Descriptive statistics were used to analyze and present rel-
evant demographic and clinical characteristics of the patients.

Correlation between the clinical and histopathological parameters and the molecular genetic re-
sults, was assessed using logistic regression analysis. Parametric values with normal distribution 
were evaluated using a two-tailed Student’s t-test, whereas deviations from normal distribution 
were analyzed using the non-parametric Mann-Whitney U-test.

The suitability of TERT gene expression levels for logistic regression analysis was verified using 
the Hosmer–Lemeshow goodness-of-fit test. The odds ratio (OR) and 95% confidence interval 
(CI) were calculated, with a significance threshold of p< 0.05.

All statistical analyses were performed using XLSTAT 2016 and Microsoft Excel 2016 software.

This study presents data from 34 patients with histologically confirmed urothelial bladder carci-
noma (UBC), along with 17 control samples from individuals without malignant bladder disease.

Tumor Grade Distribution

Based on histological evaluation, 11 patients were classified as having low-grade tumors and 23 
as having high-grade tumors (Table 1, Figure 1).



36

Table 1. Histological Grade Distribution among UBC Patients.

Grade n %
Low Grade 11 32.35%
High Grade 23 67.65%

Total 34 100.00%

Figure 1. Distribution of Histological Grades in UBC Patients.

Gender Distribution

Gender distribution in both histological subgroups is shown in Table 2 and Figure 2.

Table 2. Gender Distribution by Tumor Grade.

Gender Low Grade (n/%) High Grade (n/%) Fisher’s Exact Test (p)
Male 9 (81.82%) 18 (78.26%) 1.000

Female 2 (18.18%) 5 (21.74%)
Total 11 (100.00%) 23 (100.00%)

Figure 2. Gender Distribution Across Tumor Grades.



Macedonian Journal of Anaesthesia

37Vol. 9 No 2, May 2025

Age Distribution

The age distribution of the two subgroups is shown in Table 3.

Table 3. Age Structure by Tumor Grade.

Parameter (years) Low Grade High Grade Student’s t-test (p)
n 11 23 0.745

Mean Age 66.18 63.04
SD 10.57 8.14

Min Age 47 46
Max Age 80 76

There was no statistically significant difference in age or gender distribution between the two 
tumor grade groups (p> 0.05), supporting their comparability for further analysis.

TERT Gene Expression Levels

TERT gene expression levels, normalized to the GAPDH reference gene, were evaluated across 
the two histological subgroups. The results are presented in Table 4 and Figure 3.

Table 4. TERT Gene Expression by Tumor Grade.

hTERT Expression Low Grade High Grade Mann-Whitney Test (p)
n 11 23 < 0.001

Mean 1.268 2.137
SD 0.472 0.942

Min 0.422 0.671
Max 2.156 4.996

Figure 3. TERT Expression in Low vs. High-Grade UBC.

The data clearly demonstrate significantly higher TERT gene expression levels in high-grade 
tumors compared to low-grade ones. The mean expression level in the high-grade subgroup was 
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2.137 ± 0.942, while in the low-grade subgroup, it was 1.268 ± 0.472. This difference is statisti-
cally highly significant (p< 0.001), confirming a strong and proportional correlation between 
TERT gene expression and histological grade in urothelial bladder carcinoma.

Logistic Regression Analysis

Logistic regression analysis confirmed that increased TERT expression is significantly associ-
ated with higher tumor grades. Patients with high-grade tumors were 7.39 times more likely to 
exhibit elevated TERT expression (p= 0.001).

Table 5. Logistic Regression – TERT Expression and Tumor Grade.

Parameter β Coefficient SE Wald χ² p-value OR (95% CI)
Grade 1.073 0.318 11.36 0.001 7.39 (2.07 – 25.85)

Figure 4. ROC Curve of the Predictive Model.

The area under the ROC curve (AUC) of 7.89 indicates excellent model accuracy in distinguish-
ing high-grade from low-grade tumors based on TERT expression.

The model’s predictive performance, based on TERT expression levels, is summarized in Table 
6. It correctly classified tumor grades in 76.47% of cases.

Table 6. Predictive Accuracy of TERT-Based Model.

Metric Value
Sensitivity 91.30%
Specificity 63.64%

Overall Accuracy 76.47%

Discussion

Telomerase activity is abnormally elevated in over 80% of malignant tumors and is considered to 
be a key factor in cellular immortalization and tumor progression (15). Numerous studies have 
confirmed the reactivation of telomerase in various cancers, including urothelial bladder car-
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cinoma (UBC), where its activity may contribute to the malignant transformation of urothelial 
cells (16).

In this study, the transcriptional activity of telomerase was assessed through quantitative meas-
urement of TERT gene expression levels in tumor tissue from 34 patients with UBC. The results 
were normalized against GAPDH and compared to 17 control samples from healthy bladder 
mucosa. A statistically significant increase in TERT expression was observed in tumor tissues 
compared to controls, which aligns with previously published studies on bladder cancer (17, 18, 
19, 20, 21).

Notably, TERT expression levels were significantly higher in high-grade tumors compared to 
low-grade ones (mean values: 2.137 vs. 1.268, p< 0.001), suggesting a correlation between tel-
omerase activity and tumor aggressiveness. These findings are consistent with earlier reports 
that linked elevated telomerase expression with higher histological grade and advanced patho-
logical stage (22, 23).

Furthermore, logistic regression analysis showed that patients with high-grade tumors were 7.39 
times more likely to exhibit increased TERT expression than those with low-grade tumors, with 
excellent predictive value supported by an AUC of 7.89. The model demonstrated a sensitivity 
of 91.30% and correctly classified tumor grade in over 76% of the cases.

Previous studies also suggest that TERT overexpression is associated with poor prognosis in var-
ious tumor types, including colorectal cancer, supporting its broader relevance as a prognostic 
marker (24).

Collectively, the current findings reinforce the potential clinical value of TERT gene expression 
in stratifying bladder cancer patients and guiding treatment strategies based on tumor biology.

Conclusion

This study confirmed a positive correlation between the histological grade of urothelial bladder 
carcinoma and the quantitative expression levels of the TERT gene. The patients with high-
grade tumors exhibited significantly higher TERT expression than those with low-grade tumors.

The results suggest that molecular detection of abnormal telomerase transcriptional activity may 
serve as a supportive molecular biomarker in the personalized management of bladder cancer. 
Its use could aid in risk stratification, prognosis, and therapeutic decision-making, particularly 
in settings where tumor aggressiveness needs to be evaluated beyond standard histopathology.
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Abstract 

Introduction: Gestational diabetes mellitus, characterized by glucose intolerance during preg-
nancy, poses heightened risks to both the mother and fetus. It emerges due to increased insulin 
resistance during pregnancy. Adipose tissue plays a vital role in regulating various biological 
processes through the secretion of adipokines, which influence both pregnancy and the devel-
opment of gestational diabetes. Hyperlipidemia, a well-known contributor to atherosclerosis, 
directly impacts the onset of cardiovascular diseases. Pregnancy leads to an increase in serum 
levels of total cholesterol and triglycerides, driven by increased levels of hormones such as estro-
gens, progesterone and lactogen.  

Material and Methods: This study presents prospective clinical research involving 65 individ-
uals, excluding 6 patients with spontaneous abortion. A total of 59 patients were incorporated 
into the statistical analysis. The patients underwent three follow-up visits. During the initial 
visit, the participants were enrolled in the study; all of them were healthy individuals in the 
first trimester of pregnancy. In the second visit, an oral glucose tolerance test (OGTT) with 75 
grams of glucose was conducted between 24 and 28 weeks of gestation, and the patients were 
categorized. Patients exhibiting a positive OGTT were diagnosed with gestational diabetes. The 
third visit occurred in the third trimester of gestation.

Results: Gestational diabetes mellitus was registered in 14 (23.73%) patients. Body mass index 
had significantly higher values in the group with gestational diabetes (34.59 ± 3.9 vs 29.95 ± 5.4 
kg/m2, p=0.0044). The comparison of the two groups regarding the lipid status presented sig-
nificantly higher triglycerides in the group with gestational diabetes (4.01 ± 2.3 vs 2.62 ± 0.9, 
(p=0.0017). The other parameters of lipid status were similar between the two groups. In both 
groups, the changes in glucose parameters were statistically insignificant in the third, compared 
to the first trimester of pregnancy.

Conclusion: Dyslipidemia during pregnancy is a common but complex condition with conse-
quences for both the mother and the fetus. 

Key Words: dyslipidemia;gestational diabetes; glycemia; triglycerides. 
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Introduction

Gestational diabetes mellitus (GDM) is a form of glucose intolerance that develops during preg-
nancy, with a global prevalence of 17.8% (1). It results from increased insulin resistance driven 
by hormonal changes and adipokine activity from maternal adipose tissue (1). Women with 
GDM face a two- to threefold increased risk of developing type 2 diabetes later in life, while 
their offspring are predisposed to obesity and metabolic disorders. Risk factors include obesity, 
advanced maternal age, family history of diabetes, polycystic ovarian syndrome, hypertensive 
disorders and prior poor pregnancy outcomes (2). Obesity-associated inflammation and pla-
cental cytokines play a key role in disease onset. GDM is linked to maternal complications such 
as preeclampsia, gestational hypertension and cesarean delivery, and fetal risks including mac-
rosomia, shoulder dystocia, congenital anomalies, neonatal hypoglycemia and increased NICU 
admissions (2,3).

Physiological changes in lipid metabolism during pregnancy lead to a progressive increase in to-
tal cholesterol, triglycerides and low-density lipoprotein cholesterol (LDL), peaking in the third 
trimester (4,5). While these changes support fetal development, excessive lipid levels—particu-
larly in women with high BMI or preexisting dyslipidemia—may worsen maternal endothelial 
dysfunction and contribute to pregnancy complications such as preeclampsia (6–8). Despite 
their potential impact, lipid levels are not routinely monitored during pregnancy.

Understanding the interplay between glucose and lipid metabolism in pregnancy is crucial, par-
ticularly in high-risk populations. 

Therefore, this study aims to determine whether there is a significant difference in lipid and 
glucose profiles between patients with gestational diabetes and healthy patients.

Material and Methods

This prospective clinical study was performed at the University Clinic for Endocrinology, Dia-
betes and Metabolic Diseases in Skopje, Republic of North Macedonia, for a 12-month duration, 
from March 2022 to March 2023. The main aim of the study was to evaluate metabolic alter-
ations throughout pregnancy, specifically regarding the onset of gestational diabetes mellitus 
(GDM) and related biochemical indicators. 

Study Cohort. The study initially recruited 65 clinically healthy pregnant women in their first 
trimester. The inclusion criteria were singleton pregnancies, no pre-existing diabetes or met-
abolic disorders, and consent to participate in all phases of the trial. Individuals with chronic 
conditions, numerous gestations, or those who did not attend follow-up appointments were 
omitted. From the initial cohort, six patients experienced spontaneous abortions during the 
study and were therefore eliminated from the final statistical analysis. Consequently, the ulti-
mate study cohort consisted of 59 patients. 

Research Methodology and Subsequent Monitoring. Participants were prospectively monitored 
during three clinical visits corresponding to the first, second, and third trimesters of pregnancy. 

Initial Consultation (First Trimester): This appointment occurred during the early stage of ges-
tation (gestational age ≤13 weeks). Comprehensive demographic and medical history were doc-
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umented for each participant, encompassing age, gestational age, gravidity, parity and familial 
diabetes history. Baseline laboratory assessments were conducted, encompassing fasting plas-
ma glucose (FPG), fasting insulin levels and serum lipid profile (triglycerides, total cholesterol, 
high-density lipoprotein [HDL] and low-density lipoprotein [LDL].  

During the second visit, occurring between the 24th  and 28th week of gestation, all participants 
underwent an oral glucose tolerance test (OGTT) utilizing a 75-gram glucose load, in line with 
the standards established by the International Association of Diabetes and Pregnancy Study 
Groups (IADPSG) and the World Health Organization (WHO) in 2013. Patients were catego-
rized into two groups based on the OGTT results: those diagnosed with gestational diabetes 
mellitus (GDM) and those exhibiting normal glucose tolerance (NGT). 

• Third Visit (Third Trimester): The final clinical assessment occurred during the third 
trimester (gestational age ≥30 weeks). During this visit, laboratory tests were conducted 
again, encompassing fasting plasma glucose, fasting insulin levels and blood lipids (tri-
glycerides, total cholesterol, HDL, LDL). The readings were compared to the baseline 
(first trimester) data to assess metabolic changes throughout pregnancy. 

Data Acquisition and Biochemical Assessment.All biochemical assays were conducted in the 
clinic’s central laboratory utilizing standardized enzymatic and immunoassay techniques. Blood 
samples were collected following a minimum overnight fast of 8 hours. Glucose concentrations 
were assessed with the hexokinase technique. Insulin was quantified using chemiluminescent 
immunoassay, whereas lipid parameters were assessed by enzymatic colorimetric methods.

Statistical Analysis

The statistical analysis of the data obtained from the study was performed using the statistical 
program SPSS 23.0. Shapiro Wilk’s test was used to test the normality of the data distribution. 
The obtained data are presented in tables and graphs.

Categorical (attribute) variables are presented with absolute and relative numbers. Numerical (quan-
titative) variables are presented with mean, standard deviation, minimum and maximum values.

Student t-test for independent samples was used to compare the two groups.

Student t-test for dependent samples was used to test the difference in changes in the analyzed 
parameters in the third versus the first trimester of pregnancy.

Statistical significance was defined at the level of p<0.05.

Results

The occurrence of gestational diabetes mellitus was registered in 14 (23.73%) patients. With and 
without gestational diabetes were homogeneous in terms of age, i.e., patients from both groups 
had similar ages (31.4 ± 4.2 vs 30.0 ± 4.7 years; t=1.01 p=0.0044).

The body mass index had significantly higher values in the group with gestational diabetes 
(34.59 ± 3.9 vs 29.95 ± 5.4 kg/m2, p=0.0044).



Macedonian Journal of Anaesthesia

45Vol. 9 No 2, May 2025

Table 1. Age and body mass index of the patients with and without gestational diabetes.

Variable
Gestational Diabetes

p-level
yes no

Age (years) 
mean ±. SD
Min - max

31.4 ± 4.2 

24 – 39 

30.0 ± 4.7 

20 – 39 

t=1.01

p=0.32
BMI (kg/m2)
mean ± SD
Min - max

34.59 ± 3.9

29.8 – 41.1

29.95 ± 5.4

22.4 – 44 

t=2.96

**p=0.0044
The values are shown with mean ± SD, min-max, BMI: body mass index 
T (Student t-test for independent samples),**sig p<0.01

    BMI

 Mean 
 Mean±SE 
 Mean±1,96*SE 

no yes

gestational diabetes

28

29

30

31

32

33

34

35

36

37

kg
/m

2

Graph 1. Graphical presentation of average BMI in patients with/without Gestational diabetes.

Patients with and without gestational diabetes did not differ significantly in terms of glucose sta-
tus: they had similar values of insulin (13.67 ± 6.9 vs 14.49 ± 9.9, p=0.77), fasting plasma glucose 
(4.80 ± 0.5 vs 4.54 ± 0.4, p=0.06), and HbA1c (5.22 ± 0.4 vs 5.25 ± 0.3, p=0.76).

Table 2. Insulin, glycaemia and HbA1c in patients with and without gestational diabetes.

variable
Gestational Diabetes

p-level
yes no

Insulin
 mean ±. SD
Min - max

13.67 ± 6.9
6.22 – 27.41

14.49 ± 9.9
3.63 – 51.88 

t=0.3
p=0.77

Glycaemia
 mean ±. SD
Min - max

4.80 ± 0.5
4.05 – 5.8 

4.54 ± 0.4
3.6 – 5.65

t=1.9
p=0.06

HbA1c 
mean ±. SD
Min - max

5.22 ± 0.4

4.32 – 6.12

5.25 ± 0.3

4.43 – 6.04

t=0.29

p=0.76
The values are shown with mean ± SD, min-max, T (Student t-test for independent samples)
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Comparison of the two groups in terms of lipid status presented significantly higher triglycer-
ides in the group with gestational diabetes (4.01 ± 2.3 vs 2.62 ± 0.9, p=0.0017). Other lipid status 
parameters were similar between the two groups: total cholesterol was insignificantly higher in 
the group with gestational diabetes (7.13 ± 1.02 vs 7.13 ± 1.02, p=0.068); HDL had insignificant-
ly lower values in the group with gestational diabetes (1.72 ± 0.4 vs 1.77 ± 0.4, p=0.68); LDL was 
insignificantly higher in the group with gestational diabetes (4.04 ± 1.1 vs 3.95 ± 0.98, p=0.3).

Table 3.  Comparison of the two groups in terms of lipid status.

variable
Gestational Diabetes

p-level
yes no

Triglycerides
mean ±. SD
Min - max

4.01 ± 2.3
1.95 – 10.82 

2.62 ± 0.9
0.98 – 5.61

t=3.3
**p=0.0017

Total cholesterol
mean ±. SD
Min - max

7.13 ± 1.02
5.67 – 9.46

6.51 ± 1.1
4.36 – 9.07

t=1.9
p=0.06

HDL
mean ±. SD
Min - max

1.72 ± 0.4
1.11 – 2.56 

1.77 ± 0.4
0.99 – 2.7 

t=0.4
p=0.68

LDL
mean ±. SD
Min - max

4.04 ± 1.1
1.28 – 5.65 

3.95 ± 0.98
2.34 – 6.41 

t=0.3
p=0.8

The values are shown with mean ± SD, min-max ,HDL: high-density lipoprotein,  
LDL: low-density lipoprotein. t (Student t-test for independent samples) **sig p<0.01

 Triglycerides

 Mean 
 Mean±SE 
 Mean±1,96*SE 

no yes

gestational diabetes

2,0

2,5

3,0

3,5

4,0

4,5

5,0

5,5

Graph 2. Graphical presentation of average triglycerides in patients with/without Gestational diabetes.

In both groups, changes in glucose parameters were statistically insignificant in the third tri-
mester of pregnancy compared to the first trimester, while all lipid status parameters were sig-
nificantly higher.

Greater changes in lipid status were registered in the group with gestational diabetes, except for 
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the LDL parameter: the average change for triglycerides was 2.397 vs 1.34, for total cholesterol 
2.17 vs 1.79, for HDL 0.27 vs 0.17.

Table 4. Change in clinical parameters.

variable 1 3 difference p-level

GD

Insulin 14.36 ± 5.1 13.67 ± 6.9 0.698 t=0.3   p=0.77
Glycaemia 4.84 ± 0.6 4.80 ± 0.5 0.038 t=0.2   p=0.86
HbA1c 5.29 ± 0.3 5.22 ± 0.4 0.077 t=0.8   p=0.42
Triglycerides 1.61 ± 0.6 4.01 ± 2.3 2.397 t=3.7  **p=0.0025
Total cholesterol 4.96 ± 1.1 7.13 ± 1.0 2.17 t=7.0   ***p=0.000009
HDL 1.45 ± 0.2 1.72 ± 0.4 0.27 t=2.2   *p=0.048
LDL 2.98 ± 0.7 4.04 ± 1.1 1.05 t=3.7   **p=0.0028
Weight 86.0 ± 10.5 92.14 ± 11.5 6.14 t=6.4   ***p=0.00002
BMI 31.93 ± 3.7 34.59 ± 3.9 2.66 t=4.6   ***p=0.0005

Without 
GD 

Insulin 12.96 ± 7.6 14.49 ± 9.9 1.53 t=1.3   p=0.19
Glycaemia 4.68 ± 0.5 4.54 ± 0.4 0.139 t=1.8   p=0.08
HbA1c 5.23 ± 0.2 5.25 ± 0.3 0.026 t=0.5   p=0.63
Triglycerides 1.26 ± 0.8 2.62 ± 0.9 1.34 t=9.3   ***p=0.000000
Total cholesterol 4.71 ± 0.98 6.51 ± 1.1 1.79 t=9.8  *** p=0.000000
HDL 1.59 ± 0.4 1.77 ± 0.4 0.17 t=2.9   **p=0.005
LDL 2.73 ± 0.8 3.95 ± 0.98 1.22 t=7.3   ***p=0.000000
Weight 72.04 ± 15.1 81.0 ± 14.7 8.95 t=14.4  ***p=0.000000
BMI 26.70 ± 5.4 29.95 ± 5.4 3.24 t=11.3  *** p=0.000000

The values are shown with ± SD, min-max, HDL: high-density lipoprotein, LDL: low-density lipopro-
tein; BMI: body mass index, t (Student t-test for dependent samples), *sig p<0.05; **sig p<0.01; 
 ***sig p<0.0001

Discussion

This prospective study demonstrated a correlation between glucose and lipid status in patients 
with gestational diabetes and healthy pregnant patients. The age at conception was comparable 
between the two groups, reinforcing the established understanding that, in addition to mater-
nal age, other major risk factors for GDM include family history and obesity (9). Our find-
ings confirmed that the body mass index was significantly higher in the group of patients with 
gestational diabetes compared to the group of healthy subjects. The analysis of insulin, fasting 
plasma glucose and HbA1c in the third trimester of pregnancy between the group of patients 
with gestational diabetes and the group of healthy subjects did not differ significantly in terms 
of glucose status: they had similar values of insulin (13.67 ± 6.9 vs 14.49 ± 9.9, p=0.77), fasting 
plasma glucose (4.80 ± 0.5 vs 4.54 ± 0.4, p=0.06), and HbA1c (5.22 ± 0.4 vs 5.25 ± 0.3, p=0.76). 
Even in the group of patients with diagnosed gestational diabetes, there is a slightly lower value 
of HbA1c, that may reflect the effects of early diagnosis and adherence to a prescribed regimen 
including dietary modifications, physical activity, and pharmacological therapy, contributing to 
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better glycemic control.

Comparing the two groups of patients with gestational diabetes to the group of healthy partici-
pants in the third trimester of pregnancy revealed that the gestational diabetes group exhibited 
significantly elevated triglyceride levels. Other lipid status parameters were comparable between 
the two groups: total cholesterol was marginally elevated in the gestational diabetes group (7.13 
± 1.02 vs 7.13 ± 1.02, p=0.068); HDL levels were slightly reduced in the gestational diabetes 
group (1.72 ± 0.4 vs 1.77 ± 0.4, p=0.68); LDL was marginally higher in the gestational diabe-
tes group (4.04 ± 1.1 vs 3.95 ± 0.98, p=0.3). The significant longitudinal increase in triglycer-
ides and the insignificantly elevated total cholesterol and LDL in the gestational diabetes group 
align with the findings of Farias et al., which demonstrated a linear increase in total cholesterol, 
LDL and triglycerides with advancing gestational weeks (10). Only HDL has the highest value 
throughout the third trimester before commencing a drop. 

The study by Lippi et al. showed that gestational age markedly affected lipid parameters, with 
women in their second and third trimesters showing significantly elevated levels of total cho-
lesterol, low-density lipoprotein cholesterol and triglycerides (11). Likewise, Alvarez et al. ob-
served that triglyceride and cholesterol concentrations escalated across all lipoprotein fractions 
as pregnancy advanced (12).

A study was conducted to analyze the correlation of glucose parameters, including insulin, fast-
ing plasma glucose and HbA1c, between the first and third trimesters of pregnancy. The results 
showed no significant difference in glucose parameters in the third trimester compared to the 
first trimester, while all lipid status parameters were significantly higher. The lack of significant 
difference in glucose parameters may be attributed to the introduced treatment, dietary chang-
es, and increased physical activity. Greater changes in lipid status were observed in the group 
with gestational diabetes compared to healthy subjects, except for the LDL parameter. The aver-
age change for triglycerides was 2.397 vs 1.34, for total cholesterol 2.17 vs 1.79, and for HDL 0.27 
vs 0.17. Increased body weight and obesity are serious risk factors for gestational diabetes, and 
patients with gestational diabetes have a higher lipid profile, especially triglycerides, compared 
to healthy subjects. It is essential to consider the physiological increase in total cholesterol by 25-
50%, LDL by 60% and triglycerides by 200%. Therefore, overall laboratory evaluation in women 
before pregnancy is useful to identify patients with lipid profile disorders preconceptionally, 
requiring intervention with diet, physical activity and medication treatment.

Despite the availability of various treatment options for dyslipidemia in pregnant patients, only 
bile acid sequestrates are allowed during pregnancy. Ezetimibe and fenofibrate may be consid-
ered if the benefits outweigh the potential risks. Statins are contraindicated for use, but recent 
meta-analyses have shown potential benefits in strictly selected cases, especially in patients with 
high cardiovascular risk, recent cardiac events, established cardiovascular disease, or familial 
hypercholesterolemia. In these cases, the final decision should carefully consider the potential 
risk of discontinuing therapy. More information is needed about the treatment of dyslipidemia 
during pregnancy with new drugs like PCSK9 inhibitors, especially Inclisiran, which can be 
used before pregnancy and immediately after delivery, at intervals of 9 months between treat-
ments. The decision to treat dyslipidemia during pregnancy should be individualized.

Conclusion
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Managing dyslipidemia during pregnancy necessitates a meticulous and personalized strategy, 
alongside a comprehensive approach, to ensure the well-being of both mother and fetus. Physi-
ological alterations during gestation frequently intensify lipid irregularities, especially increased 
triglycerides and LDL-cholesterol, potentially complicating pre-existing dyslipidemic disorders. 
Effective care predominantly depends on lifestyle modifications and nutritional changes, with 
pharmacological treatment reserved for specific high-risk situations. Inherited conditions like 
familial hyperchylomicronemia, necessitate individualized nutritional approaches to mitigate 
risks and promote positive pregnancy results.
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Abstract

Introduction: Hyperbilirubinemia has been proposed as a potential biomarker for predicting 
complicated appendicitis. This study aims to evaluate the role of serum bilirubin in differenti-
ating complicated from uncomplicated appendicitis and to compare its diagnostic performance 
with other inflammatory markers.

Material and Method: A retrospective analysis was conducted on 30 patients diagnosed with 
acute appendicitis, including 10 with complicated and 20 with uncomplicated appendicitis. Lab-
oratory parameters, including white blood cell (WBC) count, neutrophil-to-lymphocyte ratio 
(NLR), platelet (PLT) count, interleukin-6 (IL-6) and serum bilirubin levels, were compared 
between the two groups. Statistical analyses were performed to determine the predictive value 
of hyperbilirubinemia for complicated appendicitis.

Results: Patients with complicated appendicitis exhibited significantly higher serum bilirubin 
levels than those with uncomplicated appendicitis (p<0.01). Additionally, CRP and IL-6 were 
notably elevated in the complicated appendicitis group. However, the combination of serum bil-
irubin with other inflammatory markers, such as CRP and IL-6, enhanced diagnostic accuracy.

Conclusion: Hyperbilirubinemia is a valuable biomarker for predicting complicated appendici-
tis and may serve as a useful adjunct to existing diagnostic tools. Further large-scale prospective 
studies are warranted to validate these findings and establish standardized cutoff values for clin-
ical application.

Key Words: biomarker; complicated appendicitis; serum bilirubin.

Introduction

Acute appendicitis is one of the most common causes of acute abdomen requiring emergen-
cy surgical intervention. It is estimated that approximately 7-8% of the population will devel-
op appendicitis during their lifetime, with the highest incidence occurring in adolescents and 
young adults (1). Despite significant advancements in diagnostic and therapeutic approaches, 
acute appendicitis remains a challenge due to its variable clinical presentation and potential for 
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rapid progression to complications. From a pathophysiological perspective, appendicitis can be 
classified into two main categories: 1. uncomplicated appendicitis, characterized by localized 
inflammation without perforation or gangrene, usually having a favorable outcome with timely 
intervention; and 2. complicated appendicitis, which involves gangrene, perforation, or abscess 
formation and is associated with higher morbidity, prolonged hospital stay and an increased risk 
of postoperative complications. Early differentiation between these forms is essential for deter-
mining treatment and preventing complications. Although clinical scoring systems (e.g. Alvara-
do) and imaging techniques significantly contribute to diagnosis, they are not always sufficiently 
sensitive or specific in predicting the severity of the inflammatory process (2). Researchers have 
explored the role of biomarkers such as serum bilirubin, inflammatory cytokines, and hemato-
logical indices in distinguishing between uncomplicated and complicated appendicitis. 

Hyperbilirubinemia has been proposed as a potential marker for complicated appendicitis, as 
increased serum bilirubin levels may result from bacterial translocation and endotoxemia, lead-
ing to hepatocellular dysfunction and reduced bilirubin clearance (3). Studies have reported 
that patients with perforated appendicitis exhibit significantly higher bilirubin levels compared 
to those with uncomplicated cases, suggesting thier utility as a predictor of disease severity (4).

In addition to bilirubin, inflammatory cytokines, such as interleukin-6 (IL-6) and tumor ne-
crosis factor-alpha (TNF-α), have been investigated for their role in appendicitis severity. IL-6, 
a key pro-inflammatory mediator, has shown to correlate with disease progression, with higher 
levels observed in patients with gangrenous or perforated appendicitis (5). Moreover, hemato-
logical indices, such as the neutrophil-to-lymphocyte ratio (NLR) and platelet count (PLT), have 
gained attention as cost-effective and easily accessible markers. Studies suggest that an elevated 
NLR is associated with a higher likelihood of complicated appendicitis, reflecting a heightened 
systemic inflammatory response. Integration of these biomarkers into clinical practice could 
enhance diagnostic accuracy, especially in borderline cases where imaging findings are incon-
clusive. While further large-scale prospective studies are needed to validate their predictive val-
ue, current evidence suggests that serum bilirubin, IL-6, NLR and other inflammatory markers 
hold promise in improving early risk stratification for complicated appendicitis (3,4,5).

The aim of this study is to evaluate the diagnostic and prognostic potential of serum bilirubin 
levels in comparison to WBC, NLR, PLT and IL-6 for preoperative identification of complicated 
appendicitis. Confirming its predictive value could contribute to improving diagnostic strate-
gies and the early identification of high-risk patients.

The primary objective of this study is to investigate the diagnostic and prognostic value of se-
rum bilirubin in distinguishing complicated from uncomplicated appendicitis. Secondary ob-
jectives of this study are: 1. to compare the mean values of these biomarkers between patients 
with complicated (n=10) and uncomplicated appendicitis (n=20); 2. to analyze the correlation 
between serum bilirubin levels and inflammatory markers (WBC, NLR, PLT, IL-6); and 3. to 
assess the sensitivity and specificity of each biomarker, individually and in combination, for 
predicting complications.

Material and Method

This study is designed as a retrospective, observational, monocentric study conducted in the 
period from January 2023 to January 2024 at the General Hospital Kumanovo. A total of 30 pa-
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tients hospitalized with a diagnosis of acute appendicitis and undergoing surgical treatment (ei-
ther open or laparoscopic appendectomy) were included. Patients were divided into two groups 
based on histopathological findings:

• complicated appendicitis group (n=10): patients with gangrenous or perforated appen-
dicitis or the presence of an abscess; and

• uncomplicated appendicitis group (n=20): patients with catarrhal or phlegmonous ap-
pendicitis without evidence of complications.

Inclusion Criteria:

• patients over 14 years old diagnosed with acute appendicitis,

• diagnosis confirmed through histopathological analysis after appendectomy, and

• availability of biochemical data, including WBC, NLR, PLT, IL-6, CRP and serum biliru-
bin.

Exclusion Criteria:

• patients with chronic liver diseases, hemolytic disorders, or previously diagnosed with 
Gilbert’s syndrome,

• pregnant women and patients with confirmed viral hepatitis infection; and

• incomplete medical records in the patient’s documentation.

From medical records, demographic data (age, gender) and the following laboratory parame-
ters were collected: WBC (white blood cell count), NLR (neutrophil-to-lymphocyte ratio), PLT 
(platelet count), IL-6 (interleukin-6), CRP (C-reactive protein) and total serum bilirubin.

Results

Table 1.

gender age WBC NLR PLT CRP TBIL IL-6 PHA
1 F 20 19 15.81 250 105.1 12.7 69.3 phleg
2 F 47 14.7 9.9 171 146.5 18.3 89.9 gang
3 M 64 18.9 9.05 358 132.7 53 63.6 gang
4 M 42 8.8 5.92 140 81.8 25 5.76 phleg
5 F 26 21.5 9.4 343 69.2 18 13.3 gang
6 F 44 10.3 4.39 324 102.2 9 6.51 phleg
7 M 47 12.8 16.71 204 11.6 14.3 26.1 phleg
8 F 48 18.7 29.5 227 41.7 15 59.6 phleg
9 F 34 12.2 8.67 195 6.1 7 8.66 phleg

10 F 26 10.8 5.87 218 43.9 9.1 2.3 phleg
11 M 21 11.9 2.86 314 18.1 7.5 4.36 phleg
12 M 33 8.2 3.81 221 19.8 16 3.4 phleg
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gender age WBC NLR PLT CRP TBIL IL-6 PHA
13 F 39 18.1 7.34 249 0.5 9 27.2 phleg
14 F 15 8.9 4.67 306 27.4 26 2.05 phleg
15 M 52 4.1 6.8 114 47.3 11 46.2 phleg
16 M 18 15.1 4.76 190 0.3 8 12.3 phleg
17 F 29 7.9 2.36 182 0.3 25 2.1 phleg
18 M 24 19.8 11 216 21.1 20.5 92.9 gang
19 F 16 7.4 5.45 154 107 26.7 8.05 phleg
20 F 52 15.6 5.82 214 34.3 13 40.3 gang
21 M 77 19.9 23.14 254 165.4 20 282 phleg
22 M 24 12.8 6.63 204 6.8 23 18.8 gang
23 M 25 4.2 3.44 188 162.3 32 563 gang
24 M 14 21 12.6 342 149.8 28 48.3 gang
25 M 31 13.9 5.65 253 123.5 12.7 10.7 gang
26 М 23 12.3 16.29 318 62.2 13 25.8 phleg
27 M 37 9.5 6.58 124 1.9 12 37.4 phleg
28 M 28 12.1 8.33 190 18.5 16.8 25.1 phleg
29 M 22 26.1 11.6 334 85 26.6 93.8 gang
30 F 50 10.8 3.43 230 14.4 6 6.23 phleg

Table 1 presents the demographic data (age, gender (M – male and F – female)) and the values 
of the following laboratory parameters (denoted by their respective abbreviations): white blood 
cell count x10⁹/L (WBC), neutrophil-to-lymphocyte ratio (NLR), platelet count x10⁹/L (PLT), 
C-reactive protein in mg/L (CRP), total bilirubin in µmol/L (TBIL), and interleukin-6 in pg/mL 
(IL-6). The pathological finding (PHA) is categorized into two groups: uncomplicated (phleg) 
and complicated (gang).

Ta ble 2.

age WBC NLR PLT CRP TBIL IL-6
count 30.00 30.00 30.00 30.00 30.00 30.00 30.00
mean 34.27 13.58 8.93 234.23 60.22 17.81 56.50

std 15.35 5.38 6.17 68.44 54.75 9.83 109.85
min 14.00 4.10 2.36 114.00 0.30 6.00 2.05
0.25 23.25 9.70 4.93 190.00 15.33 11.25 6.90
0.50 30.00 12.55 6.72 219.50 42.80 15.50 25.45
0.75 46.25 18.55 10.75 293.00 104.38 24.50 56.78
max 77.00 26.10 29.50 358.00 165.40 53.00 563.00

Table 2 presents the basic statistical parameters (mean, standard deviation, minimum and max-
imum values) for age, WBC, NLR, PLT, CRP, TBIL and IL-6 in patients with appendicitis.
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Table 3.

age WBC NLR PLT CRP TBIL IL-6

mean std mean std mean std mean std mean std mean std mean std

gang 32.90 15.91 16.85 6.04 8.51 2.98 262.30 73.77 93.12 57.81 24.51 11.81 103.46 164.68

phleg 34.95 15.44 11.94 4.30 9.13 7.34 220.20 62.84 43.78 46.24 14.46 6.78 33.02 61.89

Table 3 compares the mean values and standard deviations (std) for the two patient groups (un-
complicated (phleg) and complicated appendicitis (gang)).

Table 4.

Test Type p-value
age Mann-Whitney U test 0.72

WBC T-test 0.04
NLR Mann-Whitney U test 0.39
PLT T-test 0.14
CRP Mann-Whitney U test 0.02
TBIL Mann-Whitney U test 0.01
IL-6 Mann-Whitney U test 0.01

Table 4 presents the p-values from the Mann-Whitney U test and T-test to determine the statis-
tical significance of differences between the groups.

Table 5.

age WBC NLR PLT CRP TBIL IL-6
age 1.00 0.06 0.32 -0.12 0.19 0.05 0.16

WBC 0.06 1.00 0.55 0.58 0.20 0.14 -0.05

NLR 0.32 0.55 1.00 0.17 0.24 0.02 0.16

PLT -0.12 0.58 0.17 1.00 0.28 0.25 -0.07

CRP 0.19 0.20 0.24 0.28 1.00 0.49 0.55

TBIL 0.05 0.14 0.02 0.25 0.49 1.00 0.34

IL-6 0.16 -0.05 0.16 -0.07 0.55 0.34 1.00

Table 5 presents the correlations between different laboratory parameters, showing which mark-
ers are the most strongly associated.

Table 6.

Spearman Correlation p-value
WBC NLR 0.6918 0.0000
WBC PLT 0.5920 0.0006
WBC IL-6 0.5532 0.0015
NLR WBC 0.6918 0.0000
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Spearman Correlation p-value
NLR IL-6 0.6570 0.0001
PLT WBC 0.5920 0.0006
CRP TBIL 0.4925 0.0057
CRP IL-6 0.4563 0.0113
TBIL CRP 0.4925 0.0057
IL-6 WBC 0.5532 0.0015
IL-6 NLR 0.6570 0.0001
IL-6 CRP 0.4563 0.0113

Table 6 shows the Spearman correlation of numerical variables.

Discussion

This study investigated the diagnostic and prognostic value of serum bilirubin as a potential 
biomarker for preoperative identification of complicated appendicitis. The results showed that 
patients with complicated appendicitis (gangrenous/perforated) had significantly higher serum 
bilirubin levels compared to those with uncomplicated appendicitis. These findings suggest that 
bilirubin may be a useful indicator for identifying high-risk patients.

According to the analysis, patients with gangrenous appendicitis had higher mean values of 
WBC, CRP, TBIL, and IL-6 compared to those with phlegmonous appendicitis. The most sig-
nificant differences were observed in CRP (p = 0.02), TBIL (p = 0.01), and IL-6 (p = 0.01), 
indicating that these biomarkers play a crucial role in distinguishing complicated appendicitis.

The strong correlation between TBIL and CRP (ρ=0.49, p=0.0057) supports the hypothesis that 
increased bilirubin levels are associated with an elevated inflammatory response. This may be 
explained by the effect of bacterial endotoxemia on bilirubin metabolism, leading to its eleva-
tion in patients with severe inflammation.

These findings are consistent with previous research, which has shown that hyperbilirubinemia is 
an indicator of complicated appendicitis (4,6,7). Studies conducted by Gavriilidis et al. (2019) and 
Burchart et al. (2013), also suggest that elevated bilirubin levels may signal gangrene or perfora-
tion of the appendix (8,9). However, larger studies are needed to further validate these results (10).

Some limitations of this study include a small patient sample (n=30), which reduces the statis-
tical power of the analysis. Additionally, this is a retrospective study, meaning biases related to 
data collection are possible. Future research with a larger sample size and a prospective design 
could confirm these findings.

Conclusion

The results of this study indicate that serum bilirubin may serve as a useful biochemical marker 
for the preoperative identification of complicated appendicitis. Its application, in combination 
with traditional inflammatory parameters (CRP, WBC, IL-6), could improve diagnostic strate-
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gies and optimize surgical treatment.
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Abstract

Introduction: Postoperative nausea and vomitus (PONV) are serious complication subsequent 
to laparoscopic radical prostatectomy. Although the prevention of PONV states that a single bo-
lus dose of one antiemetic drug is recommended, combining treatment with two or more drugs 
or continuous antiemetic drug infusion is more effective.

Objectives: To evaluate and compare the occurrence and severity of postoperative nausea and 
vomiting (PONV) in the postoperative phases in patients undergoing laparoscopic prostatecto-
my who receive various antiemetic prophylaxes. 

Materials and Methods: This prospective, comparative study included 40 patients who under-
went laparoscopic radical prostatectomy, equally divided into two groups: one receiving intra-
operative antiemetic prophylaxis with a combination of two agents Group FM (intra operative 
receiving metoclopramide and famotidine), and the other with a single agent (receiving intra- 
and postoperative continuous infusion of Dexmedetomidine) Group DEX. The dry retching 
and nausea were assessed at five postoperative time points: immediately after extubating, and at 
2, 4, 12 and 24 hours.

Results: Postoperatively, PONV was identified in total 8 (20%) patients in the two groups. The 
incidence of PONV in group DEX was lower, and it was 15% or 3 patients with grade 1 PONV, 
versus 25% or 5 patients with grade 2 PONV in group FM. 

Conclusion: Our results indicate that Dexmedetomidine could significantly lower the occur-
rence and gradus of PONV compared, with combination of Famotidine and Metoclopramide 
after laparoscopic prostatectomy.

Key Words: dexmedetomidine; metoclopramide; postoperative nausea and vomitus.
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Introduction

Over the years, surgical techniques have evolved significantly, with minimally invasive ap-
proaches like laparoscopic prostatectomy (LPR) becoming increasingly common. Compared 
to open surgery, LPR offers several advantages: reduced trauma, less postoperative pain and 
feasibility as a day-case procedure (1).

However, the creation of pneumoperitoneum using carbon dioxide can cause notable hemod-
ynamic, renal and respiratory effects due to elevated intra-abdominal pressure (2). The occur-
rence of postoperative nausea and vomiting (PONV) as one of the most common postoperative 
complications of LPR has incidence of 40–70% (3). This is largely triggered by CO₂ insufflation, 
which activates serotonin receptors in the gut and stimulates the chemoreceptor trigger zone 
(4). Risk factors for PONV include non-smoking patients, general anesthesia, laparoscopic in-
terventions, history of motion sickness and stress-prone personality (5).

Despite modern antiemetic strategies, PONV remains one of the most frequent complications 
in the first 24 hours after laparoscopic surgery (6,7). It can lead to prolonged recovery, delayed 
discharge, increased healthcare costs, and complications such as appetite loss, dehydration, elec-
trolyte imbalance, wound dehiscence, esophageal rupture and even pneumothorax (8,9). The 
incidence rises to 53–70% in high-risk patients (Apfel score ≥3) (9). Therefore, crucial for im-
proved patients’ outcomes and reducing hospital stay costs, is early prevention and treatment of 
PONV.

Monitoring PONV is especially important in high-risk groups, influenced by factors like gen-
der, surgery type and duration, anesthesia duration, CO₂ exposure, and even emotional stress 
in the recovery room (10). The vomiting reflex is mediated through the vomiting center and the 
chemoreceptor trigger zone (CTZ) in the medulla oblongata (11). Other risk factors include age 
>50, female gender, infections, uremia, migraines, hypercalcemia and anxiety (9,10,11). Specific 
surgeries such as abdominal laparoscopy, gynecologic procedures, strabismus, and ear surgery 
are also associated with higher PONV rates (10,11).

Prophylaxis depends on risk level. Single-drug therapy is recommended for moderate-risk 
patients (Apfel score 1–2), while high-risk patients benefit more from combination thera-
pies involving multiple antiemetic drug classes (10). The most common used drugs are: buty-
rophenones, serotonin antagonists, steroids, H₂-receptor antagonists, anticholinergics and phe-
nothiazines. Famotidine, metoclopramide and dexmedetomidine are among the drugs used. 
Although famotidine has no direct antiemetic effect, it inhibits histamine H₂ receptors in gastric 
parietal cells, reducing acid secretion. Given intravenously, it reaches peak effect in 30 minutes 
and lasts 10–12 hours (12). Metoclopramide, a dopamine receptor antagonist with prokinetic 
effects, acts both centrally and peripherally. Its onset is within 15 minutes and duration 1–2 
hours (13). Dexmedetomidine, an α₂-agonist, exerts antiemetic effects by reducing sympathetic 
tone and perioperative opioid use. It begins acting within 5–10 minutes, peaks at 15–30 minutes, 
and lasts 60–120 minutes. With a half-life of 2 hours, its pharmacokinetic profile supports use in 
both intraoperative and early postoperative settings (14).

Hence, the main objective of this small study was to compare the prophylactic effects of fa-
motidine and metoclopramide combination alongside dexmedetomidine in reducing PONV in 
patients undergoing laparoscopic prostatectomy.
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Materials and Methods

Study Design: This study was designed as a prospective comparative clinical evaluation con-
ducted at the University Clinic of Urology, Skopje, and the University Clinic for Anesthesiology, 
Reanimation and Intensive Care Medicine Faculty of Medicine, “Ss Cyril and Methodius” Uni-
versity, Skopje, RN Macedonia. The evaluation included a total of 40 male patients scheduled for 
laparoscopic prostatectomy (LPR) between January and December 2024. The enrollment of the 
patients scheduled for LPR in the study was conducted after obtaining informed consent. The 
study protocol received ethical approval from the Institutional Review Board (IRB) and ethical 
committee from the medical faculty, and written informed consent was obtained from all par-
ticipants before inclusion in the investigation.

Patients’ Selection Criteria: Inclusion criteria incorporated male patients aged 50–75 years with 
histologically confirmed prostate carcinoma requiring LPR, ASA Class I and II and 180-min-
utes maximum duration of surgery. Patients with pre-existing psychiatric illnesses, Parkinson’s 
disease, motion sickness, or a history of chemotherapy were excluded to minimize confounding 
factors affecting PONV. Excluding factors were identified allergies to the medications in this 
study but also patients with EF ≤30%, coronary occlusions ≥ 50%, bradycardia ≤ 50 min, MAP 
≤ 65mmHg and atrioventricular block grade II, due to the use of Dexmedetomidine. 

The patients were randomly divided into two groups (combination of famotidine and metoclo-
pramide - group FM and dexmedetomidine - group DEX) using a cubull randomization. All 
patients received complete monitoring, including noninvasive blood pressure (NIBP), heart rate 
(PR), oxygen saturation (SpO2) and body temperature measurements.

Group FM (Famotidine + Metoclopramide): Patients in this cohort were given 20mg of fa-
motidine and 10mg of metoclopramide intraoperatively, immediately following intubation. 
Group DEX (Dexmedetomidine): Patients in this cohort were administered dexmedetomidine 
at a dosage of 0.4 micrograms per kilogram per hour (μg/kg/h) during the intraoperative phase, 
thereafter followed by a decreased dosage of 0.1μg/kg/h for 8 hours postoperatively.

Examined Parameters: PONV was assessed through serial of physical examinations and ques-
tionnaires in five different time points:

• T1 - Immediately after the extubating,

• T2 - 2 h after the surgery,

• T3 - 4 h after the surgery,

• T4 - 12 h after the surgery,

• T5 - 24 h after the surgery.

After the completion of surgery, the first physical exam and questionnaire for T1 was taken 
in the operating room, after which the patients entered the recovery room where the follow-
ing checkups and surveys, including questions about the scour of nausea and vomiting and 
hemodynamic parameters of the patient in T2, T3 and T4 were completed. The last exam and 
questionary for T5 were taken in the patient’s room. All patients with vomiting scores of 2 and 
> 5 were treated with ondansetron (4mg I.V. 1cc). Ondansetron is one of the imperative drugs in 
preventing PONV due to surgery and chemotherapy. This serotonin receptor antagonist exhib-
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its its anti-vomiting effects by inhibiting 5-hydroxytryptamine type 3 (5-HT3) receptors in the 
vomiting center and the compressor starting area (15). Finally, the obtained data were analyzed 
by statistical software SPSS 23 and the data were presented in the form of statistical tables and 
charts.

Assessment of PONV: Evaluation of the risk for PONV was made with use of the Apfel risk 
score and determining the grade and severity of PONV was made using the most recent grade 
and impact scale respectively.  

Table 1. Apfel’s risk score and the PONV impact scale.

Apfel’s risk factors
Non-smoker 1
Postoperative opioids 1
History of PONV 1
Female gender 1
Total score 0-4 (Total score ≥ 3 clinically significant)
PONV impact scale calculator
 Dry-retching episodes
  Not at all 0
  Once 1
  Twice 2
  Three or more times 3
 Nausea episodes
   Not at all 0
   Sometimes 1
   Often or most of the time 2
    All the time 3
Total score (≥5 clinically significant) 0-6

One of the tools that have proven to be effective in assessing the patient’s baseline risk PONV 
and also has implications in the protocol for patient-specific antiemetic prophylaxis is the Apfel’s 
risk score. The factors included in the Apfel’s score are postoperative use of opioids, non-smoker 
status, female gender and previous history of PONV or motion sickness. Correspondingly, all 
these risk factors contribute to elevating the incidence of PONV by about 20% (9). Each risk 
factor is given a score of 1, the total score being 4. PONV is classified as grades 0, 1 and 2. Grades 
1 and 2 are considered as PONV (16).

PONV impact scale calculator is a tool that assesses the clinical significance of the PONV, and it 
is based on the patient’s assessment of the impact of their nausea on their postoperative recovery 
and the number of experienced vomiting. It includes questions about the presence of nausea and 
its quantity and questions about presence and the number of vomiting. A score ≥5 is considered 
clinically significant (16).
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Table 2. PONV grade. 

PONV grade Patient’s response
0 Without PONV
1 Nausea without vomitus
2 Nausea with vomiting (≤ 3 times/day)
3 Vomiting ≥ 3 times /day

PONV grade is determined by a four-point (0-3) scoring system, with PONV score 0= no signs 
of nausea and retching; 1= episodes of sickness and retching; 2= vomiting one or two times in a 
period of 30 min; 3= vomiting more than two times in a period of 30 min (9,16).

Anesthesia Protocol: Per the protocol, all patients received conventional preoperative prepara-
tion, which included a minimum fasting period of six hours and the maintenance of normother-
mia. Two hours before surgery, patients received 5mg of oral diazepam as premedication. Upon 
entering the operating room, patients were subjected to continuous hemodynamic monitoring 
utilizing the Datex-Ohmeda S/5 Avance (Helsinki, Finland), which recorded the following pa-
rameters: electrocardiography (ECG), heart rate (HR), non-invasive blood pressure (NIBP) and 
invasive mean arterial pressure (MAP) at five-minute intervals, along with oxygen saturation 
(SpO₂), capnography (end-tidal CO₂ – EtCO₂), fraction of inspired oxygen (FiO₂), and intra-ab-
dominal pressure (9–12 mmHg) through the laparoscopic insufflation system. An intravenous 
cannula was inserted in each patient, and a crystalloid infusion was delivered at a rate of 6–12ml/
kg/hr during anesthesia. Before induction, patients received preoxygenation with 100% oxygen 
at a flow rate of 6 L/min for three minutes. General endotracheal anesthesia was initiated with 
0.04mg/kg midazolam, 0.002mg/kg fentanyl, 1–2mg/kg propofol, and 0.6mg/kg rocuronium. 
After loss of consciousness and the stoppage of spontaneous respiration, patients were manu-
ally ventilated, and endotracheal intubation was conducted two minutes post-administration 
of rocuronium. Mechanical ventilation commenced utilizing the Datex-Ohmeda S/5 Avance in 
Pressure-Controlled Ventilation - Volume Guarantee (PCV-VG) mode, with a tidal volume of 
6–8ml/kg, a gas mixture comprising 50% oxygen and 50% air, an inspiratory-to-expiratory ratio 
(I:E) of 1:2, a respiratory rate calibrated to sustain EtCO₂ between 35–45mmHg, and a positive 
end-expiratory pressure (PEEP) of 5cm H₂O. Anesthesia was sustained by a balanced method 
utilizing remifentanil (0.05–1µg/kg/min) and sevoflurane at 1 MAC, ensuring mean arterial 
pressure remained within ±20% of baseline values. A nasogastric tube was inserted for decom-
pression, intraoperative normothermia was sustained using forced-air warming blankets, and 
anti-embolism pumps were utilized for all patients to avert thromboembolic problems. Post-
operative treatment encompassed standardized analgesia and fluid resuscitation according to 
institutional procedure (2024 NICE guidelines). 25-30ml/kg/day of water and 1mmol/kg/day of 
sodium, potassium, and chloride, in accordance to the British Consensus Guidelines on IV Flu-
id for Adult Surgical Patients. GIFTASUP advised a low volume maintenance fluid of 1-1.5ml/
kg/hr, with fluid boluses of 0.5ml/kg/hr for the resuscitation of postoperative oliguria, along 
with serial evaluations of postoperative nausea and vomiting (PONV) using the PONV grade 
and impact scale for up to 24 hours postoperatively. Patients suffering from PONV were treated 
in accordance to the most recent recommendations and guidelines, employing a multimodal 
approach with antiemetic medications, and utilizing ondansetron as the “gold standard” for 
PONV management (17).

All patients with vomiting scores of 2 and > 5 were treated with ondansetron 4mg i.v. /1cc. 
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Statistical Analysis: The data were examined utilizing SPSS software (version 27.0, IBM Corp.). 
Continuous variables were assessed for normalcy with the Shapiro-Wilk test. Parametric data 
were represented as mean ± standard deviation (SD) and evaluated via the paired t-test, whereas 
non-parametric data were provided as a median with interquartile range (IQR) and compared 
using the Mann-Whitney U test. A p-value of less than 0.05 was deemed statistically significant.

Results

Out of a total of 40 patients who underwent laparoscopic prostatectomy, 3 patients (15%) from 
the DEX group had Apfel score of 3 with a 60% possibility of developing PONV, and from the FM 
group, one patient (5%) had Apfel score of 3, which means a 60% possibility of PONV, and one 
patient from the same group had an Apfel score 4 (5%) with an 80% possibility of PONV. From 
those patients with significant predictive Apfel score from the FM group (from the PONV impact 
scale calculator), 5 patients had PONV in T1, 4 patients in T2, 2 patients in T3, 1 patient in T4, 
and no patients in T5. Furthermore, out of these patients, 1 had grade 0 PONV, 2 had grade 1 
PONV and 2 had grade 2 PONV. The number of patients with significant predictive Apfel score 
from the DEX group (score ≥5 from the PONV impact scale calculator) was 3 patients in T1, 1 
patient in T2, and no patients in T3, T4 and T5. Out of these patients, 2 had grade PONV 1. 

Table 3 presents the demographic characteristics of the study population: a mid-age value of 61 
(50-72) years in the FM group and 65 (55-75) in the DEX group. Average BMI of 30 (21-39) kg/
m² in the FM group and 31 (29-32) kg/m² in the DEX group. The average duration of LRP in the 
FM group was 155 (135-175) minutes and 150 (138-172) minutes in the DEX group. There were 
6 patients, or 30%, who were non-smokers in the FM group and a total of 3 non-smoker patients 
in the DEX group. According to ASA score there were 14 patients (70%) with an ASA I score in 
the FM group and the same number of 14 (70%) ASA I patients in the DEX group. The number 
of ASA II patients in both groups was also the same, 6 (30%). ASA III and ASA IV patients were 
excluded from the study. 

Table 3. Patients’ demographic characteristic (N=40).

Parameter Famotidine + Metoclopr-
amide Group FM n(%)

Dexmedetomidine 
Group DEX n(%)

Age (years), median (IQR) 61 (50-72) 65 (55-75)
BMI (kg/m2), median (IQR) 30 (21-39) 31 (29-32)
Average duration of surgery(min), median (IQR) 155 (135-175) 150 (138-172)
Nonsmoker 6 (30) 3(15)
ASA score
I 14(70) 14(70)
II 6(30) 6(30)
III 0(100) 0(100)
IV 0(100) 0(100)
Previous PONV 4 (20) 3(15)
Previous motion sickness 3(15) 2(10)
Apfel score
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1 4(20) 0(100)
2 3(15) 0(100)
3 1(5) 3(15)
4 1(5) 0(100)

There were 4 (20%) patients with previous PONV in the FM group and 3 (15%) in the DEX 
group. Previous motion sickness was noted in 3 patients (15%) in the FM group and in 2 patients 
(10%) in the DEX group. 

Apfel score for predicting the PONV was 1 for 4 patients (20%) in the FM group and none in the 
DEX group. Apfel score 2 for 3 (15%) of patients in the first and none in the latter group. Apfel 
score 3 was noted in 1 patient (5%) in the FM, versus 3 (15%) patients in the DEX group. And 
finally, Apfel score 4 was noted just in 1 (5%) patient in the first FM group. 

The difference between the two groups regarding mean age, BMI and mean duration of surgery 
was noteworthy (P ≥ 0.05). 

Graph 1. Comparing vomiting and nausea scores in T1, T2, T3, T4, T5 of DEX group versus FM group.

Giving the results in Graph 1 the re was a substantial difference in the frequency and the grade of 
nausea and vomiting among the two groups, and the incidence of PONV exhibited a significant 
decrease in the DEX group as compared to FM groups (p<0.005). 

Table 4. Comparison of the incidence and severity of PONV between the two groups.

Group DEX Group FM
PONV T1 = 3 PONV T1 = 5
PONV T2 = 1 PONV T2 = 4
PONV T3 = 0 PONV T3 = 2
PONV T4 = 0 PONV T4 = 1
PONV T5 = 0 PONV T5 = 0
Grade 0 = 0 Grade 0 = 1
Grade 1 = 2 Grade 1 = 2
Grade 3 = 0 Grade 2 = 2

The incidence of PONV in the DEX group was lower and it was 15 % with grade 1 versus 25 % with 
grade 2 in the FM group. 
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Discussion

Anesthesiologists play a crucial role in determining an appropriate pharmacological regimen 
for managing PONV. One of the symptoms of PONV that could occur during the first 24 hours 
after general anesthesia, nausea, is defined as a feeling of unpleasant agitation and discomfort 
in the abdomen, followed by inevitable occurrence of vomiting (18). Despite the certain ad-
vancements in the field of new drugs for PONV, nausea and vomiting are still persistent as a 
common complaint after general anesthesia, with frequency of occurrence from 20% to 30% of 
the patients who undergo general anesthesia within 24 hours of surgery (18, 19). The incidence 
of nausea and vomiting post-surgery depends upon numerous circumstances, including the 
surgical procedure (laparoscopy, strabismus correction, ear surgery, gynecological surgery), the 
anesthetic drugs, and also the anesthetic employed in the procedure (17,18,19). 

Laparoscopic prostatectomies are now increasingly being performed. Shorter hospital stay is the 
advantage of this procedure, but PONV may lengthen stay in hospital and increase the treat-
ment cost. The results of previous studies were in accordance to our study. 

The research by Masilamani involving 100 patients revealed an average hospital stay of 1.19 
days, much lower than the 3-4 days typically required for open radical prostatectomy (20).  Pre-
vious research by Parra-Sanchez et al., demonstrated that patients experiencing PONV had a 
significantly prolonged stay in the post-anesthesia care unit compared to those without PONV. 
This supports the notion that PONV not only affects patient’s comfort but also has a measurable 
impact on recovery efficiency and resource utilization. Furthermore, there was meaningfully a 
notable difference in the nursing time required for patients with PONV than the patients with-
out PONV with statistically significant numbers. Subsequently, the total cost of postoperative 
recovery for PONV patients was greater and therefore was associated with an adjusted incre-
mental total cost. The postoperative quality of life in PONV patients was worse (49% of patients 
with PONV rated quality high in four domains vs 94% of patients without PONV (21). These 
results align with those obtained in our investigation.

Prevention and treatment of PONV alongside providing suitable scales and drugs has been 
one of the important concerns of anesthesiologists over the years. The drugs that are used as 
prophylaxis or for the treatment of PONV include serotonin antagonists, anticholinergics, bu-
tyrophenones, phenothiazines, steroids, and histamine H2-receptor antagonists. Although the 
recommendations stand for a single-drug prophylactic administration, combining treatment 
with two or more drugs from different classes or continuous infusion of anti-emetic drugs is 
more effective than single medicine for high-risk patients (4,10). The results from using some 
of these anti-emetic drugs: famotidine, metoclopramide and dexmedetomidine —in our study 
were in agreement with previous studies, like the study of Nesek-Adam V. that included 160 
patients in which none of the patients form the dexamethasone plus metoclopramide group pa-
tients (p< 0.05 versus groups 1 and 2) and only one of the dexamethasone group patient (p< 0.05 
versus group 1) required antiemetic rescue, vice the four patients in the metoclopramide group 
and six patients in the placebo group that and PONV (1). Another study also contributed to the 
results that the combination of two antiemetic drugs was found to meaningfully decrease the 
incidence of PONV compared to single antiemetic drug. Furthermore, in a series of 140 patients 
the results were as follows: significantly lower rate of PONV in patients receiving a combination 
of metoclopramide and droperidol than those administered metoclopramide alone or placebo. 
Those receiving two-dose droperidol alone also had a statistically significantly lower incidence 
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of PONV compared to metoclopramide and placebo (4). 

A score to rate clinically important PONV from a patient’s point of view was developed and 
validated by Wengritzsky et coauthors and named the PONV intensity scale. The practicality of 
the PONV intensity scale led to the development and validation of a simplified score by Myles 
and Wengritzky, named the PONV impact scale (22). It consists of two questions directed to pa-
tient (Table 1). A score of ≥5 from the two questions defines clinically significant PONV. It has 
been reported that patients perceive PONV to be more distressing than pain, which necessitates 
assessment of its incidence to ensure that it is not undertreated, and that effective measures are 
undertaken to address it (9). Weilbach with coauthors, published a prospective study with 93 
patients from 2006 that highlighted that in the group with an Apfel score of 3, PONV occurred 
in 59.7% of the patients and in the Apfel score group of 4, in 91.3% of all patients. The incidence 
of PONV corresponded to the predicted values of 60% for Apfel 3 and 80% for Apfel 4. The 
conclusion was that the Apfel score is a useful and simple tool for stratification of patients with 
high risk for PONV (9, 10, 23).  

In terms of which agents have more efficacy and low cost for PONV prophylaxis, more research 
is required. Our study evidences that there is a significant difference and decrease in the fre-
quency and the grade of nausea and vomiting among the use of dexmedetomidine compared 
to the combined use of famotidine and metoclopramide (p<0.005). It was also confirmed in the 
meta-analysis with 6,480 patients by the author Liang X. The results confirmed that dexmedeto-
midine reduces postoperative nausea (Risk Ratio (RR) = 0.61, 95% confidence interval (CI): 
0.50 to 0.73) and vomiting compared to placebo, with an effective dose of 0.5μg/kg (RR = 0.46, 
95% CI: 0.34 to 0.62) and 1.0μg/kg (RR = 0.29, 95% CI: 0.12 to 0.75), respectively. Moreover, 
its application lowered intraoperative requirement of fentanyl. The results of this meta-analysis 
showed the superior dexmedetomidine efficacy to placebo, all related to a reduced intraopera-
tive opioid consumption (14).

Likewase, in an updated meta-analysis trial from 2023 with total 18 trials involving 2018 pa-
tients and 15 updated of previous studies, Zhao W et al. supported our findings with the results 
of PONV incidence in DEX group that is lower than that in the control group (OR=0.49, 95% 
CI: 0.36 to 0.67), and significantly decreased perioperative opioid consumption in the DEX 
group (standard mean difference (SMD)=-1.04, 95% CI: -1.53 to -0.54). Moreover, the length 
of hospitalization (SMD=-2.29, 95% CI: -4.31 to -0.28) and the extubating time (SMD=-0.75, 
95% CI: -1.26 to -0.25) in DEX group were shorter. In final conclusion, Dexmedetomidine could 
decrease the occurrence of PONV in adult patients under general anesthesia and promote the 
recovery after surgery (24). 

Furthermore, in another meta-analysis from 2017, Jin S et al. give more evidence that support 
our results that dexmedetomidine could decrease the occurrence of PONV after general anes-
thesia.  PONV in the dexmedetomidine group was meaningfully lower versus the placebo group 
(0.56, 95% CI: 0.46, 0.69). Perioperative fentanyl consumption in the dexmedetomidine group 
was also reduced significantly (P < 0.00001). Subgroup analysis showed that dexmedetomidine 
administration by loading dose plus continuous infusion, by loading dose, or just by continuous 
infusion, the incidence of PONV during general anesthesia was decreased significantly, and 
therefore dexmedetomidine administered in continuous infusion mode has the advantage to 
prevent PONV as well as reducing side effects such as bradycardia and hypotension (25). 
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This aligns with our findings of significant decrease of the incidence of PONV in the DEX group 
compared to the FM group (p<0.005). The incidence of PONV in the DEX group was lower, and 
it was 15% with grade 1 versus 25% with grade 2 in the FM group. 

Despite the valuable insights gained from this study, one main limitation should be acknowl-
edged: the relatively small sample size that may limit the generalizability of our findings, and 
larger multicenter studies are needed to confirm these results. 

Conclusion

Our findings indicate that the investigated antiemetic drugs (dexmedetomidine, famotidine and 
metoclopramide) are effective in reducing postoperative nausea and vomiting in patients un-
dergoing laparoscopic prostatectomy. It should be noted, on the other hand, that the antiemetic 
effect of dexmedetomidine was substantially more powerful when compared to the combination 
of famotidine and metoclopramide.
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Abstract

Epilepsy is defined as a neurological disorder manifested by an excessive and abnormal electri-
cal neuronal discharge. Refractory epilepsy still remains quite frequent condition, considered 
30-40% of all patients with seizures, despite improvement in medication possibilities. Vagus 
Nerve Stimulator offers a neuromodulation approach when other treatment possibilities are ex-
hausted. This minor procedure is safe but carries potential risks for anesthetic management and 
anesthesiologists should be aware of the physiological implications of the device and anticipate 
and manage possible complications.   

Key Words: anesthesia management; epilepsy; vagus nerve stimulator.

Introduction 

Epilepsy is defined as a neurological disorder manifested by an excessive and abnormal electri-
cal neuronal discharge. It is affecting 50 million people worldwide with an incidence of 7.6 per 
1,000 people (1). Refractory epilepsy still remains quite frequent condition, considered 30-40% 
of all patients with seizures, despite improvement in medication possibilities (1). More invasive 
modes of treatment include surgical resection of the epileptogenic foci or implantation of Vagus 
Nerve Stimulator (VNS), as the most common neuromodulation approach, when the former is 
not feasible (2). Careful selection of patients is mandatory, classifying patients eligible for surgical 
resection, deep brain stimulation or for VNS implantation (3). It is necessary to clearly explain 
to the patients the possible benefit of the procedure which according to many studies is seizure 
freedom in only 8% and 50% reduction of seizure frequency in 50-60% of the patients (1). 

ORIGINAL ARTICLE UDK: 616.853-085.216.6
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Figure 1. Schematic view of VNS components (American Journal of Neuroradiology May 2024, 
 DOI: https://doi.org/10.3174/ajnr.A8235).

VNS System Components

Historically it was first investigated in 1938, but wasn’t implanted in humans until 1988, and then 
needed 9 more years to be FDA approved as an adjunctive treatment for epilepsy. Its implemen-
tation is accepted in adults and children older than 4 years, but off label also in younger than one 
year of age (1,4). Since then, many manufacturers’ modifications led to the development of the 
latest version of VNS. System components include a combination of stimulator (current pulse 
generator), single subcutaneous lead wire and platinum electrode which is wrapped around the 
vagus nerve with three helical coils (positive, negative and anchoring). This device can’t provide 
any sensing of peripheral muscular or central neuronal activity, so it can’t respond to current 
seizure activity and operates only by previously programmed parameters (5). These parameters 
are generally with electrical current of 1-2mA for 0.5ms and short time interval repetition of 20-
30Hz for 30 seconds every 5 minutes (5,6). 

    
Figure 2. Intraoperative view of electrode positions and complete VNS set before implementation  
(https://www.cns.org/nexus/pediatric/case/vagal-nerve-stimulation-medically-intractable-epil).

VNS Surgical Implantation

After induction in anesthesia, the patient is placed in supine position with head slightly extend-
ed and turned right and elevated higher than the body. The left side of the neck and chest under 
the clavicle are prepared and draped. It is dissected throughout the neck layers, because the 
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vagus nerve is nestled between the internal jugular vein and carotid artery in the carotid sheath. 
Left sided vagus nerve is preferred because the sinoatrial node is innervated by the right sided 
vagus nerve and placing it on the right side will contribute to arrhythmia as a side effect. Even 
on the left vagus nerve, it is important to place it inferior to the cardiac branches so the potential 
cardiac effects would be minimized. Aseptic measures must be followed to prevent infections, 
and also careful manipulations around the nerve and large vessels so catastrophic bleeding or 
nerve damage be avoided. Many complications are potentially described and are divided into 
two groups early or related to surgery and late or related to stimulation by the device. Early com-
plications involve perioperative arrhythmia like bradycardia, complete atrio-ventricular block 
or even asystole, peritracheal hematoma, hoarseness because of nerve damage, dyspnea and left 
vocal cord paralysis (1). Late complications usually are due to infection or poor wound heal-
ing, delayed arrhythmia, neuralgia, obstructive sleep apnea, laryngopharyngeal dysfunction and 
battery malfunction (1,5,6). 

Anesthetic Management during VNS Implantation 

The procedure is mostly performed in general anesthesia but cases using a regional technique 
like combination of superficial and deep cervical plexus blocks and local anesthetic infiltration 
in the anterior chest wall are also described. Due to changes in pharmacokinetics of anesthetics, 
mainly by changes in their metabolism, their doses have to be adjusted. Antiepileptic medica-
tions are cytochrome p450 enzyme inductors which contribute to faster metabolism of opioids 
and need for higher doses. Also, there is an up-regulation on acetylcholine receptors in the 
neuromuscular junction requiring also a higher dose of neuromuscular blockers to achieve sat-
isfactory block. Due to poor control of seizures and very high risk of perioperative seizure, there 
is a recommendation for proceeding with the antiepileptic medications in the morning before 
surgery. All potential triggers that can provoke seizures like hypocarbia should be managed and 
avoided (5). Anesthetics like propofol and thiopental are safe to use, but drugs like ketamine 
are still questionable (5). There is a risk of massive bleeding due to close interconnection of 
the nerve with internal jugular vein and carotid artery, so blood products should be available if 
needed. All patients should be closely monitored because of the risk of early postoperative com-
plications like seizures, peritracheal hematoma or vocal cord paralysis but also hemodynamic 
changes due to testing of the stimulator.  

Mechanism of Action

Large number of studies are conducted but the exact mechanism of VNS is still debatable. Re-
search data shows a highly complex vagal afferent network that is proposed as a modulation 
place for the stimulator (7). The left vagus nerve is proposed as a more favorable site for place-
ment because it has a smaller impact on heart function, giving fibers that innervate the AV node, 
in comparison to the right vagus nerve that has effect on SA node in the heart. The nerve itself 
is quite complex and contains afferent and efferent fibers, partly myelinated A and B and partly 
unmyelinated C-fibers (5,7). Most of the afferent fibers terminate in Nucleus Tractus Solitarius 
(NTS) as a railway station for the information carried by the largest cranial nerve in the body. 
Then NTS, with its wide range of projections, transmits impulses to several key structures in 
the brainstem like the noradrenergic locus coeruleus (LC), serotoninergic raphe nucleus (RN), 
cerebellum, periaqueductal gray matter and parabrachial nuclei (PBN) (5,7). All these struc-
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tures project to many other higher centers in the brain like the amygdala, the hypothalamus, the 
thalamus and limbic system (7). The data confirms that with stimulation of 1mA, alteration of 
neurotransmitters occurs like extracellular noradrenaline increase and also dopamine, seroto-
nin, γ-amino butyric acid (GABA) and glycine (7). 

Figure 3. Afferent Vagal network and proposed structures  
(https://www.neuromodulationjournal.org/article/S1094-7159(22)01222-3/fulltext).

Our Center Experience

In the period from 2021 till 2025, twenty-one VNS were implanted in patients with refracto-
ry epilepsy with different etiologies and all with similar treatment with multiple antiepileptic 
medications in high doses. Many reasons were noted as contributors to epilepsy like trauma, 
tuberous sclerosis-related epilepsy, tumor resection, febrile convulsions in early childhood and 
Sy Dravet. Demographically 13 patients were male with median age 28 years and 8 were female 
with median age 31 years. More than a half of them had a need for treatment with three antie-
pileptics, in total 12 out of 21 patient or 57% and 6 out of 21 or 28.57% were treated with four 
different antiepileptics as a combined therapy. After surgery a reduction or even cessation of 
seizures were noted in many of the patients after a few months, but not a reduction of drug dose. 
Some of the isolated complications that were noted were transitory hoarseness, numbness in the 
left side of the face, redness of the left eye and mild hypertension noted after VNS implantation. 
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Graph 1. Demographic characteristics of patients. 

Graph 2. Antiepileptic therapy (Patients using 3 different medications, 4 different medications and other).

Conclusion  

Vagus nerve stimulation (VNS) continues to be an effective adjunctive treatment for patients 
who have drug-resistant epilepsy, particularly in situations where resective surgery is not an op-
tion. Despite the fact that the procedure is minimally invasive, it requires careful perioperative 
planning due to the potential risks associated with the anesthetic management. The experience 
of our center reinforces its safety profile and feasibility, with many patients experiencing a re-
duction in seizure burden. However, the outcomes vary, and long-term success is dependent on 
appropriate patient selection, clear preoperative communication, and awareness of device-re-
lated implications in future surgical or anesthetic settings. Furthermore, as the role of VNS 
expands, particularly into non-epilepsy indications, it is essential to take a structured and multi-
disciplinary approach in order to maximize its effectiveness. 
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Abstract

Mass casualty events whether natural disasters, terrorist attacks, pandemics or large-scale acci-
dents overwhelm healthcare systems, emergency departments and ICUs in minutes. High acuity 
situations require rapid coordination, strategic resource allocation and seamless inter-discipli-
nary collaboration. Anesthesiologists are uniquely positioned to play a central role in all phas-
es of the response due to their expertise in airway management, hemodynamic stabilization, 
pharmacologic sedation and critical care. Their role extends beyond the OR to initial triage, 
emergency procedural support and ongoing management of ventilated and critically ill patients 
in the ICU. This article reviews current evidence and operational best practices to examine the 
role of anesthesiology in mass casualty events preparedness and response. Key areas of focus 
include disaster planning, ventilator triage, crisis standards of care, sedation protocols and ICU 
surge capacity. By highlighting the clinical, operational and ethical aspects of anesthesia man-
agement in mass casualty events, this article synthesizes current literature and best practices, 
emphasizing the anesthesiologists’ role in preparedness, immediate response and postoperative 
care during mass casualty events.

Key Words: critical care, disaster preparedness, mass casualty events, triage protocols.

Introduction

Mass casualty events present a challenge to the healthcare system requiring a coordinated, multi-
disciplinary response to optimize patients’ outcomes (1). As medical professionals, particularly 
anesthesiologists and critical care physicians, our role in the ER and ICU is pivotal in stabilizing 
and managing critically injured patients. These events arising from natural disasters, terrorist 
incidents, industrial catastrophesor pandemics necessitate meticulous preparedness and strate-
gic anesthesia management to mitigate morbidity and mortality effectively (2).

Mass casualty events are defined as incidents in which the number and severity of casualties 
exceed the immediate capabilities of the local healthcare infrastructure (3). In the current era 
characterized by increasing geopolitical instability, climate change-related natural disaster and 
global pandemics, these events have become more frequent and complex. They necessitate a 
rapid and highly coordinated medical response (4). Hospitals, particularly tertiary care centers, 
must be prepared to receive and manage a sudden influx of critically ill or injured patients (5).
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Anesthesiologists associated with perioperative care are playing critical roles beyond the con-
fines of the operating theater. Their skill set uniquely qualifies them to manage airways, provide 
procedural sedation, conduct resuscitation and oversee critical care interventions under condi-
tions of uncertainty and resources scarcity, from establishing emergent airways in chaotic emer-
gency room settings to leading intensive care units overwhelmed with patients requiring me-
chanical ventilation and vasopressor support (6). In particular, the COVID-19 pandemic acted 
as a global mass casualty event revealing critical gaps in hospital preparedness and highlighting 
the role of anesthesiologists. During this time many wereperforming intubations and managing 
ventilators in unfamiliar and often high-risk environments. This unprecedented crisis under-
scored the need for a more integrated and systematic approach to anesthesia involvement in 
disaster response (7). Disaster preparedness is not solely about having equipment or protocols in 
place, it involves interdisciplinary collaboration, simulation-based training, real-time commu-
nication pathways and psychological readiness (8). Anesthesiology departments must be active-
ly engaged in hospital disaster committees and scenario planning. As ICU capacities are rapidly 
overwhelmed by the influx of severely injured or unstable patients, anesthesiologists are tasked 
with delivering comprehensive care in high-pressure, resource-constrained environments (9).

Clinical Management during Mass Casualty Events

Mass casualty events are defined as large-scale incidents in which the number of injured over-
whelms the capacity and resources of a local healthcare system. These scenarios are increasingly 
frequent due to geopolitical instability, climate-related disasters, pandemics and industrial ac-
cidents. The medical response to such events requires a well-orchestrated, interdisciplinary and 
adaptable approach that integrates emergency medicine, trauma surgery, anesthesia, nursing 
and critical care. This essay explores the elements of emergency and critical care during mass 
casualty events, triage, resuscitation, critical care strategies and the operational adjustments 
needed to sustain effective healthcare delivery under extreme situations.

Triage and Early Response

Triage is the foundation for efficient care delivery during a mass casualty event. The prima-
ry goal is to prioritize care based on injury severity, prognosis and available resources (10). 
Two of the most widely accepted systems are START (Simple Triage and Rapid Treatment) and 
SALT (Sort, Assess, Lifesaving Interventions, Treatment/Transport) (Figure 1, 2). These models 
stratify patients into categories such as Immediate, Delayed, Minor and Expectant (11).The Ex-
pectant category is ethically complex and acknowledges the need to allocate limited life-saving 
interventions where they are the most likely to succeed (12).

Initial triage occurs at the disaster site or at the emergency department entrance, often in cha-
otic conditions. Rapid assessment includes airway, breathing, circulation, disability (neurologic 
status) and exposure. Healthcare teams must be trained to make fast high-stakes decisions that 
can directly influence survival. Triage officers are typically experienced clinicians trained in 
disaster medicine or emergency care and their judgments must be supported by standardized 
protocols (13).
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Figure 1: Triage Decision-MakingProcess (14)

Figure 2: Tr iage Decision-Making Process (14)
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Ethical Decision Making in Triage

Ethical issues did come into consideration during MCE triage situations where scarce resource 
limitation necessitates hard decisions (15). The Expectant category positions a patient as a vic-
tim unlikely to survive given available resources-evidence of one of those difficult decisions in 
triage. Again, guidelines from Disaster Ethics Protocols set down in past global crises can be 
used to administer such techniques in an ethical manner (16). Ethical frameworks were thus 
put in place for allocating scarce resources, such as ventilators, in the 2020 First Wave of COV-
ID-19. Likewise, the events in 2020 from the Beirut blast threw into question the presence of 
clear triage protocols that allow for ethical management of the overburdened influx of patients. 
These principles may, for instance, include maximizing benefits, treating people equally, giving 
priority to instrumental value and giving priority to the worst off (16).

Airway and Respiratory Management

Airway compromise is a leading cause of preventable mortality in trauma and disaster settings. 
Early airway intervention is critical and must be executed with both speed and precision (figure 
3). Rapid Sequence Intubation (RSI) remains the preferred method for securing airways in pa-
tients with depressed consciousness, facial trauma or respiratory failure (17). Induction agents 
such as ketamine (due to its sympathetic stimulation) or etomidate (for hemodynamic stability 
and neuroprotection) are commonly utilized in conjunction with neuromuscular blockers like 
succinylcholine or rocuronium. In environments where intubation is unsuccessful or not imme-
diately possible, supraglottic airway devices (laryngeal mask airways) offer effective temporizing 
measures. Inhalational injuries, aspirationand thoracic trauma can complicate airway manage-
ment and require multidisciplinary inputincluding respiratory therapy and pulmonology (18). 
Mechanical ventilation, once established, must adhere to lung-protective principles especially 
in patients with acute respiratory distress syndrome (ARDS), a common complication in ma ss 
casualty events involving inhalation burns, sepsis, or blunt chest trauma. Low tidal volume ven-
tilation (6mL/kg ideal body weight), appropriate positive end-expiratory pressure (PEEP) and 
plateau pressure monitoring help to prevent ventilator-induced lung injury. 

Figure 3: Algorithm Airway Management in Mass Casualty Events (19)
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Hemodynamic Resuscitation and Shock Management

Circulatory collapse from hemorrhagic shock, sepsis or cardiac trauma is another critical threat 
in mass casualty events patients. Damage control surgery is for patients with massive trauma or 
exsanguination focused on resuscitation and minimizing anesthesia time. The goal of damage 
control surgery is to control bleeding and contamination deferring definitive repair until the 
patient is stabilized (20). Damage control resuscitation is early hemorrhage control, permissive 
hypotension (in absence of traumatic brain injury) and balanced transfusion of blood products 
in a 1:1:1 ratio of red blood cells, plasma and platelets (21). This strategy aims to mitigate the 
“lethal triad” of coagulopathy, acidosis and hypothermia that drives poor trauma outcomes. In 
patients with traumatic brain injuries maintaining adequate cerebral perfusion pressure, min-
imizing intracranial pressure and avoiding hypoxia and hypercapnia are key anesthetic objec-
tives. Sedation, controlled ventilation and osmotic agents are needed. Fluid resuscitation must 
be carefully managed to avoid exacerbating edema, compartment syndromes or dilutional co-
agulopathy. Balanced crystalloids such as Lactated Ringer are preferred over normal saline to 
reduce the risk of hyperchloremic acidosis. Vasopressors like norepinephrine and vasopressin 
may be necessary in patients with persistent hypotension despite adequate volume resuscitation. 
Invasive hemodynamic monitoring through arterial lines and central venous catheters, as well 
as the use of point-of-care ultrasound, assists in real-time decision-making regarding fluid re-
sponsiveness and cardiac function.

Critical Care and ICU Expansion

As the acute resuscitation phase transitions to critical carethe focus shifts to organ support, 
prevention of secondary complicationsand eventual recovery. Intensive care units often reach 
capacity quickly during mass casualty events. Therefore, hospitals must have pre-planned surge 
strategies that allow perioperative areas such as post anesthesia care units, procedural suites 
and even operating rooms to be converted into intensive care units (22). Patients in the ICU 
frequently require prolonged mechanical ventilation, renal support, vasopressor therapy and 
complex nutritional management. In patients unresponsive to fluid resuscitation, vasopressors 
such as norepinephrine (first line) and vasopressin (as adjunct) are used to maintain perfusion 
pressure and prevent organ failure. Continuous renal replacement therapy is frequently needed 
in patients with acute kidney injury secondary to rhabdomyolysis, hypoperfusion or sepsis. For 
those with refractory hypoxemia or cardiac collapse, extracorporeal membrane oxygenation 
(ECMO) may be considered, although it is resource-intensive and requires highly specialized 
personnel. Neurocritical care is a parallel priority in patients with traumatic brain injuries, spinal 
cord injuries, or anoxic brain damage. The maintenance of cerebral perfusion pressure, preven-
tion of intracranial hypertension and the judicious use of osmotic therapy are key components. 
Sedation protocols in the ICU are adapted to preserve neurologic examination and prevent de-
lirium. Agents such as dexmedetomidine offer anxiolysis and light sedation without respiratory 
depression, while propofol and midazolam are reserved for deeper sedation when indicated.

Pain Control and Sedation

Pain and agitation in critically ill patients can lead to increased metabolic demand, sympathetic 
overdrive and worsened outcomes. Acute pain leads to elevated catecholamine levels, immuno-
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suppressionand impaired ventilation, all of which can worsen outcomes. A multimodal analge-
sic strategy is essential to reduce opioid consumption and minimize side effects. This includes 
the use of acetaminophen, NSAIDs (if renal function is intact), local anesthetics and regional 
techniques such as nerve blocks or epidurals when feasible.Sedation must be carefully titrated 
to balance comfort with the ability to conduct neurologic assessments. During mass casualty 
events the scarcity of agents may necessitate prioritization of long-acting or easily stored drugs. 
Providers must also remain vigilant for the development of ICUacquired delirium, necessitating 
regular sedation interruptions and cognitive assessments.

Preparedness, Training and Systems-Based Readiness

Effective disaster response hinges not just on individual competence but on institutional read-
iness. Hospitals must adopt an Incident Command System to establish a structured chain of 
commands, promote interagency collaboration and streamline communication. Pre-event plan-
ning should include hospital-wide simulation exercises that incorporate mass triage, patient 
flow management and mock casualties (23).

Clinical teams must receive ongoing education in trauma care, critical care and disaster ethics. 
Simulation-based training is particularly valuable, enabling teams to rehearse rare but high-im-
pact scenarios in a controlled setting. Such training improves team coordination, leadership 
under pressure, and adherence to best practices (24).

Mass casualty events represent a test of a healthcare system’s resilience, preparedness and co-
hesion. Success in managing such events requires a well synchronized response that integrates 
rapid triage, advanced critical care, ethical resource allocation and continual training. While 
clinical skills are vital, it must be coupled with systems-level planning, real-time communication 
and flexibility in repurposing resources (24). Whether the casualties are from an earthquake, 
explosion or pandemic, the guiding principles remain constant: preserve life, alleviate suffer-
ing and maintain the integrity of the health system under duress. In such moments, the entire 
healthcare team like emergency physicians, surgeons, intensivists, anesthesiologists, nurses and 
support staffbecomes a single organism functioning with one purpose, to restore order to chaos.

Discussion 

In mass casualty events, taking care of seriously injured or critically ill patients is a huge chal-
lenge. Anesthesiologists play a key role in this response, both in the emergency room and in the 
intensive care unit (25).Their responsibilities range from rapid intubation and resuscitation to 
the provision of sedation, analgesia and long-term mechanical ventilation. These responsibili-
ties are often carried out under pressure with limited resources and incomplete information, and 
experience and preparedness are essential for patients’ outcomes(26). In the emergency room 
anesthesiologists are frequently called upon to assist with airway management, hemodynamic 
stabilization and procedural sedation for trauma patients and critically ill patients. Their ex-
pertise in pharmacologic agents allows for efficient and safe interventions in unstable patients. 
Moreover, the anesthesiologists’ ability to work in high-stress environments, make quick deci-
sions, and function in interdisciplinary teams makes them invaluable during the initial phases 
of disaster responses. In the ICU, anesthesiologistsplay a central role in managing ventilation 
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strategies, sedative regimens, fluid resuscitation and vasopressor support. During mass casualty 
events ICU often exceed capacity requiring non-traditional spaces such as postanesthesia care 
units or operating rooms to be repurposed. Anesthesiologists are uniquely qualified fortheir 
ability to manage multiple critically ill patients simultaneously.

An overlooked aspect of anesthesiology involvement is participation in the hospital disaster 
planning and preparedness activities.Anesthesiologists should be involved in emergency plan-
ning and taking part in drills that simulate real-life crises with difficult decisions when resources 
are depleted.Ethical considerations such as allocation of resources pose serious moral dilemmas. 
In these situations, anesthesiologists may be asked to participate in or even lead triage teams that 
determine who receive potentially life-saving interventions (27). Having established guidelines 
with ethical principles and support by institutional leadership can help mitigate the moral bur-
den on clinicians.This can help reduce the emotional and moral stress on healthcare workers 
making hard decisions in the middle of a disaster (28).

Conclusion

Mass casualty preparedness and anesthesia management demand a systematic, well-coordina-
tedand multidisciplinary approach to optimize patients’ survival, reduce morbidity and ensure 
the effective utilization of scarce resources. In such highacuity and resource limited scenarios, 
anesthesiologists and intensivists serve as essential frontline providers. Their expertise in air-
way management, resuscitation, perioperative care, critical care pharmacology and mechanical 
ventilation uniquely equips them to manage both the acute and prolonged phases of patient 
care in the emergency room and intensive care unit. Beyond their clinical skillsets, anesthesi-
ologists also contribute meaningfully to disaster planning, ethical decisionmaking under crisis 
standards of care and systems level problem solving. Their role in simulation training, triage 
development and rapid response protocol implementation enhances institutional resilience and 
preparedness.An effective mass casualty response cannot succeed without strong interdiscipli-
nary collaboration, frequent drills, logistical readiness and a clear delineation of roles. Integrat-
ing anesthesiology more deeply into institutional emergency protocols, command structures 
and preparedness committees ensures not only better outcomes during disasters but also a more 
adaptive and unified healthcare response.
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Abstract

Inhalational anesthetics are the most common drugs used for providing general anesthesia for 
surgery. They are used to induce unconsciousness, amnesia and immobility. In search for ideal 
anesthetic gas there have been discovered many agents, but sadly the perfect inhalational drug 
has not been produced. The pharmacokinetics of inhalational anesthetics depends on their phys-
ical properties. The rate of uptake and elimination of the inhalational anesthetics from the alveoli 
in mainly depends on their blood solubility. The main driving force of absorption and distribu-
tion of the gas through the body is partial pressure gradient on both sides of each barrier in the 
gas flow, and the therapeutic effect of the gas depends of the partial pressure of the anesthetic 
in the brain. All inhalational anesthetics, with exception of nitrous oxide and xenon, are me-
tabolized (in different degrees) in liver via cytochrome P450 enzymes. The potency of different 
inhalational anesthetics is expressed via minimum alveolar concentration, which is defined as 
concentration of the anesthetics that prevent movement in 50% of the patients in response to sur-
gical incision under standard conditions. Nitrous oxide and volatile halogenated ethers (desflu-
rane, isoflurane, sevoflurane) are examples of medical gases that are greenhouse gases with great 
impact to global warming. This article summarizes a brief historical timeline of the inhalational 
anesthetics, mechanisms of action, physical characteristics and pharmacokinetic properties of 
inhalational agents with a short overview of their toxicity and pollution of the environment. 

Keywords: FA/FI ratio, greenhouse gas, inhalational anesthetics, minimum alveolar concentration, 
pharmacokinetics, solubility.

Historical Prospective

Inhalational anesthetics were discovered way before the induction of intravenous anesthetic 
drugs. Since 1840’s, there has been continuous search for ideal gas. The discovery of inhalational 
agents with some of their characteristics is presented in the following timeline:

• In 1842, dentist Horace Wells for the first time used nitrous oxide on himself for pain-re-
lief. Two years later, he publicly demonstrated painless dental surgery using nitrous oxide 
which was not completely successful, and he was discredited. Nitrous oxide is colorless gas 
with sweet odor and taste, but also weakest general anesthetic.

• In 1842, Crawford Long administered diethyl ether to a patient (1). Four years later, on 
October 16th, 1846, Boston dentist William Morton publicly demonstrated ether’s anes-
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thetic properties. This day is now commemorated as “Ether Day”. Diethyl ether is a highly 
flammable colorless volatile liquid with hash side effects like nausea and vomiting.  

• Chloroform was introduced in 1847 by obstetrician from Edinburgh, James Simpson, as 
nonexplosive alternative to ether. It is colorless with sweet smelling, dense liquor, but due 
to several unexplained intraoperative deaths and numerous cases of hepatotoxicity, chlo-
roform was stopped for usage.

• The modern era of volatile anesthetics began with the discovery of halothane in 1951 by 
Suckling, and in 1956 it was introduced into clinical practice. The same year when halo-
thane was discovered, xenon was for the first time used as a surgical anesthetic by Ameri-
can anesthesiologist Stuart C. Cullen (2). Halothane is colorless, potent volatile anesthetic 
with sweet smell and unstable on light. Due to unpredictable liver damage and his dys-
rhythmogenic effects on myocardium, the search for better volatile anesthetic continued. 

• Methoxyflurane was introduced in 1960 into clinical practice. It is a colorless liquid with 
a fruity odor. Although, it is extremely potent, it has slow onset and offset times. Few years 
after its introduction, dose-related nephrotoxicity was confirmed with methoxyflurane 
anesthesia.

• In 1973, enflurane was introduced in clinical practice. It has the same characteristics 
as halothane (colorless liquid with sweet odor, sensitive on light and fast induction) but 
without its side effects. Enflurane can cause dose-related seizures.

• Isoflurane was introduced into clinical practice in 1981, as a colorless, nonflammable 
liquid with pungent odor.

• In 1992 desflurane was discovered and two years later, sevoflurane. Desflurane is a 
colorless, nonflammable liquid with a pungent odor. It has fast induction, low potency 
but is expensive. Sevoflurane is a colorless, nonflammable liquid with pleasant odor. Its 
induction is slower than with desflurane. 

Mechanism of Action

All volatile anesthetics have the same mechanism of action, but the exact mechanism is still un-
known. First, Meyer (1899) and Overton (1901) developed a theory in which they believed that 
anesthetics bind to the bilayer lipid membrane and that their potency correlates to their solu-
bility in lipids (3). Their theory explains that the anesthetic agent molecules bond to target sites 
on the lipid layer after an anesthetic agent reaches a critical level in a lipid layer. This process 
causes dissolution of the lipid layer of the brain cells, and the brain reaches an anesthetized state 
or unconscious. Later in the 1970’s, researchers demonstrated that anesthetics did not need lipid 
target sites for binding and that the primary site of action for anesthetics, including the inhala-
tional anesthetics, involve proteins (4). At the end of the last century, many studies showed that 
the main target for inhaled anesthetics most likely are ligand gated ion channels proteins (GABA 
receptors, glycine, nicotinic acetylcholine, NMDA) (5-7). Physiological function of GABA and 
glycine receptors is to inhibit the postsynaptic excitation, so volatile anesthetics sensitized these 
receptors and prolong the inhibition (8, 9). Inhaled anesthetics not only have postsynaptic ef-
fect, but they also have presynaptic effect by blocking Na+ channels (NMDA receptors) and 
inhibited the presynaptic excitatory neurotransmitter release (10) (Figure 1).  Amnesia occurs 



Macedonian Journal of Anaesthesia

87Vol. 9 No 2, May 2025

probable due to impact of inhalational anesthetics to nicotinic acetylcholine receptors (11).

     
Figure 1. Mechanism of action of inhal→→→ational anesthetics. A – inhibitory synapse: Inhalational anestetic 

enhence the binding of GABA and glycine for the GABAA receptor and increase Cl- influx causing  
hyperpolarized cell difficult to depolarize (↓ excitability). B – excitatory synapse: Inhalational anesthetics  

block Na+ channels (NMDA receptors) and inhibit the presynaptic excitatory neurotransmitter release (12).

GABA receptors have an inhibitory role in the adult brain, whereas, in growing developing brain 
GABA receptors are the main excitatory neurotransmitters. In a young child’s brain, GABA 
receptor opens calcium channels and increases calcium influx in the cell causing cell apoptosis 
(see Figure 1B). There is concern of using inhalational anesthetics in the youngest patients be-
cause, due to their exposure to inhalational anesthesia, it can cause a lasting deficit in behavior, 
learning and memory (13).

Physical Properties 

The main physical characteristics of the inhalational anesthetics are shown in Table 1. 

Table 1. Physical characteristics of inhalational anesthetics.

Halothane Enflurane Isoflurane Sevoflurane Desflurane N2O Xenon
Boiling point at 1 

atm 50.2 56.5 48.5 58.5 22.8 -88.5 -108.1

Vapor pressure at 
20°C 243 172 240 160 669 39000 -

MAC in 30-60 
years, at 37°C 0.75 1.7 1.2 2 6 104 60-70

Blood: gas solu-
bility at 37°C 2.5 1.8 1.4 0.65 0.45 0.47 0.14

Brain: blood solu-
bility 1.9 1.4 1.6 1.7 1.3 1.1

Fat: blood solu-
bility 51.1 36 44.9 47.5 27.2 2.3
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Halothane Enflurane Isoflurane Sevoflurane Desflurane N2O Xenon
Muscle: blood 

solubility 3.4 1.7 2.9 3.1 2.0 1.2

Recovered as me-
tabolites (%) 20-40 2.4 0.2 2-5 0.02

Metabolites TFA* TFA* HFIP* TFA* - -
Preservative Thymol No No No No

Stable in moist 
CO2 absorber No Yes Yes No Yes

*Trifluoroacetate (TFA), Hexafluoroisopropanol (HFIP)

Vapor pressure is the partial pressure exerted by the vapor in equilibrium with its liquid phase. 
On this pressure, equal parts of the liquid phase evaporate into gaseous phase and equal parts 
of gas condensate into liquor. 

The boiling point is the temperature at which the liquor turns into gas or the temperature at 
which the vapor pressure equals to the surrounding atmospheric pressure. If the atmospheric 
pressure is low, like at higher altitudes, the boiling point decreases because there’s less pressure 
holding the liquid together. Desflurane’s boiling point of 23.5°C is near to room temperatures. 
It is stored in a special container (under vapor pressure) in order to escape boiling at room tem-
perature.

According to Dalton’s law, total pressure in mixture of gases is equal to the sum of the partial 
pressures of each individual gas in the mixture. Mathematically, it’s expressed as:

Ptotal=P1+P2+P3+⋯

where Ptotal is the total pressure of the gas mixture and P1, P2, P3 are the partial pressures of each 
gas. Each gas in a mixture acts independently, which means that partial pressure of one gas is 
the pressure it would exert alone in the container at the same temperature and volume. Inhala-
tional anesthetic partial pressures are expressed as volume percent (vol%) indicating the percent 
of the total volume contributed by a specific gas. 

The partial pressure of a gas in solution refers to the pressure that the gas would exert if it were 
alone in a container at the same temperature. Henry’s law describes how gases dissolve in liquids 
based on their partial pressure. According to this law, the concentration of a gas in a liquid is 
directly proportional to the partial pressure of that gas above the liquid. The higher the pres-
sure, the more gas dissolves into the liquid.

C = k x P

where C is concentration of the gas in the liquid (mol/L), k is Henry’s law constant (solubility 
constant specific to each gas-liquid pair), and P is partial pressure of the gas above the liquid 
(atm).

It is important to talk of partial pressures, because gases equilibrate based on partial pressures, 
not on concentrations. Inspired concentration or fractional concentration of inspired anesthetic 
is used as terminology rather than partial pressure. 
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F = Panesthetic/Pbarometric 

where F is fractional concentration of anesthetic, Panesthetic is partial pressure of anesthetic. This 
equation shows that the fractional concentration of anesthetic is directly proportional to its 
partial pressure. 

Pharmacokinetics of Inhalational Anesthetics

Pharmacokinetics studies how the body reacts to an administered drug during the entire time 
while is exposed to it. Pharmacokinetics of the inhalational agent focuses on four processes:

1. Absorption or uptake (wash in) – process where the inhaled volatile agent is transported 
from the lung to the bloodstream,

2. Distribution or tissue uptake – process where the inhaled volatile agent is transported 
from the bloodstream to the tissue (mainly to the effective tissue or the brain),

3. Metabolism – process where the inhaled agent breaks down in the body, often in the liver, 
into substances that can be more easily eliminated,

4. Elimination or wash out – process where the inhaled agent and its metabolites are re-
moved from the body, through the lungs or through urine and feces.

The main driving force of absorption and distribution of the gas through the body is partial 
pressure gradient on both sides of each barrier in the gas flow, and the therapeutic effect of the 
gas depends of the partial pressure of the anesthetic in the brain.

PA (alveolar partial pressure) ↔ Pa (arterial partial pressure) ↔ Pbrain (brain partial pressure)

Equilibration of the partial pressures of alveolar and inspired agent is also known as “Wash in” 
(FA/FI) and this rate can rise from 0 to 1 (Figure 2).

Figure 2. “Wash in” of different inhalational agents depending on their solubility in patients with same CO and 
minute ventilation. (Modified from Yasuda N, Lockhart SH, Eger EI 2nd, et al. Comparison of kinetics of  

sevoflurane and isoflurane in humans. Anesth Analg. 1991; 72:316–324) (14).
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The rate of rise of FA/FI depends on the rate of delivery of anesthetic to the lungs and from the 
rate of uptake of anesthetic from the lungs to the bloodstream. There are six factors (listed in 
Table 2) that determine the wash-in of the inhaled anesthetics. 

Table 2. Determinants of the Wash In.

Inspired concentration
Delivery of anesthetics TO the lungsAlveolar ventilation

Functional residual capacity
Cardiac output 

Delivery of anesthetics FROM the lungs to the blood Solubility
Alveolar-venous partial pressure gradient

Increasing the inspired concentration of the anesthetic leaving the anesthesia machine by set-
ting the vaporizer and the fresh gas flow, will increase its alveolar concentration and its rate of 
rise (FA/FI). This effect is also known as concentration effect.

The ratio of alveolar ventilation (Va) to functional residual capacity (FRC) is the main deter-
minant for the delivery of anesthetics to the lungs, especially for the anesthetics that are more 
soluble. Va/FRC ratio is one of the differences between the rate of induction in adults and neo-
nates. In neonates this ratio is 5:1, whereas in adults is 1.5:1 (higher ratio – faster rate of rise of 
FA/FI). The functional residual capacity is part of the breathing circuit and greater FRC means 
greater volume will be needed to be saturated with gas and more time for reaching equilibration 
between FA and FI (Figure 3).

Figure 3. Correlation between different FRCs and the wash-in (FA/FI) in patients with the  
same cardiac output and minute ventilation (15).

For example, obese patients have lower FRC and the induction with inhalational anesthetics will 
be faster.

The changes in cardiac output (CO) are inversely related to the rate of rise of FA/FI (Figure 4). 
Patients with lower CO, like patients with heart failure, have lower blood flow through the lungs 
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and the extraction of the gas from the alveoli into the blood is lower, so the rate of decrease of 
FA will be slower. This will lead to a faster rate of rise of FA/FI and a faster induction. In contrast, 
patients with high CO (anxiety), have faster uptake of anesthetic from the alveoli into the blood-
stream, so the decrease of FA is faster, and the rate of rise of FA/FI is slower.

Figure 4. Correlation between CO and wash in rate in inhalational anesthetics with different solubility (16).  

As mentioned before, partial pressure gradient of the gas between two phases is the driving force 
for anesthetics to move from the alveoli to the bloodstream and from the blood to the tissue. In 
the moment of equilibration of these partial pressures, the partial pressure of the anesthetic in 
the venous blood that returns to the heart will become equal to the partial pressure of the gas 
in alveoli. At that moment alveolar – venous partial pressure gradient is diminished and the 
uptake of the gas from the alveoli stops. 

The solubility of anesthetics in blood and different tissues are expressed as partition coeffi-
cients, ratio of the anesthetic distributed between two phases when the partial pressures are 
equal. It actually defines the affinity of the anesthetic for one particular tissue (Table 3). 

Table 3. Different partition coefficients at temperature of 37°C for different inhalational anesthetics. 

Blood: Gas Brain: Blood Fat: Blood
Nitrous oxide 0.47 1.1 2.3
Halothane 2.5 2.9 60
Methoxyflurane 12 2 49
Enflurane 1.9 1.5 36
Isoflurane 1.4 2.6 45
Desflurane 0.45 1.3 27
Sevoflurane 0.65 1.7 48

A blood: gas partition coefficient of 0.65 for sevoflurane means that when the partial pressures 
of sevoflurane are in equilibrium, the concentration of sevoflurane in the alveolus is 1 and 0.65 
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in blood. This means that sevoflurane has low solubility in blood which leads to fast induction 
and recovery from anesthesia. In this case, the blood reservoir is small, and the anesthetic can 
pass into/out of the brain quicker. While, for halothane blood: gas partition coefficient is 2.5 and 
means that when the partial pressures of halothane are in equilibrium, the concentration in the 
alveolus is 1 and 2.5 in blood. Blood acts as a reservoir (store) for the drug, so it does not enter 
or leave the brain until the blood reservoir is filled with drug. Halothane has high solubility in 
blood which leads to slow induction and recovery. As you can see from Figure 2 and Table 3, 
nitrous oxide has the fastest rate of rise od FA/FI although desflurane has lower solubility (0.45 
vs 0.47 for N2O). That is due to the concentration effect (we use 50-70% inspired concentration 
of N2O compared to 6% desflurane). 

High solubility does not mean high potency. The potency of the inhalational anesthetics is ex-
pressed through minimal alveolar concentration (MAC). MAC is defined as concentration of 
the anesthetics which prevent movement in 50% of the patients in response to surgical incision 
under standard conditions (atmospheric pressure and room temperature). MAC is analogous 
to ED50 in intravenous drugs and is inversely proportional to the potency (lower MAC = higher 
potency) (Table 4).

Table 4. Inhalational anesthetics and their MAC values.

Agent MAC Potency
Methoxyflurane 0.16% The most potent

Halothane 0.74%
Isoflurane 1.17%
Enflurane 1.7%

Sevoflurane 2.05%
Desflurane 6.0%

Nitrous oxide 104% The least potent

MAC values are additive between different inhalational agents. That means if we want to achieve 
1MAC of sevoflurane, we can use 0.5 MAC nitrous oxide and 0.5 MAC sevoflurane. But this is 
not the case in children. 60% Nitrous oxide combined with sevoflurane or desflurane in chil-
dren, decreases the MAC of sevoflurane only 20% and 26% for desflurane (17, 18).

MAC 0.3-0.4 = MAC awake is defined as concentration of the inhaled anesthetic on which re-
sponse to the verbal commands are lost in 50% of the patients (awakening from anesthesia in 
absence of other agents). On this level amnesia occurs. MAC 1.3 is level on which immobility is 
achieved in 95% of the patients and is analogous to ED95 in intravenous drugs. MAC is inversely 
related to lipid solubility, that is, if the lipid solubility decreases, the potency decreases and MAC 
increases.

The distribution or tissue uptake is managed by the same factors as the uptake of the anesthetic 
from the alveoli to the blood. These factors are tissue blood flow, tissue solubility (tissue: blood 
partition coefficient) and arterial blood-tissue partial pressure gradient. Tissues are classified in 
four groups according to their blood flow: vessel-rich group (VRG) (brain, heart, kidney, lung, liv-
er), lean group (muscle and skin), vessel-poor group (connective tissue, bones) and fat (Table 5).
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Table 5. Tissue classification according to their blood flow.

Body mass (%) CO(%)
Vessel-rich group 10 75
lean group 50 20
vessel-poor group 20 <1
fat 20 5

Since vessel-poor group receives small percentage of cardiac output, the distribution and equili-
bration of the inhalational anesthetic is happening in only three groups (VRG, muscle and fat). 
Equilibration happens when the anesthetic partial pressures in blood and tissues approaches 
that to the alveoli. The rate (time) at which this equilibration takes place is expressed as time 
constant (𝛕).

1 𝛕 is the time for 63-67% equilibration of partial pressures between tissue and the blood and for 
98% equilibration is needed 3 – 4 times constants. Knowing that VRG receives 75% of cardiac 
output, time constant for this group (including the brain) is short and the equilibration is the 
fastest. Time constant for fat is very slow due to the high fat: blood partition coefficients of the 
different anesthetics (see Table 1). Only nitrous oxide has similar partition coefficients in all 
phases. More soluble agents have longer time constant. In order fat to be saturated with the gas, 
more time is needed to equilibration to be achieved (anesthesia should least more than 4 hours).

All inhalational anesthetics, with exception of nitrous oxide and xenon, are metabolized in liver 
in different degrees. They are metabolized via cytochrome P450 enzymes in the liver, mainly 
by CYP 2E1 (19). Halothane (up to 40% of absorbed dose), isoflurane (0.2%) and desflurane 
(0.02% of absorbed dose) are bio-transformed to trifluoroacetate (TFA). TFA acts as a hapten 
and binds covalently to hepatocyte proteins causing hepatic injury (20). Sevoflurane is metabo-
lized 2 – 5% in the liver and its main metabolite is hexafluoroisopropanol which does not have 
same antigenic characteristics as TFA. The inhalational anesthetics that undergo little metab-
olism have become more popular while those that are metabolized in larger percentage (halo-
thane, methoxyflurane – 75% of absorbed dose) have become a past. Most of the anesthetics are 
eliminated via exhalation (wash out) through the lungs. 

During the emergency, the inspired concentration of inhalational anesthetic is set to zero and 
the wash-out of inhalational anesthetics follows an exponential decay. The time of the wash-out 
(and speed of emergence) of the inhalational anesthetics, depends on the duration of anesthe-
sia and solubility of the anesthetic (14). Due to their blood solubility, the speed of emergency 
follows the order: desflurane > sevoflurane > isoflurane > halothane > methoxyflurane, especial-
ly if the fixed MAC is maintained till the end of the surgery (18). Also, the speed of emergency in 
parallel depends on the duration of anesthesia. Differences between various inhalational agents 
are less if the duration of anesthesia is short (Figure 5) (21).
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Figure 5. The time of recovery increases parallel to the duration of the anesthesia (22).

There are a few strategies that can be used to speed the recovery from anesthesia. Discontinuing 
nitrous oxide accelerates the wash-out of inhalational anesthesia due to the second gas effect 
that will be mentioned later (23). Charcoal filters have been shown that can speed the emer-
gence by absorbing the anesthetics from the anesthesia breathing circuits (24). Hypercapnic hy-
perventilation together with charcoal filter has been shown to speed recovery from isoflurane, 
sevoflurane and desflurane anesthesia by near 60% (25). Related data for children are missing.

Special Factors

Two types of shunts occur: left-to-right, and right-to-left shunt. A left-to-right shunt happens in 
conditions where the blood from the heart recirculates into the lungs due to some intracardiac 
defect. This shunt has clinical significance for pharmacokinetics of the intravenous drugs and 
does not affect the PK of the inhalational drugs. A right-to-left shunt happens when the venous 
blood bypasses the lungs and returns to the heart. These conditions can be with intracardiac 
etiology (due to cyanotic heart disease) or intrapulmonary etiology (due to pneumonia or en-
dobronchial intubation). A right-to-left shunt decreases the rate of wash in, especially for the 
less soluble anesthetics (sevoflurane, desflurane), so the induction is slower (26, 27). In these 
circumstances, when inhalational anesthetics are used for induction, intravenous anesthetics are 
required in order to achieve satisfactory depth of anesthesia.

There are a few factors that affect the faster wash-in (induction) in infants and children com-
pared to adults. Infants have a greater ratio of alveolar ventilation to functional residual capacity 
(Va/FRC), which is 5:1 vs 1.5:1 in adults. A greater fraction of cardiac output is delivered to the 
vessel-rich group tissues in infants. Vessel – rich group constitutes 18% of the body weight in in-
fants compared to 10% in adults. Infants have lower solubility in blood (lower tissue: blood and 
blood: gas partition coefficients) than in adults, due to the lower serum cholesterol and protein 
levels. But blood solubility of less soluble inhalational anesthetics such as sevoflurane, is similar 
in infants and adults (28).
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Chemical Degradation

Sevoflurane undergoes chemical degradation in carbon dioxide absorbents to produce vinyl 
ether compound A. The production is greater in closed circuit breathing system, low flow and 
by warm and dry CO2 absorbents (29). Barium hydroxide lime produces more compound A, 
compared to soda lime due to higher absorbent temperature during CO2 extraction (30).

Compound A causes renal tubular necrosis in rats (31). Several studies have shown that sevoflu-
rane in closed system with low flow produces compound A nearly 8 to 24ppm and 20 to 32ppm 
with soda lime and barium hydroxide lime, respectively (32, 33). Prospective, multicenter, ran-
domized study conducted in 2002, in patients with previous renal disease, showed that there 
were no adverse renal effects of long duration, low-flow sevoflurane (34). Most of the countries 
that have approved sevoflurane for clinical use have no flow restriction, perhaps because of the 
proven safety of sevoflurane in scientific studies. Doses of compound A up to 400ppm per hour 
have no toxically renal effect, even in low flow anesthesia (0.5-1L/min) (35). This nephrotoxicity 
is dependent on species. 

Interaction between volatile anesthetics and dry CO2 absorbents can produce carbon monoxide. 
Factors that increase CO production include increased temperature and lower fresh gas flow, 
higher dryness of the absorbent and higher anesthetic concentration. Generally, temperatures 
in CO2 canister are 25°C to 45°C, but can be higher when using a low fresh gas flow. Significant 
CO production with sevoflurane is noted if the canister temperature exceeds 80°C due to exo-
thermic reaction (36). Desflurane and isoflurane conducted with CO2 absorbents maintained 
at room temperature, 1 MAC desflurane produced up to 8,000ppm of CO versus 79ppm with 
nearly 2  MAC sevoflurane (37). Also, desflurane conducted with barium hydroxide has 3 folds 
higher CO production than conducted with soda lime. CO poisoning is difficult to be diagnosed 
because it is masked by anesthesia and pulse oximetry is unchanged (carboxyhemoglobin can’t 
be detected by the pulse oximetry). Carboxyhemoglobin level can range up to 40%. The produc-
tion of carbon monoxide is minor with sevoflurane and halothane, intermediate with isoflurane 
and maximum with desflurane and enflurane. 

Modern CO2 absorbents, based on lithium hydroxide, have been discovered in order to mini-
mize production of compound A and carbon monoxide. Although, these absorbents are expen-
sive, they can be used much longer than the previous absorbents.    

N2O: Concentration Effect, Second Gas Effect, Diffusion Hypoxia 
and Greenhouse Effect 

As mentioned before, increasing the concentration of anesthetics in the inspired fraction (FI) 
increases the concentration of anesthetics in the alveoli (FA), and alveolar concentration faster 
approaches to the inspired concentration. This is known as concentration effect and has clin-
ical relevance only for agents administrated at high concentrations (nitrous oxide and xenon). 
Nitrous oxide, administrated in high concentration, is quickly taken up into the bloodstream. 
The absorbed N2O is substituted with proportional volume of gas which leads to faster rise of FA 
(fractional concentration of anesthetic in alveoli) of nitrous oxide. 
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Combining N2O with the second more potent gas on induction, can increase the wash-in of the 
second inhalational anesthetic. This effect is called the second gas effect. For example, during 
induction 1% of inhalational anesthetic is delivered in 80% N2O and 19% oxygen. N2O, due to 
high partial pressure and low solubility, is delivered into the blood more rapidly than the other 
inhalational anesthetic, and the alveolar N2O concentration is decreased (e.g., by 50%). So, the 
uptake of N2O is 40 parts (50% from 80% in the inspired fraction of N2O), leaving 40 parts N2O, 
19 parts O2, and 1% second gas in the alveoli. The second gas now in the alveoli is present at a 
concentration of 1/ (1 + 40 + 19) = 1.7%, and oxygen is present 19/ (1+40=19) = 31.6% (Figure 
6). The second gas (potent inhalational anesthetic) has been concentrated, FA is increased and 
rate of rise of FA/FI is faster, which speeds the induction.

Figure 6. The second gas effect (38).

During the emergency, when N2O is discontinued, it diffuses from blood into the alveoli very 
rapidly diluting alveolar oxygen. This can cause diffusion hypoxia. It can be avoided by increas-
ing the inspired fraction of oxygen to 100% during the initial recovery.

Blood: gas partition coefficient of nitrous oxide is 0.47, whereas nitrogen blood: gas partition 
coefficient is 0.015, which means N2O is 30 times more soluble in blood than nitrogen. Hence, 
nitrous oxide diffuses more rapidly in spaces with gas that contain nitrogen than nitrogen dif-
fuses out of them. Closed air spaces like middle ear, pneumothorax, bowel, air emboli and tra-
cheal tube cuff can be distended due to the diffusion of N2O in them. This distention is time 
dependent but can be very dangerous in presence of air emboli, causing life-threatening air 
embolism.

All inhalational anesthetics contribute to global warming, except xenon which is an inert gas. 
Isoflurane, desflurane and sevoflurane are metabolized in very small percentage (0.2%, 0.02% 
and 2%, respectively) and after exhalation these agents remain in form that can pollute the en-
vironment. These are very powerful greenhouse gases, which can trap radiation and heat in the 
atmosphere until they undergo degradation in the atmosphere. The atmosphere lifetime varies 
between different inhalational agents: desflurane 14 years, isoflurane 3 years, sevoflurane 2 years 
and nitrous oxide can stay in the atmosphere for 114 years (39, 40). 

Global warming potential (GWP) is measure of how much a greenhouse gas contributes to 
global warming over a period of 100 years, compared to equivalent mass of carbon dioxide 



Macedonian Journal of Anaesthesia

97Vol. 9 No 2, May 2025

(GWP of CO2 is one). The highest GWP100 has desflurane and is 2540, followed by isoflurane 
which value is 539, then nitrous oxide has GWP100 = 273 and sevoflurane is 144 times more 
potent than carbon dioxide as greenhouse gas (39). These factors are routinely updated as at-
mospheric chemistry is continuously changing. But we often overlook clinical potency when 
we think about GWP and the greenhouse emission. Desflurane has the lowest clinical potency 
(MAC 6.0%) of the volatile drugs, which means that to achieve an equivalent clinical effect at 
similar fresh gas flow rates as sevoflurane (MAC 2.0%) or isoflurane (MAC 1.2%), it requires 
three-to-five times higher concentration than sevoflurane or isoflurane, respectively. Although 
N2O has a lower GWP100 than isoflurane (273 vs 539), it is usually delivered at a concentration of 
50-70%, resulting in a higher overall environmental effect (40). According to the research done 
by Global Carbon Project, from 1980 to 2020, N2O emission rose by 40% (41). Also, N2O is the 
most anesthetic agent responsible for ozone depletion.

In order to protect our environment, scavenging systems must be used to prevent waste gas ac-
cumulation (WGA). The American Society of Anesthesiologists recommends several strategies 
in order to reduce these greenhouse gases emissions, including the following: consider total 
intravenous anesthesia and regional anesthesia or at least low flow anesthesia (use low fresh gas 
flow), avoid desflurane and nitrous oxide (high impact inhalational anesthetics), use portable 
tanks of nitrous oxide that remain closed between use instead centralized N2O piping and in-
vesting in WGA trapping or WGA destroying technology (42). 
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Abstract

Behçet’s disease (BD), also called Behçet’s syndrome, is a rare multisystemic vasculitis that caus-
es blood vessel inflammation throughout the body. It may affect multiple organs and less fre-
quently involves the central nervous system, potentially resulting in thrombotic events and an-
eurysm formation, the most notably pulmonary artery aneurysms (PAA).

We present a case of a 44-years-old female who sought medical attention due to prolonged 
hemoptysis combined with chest pain. 

Ascribed to these symptoms, initial computer tomography (CT) (native and arterial phases) 
revealed an oval mass in the left hilum. Subsequent CT angiography demonstrated an aneurysm 
of the left interlobar artery compressing the segmental bronchus with associated thrombus for-
mation. The patient refused surgical intervention. One year later, a follow-up CT angiography 
showed the resolution of the initial aneurysm but revealed a new aneurysm in the right main 
pulmonary artery.

This case highlights the rare migratory nature of pulmonary aneurysms in Behçet vasculitis, un-
derscoring the need for early diagnosis, imaging follow-up and interdisciplinary management.

Key Words: Behçet Vasculitis; CT angiography; case report; vascular anomalies.

Introduction

Behçet vasculitis is a rare systemic vascular inflammatory disorder resulting in aneurysms 
and thrombosis (1). Pulmonary artery aneurysms are serious complications, often leading to 
life-threatening hemoptysis. Chronic endothelial dysfunction is central to the pathogenesis of 
Behçet disease (2). The prothrombotic factors and impaired fibrinolysis contribute to aneurysm 
development and thrombus formation. Advanced imaging, particularly contrast-enhanced 
computer tomography (CT) angiography, plays a pivotal role in diagnosis (3).

The clinical heterogeneity of Behçet disease mandates vigilance among clinicians and radiol-
ogists. Contrast-enhanced CT angiography with a 15-seconds delay is a key tool for precise 
anatomical delineation (4).

CASE REPORT UDK: 616.13/.14-002-073.756.8:004
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Endothelial damage triggers local thrombosis, potentially leading to aneurysm rupture or em-
bolization. Patients with Behçet disease often exhibit hypercoagulability with elevated levels of 
procoagulant factors and impaired fibrinolysis. This prothrombotic environment contributes to 
vessel thrombosis and aneurysm formation (5).

This case report aims to contribute to the literature by detailing the clinical presentation, im-
aging findings and management approach of a patient with Behçet vasculitis and migrating 
pulmonary aneurysms. 

The differential diagnosis includes Hughes-Stovin Syndrome (HSS), a rare autoimmune disor-
der characterized by pulmonary artery aneurysms, hemoptysis, chest pain and recurrent fever. 
HSS, like Behçet disease, results from vasculitis causing arterial occlusion, aneurysm formation 
and venous involvement. The histology of the aneurysms in both conditions can be similar (1).

By presenting a detailed analysis of a real-world case, showing that most of the such cases in the 
epidemiologic picture were seen in Mediterranean, East European and Asian regions, we aim to 
enhance awareness among healthcare professionals, fostering early recognition and facilitating 
timely intervention to mitigate potential complications associated with venous insufficiency. 

This case report not only contributes to the expanding knowledge base of vascular anomalies 
but also serves as a reference for future cases of Behçet syndrome.

Case Presentation

A 44-years-old female presented with complaints of recurrent hemoptysis and persistent chest 
pain. She had no history of significant trauma, deep vein thrombosis, coagulopathies or other 
predisposing vascular conditions. Her past medical history was unremarkable, and she denied 
recent infections or autoimmune disorders. Initial imaging was performed with a non-contrast 
chest CT, and an oval-shaped mass was revealed in the left hilum, raising suspicion for a vascular 
anomaly. Contrast-enhanced CT angiography further delineated the lesion as an aneurysm in 
the left interlobar pulmonary artery, measuring several millimeters in diameter. The aneurysm 
was compressing the adjacent segmental bronchus and was associated with thrombus formation 
extending into the segmental and subsegmental bronchi supplying the left lower lung lobe. Fol-
low-up imaging (1 year later) was done: the previously noted left interlobar artery aneurysm was 
no longer visualized, suggesting possible spontaneous resolution or thrombosis. However, a new 
aneurysm was identified in the right main pulmonary artery. This new aneurysm was associat-
ed with pulmonary micro-thrombosis, raising concerns for an underlying systemic or vascular 
pathology predisposing to aneurysm formation. The patient was referred to rheumatologist for 
laboratory evaluation and systemic therapy initiation. Due to disease progression, consultation 
with a vascular surgeon in Vienna, Austria was arranged. However, the patient refused surgical 
intervention. Long-term management includes ongoing imaging surveillance and symptomatic 
treatment to mitigate further complications. 
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Figure 1a-c. The first three images depict aneurysm in the left interlobar artery Figure 1a-c: 
 Aneurysm in the left interlobar artery (initial imaging).

Figure 2d-f. Migratory aneurysm in the right main pulmonary artery (follow-up imaging);  
the last 3 images are follow-up imaging.

Discussion

This report emphasizes the diagnostic value of CT angiography and the importance of long-term 
follow-up for patients with Behçet vasculitis. Pulmonary artery aneurysms in Behçet vasculitis 
are rare conditions, but they carry a high risk of rupture and fatal hemoptysis. The migratory 
nature of pulmonary aneurysms, as observed in this case, is an exceptionally rare phenomenon. 
Literature review suggests that Behçet vasculitis typically presents with multiple pulmonary ar-
tery aneurysms rather than the resolution of one with subsequent development of another at a 
different location. This case aligns with previous reports where aneurysmal thrombosis led to 
spontaneous resolution, while new vascular lesions emerged due to ongoing systemic inflam-
mation (6,7).

A study by Yildirim and coauthors and another study by Giannessi, emphasized the role of CT 
angiography in detecting and monitoring vascular involvement in Behçet disease, particularly 
in patients with evolving aneurysms. The unpredictable nature of vascular involvement neces-
sitates serial imaging for disease monitoring (6). Furthermore, a meta-analysis highlighted the 
efficacy of immunosuppressive therapy in reducing aneurysm progression, underscoring the 
need for early initiation of treatment (8).

Management strategies for Behçet-related pulmonary aneurysms include high-dose corticoster-
oids and immunosuppressive agents, such as cyclophosphamide or azathioprine, with or with-
out anticoagulation. Endovascular intervention or surgical repair is reserved for cases with a 
high risk of rupture. In this case, the patient’s refusal of surgical intervention underscores the 
need for individualized treatment plans, particularly in resource-limited settings.
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Conclusion

This case highlights the migratory nature of pulmonary aneurysms in Behçet vasculitis, empha-
sizing the importance of early recognition, longitudinal imaging follow-up, and a multidiscipli-
nary approach. Given the life-threatening potential of pulmonary aneurysms, timely diagnosis 
and intervention are crucial for optimizing patients’ outcomes. 
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Abstract

Acute cholecystitis is a condition which treatment usually involves surgery, and the most used 
is laparoscopic cholecystectomy. Bile leakage is a complication of laparoscopic cholecystectomy, 
often caused by injury to small aberrant bile ducts, such as the ducts of Luschka. We report 
a case of a 25-years-old female who was presented with abdominal pain five days after lapa-
roscopic cholecystectomy. A CT scan and MRCP scan revealed a small bile collection in the 
gallbladder bed and the bile leakage was suspected. A laparoscopic revision was performed, 
during which a biliary collection was aspirated. Further exploration of the gallbladder fossa 
revealed an aberrant bile duct (duct of Luschka), smaller than 1mm, actively secreting bile. The 
duct was successfully closed, leading to resolution of the leakage. The ducts of Luschka are one 
of the most common causes of bile leakage after laparoscopic cholecystectomy. Generally, most 
of the diagnoses are determined post operatively as a result of the post-operative complications 
that arise. It is important to take into consideration the imaging reports whenever we have post 
cholecystectomy bile leakage.

Key Words: bile leakage; ducts of Luschka; laparoscopic cholecystectomy; magnetic resonance chol-
angiopancreatography.

Introduction

Acute cholecystitis is an inflammation involving the gallbladder. Most commonly the reason is 
blockage of the cystic duct which leads to accumulation of bile, chemical injury, inflammation, 
hydrops and secondary bacterial infection of the gall bladder. About 95% of the patients with 
acute cholecystitis have cholelithiasis, only 5% don’t have cholelithiasis. Usually the treatment 
involves surgery, the most commonly used is laparoscopic cholecystectomy which is a relatively 
safe procedure. The second most common complication that can arise is biliary tract leakage, 
which most often is associated with accessory ducts of Luschka or subvesical ducts that are an 
anatomic variation of the biliary ducts. Although they have important clinical impact, they can 
often be overlooked during routine imaging as the reason for the bile leakage. Radiological in-
vestigations that can be used are abdominal ultrasound (US), computed tomography (CT) scan 
and magnetic resonance cholangiopancreatography (MRCP) (1-5).

CASE REPORT UDK: 616.366-089.819-06
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Case Report

A 25-years-old female patient was presented to the emergency department with nausea, vomiting 
and pain under the right rib cage for 4 days. On clinical examination, the abdomen was soft, but 
tenderness was noted in the right upper quadrant. Laboratory results showed elevated white cells, 
counting 17.5 (normal range: 4.00-9.00 10/9L), elevated CRP 82.8 (normal range: under 6mg/L), 
also elevated total bilirubin 23 (normal range under 20.5umol/L) and direct bilirubin 9.1 (normal 
range: under 6.8umol/L). Accordingly, an emergency CT scan of the abdomen with intravenous 
contrast was performed next, where the cholecyst was noted to have a stratified and edematous 
wall and intraluminal denser contents with a sediment formed in the fundus. Also a suspicious 
mural defect was present in the proximal part of the posterior wall. Pericholecystic free fluid was 
present that extended subhepatic with stranding of the mesenteric adipose tissue. Loco regionally 
several enlarged lymph nodes were detected with a diameter of up to 10mm. Free fluid was also 
present in the small pelvis. The CT finding was in favor of acute perforating cholecystitis.

FigurFe 1. Sagittal enhancing computed tomography iFFFmage of the abdomen revealing inflammatory 
 changes of the gall bladder.

Figure 2. Coronal enhancing computed tomography image of the same level showing the same changes of the gall.

Figure 3. Axial enhancing computed tomography image at the level of the suspected perforation of the gall bladder.
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A decision for surgical treatment was made. The procedure involved laparoscopic retrograde 
cholecystectomy with removal of the gallbladder through a supraumbilical incision, peritoneal 
lavage was performed, and intraperitoneal drain was placed. The patient was discharged in good 
general condition.

Five days after the operative treatment, the patient experienced severe abdominal pain accom-
panied by nausea and vomiting. The laboratory results showed elevated white cells count 11.1 
(normal range: 4.00-9.00 10/9L), elevated CRP 67.3 (normal range: under 6mg/L), normal total 
bilirubin 14 (normal range under 20.5umol/L) and elevated direct bilirubin 10.2 (normal range: 
under 6.8umol/L). Control CT scan of the abdomen with intravenous contrast was performed, 
where in the region of the gall bladder a dense free liquid collection was observed, around which 
small free air inclusions were present, the clips of the cystic artery and ductus cysticus were also 
visible, and a smaller amount of free liquid was present in the pelvis.

Figure 4. Axial enhancing computed tomography image revealing dense fluid collection in the 
 gall bladder fossa with clips after surgery 

Figure 5. Coronal contrast enhancing computed tomography image of the same level with the same changes.

Figure 6. Axial contrast enhancing computed tomography image that shows free fluid was present in the pelvis.
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An MRCP was performed next, that showed intact common bile duct and intact cystic duct 
stump. Also, an area of fluid accumulation was noted in the subhepatic space, intraintestinal 
and in the small pelvis. Subcutaneous oedema in the right lateral abdominal wall was also noted, 
most likely post operatively.

Figure 7. MRCP. T2 coronal image revealed intact CBD and intact cystic duct stump.

Figure 8. T2 FS axial image confirmed the CT finding of fluid collection in the gall bladder bed.

Figure 9. T2 FS axial image showing fluid accumulation in the subhepatic space, 
 intraintestinal and subcutaneous oedema in the right lateral abdominal wall

An indication for postoperative laparoscopic revision was made where a larger biliary collec-
tion was found in the abdomen that was aspirated, and after a thorough exploration of the gall 
bladder bed, an aberrant bile duct smaller than 1mm was observed that is a Luschka subvesical 
duct, which secreted bile with an extremely small content. A biliary stasis was performed with a 
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ligation of the aberrant Luschka duct using sutures and two intraperitoneal drains were placed 
for drainage. The postoperative course was in order. The control CT of the abdomen and pelvis 
after 2 weeks showed complete resorption of the free fluid in the abdomen and pelvis. In the 
region of the gall bladder fossa, several more air inclusions were observed, which would be in 
favor of a normal postoperative reaction. The patient was discharged for home treatment in 
good general condition with advice given for a hygiene-dietary regimen and antibiotic therapy 
according to the protocol for operated patients.

Discussion

The accessory ducts of Luschka, also called subvesical bile ducts are small ducts usually with a 
diameter of around 1 to 2mm, that drain sub segmental areas of the liver into the right hepat-
ic duct (6,7). The overall prevalence in the general population is around 4% (6). Due to their 
small caliber and especially in a urgent setting of laparoscopic cholecystectomy, they can be 
overlooked, which would lead to post-operative complications like bile leakage (8,9). Generally, 
most of the diagnoses are determined post operatively as a result of the post-operative compli-
cations that arise (8). Imaging methods that can be used are US (ultrasound), CT (computed 
tomography), MRCP (magnetic resonance cholangiopancreatography) and ERCP (endoscopic 
retrograde cholangiopancreatography). However, they present a diagnostic difficulty and most 
often they are overlooked (6,8). US is usually the initial diagnostic method, with a sensitivity 
of around 70% for detection of intra-abdominal bile collections, however it isn’t very specific 
and is operator dependent (3,11-13). CT is more advanced method with a reported sensitivity 
of around 95% for detection of bile collection but cannot differentiate it from other fluid collec-
tions (6,10-13).  ERCP is the most commonly used and is considered as the gold standard for 
the diagnosis of bile leakage after cholecystectomy. Its sensitivity is 95-100%. Also, it has high 
specificity of around 95%. With ERCP the sites of bile leakage can be evaluated with direct visu-
alization of the contrast extravasation. However, this diagnostic procedure is invasive (9,12-14). 
MRCP is a non-invasive diagnostic procedure that can be used for assessing the anatomic struc-
tures of the biliary system with excellent detail. There are reported cases in literature, although 
uncommon when MRCP usually in combination with CT was successfully used for the diagno-
sis of bile leakage from Luschka ducts. Its sensitivity ranges from 67% to 100% and depends on 
many factors. Multidisciplinary approach is crucial for the fast detection of this complication 
after laparoscopic cholecystectomy and the radiologist should be aware of the diagnostic possi-
bility of MRCP (6,10,11,15,16).

Conclusion

Imaging methods, especially CT and MRCP, play an important role in detecting and managing 
bile leaks after cholecystectomy. They help in identifying fluid collections and assess biliary 
anatomy and anatomic variations as the subvesical ducts of Luschka. It is important that the im-
aging reports take them into consideration whenever we have post cholecystectomy bile leakage, 
which will help in expediting the treatment of the patients.
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Abstract

The occurrence of an isolated malignant peripheral nerve sheath tumor (MPNST) in the ret-
roperitoneum, unassociated with the kidney capsule, is exceedingly rare, often presenting with 
an insidious onset of non-specific and misleading symptoms, primarily characterized by lower 
back pain.

We present the case of a patient with a malignant peripheral nerve sheath tumor (MPNST), without 
neurofibromatosis with nonspecific localization in the retroperitoneum in front of vena cava in-
ferior non associated with the kidney. A 62-years-old male patient was referred due to the presence 
of an abdominal tumor without accompanying pain. Computed tomography identified a substan-
tial soft tissue retroperitoneal tumor situated anterior to the inferior vena cava. A total resection 
was performed. The pathological testing verified the existence of a malignant peripheral nerve 
sheath tumor. The patient received additional treatment through radiotherapy and chemotherapy. 
This is the inaugural reported case of malignant peripheral nerve sheath tumor in the retroper-
itoneum without neurofibromatosis, unassociated with renal or perirenal parenchyma. We rec-
ommend incorporating malignant peripheral nerve sheath tumor into the differential diagnosis 
of abdominal masses.

Key Words: Malignant peripheral nerve sheath tumor; prognosis; retroperitoneum, surgery. 

Introduction

Malignant peripheral nerve sheath tumors (MPNSTs) are rare soft-tissue sarcomas that com-
monly occur in the extremities and are often associated with neurofibromatosis. MPNSTs ac-
counts for 5–10% of all soft-tissue sarcomas, and up to 50% occur in patients with neurofi-
bromatosis type 1 (NF-1), with an incidence of 1 to 10 in 1000000 patients (1). MPNSTs affect 
adults aged 20–50 years and are typically connected to the main trunks of nerves. Most MPNSTs 
are aggressive and have high rates of recurrence and distant metastases, with the lungs being the 
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most common site of MPNST metastases (1,2). An MPNST of the kidney is an exceedingly rare 
occurrence. Only a few cases of MPNST in the retroperitoneum that is not associated with the 
kidneys have been reported in the literature (3). An aggressive surgical approach and combined 
chemotherapy are the accepted model of treatment (4).

Case Presentation

A 62-years-old male, a former smoker with a known history of hypertension managed with 
Enalapril 5mg once daily, obesity (body mass index: 34.6kg/m²), and benign prostatic hyperpla-
sia treated with Tamsulosin 0.4mg once daily, was incidentally found to have a retroperitoneal 
mass on abdominal ultrasound and computed tomography (CT). The patient was asymptomatic 
at the time of presentation and his physical examination was unremarkable. There was no per-
sonal or familial history of von Recklinghausen’s disease.

Laboratory investigations revealed hemoglobin (Hb) of 108g/L, leukocytes (Le) at 6.3 x 10⁹/L, 
erythrocytes (Er) at 5.01 x 10¹²/L, hematocrit (Hct) at 0.352L/L, platelets (Tr) at 320 x 10⁹/L, 
fasting glucose at 5.17mmol/L, urea at 7.6mmol/L, creatinine at 77.6µmol/L, sodium (Na) at 
140mmol/L, potassium (K) at 3.6mmol/L, chloride (Cl) at 106mmol/L, and calcium (Ca) at 
2.28mmol/L. A chest radiograph demonstrated findings consistent with chronic bronchitis. Ab-
dominal CT confirmed the presence of a 9x9cm retroperitoneal soft tissue mass, predominantly 
solid, with distal sections containing a small amount of fluid. The lesion was positioned anteri-
orly to the inferior vena cava, extending towards the right hepatic lobe and the quadrate lobe of 
the liver, without definitive imaging evidence of hepatic origin. Given the deep location of the 
lesion, percutaneous biopsy under CT guidance was deemed unsuitable. The patient was sched-
uled for tumor resection and presented to the operating room in an awake and alert state, albeit 
with mild preoperative anxiety. Pre-induction vital signs were as follows: blood pressure (BP) 
182/98mmHg, heart rate (HR) 95bpm, respiratory rate (RR) 20 breaths per minute, and oxygen 
saturation (SaO2) 97%. Standard monitoring, including electrocardiographic (ECG) leads, non-
invasive blood pressure measurement, and peripheral oximetry, was applied. A thoracic epidural 
catheter was placed at the Th12-L1 interspace and tested with 2mL of 0.5% bupivacaine, which 
yielded a negative response. Preoxygenation was performed with 100% oxygen via a face mask, 
and the patient was premedicated with intravenous midazolam (2mg). Anesthesia induction was 
achieved with fentanyl (0.2mg), propofol (200mg), and rocuronium (50mg). Cricoid pressure 
was applied, and an 8.5mm cuffed endotracheal tube was successfully inserted. Post-induction 
hemodynamics remained elevated, with BP ranging from 160-180/95-100mmHg and HR at 90-
95bpm, with a normal sinus rhythm. Anesthesia was maintained with a mixture of air and oxy-
gen, supplemented with sevoflurane at 0.6-0.7 minimum alveolar concentration (MAC). Analge-
sia was provided using fentanyl (0.3mg) in divided doses, along with epidural administration of 
fentanyl (0.1mg) and 8mL of 0.25% bupivacaine. However, 20-30 minutes into the procedure, a 
progressive rise in both systolic and diastolic blood pressure was observed, accompanied by sinus 
tachycardia (HR 110-120bpm). Blood pressure escalated to 270/130mmHg, with intermittent 
premature ventricular contractions detected on ECG. Initial management included intravenous 
enalapril (1.25mg), which was ineffective. Consequently, an infusion of remifentanil (2mg/40mL) 
was initiated at 0.125mg/kg/min, alongside intravenous administration of esmolol (10mg), mag-
nesium sulfate (15%, 0.3mg), and glyceryl trinitrate (0.5mcg/kg/min). Upon tumor removal, the 
patient experienced a precipitous drop in systolic BP to 50mmHg. Immediate resuscitative meas-
ures included administration of prednisolone (100mg), ephedrine (9mg), and 500mL of 6% hy-
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droxyethyl starch (130/0.4), which restored BP to 110/60mmHg. The procedure was completed 
without major intraoperative blood loss. The patient was subsequently administered atropine 
(1mg) and neostigmine (2.5mg). Following adequate spontaneous respiration and response to 
stimuli, extubating was performed, and the patient was transferred to the postoperative recovery 
unit. During the immediate postoperative period, the patient’s BP remained within normal lim-
its. After two hours of monitoring, he was discharged to the Department of Urology. The patient 
recovered uneventfully and was discharged home on the fifth postoperative day. He was subse-
quently referred to the Clinic of Oncology for adjuvant radio-chemotherapy. Surgical Findings 
and Histopathological Examination reviled resected tumor mass weighed 150g and measured 
9.5×7.5×5cm. The encapsulated lesion exhibited a soft consistency. Gross pathology revealed a 
gray-yellowish tumor with a well-demarcated, cystic lumen (3cm in diameter) containing blood. 
Microscopic examination identified a malignant mesenchymal neoplasm composed of epithe-
lioid cells with abundant eosinophilic cytoplasm and pleomorphic to bizarre nuclei. Tumor ne-
crosis was observed. Immunohistochemical analysis demonstrated positivity for vimentin, while 
markers for desmin, CD117 and CD34 were negative. Based on these findings, the final diagnosis 
was malignant peripheral nerve sheath tumor (MPNST), epithelioid variant.

Discussion

Malignant peripheral nerve sheath tumors (MPNSTs) are exceptionally rare, with an incidence 
ranging from 1 to 10 per 1,000,000, accounting for approximately 3% to 12% of all soft tissue 
sarcomas. These tumors predominantly arise in patients between 20 and 50 years of age, with 
common locations including the head and neck, trunk, or extremities (1,2,5). While MPNSTs in 
the retroperitoneal area are uncommon, several case reports have documented their occurrence 
(3,6). The prognosis for MPNSTs is generally poor, with reported five-years disease-specific sur-
vival rates ranging from 16% to 60% (6). Surgical resection followed by adjuvant radiotherapy 
remains the most effective treatment modality (5,7). Contrast-enhanced computed tomography 
(CT) and magnetic resonance imaging (MRI) play a critical role in the assessment of MPNSTs, 
allowing for precise delineation of tumor extent and suggesting a neurogenic origin (1). In our 
presented case, MRI findings indicative of malignancy include heterogeneity, areas of necro-
sis and hemorrhage, and increased uptake on positron emission tomography (PET). Given the 
aggressive nature of these tumors, a multidisciplinary approach is essential to ensure complete 
surgical excision and optimal patient’s outcomes (1,7). Histological and immunohistochemical 
analysis are crucial for an accurate diagnosis of MPNST. Grossly, these tumors appear fusiform, 
typically exceed 5 cm in diameter, and exhibit a gray-tan coloration (8). Those findings were 
revealed in our presented case. Microscopically, MPNSTs display spindle cell morphology with 
a fascicular pattern, varying degrees of mitosis, necrosis and occasional tumor calcification (9). 
Immunohistochemical markers, including S-100 protein, neuron-specific enolase, actin, cyto-
keratin (CK), smooth muscle actin (SMA), desmin and vimentin, help differentiate MPNST 
from other spindle cell sarcomas. MPNSTs are often highly aggressive, demonstrating a high 
propensity for local recurrence and metastasis, even with multimodal therapy. Although these 
tumors frequently arise in patients with neurofibromatosis type 1 (NF-1), isolated cases without 
NF-1 have been reported. MPNSTs originating in the retroperitoneum, particularly those not 
associated with the kidney or perirenal structures, are exceedingly rare (10). Our case represents 
a retroperitoneal MPNST without renal or perirenal involvement and in the absence of NF-1. 
Similar cases in the literature underscore the aggressive nature of these tumors and their variable 
response to treatment. Costa et al. described an MPNST with diaphragmatic and pulmonary 
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invasion; despite surgical resection, the patient developed local recurrence and succumbed to 
the disease within 15 months (11). Jankulovski et al. reported an MPNST infiltrating the psoas 
muscle and left renal capsule, requiring radical nephrectomy, with adjuvant radiotherapy and 
chemotherapy resulting in six-months disease-free survival (3). Longer survival has been noted 
in select cases. A case of renal MPNST with metastatic spread to the scalp, lung, and shoulder was 
managed with neoadjuvant doxorubicin and extensive surgical resection, achieving disease-free 
survival at two years (12). Similarly, patients with MPNST of the renal pelvis have demonstrated 
survival durations of 24 to 36 months following aggressive surgical intervention (13).

Despite advances in multimodal therapy, including radical surgical resection and adjuvant radi-
otherapy, the prognosis for MPNST remains poor, emphasizing the need for early diagnosis and 
comprehensive treatment planning to improve patient’s outcomes (14).

Conclusion

Malignant peripheral nerve sheath tumors (MPNSTs) of the retroperitoneum, particularly those 
without renal or perirenal involvement, are exceedingly rare and present a significant diagnostic 
and therapeutic challenge. Our case is an accidental find of MPNST differential diagnostically 
suspected for suprarenal tumor and highlights the importance of early detection and a multidis-
ciplinary approach in managing these aggressive tumors. Surgical resection remains the corner-
stone of treatment, with adjuvant radiotherapy and chemotherapy playing a critical role in dis-
ease control. Despite optimal management, MPNSTs have a high propensity for recurrence and 
metastasis, underscoring the need for vigilant postoperative surveillance. Given the aggressive 
nature and poor prognosis associated with these tumors, further research into novel therapeutic 
strategies is essential to improve patient outcomes.
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Abstract

Familial Mediterranean Fever (FMF) is a rare autosomal recessive autoinflammatory disorder 
predominantly affecting individuals of Mediterranean origin. FMF is characterized by recurrent 
febrile episodes and serositis with amyloidosis being its most severe complication, often leading 
to end-stage renal disease (ESRD). The progression of FMF to amyloidosis is associated with in-
creased morbidity and mortality requiring early diagnosis and effective management. This case 
report presents a critically ill patient with FMF, amyloidosis and vasculitis-related complications 
including massive hemorrhage and multi-organ failure. It highlights these complex conditions, 
the challenges in ICU management and the necessity of a multidisciplinary approach to opti-
mize patients’ outcomes.

Keywords: amyloidosis; intensive care; Mediterranean fever; rare disease. 

Introduction

Familial Mediterranean Fever (FMF) is an inherited autoinflammatory disorder caused by mu-
tations in the MEFV gene, located on chromosome 16 (16p13). This gene encodes a protein 
called pyrin, which plays a key role in the regulation of inflammation. Mutations in pyrin result 
in uncontrolled activation of the inflammatory response which leads to episodic fever, serositis, 
arthritis and long-term complications such as amyloidosis. Although FMF is rare globally, it’s 
more prevalent in Mediterranean populations particularly among Turkish, Armenian, Arab and 
Sephardic Jewish communities with an incidence of approximately 1 in 1,000 individuals (1).

The most severe long-term complication of FMF is systemic amyloidosis which results from 
the deposition of amyloid A protein in various organs, particularly the kidneys. This deposition 
leads to progressive renal dysfunction and end stage renal disease (ESRD). The life expectancy 
of patients with FMF-associated amyloidosis is significantly reduced with survival ranging from 
24 to 53 months after diagnosis (2). Furthermore, FMF has been linked to vasculitis disorders 
such as Henoch-Schonlein Purpura (HSP) and Polyarteritis Nodosa (PAN), both of which con-
tribute to vascular inflammation and increased risk of hemorrhagic events. Amyloid deposition 
in blood vessel walls weakens the structural integrity of the tunica media and adventitia, leading 
to luminal stenosis, microaneurysms and a predisposition to vascular rupture and hemorrhage.

CASE REPORT UDK: UDK: 616-056.7-06-008.857-036.81
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Case Presentation

A 49-years-old male with a known history of FMF and ESRD secondary to amyloidosis was 
admitted to the ICU with hemodynamic instability and altered mental status. He had been re-
ceiving regular hemodialysis (3-4 times per week) for renal failure. On admission, his vital signs 
were as follows: blood pressure 70/40mmHg, heart rate 110bpm and SpO2 86%. The patient 
was intubated and placed on mechanical ventilation due to respiratory distress and progressive 
deterioration in mental status.

Management

Day 1-3: The patient presented with septic shock, requiring aggressive fluid resuscitation and 
vasopressor support. Arterial blood gas analysis revealed severe metabolic acidosis (pH 7.1, 
HCO3- 12mmol/L, lactate 6mmol/L). Laboratory investigations showed severe anemia (Hb 
6.2g/dL), thrombocytopenia (platelets 45,000/µL) and elevated inflammatory markers (CRP 
145mg/L). The most concerning feature was massive epistaxis and oropharyngeal hemorrhage, 
which persisted despite normal coagulation parameters (PT, aPTT and INR within normal lim-
its).

Hemostasis was attempted using a combination of nasal packing, anterior and posterior oro-
pharyngeal tamponade and local application of hemostatic agents. The patient received multiple 
transfusions, including packed red blood cells (PRBCs), fresh frozen plasma (FFP), platelets, 
tranexamic acid and prothrombin complex concentrate. Given the concern for vasculitis-related 
hemorrhage, he was started on high-dose corticosteroid therapy (methylprednisolone 1g/day 
for three days).

Day 4-7: A contrast-enhanced CT scan was performed, revealing intracerebral hemorrhage 
(ICH) with surrounding edema, pleural effusion, pulmonary atelectasis and hypoplastic kid-
neys. Given the extent of bleeding, anticoagulation therapy for dialysis-related thrombotic risk 
was withheld. The patient’s neurological status continued to decline, and neurosurgical consul-
tation advised against surgical intervention due to poor overall prognosis.

Despite intensive medical therapy and collaborative input from rheumatology, nephrology and 
neurosurgery teams, the patient remained hemodynamically unstable with persistent lactic aci-
dosis and worsening multiorgan failure. The repeated laboratory workup indicated disseminat-
ed intravascular coagulation (DIC) further complicating his clinical course.

Day 8: The patient suffered a sudden deterioration with refractory hypotension, bradycardia 
and pulseless electrical activity (PEA) arrest. Advanced cardiac life support (ACLS) was initiat-
ed, but despite prolonged resuscitative efforts return of spontaneous circulation (ROSC) was not 
achieved. The outcome was negative.

Discussion

FMF has been linked to various vasculitis disorders including Polyarteritis Nodosa (PAN)-like 
vasculitis. The presence of vasculitis in FMF patients significantly increases the risk of hemor-
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rhagic complications, posing significant challenges in clinical management. PAN is a necrotiz-
ing vasculitis affecting small and medium sized arteries, leading to vascular inflammation, 
thrombosis and aneurysm formation. In FMF patients PAN-like vasculitis further exacerbates 
vascular fragility, making them highly susceptible to hemorrhagic events. The underlying in-
flammatory process disrupts the structural integrity of blood vessels by causing fibrinoid necro-
sis and fragmentation of the internal elastic lamina. This vascular damage leads to the formation 
of microaneurysms which are prone to rupture, resulting in both intracerebral and systemic 
hemorrhages (3).

Amyloid deposition exacerbates this process by infiltrating the vascular walls leading to pro-
gressive weakening of the tunica media and adventitia. This deposition compromises vascular 
compliance increasing the risk of spontaneous hemorrhage even in the absence of trauma or 
coagulopathy. In severe cases this can lead to life-threatening conditions, such as intracranial 
hemorrhage, massive gastrointestinal bleeding or diffuse alveolar hemorrhage.

Patients with FMF and PAN-like vasculitis may present with various hemorrhagic manifesta-
tions including epistaxis and mucosal bleeding that is persistent nasal and oropharyngeal hem-
orrhage often requiring aggressive hemostatic interventions. Gastrointestinal hemorrhage like 
amyloid-related vasculopathy can lead to gastrointestinal bleeding presenting as melena or he-
matemesis (4). Intracerebral hemorrhage is one of the most severe manifestations, intracranial 
bleeding occurs due to the rupture of amyloid-weakened vessels leading to neurological deterio-
ration and high mortality rates. Retroperitoneal and perirenal hematomas can occur due to vas-
cular rupture around the kidneys particularly in patients with amyloidosis related nephropathy.

The management of hemorrhagic complications in FMF patients with PAN-like vasculitis is 
particularly challenging due to the coexisting risks of thrombosis and bleeding. Hemostatic sup-
port in patients with active bleeding requires transfusions of packed red blood cells, fresh frozen 
plasma and platelets. The use of antifibrinolytic agents such as tranexamic acid should be con-
sidered but must be carefully monitored to avoid thrombotic complications (5). Immunosup-
pressive therapy like corticosteroids and immunomodulatory drugs are essential for controlling 
inflammation and preventing further vascular damage. However, high-dose corticosteroids can 
increase the risk of gastrointestinal bleeding, necessitating gastroprotective measures such as 
proton pump inhibitors (6). Dialysis considerations in FMF patients with ESRD undergoing 
hemodialysis are at heightened risk of uremic platelet dysfunction further exacerbating bleeding 
tendencies. The decision to use anticoagulation during dialysis should be individualized bal-
ancing the risks of thrombosis and hemorrhage (7). Multidisciplinary approach is essential to 
navigate the complex interplay of inflammation, vasculitis and hemorrhagic risks.

Hemorrhagic complications in FMF patients with PAN-like vasculitis are a significant cause 
of morbidity and mortality driven by vascular inflammation and amyloid deposition. The in-
creased fragility of small and medium sized arteries predisposes these patients to bleeding events 
including intracranial hemorrhage and gastrointestinal bleeding (8). Given the complexity of 
these cases early recognition, careful hemostatic management and a multidisciplinary treatment 
strategy are paramount in improving patients’ outcomes. Further research is needed to better 
understand the mechanisms linking FMF, PAN-like vasculitis and hemorrhagic risk to develop 
targeted therapies for these high-risk patients.

Renal involvement is the most severe long-term complication, which is due to systemic am-
yloidosis. FMF-associated amyloidosis leads to progressive renal dysfunction and ultimately 
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end-stage renal disease (ESRD) necessitating long-term dialysis (9). The presence of ESRD not 
only worsens patients’ outcomes but also contributes to a higher risk of complications including 
bleeding tendencies due to uremic platelet dysfunction.

Amyloidosis in FMF results from the excessive production and deposition of serum amyloid A 
(SAA) protein in various organs particularly the kidneys. These deposits progressively damage 
the glomeruli, impairing renal filtration and leading to proteinuria, nephrotic syndrome and 
eventually ESRD. Once kidney function deteriorates beyond a critical threshold, patients re-
quire renal replacement therapy in the form of hemodialysis or peritoneal dialysis (10).

Patients with ESRD on long-term dialysis face a heightened risk of bleeding due to multiple fac-
tors, most notably uremic platelet dysfunction. Uremia is a consequence of renal failure. It alters 
platelet adhesion, aggregation and secretion, leading to an increased tendency for spontaneous 
bleeding. This is particularly concerning in FMF patients with concurrent vasculitis where vas-
cular fragility and amyloid deposition already predispose them to hemorrhagic events (11).

Early diagnosis and colchicine therapy for preventing amyloidosis through early and consistent 
colchicine use, remains the most effective strategy to avoid ESRD. Optimized dialysis manage-
ment by adjusting dialysis parameters and minimizing the use of anticoagulants during dialy-
sis sessions can help reduce bleeding risk. Use of hemostatic agents in patients with recurrent 
bleeding, desmopressin (DDAVP) and transfusions may be considered to improve platelet func-
tion (12). Regular monitoring for bleeding tendencies with routine laboratory tests including 
platelet function tests and coagulation profiles, are essential for early detection and intervention.

The management of Familial Mediterranean Fever (FMF) with amyloidosis is complex and 
requires a collaborative approach among multiple medical specialties. Given the multiorgan 
involvement of FMF, optimal patient care necessitates coordination between rheumatologists, 
nephrologists, intensivists, hematologists and neurosurgeons. The complexity of chronic in-
flammation, renal impairment and vascular complications demands a well-structured multidis-
ciplinary strategy to improve patient’s outcome and mitigate complications (13).

FMF is a systemic autoinflammatory disorder, when complicated by amyloidosis significantly 
impacts multiple organ systems. The deposition of amyloid protein in the kidneys often leads 
to end-stage renal disease (ESRD) requiring close monitoring by nephrologists. Rheumatolo-
gists play a pivotal role in managing the underlying inflammatory process primarily through 
colchicine therapy which is the first-line treatment to prevent amyloidosis. However, in patients 
with severe or refractory disease additional immunosuppressive therapies such as corticoster-
oids are necessary. Intensivists oversee supportive care in cases involving sepsis, hemorrhagic 
complications or multi-organ failure. Hematologists contribute by managing bleeding disorders 
associated with uremic platelet dysfunction and amyloid-related vascular fragility, while neu-
rosurgeons may be required in cases of intracranial hemorrhage due to amyloid angiopathy or 
vasculitis-associated complications.

Immunosuppressive therapy like corticosteroids and biologic agents, is often necessary in FMF 
patients with severe inflammatory manifestations or vasculitis. Their use must be carefully bal-
anced against the increased risk of infections and hemorrhagic complications in patients under-
going dialysis. High dose of corticosteroids may provide significant anti-inflammatory benefits 
but can exacerbate the risk of sepsis in immunocompromised individuals. Biologic therapies 
targeting interleukin-1 (IL-1) and tumor necrosis factor (TNF) pathways offer promising results 
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in controlling inflammation but require vigilant monitoring for opportunistic infections (14).

Early diagnosis, regular monitoring of renal function and colchicine therapy are critical for pre-
venting the progression of amyloidosis and improving long-term prognosis. Future research is 
necessary to refine therapeutic strategies and improve long-term outcomes for FMF patients 
with amyloidosis.

Conclusion

We present a rare case of FMF with amyloidosis, complicated by massive hemorrhage, intracer-
ebral bleeding and ESRD. This case highlights the increased risk of vasculitis-associated hemor-
rhagic events in FMF patients especially those with PAN-like vasculitis. Amyloid deposition in 
vascular structures leads to fragility and rupture making the management of these patients ex-
ceptionally challenging. The relationship between FMF and systemic vasculitis requires further 
investigation to better understand underlying mechanisms and improve therapeutic strategies. 
Early colchicine therapy and close monitoring are paramount in reducing FMF complications 
and improving patients’ outcomes.
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