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ABSTRACT Background: The establishment of Extracorporeal Circulation (EC) significantly contributed to improvement of cardiac 
surgery, but this is accompanied by harmful side-effects. The most important of them is systemic inflammatory response 
syndrome. Many efforts have been undertaken to minimize this problem but unfortunately without satisfied solution to 
date. 
Materials and methods: Lornoxicam is a non steroid anti-inflammatory drug which temporally inhibits the cycloxygenase. 
In this clinical trial we study the effect of lornoxicam in lung inflammatory response after operations for cardiac surgery 
with cardiopulmonary bypass. In our study we conclude 14 volunteers patients with ischemic coronary disease undergoing 
coronary artery bypass grafting with EC. In seven of them 16 mg lornoxicam was administered iv before the anesthesia 
induction and before the connection in heart-lung machine. In control group (7 patients) we administered the same amount 
of normal saline. 
Results: Both groups are equal regarding pro-operative and intra-operative parameters. The inflammatory markers were 
calculated by Elisa method. We measured the levels of cytokines (IL-6, IL-8, TNF-a), adhesion molecules (ICAM-
1, e-Selectin, p-Selectin) and matrix metaloproteinase-3 (MMP-3) just after anesthesia induction, before and after 
cardiopulmonary bypass, just after the patients administration in ICU and after 8 and 24 hrs. In all patients we estimated 
the lung’s inflammatory reaction with lung biopsy taken at the begging and at the end of the operation. We calculated 
hemodynamics parameters: Cardiac Index (CI), Systemic Vascular Resistance Index (SVRI), Pulmonary Vascular 
Resistance Index (PVRI), Left Ventricular Stroke Work Index (LVSWI), Right Ventricular Stroke Work Index (RVSWI), 
and the Pulmonary arterial pressure, and respiratory parameters too: alveolo-arterial oxygen difference D (A-a),  
intrapulmonary shunt (Qs/Qt) and pulmonary Compliance. IL-6 levels of lornoxicam group were statistical significant 
lower at 1st postoperative day compared to them of control group (113±49 and 177±20 respectively, P=0.008). ICAM-1  
levels were statistical significant lower at the patient admission in ICU, compared to them of control group (177±29 and 
217±22 respectively, P=0.014), and the 1st postoperative day compared to them in control group (281±134 and 489±206 
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respectively, P=0.045). P-selectin levels were statistical significant lower, compared to them in control group in four 
measurements (97±23 and 119±7 respectively, P=0.030, 77±19 and 101±20 respectively, P=0.044, 86±4 and 105±13 
respectively, P=0.06, 116±13 and 158±17 respectively, P=0.000). 
Conclusions: Hemodynamics and respiratory parameters were improved compared to control group, but these differences 
was not statistical significant. Eosinofil adhesion and sequestration in intermediate tissue of lung parenchyma were significantly 
lower compared to control group. Also, alveolar edema was not noted in lornoxicam’s group. Lornoxicam reduce the 
inflammatory response in patients undergone coronary artery bypass grafting with extracorporeal circulation. This calculated 
from levels reduction of IL-6, ICAM-1 και p-Selectin, and from lung pathologoanatomic examination (absence of alveolar 
edema, reduce in eosinofil adhesion and sequestration in intermediate tissues). Despite the favorable effect of lornoxicam on 
the hemodinamics and respiratory parameters these improvement did not seem to be statistical significant. 

KEYWORDS Lornoxicam; cardiopulmonary bypass; extracorporeal circulation; cardiac surgery; systemic vascular resistance index 
(SVRI); pulmonary vascular resistance index (PVRI); left ventricular stroke work index (LVSWI); right ventricular stroke 
work index (RVSWI)
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Introduction

Lornoxicam known as chlortenoxicam is an NSAID and belongs 
to the category of oxicams. Its molecular weight is 371.81 and the 
colour yellow. Lornoxicam is a zwitterion at pH 2-5 and anion 
at pH ≥6.208. Lornoxicam has analgesic, antipyretic and anti-
inflammatory action (Figure 1). The lornoxicam inhibits the action 
of cyclooxygenase enzyme and as result prevents the synthesis of 
prostaglandins some of which have harmful effects on the body. 
The linoleic acid of foods converted into phospholipids of the cell 
membrane, which under the influence of phospholipase A2 are 
converted into arachidonic acid, which essentially is the precursor 
of prostaglandins. Subsequently arachidonic acid undergoes 
oxidation and cyclization with the effect synthetase endoperoxide 
of prostaglandin, and the prostaglandins are produced PGG2, 
from which—again with the effect of the same enzyme—
prostaglandins PGH2 are produced. The latter are precursors of 
various prostaglandins and thromboxanes. The lornoxicam acts by 
inhibiting the action of the enzyme cyclooxygenase (cyclization) 
and peroxidase (oxidation), an action which is characterized 
as “reversible” that lasts about 48 hours. As shown in Figure 1, 
arachidonic acid follows simultaneously another metabolic road 
where the influence of 5-lipoxygenase neutrophil is converted into 
leukotrienes. The synthesis of prostaglandins can be inhibited, 
except lornoxicam and other compounds, such as cortisol, aspirin 
and other NSAIDs. Major interest in the mechanism of action of 
lornoxicam presents, as it is shown in Figure 1, the participation 
of the enzyme cyclooxygenase (COX). There are two types of 
cyclooxygenase: COX-1 and COX-2. The COX-1 is located in 
the gastric mucosa, platelets, vascular endothelium and kidney. 

COX-2 is produced in response to the inflammatory reaction and 
therefore is found in monocytes and macrophages when they are 
activated by the activated platelet factor (PAF), interleukin-1 or 
lip-polysaccharide bacteria. Also, COX-2 is located in the smooth 
muscle cells, epithelial and endothelial cells and neurons. Many of 
the non-selective NSAIDs inhibit both types of cyclooxygenase, 
leading to undesirable side effects from the gastrointestinal tract 
after COX-1 is inhibited. Lornoxicam exhibits potent inhibitory 
activity in both isozymes (1). 

The study was conducted in 14 patients who have been 
undergone elective coronary bypass surgery by extracorporeal 
circulation. All patients were informed before surgery for the 
purpose of study and having fully understood the investigation 
and possible complications of the additional intraoperative 
manipulations, and they gave written consent for their 
participation in the study.

All patients were examined clinically radio graphically and 
Spiro metric for foreclosure of pulmonary disease. From the 
study excluded patients:

Figure 1. The chemical formula of lornoxicam.
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 With a history of chronic obstructive pulmonary disease 
or asthma or other lung disease;

 With chronic atrial fibrillation;
 With a projected time AOC <30 min;
 Who have been undergone urgent myocardial reperfusion;
 With an ejection fraction of the left ventricle <30%;
 With a history of gastritis or peptic ulcer.
Seven patients (six males, one female) with a mean age 

66.5±7.5 years constituted the control group (Group A) and 
they did not receive any substance.

Other seven patients (six males, one female) with a mean 
age 65.8±5.9 years constituted the study group of lornoxicam 
(group B). Patients were administered intravenous lornoxicam, 
8 mg at induction of anesthesia and 8 mg immediately before the 
commencement of the EC. The formulation that had been used 
was Xefo® (Nycomed-Hellas). 

Preparation of pharmaceutical agent

The lornoxicam (formulation Xefo) is in the form of water 
soluble powder, yellow color, in total vials containing 8 mg. The 
dissolution of the formulation is accomplished using a solvent 
(distilled water), which coexists in a separate ampoule 2 mL. 
The final solution is to be administered to 2 mL and the active 
substance (LNX) 8 mg.

Surgical technique

All the patients of the study had been undergone in coronary 
bypass under extracorporeal circulation. The deference of blood 
from the right atrium was performed using intracardiac catheter 
(venous cannulae) double layer. Arterial cannula EC was placed 
in the ascending aorta. The congestion of the heart (venting) was 
conducted by the pulmonary artery by inserting a special catheter. 
Membrane oxygenators were used (Dideco, Milano, Italy) and it 
was applied moderate hem dilution (Hct 22-25%). The EC was 
streamed, providing ≥2.4 lit/min/m2 slight systemic hypothermia 
(33-35 ℃ temperature bladder). Mean arterial pressure during 
EC was maintained at levels greater than 55 mmHg.

At first distal shunts were carried out by the grafts (venous 
and arterial). The central shunts of the grafts were carried out 
after the lifting of the blockade of the aorta, during the phase 
of myocardial reperfusion (reperfusion phase) after partial 
exclusion of the aorta with special atraumatic vascular clamp. 

Protocol of cardioplegia

For myocardial protection during the ischemic period of the 

heart was applied normothermic hyperkalemic cardioplegia 
with a ratio of blood to cardioplegic solution: 1 lit blood/50 mL 
cardioplegic solution. The cardioplegic solution contained a total 
of 40 mEq K+ and 20.4 mEq Mg2+.

Initially it was granted a quantity of 1,200-1,500 mL blood 
cardioplegia to the root of the aorta, with flow injection  
300-320 mL/min and injection pressure at the root of the 
aorta 120-140 mmHg to achieve cardiac asystole. During the 
exclusion of the aorta and after completion of each distal shunt 
was administered additional dose of cardioplegic solution  
(250-350 mL/min) at the root of the aorta. After the removal of 
AOC and during the conduct of central shunts it was awarded 
oxygenated blood through the vein grafts directly from the EC. 

Protocol of anesthesia

The patients were assessed preoperatively on the day before 
surgery. As a premedication was administered diazepam 10 mg 
orally one hour before the transfer of the patient to the operating 
room. The anesthetic preparation included connection of 
patient to the monitor (Solar 8000, Marquette Medical Systems, 
Milwaukee, USA), placement of peripheral venous 16G, 20G 
arterial line in the radial or brachial artery and sensor placement 
BIS (BIS/XP, Aspect Medical Systems, USA). 

The induction of anesthesia was by intravenous administration 
of midazolam (Dor-micum) dosed of 0.01-0.03 mg/kg, fentanyl 
citrate (Fentanyl) 1-2 mg/kg, and etomidate (Hypnomidate)  
0.2 mg/kg and pre-oxygenation of the patient with oxygen 
mask. The laryngoscopy and tracheal intubation were made 
following the granting of pancuronium (Pavulon), 1-1.2 mg/kg  
and the patient was connected to the anesthesia machine 
( Julian, Draeger, Berlin, Germany) taking amount of mechanical 
ventilation (IPPV) that aimed at slightly hypocapnia, which 
was estimated by the values of expired dioxide and PaCO2  
(33 mmHg < PaCO2 <37 mmHg). The maintenance of 
anesthesia was with propofol (Diprivan) in dosage 5-6 mg/kg/h,  
with continuous infusion pumps (Fresenius, Vial, Brezins, France) 
aimed at values of about 30-45 and BIS remifentanil hydrochloride 
(Ultiva) a dose of 20 mg/kg/h, while the maintenance of muscle 
relaxation with pancuronium continuous doses. 

In patients the right jugular vein was catheterized and triaflos 
catheter and sheath 8.5 French were placed. The hemodynamic 
monitoring was completed by placing the pulmonary artery 
catheter (Oximetr y TD catheter, Edwards Lifesciences, 
Berlin, Germany). Vital parameters of cardiac operating and 
hemodynamic that are considered are listed below: 

• Monitor Marquette Solar 8000: electronic control 
cardioscopic of five efferent continuous analysis of space 
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ST, automatic analysis based clusters reference ECG 
arrhythmia detection, continuous (bloody) blood pressure 
measurement, continuous measurement of pulmonary artery 
pressure, pulmonary artery pressure exclusion (PAOP);

• Oximetry TD catheter: cardiac output (CO), stroke 
volume (SV), mixed venous saturation (SvO2), systemic 
resistance and pulmonary circulation (SVR & PVR), index 
project pulse left and right ventricular (LVSWI & RVSWI). 

Regarding respiratory (lung mechanics and sharing) it was 
controlled pulse oximetry (SpO2), the expired dioxide (EtCO2), 
pressures and flow expiratory airway (Paw & Faw), the forced 
expiratory volume and pulmonary compliance. In addition, 
patients were under continuously temperature control with 
special catheter bladder while blood gases, the acid-base balance, 
blood sugar and serum electrolytes and lactate concentration 
were monitored periodically. The gelling ability of the blood was 
checked periodically with time Activated Clotting Time (ACT).

Study design

In all patients in the study demographic data were recorded 
demographic data, aggravating factors and the data of coronary 
angiography. Also there were mapped the following stimulative 
factors: number of bypass grafts, total time EC, time AOC, total 
surgery time and the pressures in the pulmonary circulation 
(before sternotomy, before entering the extracorporeal 
circulation and at the end of surgery). In addition to each patient 
the following were applied: 

They were determined: (I) the levels of cytokines IL-6, IL-8, 
TNF-a; (II) levels of ICAM 1, E-Selectin, P-Selectin; and (III) 
the levels of MMP-3.

The blood samples were from the femoral artery through a 
special catheter Ms-16G, which was placed immediately after 
general anesthesia before the beginning of the surgery. 

Blood samples were taken: (I) immediately after anesthesia 
induction (Δ0); (II) prior to intravenous administration of 
heparin and the entry of extracorporeal circulation (Δ1); (III) 
immediately after the release of the EP (Δ2); (IV) immediately 
after the surgery—in ICU (Δ3); (V) immediately after non-
cannulation of the patient (Δ4) averaged about five hours 
after the entry into the ICU and (VI) the morning of the first 
postoperative day (Δ5).

Microscopic study of lung tissue pieces

Lung biopsies were taken immediately after opening the sternum 
(B0) and just before the closure of sternotomy (B1). The 
obtained lung tissue pieces were placed in 10% formalin solution 

and were consigned to the Department of Pathology. 
After appropriate treatment of historical pieces and 

hematoxylin-eosin staining, the study was under the microscope 
magnification ×200 and was focused on the count of eosinophils 
in the lung parenchyma, on the study of thickness of the alveoli 
capillary membrane, on searching interstitial edema and 
generally on the finding changes the structure of lung tissue. 

Check the functionality of the heart and lungs in the ICU

The control functionality of the heart and lungs in the ICU 
was occurred in 2nd, 6th and 12th hour after the transfer, by 
identifying of the following parameters: 

• Pulmonary pressures;
• Cardiac index (CI);
• Systemic vascular resistance index (SVRI);
• Pulmonary vascular resistance index (PVRI);
• Pointer left ventricular work (LVSWI);
• Right ventricular work index (RVSWI);
• Alveolar arterial oxygen difference D (A–a), according to 

the Eq. [1]:
D A-a =FiO ×713-PO - Pco /0.82 2 2( ) ( )  [1]

• Pulmonary compliance, from the ones disclosed parameters 
of ventilator;

• Intrapulmonary shunt (Qs/Qt) based on the Eq. [2]:
Qs/Qt= Cco -Cao / Cco -Cvo2 2 2 2( ) ( )  [2]

where Cco =Hb×1.39×0.98+ FiO ×713-Pco /0.8+2 ×0.00312 2 2( )
Cao =Hb×1.39×SatO +0.0031 PO  (arterial blood)2 2 2×

Cvo =Hb×1.39×SatO +0.0031 PO  (venous blood)2 2 2×  . 

Statistical analysis

For the statistical analysis of the data used in statistical 
accounting package SPSS for Windows, version 12.0. The level 
of significance (significant level) for each test was set at P<0.05. 
To test the homogeneity of the two groups and the possibility of 
a dispute as to the average of the measurements of the variables 
of the two groups, the methodology is as follows.

• In the quantitative variables (age, body surface area, 
ejection fraction, peak expiratory capacity, expiratory 
volume in second indicator Tiff-eneau, number of bypass 
grafts, EC time, time AOC, time of surgery) was examined 
whether or not there was a significant difference between 
the average measurements for both patient groups. The 
homogeneity tests were performed using the Statistical T-test 
for the variables which followed the normal distribution 
and the Mann Whitney U test for those who did not follow 
a normal distribution. The control for adjusting or not 
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observations was under the Shapiro-Wilk test.
• In the array variables (sorted by NYHA, sorted by angina 

CCS) the existence or not of significant difference in 
measurements was examined by Mann Whitney U test. 

• In qualitative variables (sex, diabetes mellitus, hypertension, 
smoking) the control of homogeneity between the two 
groups was performed using statistical Fisher’s Exact test. 

Table 1. Comparison of demographic, clinical and laboratory  
characteristics of the two groups of patients. 

Variable Group A Group B P

Gender 1.000

Men 6 (85.714%) 6 (85.714%)

Women 1 (14.285%) 1 (14.285%)

Age (years) 66.5±7.5 65.8±5.9 0.848

Body surface 1.8657±0.25903 1.7757±0.16185 0.451

Diabetes 4 (57.142%) 4 (57.142%) 1.000

Arterial  
hypertension

4 (57.142%) 4 (57.142%) 1.000

Smoking 4 (57.142%) 3 (42.857%) 1.000

Angina 
pectoris

1.86±1.069 2.57±1.134 0.300

NYHA 1.86±0.690 1.71±0.488 1.000

Ejection 
fraction

50.71±5.345 52.86±7.559 0.552

FVC 97.1543±5.73662 102.8914±7.49979 0.165

FEV1 99.5971±8.72536 101.7300±4.65076 0.579

Index Tiffenau 
(FEV1/FVC) 

102.6±7.57817 98.9429±3.63682 0.272

• In the case of repeated measurements for each variable 
(pulmonary artery pressure, alveolar-arterial oxygen 
difference, intrapulmonary shunt, cardiac index, systemic 
vascular resistance, pulmonary vascular resistance index, 
left ventricular work index, right ventricular work index, 
markers of inflammation blood) the test for statistical 
difference existence was under by univariate approach, 
as it gives more robust results when the number of 
patients is small, provided the regularity and uniformity 
of measurements. The first condition (regularity) was 
tested as the above with the Shapiro-Wilk test. Testing for 
homogeneity was done with Mauchly’s test of sphericity. 
If the test rejected the uniformity then the correction 
Huynth-Feldt has been applied which gave the corrected 
results. Simultaneously with repeat measurements the 
statistical power (power control) was determined. In 
cases that significant results or insignificant but with little 
effect were raised, additional investigation was conducted 
comparing all classes in pairs using control Bonferroni.

Results 

Preoperative data

Demographic, clinical and laboratory features of the two groups of 
patients are presented in Table 1. The study of these characteristics 
showed that the two groups were comparable in terms of gender, 
age and body surface area. Incidences of diabetes, hypertension, 
and smoking rates did not differ significantly between the two 
groups. The distribution of patients in various stages of angina 
(classification CCS) and staging of heart failure NYHA did not 
differ between the two groups. Also there was no statistically 
significant difference in left ventricular function with regard to 
the determination of ejection fraction measurements and the 
spirometry tests between two groups of patients.

Intraoperative data

All patients after the removal of AOC and the onset of reperfusion 
phase showed sinus rhythm automatically. In one patient in 
the control group, due to sinus rhythm with low frequency 
(pulse <40/min) was applied temporary atrioventricular 
pacing.  Low-dose of  epinephrine (≤0.04 mg/kg/min)  
was administered in two patients in the control group and in a 
one patient from the group of lornoxicam.

The intraoperative patient characteristics of both groups are 
presented in Table 2. There was neither statistically significant 
difference between the two patient groups in the mean time EC 

Table 2. Comparison of intraoperative parameters (number of  
coronary bypasses-times, EC, total time of surgery), of patients of 
both groups.

Variable Group A Group B P

Number of 
grafts

2.710±0. 488 2.430±0.535 0.296

EC Total 
time (min)

116.140±30.824 101.430±34.097 0.182

Time of the 
exclusion of 
aorta (min)

68.000±22.758 54.000±25.222 0.182

Total time of 
surgery (h)

4.500±0.408 4.714±0.809 0.547
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(116.140±30.824 min in the control group vs. 101.430±34.097 min  
in group LNX), nor in the mean time AOC (68.000±22.758 min  
in the control group versus 54.000±25.222 min in group of  
Lor-noxikamis). Statistically significant difference between 
the two groups was not observed and the total time of surgery 
(4.500±0.408 h in the control group vs. 4.714±0.809 h in the 
lornoxicam group).

Regarding the intraoperative measurements of values of 
pulmonary artery pressure (systolic-diastolic) it was found that 
the average systolic pressure in the third measurement (end of 
surgery) was statistically significantly lower in the lornoxicam 
group compared to the control group (Table 3).

Data in ICU

All the patients in our study were incubated by a period of  
4-6 hours after entering the ICU. During hospitalization in Unit 
they did not show any major complication. After intubation 
the minimum doses of adrenaline in the above patients they 
were gradually decreased and stopped. The ECG and cardiac 
enzymes in patients of both groups they did not provide any 
indicative evidence of intraoperative myocardial infarction and 
their stay in the ICU was 48 hours. Two patients in the control 
group and one patient in the lornoxicam group presented the 
morning of the second postoperative day atrial fibrillation with 
rapid ventricular response which was treated with intravenous 
amiodarone drip. The measured hemodynamic parameters of 
the two groups of patients were presented in Table 4, in which 
the mean values and the standard deviation of these are listed. It 
was not recorded any statistically significant difference between 
the two groups regarding the pulmonary artery pressures. Also it 
was not recorded any statistically significant difference between 
the two groups of patients in: (I) the cardiac index (CI); (II) the 
work of the left pulse (LVSWI) and right ventricular (RVSWI); 

Table 3. Comparison of intraoperative avg pulmonary artery  
pressure values in both groups of patients.
Variable Group A Group B P

Systolic pressure PA (mmHg)

Before sternotomy 28.57±3.599 25.29±1.799 0.052

Before starting EC 25.00±2.582 25.00±1.826 1.000

End of surgery 27.29±4.348 22.00±3.266 0.024

Diastolic pressure PA (mmHg)

Before sternotomy 19.29±3.592 17.29±1.496 0.199

Before starting EC 16.29±2.215 15.57±1.134 0.462

End of surgery 16.71±2.690 15.71±2.928 0.518

and (III) the index of systemic (SVRI) and pulmonary vascular 
resistance (PVRI). The measured values of alveolar-arterial 
oxygen difference [D (A-a)], the intrapulmonary shunt (Qs/Qt) 
and lung compliance were not statistically significant. 

Indicators of inflammation in the blood

In Table 5 the mean values and the standard deviation of the 
cytokine (IL-6, IL-8, TNF-a), adhesion molecules (ICAM-1, 
E-Selectin, P-Selectin) and matrix metalloproteinase-3 (MMP-3)  
of the patients of both groups are listed. With respect to 
cytokines, there was no significant difference in IL-8 and TNF-a 
between the two groups at any sampling period. With respect to 
IL-6 statistically significant difference between the two patient 
groups was observed in the sample of the first postoperative 
days (D5), and in the remaining samples (D0-D4) there was no 
statistically significant difference. However from the graph of the 
change in the average value of IL-6 (Figure 2), the IL-8 (Figure 3) 
and TNF-a (Figure 4) there were observed values in the patient 
group of lornoxicam lower than those of control patients. 

 Adhesion molecules exhibit statistically significant differences 
in some images periods as shown in Table 5. However, the 
prices of E-Selectin (Figure 5) and P-Selectin (Figure 6) in all 
samples of patients in the lornoxicam group were lower than 
the corresponding values of the control patients. The same was 
observed for the values of ICAM-1 (Figure 7) for both groups 
of patients. With respect to MMP-3, although in the lornoxicam 
group was decreased compared to the control group, however, 
in the comparison of the mean values of all samples of the two 
groups was not observed any statistically significant difference.

Microscopic study of lung tissue pieces

The results of the study of microscopic pieces of lung tissue 
showed the following:

Control group (Group A)
The tissues at the end of surgery, as compared to the samples prior 
to extracorporeal circulation, exhibit adhesion of inflammatory 
cells of formula eosinophil polymorph nuclear leukocytes to the 
endothelium of small blood vessels of the lung vasculature, and in 
the capillaries of the pulmonary alveoli. The meso alveolar septa 
exhibit low grade oedema. Furthermore in perisplachniou petal 
pleural except adhesion of eosinophils in the smaller blood vessels 
it is observed exit of these in the interstitial tissues relaxed. The 
density of the eosinophil leukocyte averaged at 42±3.5 eosinophil 
leukocytes per field ×200 magnification. This price is derived from 
the average of six fields counted (Figure 8). 
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Table 4. Comparison of averages: pulmonary artery pressure, CI, 
LVSWI, RVSWI, SVRI, PVRI, D (A-a), intrapulmonary shunt  
(Qs/Qt) and Compliance lung in ICU.

Variable Group A Group B P

Systolic pressure PA (mmHg)

2η hour 30.290±5.648 27.290±5.765 0.345

6η hour 25.290±3.904 24.570±3.409 0.722

12η hour 28.570±8.059 24.570±4.685 0.278

Diastolic pressure PA (mmHg)

2η hour 18.140±3.132 15.710±2.984 0.163

6η hour 15.290±2.360 15.570±1.512 0.792

12η hour 13.860±4.375 12.710±3.861 0.614

Cardiac index (lit/min/m2)

2η hour 2.175±0.708 2.500±0.474 0.436

6η hour 2.200±0.141 2.800±0.790 0.183

12η hour 2.100±0.890 2.400±0.653 0.480

Stroke Index left ventricle (gr × m/m2/beat)

2η hour 23.900±12.968 30.180±9.268 0.423

6η hour 24.350±2.598 33.260±10.003 0.130

12η hour 22.450±6.674 35.489±8.546 0.289

Stroke Index right ventricle (gr × m/m2/beat)

2η hour 3.250±1.398 5.075±0.991 0.770

6η hour 3.825±2.368 6.675±2.251 0.132

12η hour 3.410±2.004 6.578±1.906 0.201

Index of systemic vascular resistors [SVR (dyn × sec × cm-5 ) × 
BSA (m2)]

2η hour 2653.000±505.497 2342.600±767.051 0.511

6η hour 2393.250±537.493 2321.800±662.650 0.867

12η hour 2255.000±400.765 2057.900±567.456 0.766

Index of pulmonary vascular resistors [PVR (dyn × sec × cm-5 ) 

× BSA (m2)] 

2η hour 217.500±156.983 362.750±165.812 0.250

6η hour 308.750±155.258 333.750±165.934 0.833

12η hour 342.560±147.890 300.087±157.670 0.678

Alveolar-arterial difference O2 (mmHg)

2η hour 204.116±88.969 180.300±125.765 0.748

6η hour 164.733±53.194 142.633±94.343 0.658

12η hour 146.366±55.895 162.616±97.370 0.753

Intrapulmonary shunt

2η hour 0.045±0.028 0.029±0.024 0.536

6η hour 0.058±0.033 0.018±0.011 0.191

12η hour 0.061±0.035 0.006±0.008 0.108

Table 4. (continued)

Table 4. (continued)

Variable Group A Group B P

Pulmonary compliance (mL/cmH2O)* 

2η hour 45.670±21.455 41.750±5.315 0.732

6η hour 50.670±17.214 46.250±6.185 0.647
*, due intubation until 6th hour is not possible to measure the  
pulmonary compliance on the 12th hour. Abbreviations: CI, cardi-
ac index; SVRI, systemic vascular resistance index; PVRI, pulmo-
nary vascular resistance index; LVSWI, left ventricular stroke work 
index; RVSWI, right ventricular stroke work index.

Study group of lornoxicam (Group B)
In four patients the studied tissues at the end of surgery, as 
compared to those before the extracorporeal circulation, 
exhibit similar microscopic image. A patient presents in one 
of the six fields 26 eosinophil polymorph nuclear leucocytes, 
in magnification ×200. Another patient presents in one of the 
six fields 34 eosinophil polymorph nuclear leukocytes at ×200 
magnification and focal hyperemia of small blood vessels. The 
last patient of group B presents 39 eosinophil polymorph nuclear 
leukocytes in all fields, including environ visceral pleura (Figure 8).

Discussion-conclusions 

During the extracorporeal circulation, the passage of blood 
through the tubing system and oxygenator, which are not 
biological surfaces, results in the activation of a specific (immune) 
and nonspecific (inflammatory) reaction of various systems. The 
inflammatory reaction of the body manifests quickly and some 
patients may officiate in the first minutes, hours or days after 
using the EC.

The initial reaction of the body is evidently humeral response 
and begins immediately on contact of the plasma with non-
biological surfaces of the pipes of the circuit and the oxygenator. 
It seems that the oxygenator due to the large gas exchange surface 
available is the biggest stimulus for the onset of this reaction. The 
activation of factor Hageman (2) (factor XII may be the trigger 
of complement activation, kallikrein, the fibrinolytic system, 
and other procedures, although platelets appear to be activated 
independently of this mechanism at the same time.

The products of activation of these processes have strong-
round effects, direct and indirect, through the activation of other 
systems and cells. Thus, upon activating the complement cascade 
(3,4) this leads to the production of potent anaphylatoxins (C3a, 
C5a), which increase the permeability of blood vessels, causing 
smooth muscle contraction, stimulating chemo taxis of white 
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Figure 3. Mean values of IL-8 in both groups of patients.

Figure 2. Mean values of IL-6 in both groups of patients.
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Table 5. Comparison the mean values of cytokines, adhesion 
molecules and matrix metalloproteinase-3.

Variable Group A Group A P

IL-6 (pg/mL)

Δ0 6.678±2.7771 4.635±4.717 0.343

Δ1 3.807±2.900 1.542±0.344 0.063

Δ2 157.357±67.173 111. 614±55.390 0.190

Δ3 287.857±23.589 291.285±18.562 0.768

Δ4 273.714±49.935 263.857±52.473 0.725

Δ5 177.457±20.128 113.257±49.976 0.008

IL-8 (pg/mL)

Δ0 0.465±0.653 0.460±0.493 0.986

Δ1 1.377±1.942 0.417±0.715 0.243

Δ2 33.585±9.789 38.207±11.370 0.431

Δ3 219.571±52.331 170.000±42.312 0.075

Δ4 74.257±10.704 72.285±8.751 0.713

Δ5 19.214±5.329 16.257±4.002 0.263

TNF-a (pg/mL)

Δ0 67.285±7.593 44.660±33.772 0.109

Δ1 50.742±31.179 45.428±9.254 0.673

Δ2 99.228±28.014 107.385±43.922 0.686

Δ3 134.171±49.859 111.485±45.987 0.394

Δ4 62.657±26.726 54.171±22.160 0.530

Δ5 42.571±29.425 52.771±24.185 0.492

ICAM-1 (ng/mL)

Δ0 377.710±7.952 412.710±170.052 0.596

Δ1 348.570±97.940 334.710±136.192 0.831

Δ2 141.990±40.971 156.860±39.109 0.500

Δ3 217.570±22.277 177.000±29.766 0.014

Δ4 366.140±73.051 382.000±47.385 0.639

Δ5 489.570±206.993 281.290±134.479 0.045

E-Selectin (ng/mL)

Δ0 30.878±4.852 33.835±9.818 0.489

Δ1 27.600±8.950 20.688±4.877 0.098

Δ2 16.135±2.728 18.814±7.381 0.386

Δ3 31.700±10.742 23.400±13.083 0.219

Δ4 75.171±17.943 70.642±17.031 0.637

Δ5 47.178±17.448 40.857±18.979 0.529
P-Selectin (ng/mL)
Δ0 119.428±7.407 97.000±23.007 0.030
Δ1 101.085±20.693 77.171±19.107 0.044
Δ2 105.057±13.713 86.957±4.551 0.006
Δ3 158.857±17.170 116.428±13.575 0.001
Δ4 179.285±20.213 178.714±13.325 0.951
Δ5 151.285±13.996 132.571±19.923 0.065

Table 5. (continued)

Table 5. (continued)

Variable Group A Group A P

MMP-3 (ng/mL)

Δ0 3.000±3.910 2.500±27.000 0.185

Δ1 2.730±21.600 2.020±22.400 0.882

Δ2 1.910±18.300 1.900±19.400 0.844

Δ3 3.320±19.500 2.000±19.700 0.608

Δ4 2.830±22.700 2.030±23.100 0.894

Δ5 2.930±20.800 3.080±21.300 0.796
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Figure 4. Mean values of TNF-a in both groups of patients. Figure 6. Averages values of P-Selectin in both groups of patients.

Figure 5. Averages price of E-Selectin in both groups of patients. Figure 7. Averages prices of icam-1 in both groups of patients. 
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blood cells and facilitate the accumulation of neutrophils and 
the release of enzymes (5,6). On the other hand, the activation 
of Hageman factor stimulates immediately cataract Kallikrein-
bradykinin that has resulted in the production of bradykinin (7). 
Bradykinin increases the permeability of blood vessels dilate 
arterioles, causes smooth muscle contraction and pain (8,9). 
Kallikrein also activates factor XII and activates plasminogen 
to plasmin, which ultimately lyses fibrin and clots. Thus blood 
clotting mechanism is disturbed. In the inflammatory reaction of 
the body the cellular elements of the blood and endothelial cells 
are involved (10). Significant is the participation of monocytes, 

once they are activated, in the cellular reaction against 
inflammation. Also strategic role have neutrophil granulocytes 
in the reaction of EC when they are activated by complement 
and other soluble mediators of inflammation. Once these cells 
are activated (11) they migrate to locations (12) where there is 
high complement concentration (usually the tissue or during 
the EC in the blood), they change their shape, becoming more 
“adherent” (13-17) and secrete cytotoxic substances including 
free oxygen radicals. It should however be stressed that the 
supplement may desensitize neutrophils and reduce their ability 
to participate in the inflammatory reaction. This mechanism 
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explains why the majority of patients after cardiac surgery 
under EC exhibit uncomplicated recovery. Also neutrophil 
cell activation it may be made by other factors as kallikrein, 
the TNF-a, and platelet activating factor (PAF). It has been 
shown that all these molecules are increased during the EC and 
immediately after this.

Immediately upon the entry into the EC the activation of 
platelets begins, the mechanism of which is undetermined, but 
it is probable that contact with non-biological surfaces and the 
effect of sheer stress (shear stress) may be the trigger (18). The 
endothelial cells and other cells, especially those that are local to 
the ischemic region during the EC (e.g., lung), in the presence of 
cell membrane phospholipids and products of arachidonic acid 
(eicosanoids), act as mediators of inflammation with the release 
of prostaglandins, thromboxanes, leukotrienes and lipoxins.

It becomes obvious that the generalized inflammatory 
reaction of the body is a complex mechanism, which is released 
immediately with the start of the EC, and which is responsible for 
a number of pathological processes in various organs and tissues. 
Occasionally there have been efforts to reduce the inflammatory 
reaction, which were turned to search and construction of 
materials more biocompatible with the human body, while 
performing coronary surgery with the heart beating was a major 
effort to minimize this complication (19-25). Another attempt 
to limit the inflammatory response was the “mini” extracorporeal 
machine. This is a compact machine, which is placed near the 
patient’s chest and is characterized by the short length of the 

circuit piping.
Occasionally they have been used preoperatively and 

intraoperatively various pharmacological agents (e.g., aprotinin, 
pentoxifylline, corticosteroids, synthetically produced antibodies 
against specific mediators of inflammation) in order to reduce or 
completely eliminate the inflammatory reaction (2,3,5,6,26-37). 
In particular for the study of inflammatory reaction in the lungs, 
in the literature they are referred clinical research protocols by 
using primarily of aprotinin in order to reduce the inflammatory 
reaction (33,38-40). 

In our study the purpose was to determine whether 
administration of a no steroidal anti-inflammatory agent, 
lornoxicam, before the start of extracorporeal circulation, could 
help reduce the inflammatory response in the lungs.

We studied 14 patients, 7 were in the control group (Group A) 
and 7 of lornoxicam group (Group B) and a total of 35 variables 
were examined. Although the number of patients is small sample, 
the results are statistically significant because the two groups 
included the same number of patients; they were uniformed 
and showed no statistically significant differences in age, gender, 
body surface area, predisposing factors (diabetes mellitus, 
hypertension, smoking), the left ventricular function (ejection 
fraction), the occurrence of angina, the degree of concomitant 
heart failure (sorted by NYHA) and elements of control 
spirometry (FVC, FEV1, FVC/FEV1). Also in both groups of 
patients, the average number of performed, coronary bypasses, 
the time of extracorporeal circulation time AOC and the total 
time of surgery did not show statistically significant difference. 
Certainly clinical observations could be drawn from a safe only 
if the sample of the study patients was significantly greater than 
that was used. 

Our study focused on four objectives: (I) in the control of 
heart function; (II) control of the respiratory function (III) 
monitoring the indices of inflammatory reaction in the blood 
and (IV) microscopic examination of tissue particles lung for the 
study of histological findings.

Regarding the monitoring indicators of cardiac function in 
both groups of patients, the results of our study showed that 
the variables of cardiac index, index of systemic and pulmonary 
vascular resistance, the ratio of work left and right ventricle, 
did not show any statistically significant difference between the 
averages of the measurements between the two groups at any of 
the time points of measurement (P>0.05). Exception was the 
variable of systolic pulmonary artery pressure in which a single 
measurement at the end of surgery, was statistically significantly 
lower in the lornoxicam group compared to the control group 
(P=0.024), while there was no statistically significant difference 
in diastolic pulmonary artery pressure. Although the pulmonary 

Figure 8. (A) A Pathology preparations of lung tissue Group A at times 
B0 & B1; (B) Pathology preparations of lung tissue Group B at times B0 
and B1. 1, Eosinophils polymorphonuclear leukocytes; 2, Meso alveolar 
septum; 3, Hyperemia of small blood vessels; 4, Deposition of carbon 
granules; 5, Leukocytes outside vessel luminal.

A

B B

A
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artery pressure is a parameter indicative of left ventricular 
function, however, this finding alone is not a reliable indicator 
beneficial effect of lornoxicam on cardiac function and therefore 
it cannot be assessed. Regarding the monitoring indicators 
of respiratory function (alveolar-arterial oxygen difference, 
intrapulmonary Shunt) from the study of our results there was at 
no time measurements statistically significant difference in these 
parameters (P>0.05) from the study of our results there was at 
no time measurements with statistically significant difference 
in these parameters (P>0.05). These findings suggest both the 
existence of the inflammatory response to low levels (subclinical), 
but on the other hand there is no response of the lungs to the 
administration of lornoxicam.

Controversial are the results of the literature in terms of 
preventing the release of inflammatory reaction in the lungs 
with the administration of other pharmaceutical agents. Some 
researchers by providing aprotinin, cortisone or acetylcysteine, 
managed to reduce lung injury (38,40) of the inflammatory 
reaction by improving alveolar-arterial oxygen difference and 
pulmonary compliance, while others failed (39). 

The indicators of inflammation in the blood are of great 
interest. But it must be noted that from the graph of change 
in the average value of IL-6 (Figure 1), result that lornoxicam 
brings lower prices than those of the control group. 

The IL-6 is increased during and immediately after the EC 
with greater concentration a few hours after its completion and 
gradual decline in preoperatively levels in the next 3-5 days. 
Increase in IL-6 plasma levels is observed after three 2-4 hours 
from the skin incision. The increase of IL-6 in EC is observed 
in normothermia, systemic hypothermia, in patients who used 
heparinized circuits EC (41-43) and in paediatric patients (44), 
to whom it was found elevated in bronchoalveolar lavage fluid 
and it was associated with increased postoperative morbidity. 
Similar results were reported by Liebold A. et al., who found 
peak of IL-6 six hours after the EC (45,46). With regard to IL-8 
and TNF-a it was not recorded statistically significant difference 
between the averages of the measurements of the two groups 
in any of the measurement times (P>0.05). From the graph of 
change in the average value of IL-8 (Figure 2) it was observed 
that administration of lornoxicam bring in all measurements 
values that are less than or equal to those of the control group. 
Also from the graph of the average change in the price of TNF-a 
(Figure 3) lornoxicam reduces on the expression of this factor. 

Different results regarding the timing of increasing IL-8 after 
the EC (47), who argue that the appearance of blood is made 
after 24 hours from the EC. The same authors show similar 
results for factor TNF-a.

Regarding adhesion molecules (icam-1,  E- Selectin, 

P-Selectin) there were fluctuations in our results. The E-Selectin 
showed no statistically significant difference between the 
averages of the measurements of the two groups in any of the 
time points measured (P>0.05), although in the group of pro-
LNX it was observed on smaller values of levels of E-Selectin 
(Figure 4). Similar results are reported in the international 
literature (48).

Unlike the P-Selectin in the lornoxicam group was statistically 
significantly lower than the control group in the samples 
D0-D3 (P<0.05 in all measurements). But at other times of 
measurements (samples D4, D5) the values of P-Selectin was 
found lower than those of group A (Figure 5), but on these 
measurements the difference was not statistically impacted 
significantly (P=0.951 and P=0.065 respectively). 

Wei M. and partners (49) in their study on the fluctuations 
of adhesion molecules in plasma in patients who had been 
underwent coronary bypass with or without extracorporeal 
circulation, indicate that P-Selectin is increased plasma 
immediately after anaesthesia induction, displays further increase 
during the EC and about four hours after the EC displays a 
gradual decrease. Similar were our own results.

Interesting is, the fluctuation of ICAM-1 in both groups 
of patients. As shown in Figure 6, the release curve of icam-
1 patients lornoxicam first displays a fall immediately after the 
EC and then gradually increases up to the first eight hours after 
the end of surgery and then it is inverted and shows a gradual 
decline. In contrast to patients who did not receive lornoxicam 
curve of ICAM-1 (as shown in Figure 6) continues to rise 
beyond eight hours, so in the morning of the first postoperative 
day, the difference in prices between the two groups is 
statistically significant (P=0.045). The peculiarity of this curve is 
shown by other authors who argue that this increase continued 
for 20 hours (49). Similar results were reported by other writers 
who argue that icam-1 is an indicator presence of respiratory 
distress, resulting inflammatory response (50).

Finally in values of MMP-3, as an expression marker of 
inflammation in plasma, there were no statistically significant 
differences between the average values of the measurements in 
the two groups in any of the samples (P>0.05). Corresponding 
measurements with the MMP-3 do not exist in the literature 
on cardiac surgery. Conversely they have been studied other 
metalloproteinase such as MMP-8, MMP-13, proMMP-9 
and proMMP-2. It has been found that the EC promotes 
the synthesis and release of metal loproteinase (matrix 
metalloproteinase) (51). In particular, MMP-8 and MMP-13 are 
quadrupled at the end of the EC, pro-MMP-9 are tripled after 
the lifting of the blockade of the aorta and remains with the pro-
MMP-2 at high levels for 24 hours after the EC.
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Histological examination of lung tissue raises definitively 
diagnosing of the presence of inflammation in the lung in 
response to the EC. The finding filtration of the lung with 
eosinophil granulocytes, the presence of edema in alveolar septa 
medium and the appearance of local hyperemia are reliable signs 
suggesting an inflammatory reaction. The degree of occurrence of 
the above findings determines the intensity of the inflammatory 
response.

At the end of surgery, the tissues in the control group (Group 
A), compared to those before extracorporeal circulation, have 
increased difference in the adhesion of inflammatory cells to the 
type of eosinophil polymorph nuclear leukocytes. The median 
alveolar septa exhibit edema, though it is of small degree. It is 
observed output of eosinophil into perisplachniou petal pleura, 
the loose interstitial tissues and adhesion of eosinophil in small 
blood vessels. The density of eosinophil leukocytes on average 
amounts to 42±3.5 eosinophil leukocytes per field. 

In the group of the administration of lornoxicam (Group B) 
it was observed that in 57.14% of patients (4/7 patients) the 
microscopic image of the lung after extracorporeal circulation 
was similar to that before extracorporeal circulation. In 28.57% 
of patients (2/7 patients), it was observed a slight increase in 
the number of eosinophil (26 and 34 polymorph nuclear). This 
increase is designated as restricted as it is illustrated in one of 
the six fields studied per patient. In 14.29% of patients (1/7 
patient) they were counted 39 eosinophil polymorph nuclear 
leukocytes in all fields, including these of perisplachniou pleura. 
This increase in the number of eosinophil is important, however, 
is smaller than that of the control group where the number of 
the respective cells was 42±3.5 cells per field. However, it should 
be noted that in any patient of lornoxicam group was observed 
histologically edema in medium alveolar septa, which is a strong 
indicator of the inflammatory reaction.

From the results of our study it is demonstrated that the 
administration of lornoxicam, a no steroidal anti-inflammatory 
agent, in patients who have been undergone into coronary 
bypass under extracorporeal circulation:

(I) It is safe because it does not cause complications of the 
various organ systems;

(II) It reduces alveolar-arterial oxygen difference and 
intrapulmonary shunt, improves lung compliance and 
consequently the performance of the lungs during the 
immediate postoperative period;

(III) It improves cardiac output index, the index of the 
systemic vascular resistance the index work of the 
left ventricle and contributes thereby to the better 
performance of the heart immediately after the 
procedure;

(IV) It significantly reduces the levels of IL-6, the P-Selectin 
and ICAM-1 in plasma, which are strong indicators 
detecting inflammatory reaction after extracorporeal 
circulation;

(V) It provides protection against lung inflammatory 
reaction, since it prevents the creation of edema in 
medium alveolar septa and interstitial infiltration of 
lung tissue by inflammatory cells;

(VI) Limitations of our study were: (i) the small number 
of patients does not allow us to draw conclusions of 
greater clinical importance and (ii) lack of reference 
values of indicators of the inflammatory response 
to large group of healthy people compared to the 
corresponding values after extracorporeal circulation.
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