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 PURPOSE OF THE STUDY

Improvement of perioperative multimodal analgesia at long-termed traumatizing abdominal interventions with estimation of its effectiveness. 

MATERIALS AND METHODS

Eighty six patients have been examined and divided into 3 groups depending on anesthesia and postoperative pain relief methods. 

RESULTS
The effectiveness of perioperative multi-modal analgesia using methods affecting the whole pathogenesis of pain has been revealed. Minimal stress of central and peripheral hemodynamics parameters, less evident pain syndrome in the post-operative period, economic effect shown up by the decrease of the use of narcotic analgesics both in intra- and post-operative period have been observed. 

CONCLUSION

Algorithm of perioperative multi-modal analgesia at long-termed and traumatizing abdominal operative interventions has been developed.
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BPdiast. - diastolic blood pressure
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TFAR –time to first analgesic request 
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Introduction
The development and implementation of safe, sparing, and effective methods of antinociceptive protect of a patient from acute surgical pain is a major challenge for world anesthesiology. Traditionally used anesthetics and opioids have proved insufficient to fully protect the patient from pain in the so called "large-scale" traditional surgery, and the anesthesia needs to be supplemented with specific means to prevent an excessive activation of nociceptive system and associated postoperative pain syndrome (POPS), and organ dysfunctions. The problem of postoperative pain management remains relevant in our country and all over the world. According to the literature, about 30% to 75% of patients suffer from a severe pain syndrome in postoperative period [1]. 
Multimodal analgesia involves the simultaneous use of two or more analgesics with different mechanisms of action that help to achieve an adequate pain relief with minimal side effects of large doses of analgesic monotherapy [2].
Surgical trauma to body tissues is followed by the release of chemical mediators of pain: prostaglandin E2 sensitizing the pain receptors, and bradykinin directly interacting with the receptors and stimulating them. Therefore, the body antinociceptive defense measures should be started preoperatively as the pretreatment with inhibitors reducing the algogenic effects (transduction). This function is performed by non-steroidal anti-inflammatory drugs (NSAIDs) that reduce the sensitization of pain receptors, and thereby, reduce the pain flow to the spinal cord segmental structures [3, 4].
Regional anesthesia acts on the transmission phase that is the first location of the pain impulse (the zone of primary hyperalgesia), thus creating a good autonomic system defense, sensory and motor blockade. The use of local anesthetics in combination with opioid analgesics administered directly into the epidural space blocks the opioid receptors creating a segmental blockade [5, 6].
The effect of general anesthetics is aimed at blocking the pain perception in the cerebral cortex. The basis of analgesia has traditionally been considered the systemic administration of opioid analgesics that affect the modulation process. The opioid component is the basis for the protection against the pain at the central (segmental and suprasegmental) level. Drugs of this group activate the endogenous antinociceptive system (central analgesia), but they can not ensure a total anesthetic protection. Opioid analgesics do not impact peripheral and segmental non-opioid mechanisms of nociception and cannot prevent central sensitization and hyperalgesia. Therefore, general anesthetics in combination with the most potent opioid analgesics are not fully able to protect the patient from the pain caused by surgical trauma. So, we should act on non-opioid mechanisms of pain development [7, 8].
The process of central sensitization is related to a stimulating effect of neurotransmitters (glutamate and aspartate amino acids) on receptors that leads to a persisting hyperalgesia state. A general anesthetic ketamine in low doses is an antagonist of the neurotransmitter receptors. The use of multimodal central analgesia as a combination of an opioid and ketamine in low doses stops the central sensitization process [9].
There are reports in recent literature covering different methods of general, regional anesthesia, and postoperative analgesia, meanwhile, the postoperative analgesia is usually considered as a separate issue. In our research, we have focused on perioperative analgesia that acts on all the components of pain pathogenesis ranging from premedication to post-operative analgesia.
The study objective was to improve the methods of perioperative, multimodal analgesia for prolonged traumatic abdominal surgical interventions, and to evaluate their efficacy.
Material and Methods
A total of 86 patients enrolled in the study were allocated into three groups according to the methods of anesthesia and postoperative analgesia. Patients of all groups were comparable in age, sex, characteristics of surgical interventions, and the co-morbidities (Table. 1-3) that did not restrict the multimodal anesthesia use, provided that the hypovolemia and anemia were corrected. Patients were admitted to the clinic with emergency surgical pathology (bleeding, Degree 3 dysphagia, cachexia, etc.), and operated on after the correction of their general condition, a medical or endoscopic control of hemorrhage, coping with hypovolemia, fluid and electrolyte imbalance. By their physical condition, and the types of identified disorders, the patients were referred to Class II-III E according the American Society of Anesthesiologists (ASA) classification of Physical Health.

Table 1 
The distribution of patients by gender
	Gender 
	Group 1 
	Group 2 
	Group 3 
	Total 

	
	abs. 
	% 
	abs. 
	% 
	abs. 
	% 
	abs. 
	% 

	Female 
	9  
	34.5 
	8 
	30.7 
	10 
	29.4 
	27  
	31.4 

	Male 
	17
	65.3
	18 
	69.3
	24 
	70.6
	59 
	68.6

	Total 
	26 
	100
	26
	100
	34
	100
	86
	100

	Mean age, years
	51.6 ± 1.9 
	46.2 ± 2.7 
	55 ± 3 
	 

	
	
	
	
	
	
	
	
	


 
Table 2
The distribution of patients with regard to the type of surgery
	Type of surgery
	Group 1
	Group 2
	Group 3
	Total

	
	abs.
	%
	abs.
	%
	abs.
	%
	abs.
	%

	Gastrectomy 
	8 
	30.8
	8 
	30.8
	14 
	41.2
	thirty 
	34.8

	Subtotal gastrectomy 
	14 
	53.8
	15 
	57.7
	eleven 
	32.4 
	40 
	46.5

	Esophagectomy followed by esophagoplasty 
	3 
	11.6
	2 
	7.7
	4 
	11.7
	9 
	10.5

	Pancreatoduodenal resection 
	1  
	3.8 
	1  
	3.8 
	5  
	14.7
	7 
	8.2

	Total 
	26
	100
	26 
	100
	34
	100
	86 
	100

	
	
	
	
	
	
	
	
	


 
Table 3
The distribution of patients undergoing abdominal surgery with regard to comorbidities
	Comorbidity
 
	Group 1, 
26 patients 
	Group 2, 
26 patients 
	Group 3, 
34 patients 
	Total, 
86 patients 

	
	abs. 
	% 
	abs. 
	% 
	abs. 
	% 
	abs. 
	% 

	Hypertension disease 
	6 
	23
	7 
	27
	14 
	41.4 
	27 
	31.3

	Diabetes mellitus 
	3 
	11.5
	1 
	3.7
	2 
	5.8
	6  
	7

	Anemia
	9 
	35
	8 
	30.7
	8
	23.5
	25 
	29

	Cachexia
	5 
	19.2
	5 
	19.4
	5 
	14.7
	15 
	17.5

	Chronic bronchitis 
	1 
	3.7
	1 
	3.7
	2 
	5.8
	4 
	4.6

	Hypertension disease + Diabetes mellitus + Chr. bronchitis 
	2 
	7.6
	4 
	15.5
	3 
	8.8
	9 
	10.6

	
	
	
	
	
	
	
	
	


 
Table 4
Distribution of patients with regard to premedication, anesthesia, and postoperative analgesia in abdominal surgical interventions
	Stage  
	Group 1 
	Group 2 
	Group 3 

	Premedication
 
	promedol, 20 mg, diphenhydramine hydrochloride (Dimedrol), 10 mg, atropine, 0.5 mg, H2-blocker Nevofam, 20 mg i.m. (4.4 ± 0.2 hours) 
	promedol, 20 mg Dimedrol, 10 mg, atropine, 0.5 mg, H2-blocker Nevofam, 20 mg i.m. (4.3 ± 0.3 hours) 
	promedol, 20 mg Dimedrol, 10 mg, 0.5 mg atropine, H2-blocker Nevofam, 20 mg, ketonal, 100 mg i.m. (4.5 ± 0.4 hours)
 

	Maintenance anesthesia
 
	Combined general anesthesia using fentanyl, 5-8 mcg/kg/h, ketamine, 1.5-2 mg/kg/hr 
	Combined general anesthesia using isoflurane, 1.5-2%, and fentanyl, 3-5 mcg/kg/h 
	isoflurane, 0.8-1%, ketamine 0.8 mg/kg, blockade of NMDA receptors; analgesic component: EDA + bolus fentanyl at traumatic moments of surgery, 0.1 mg i.v. 

	Postoperative analgesia
 
	morphine, 30-40 mg/day i.m.
 
	morphine, 30-40 mg/day i.m.
 
	NSAID ketonal, 300 mg; EDA with bupivacaine 0.25%, 50 mg every 5-6 hours (or lidocaine 1% , 200 mg every 3-4 hours); morphine 10 mg i.m., as needed


Note: NSAIDs - non-steroidal anti-inflammatory drugs; EDA - epidural analgesia
 
Table 4 presents the information about premedication, anesthesia, and postoperative analgesia approaches.
Assessments and measurements:
- Echocardiography to assess the central hemodynamics (Hitachi -500);
- Calculations of the mean arterial pressure (MAP), total peripheral vascular resistance (TPR), the left ventricular stroke work index (LVSWI), cardiac index (CI);
- Monitoring of blood pressure, heart rate (HR); electrocardiography; measurements of blood oxygen saturation (SpO2), using Nikon-Kohden monitor (Japan);
- Blood levels of glucose, of the stress hormone (cortisol);
- Subjective assessment of postoperative analgesia efficacy:
• Visual analogue scale (VAS);
• Positional discomfort score (PDS);
• Verbal rating scale (VRS);
- Extubation time;
- Time to first analgesic request (TFAR);
- Time to recovery of the gastrointestinal tract (GIT) motility;
- Consumption of narcotic analgesics in the intra- and post-operative period;
- Statistical analysis of the study data: the obtained data were stored in the personal computer (CP PENTIUM IV). We calculated the arithmetic mean (M), standard deviation (ϭ), standard error (m), relative values, Student's t-test (t) and the probability of error (p).The differences of means were considered statistically significant at p <0.05.
All of these assessments and measurements were made at the following Stages:
Intraoperative period:
1 – baseline: before anesthesia
2 - after tracheal intubation
3 – at traumatic time of surgery
4 – on surgery completion.
The postoperative period: 
1 - before analgesia
2 – 30 minutes after analgesia
3 - at 2 hours after analgesia
4 – at 5 hours after analgesia.
STUDY Results
There were no differences in hemodynamic parameters, blood levels of glucose and cortisol between the groups at the baseline of the intraoperative period. At the 2nd stage of the study, statistically significant differences in the hemodynamic parameters were recorded in the patients of the 2nd and 3rd groups compared to those of the 1st group. Thus, MAP in the 3rd group was 13% lower than that in the 1st group. LVSWI in the 1st group was 21% higher than in the patients of the 3rd group, and 13.1% higher than in the patients of the 2nd group (Table. 5). The glucose level in the patients of the 1st group was 17.2% higher than in the 2nd group, and 15.5% higher than in the 3rd group. There were no statistically significant differences in cortisol levels between the three groups at that Stage. The assessment of key hemodynamic parameters at the most traumatic time of surgery (Stage 3) showed a 7.2% higher HR in patients of the 1st group compared to that in the 2nd group. 
Table 5
Hemodynamic parameters in patients at the Stages of assessments in the intraoperative period, M ± m
	Parameter 
	Group
	1st Stage
	2nd Stage
	3rd Stage
	4th Stage

	BPsyst., 
mm Hg
	1st 
	137.4 ± 2.1
	135.3 ± 2.7
	151.2 ± 4.2 
	130.3 ± 2.5 

	
	2nd
	135.3 ± 2.4
	132.8 ± 3.2
	146.4 ± 3.8***
	127.3 ± 2.4◊

	
	3rd
	136.3 ± 1.6
	119.4 ± 2.4◊,**
	122.5 ± 2.7**
	126.8 ± 2.5

	BPdiast., mm Hg
	1st
	86.3 ± 1.3
	84.2 ± 1.6
	96.6 ± 1.9◊
	85.8 ± 2.4◊

	
	2nd
	85.4 ± 1.4
	80.4 ± 2.1
	91.1 ± 1.6◊
	86.2 ± 2.3

	
	3rd
	85.7 ± 1.2
	74.9 ± 2.7◊,**
	82.2 ± 1.2**
	85.2 ± 3.1

	MAP, mm Hg
 
	1st
	103.3 ± 2.2
	101.2 ± 3.5
	114.7 ± 4.5◊
	100.7 ± 4.1◊

	
	2nd
	102.0 ± 2.4
	97.8 ± 3.5
	110.1 ± 3.4◊,***
	99.7 ± 3.1

	
	3rd
	102.5 ± 3.2
	89.7 ± 2.2◊,**
	95.9 ± 3.3**
	99.9 ± 3.6

	Heart rate, beats per minute
 
	1st
	88.1 ± 1.2
	86.8 ± 3.4
	112.7 ± 3.4◊,*
	88.5 ± 2.5◊

	
	2nd
	87.7 ± 2.3
	86.3 ± 3.3
	105.1 ± 3.4◊,***
	88.1 ± 3.3◊

	
	3rd
	86.5 ± 1.3
	82.4 ± 2.2
	84.1 ± 2.5**
	84.7 ± 2.2

	EF, %
 
	1st
	58.1 ± 2.2
	59.1 ± 2.1
	53.4 ± 2.2◊
	57.5 ± 1.2

	
	2nd
	58.9 ± 2.1
	59.2 ± 3.1
	53.8 ± 1.1
	57.6 ± 1.9

	
	3rd
	57.9 ± 1.5
	60.5 ± 3.8
	59.4 ± 2.1**
	58.3 ± 1.6

	CI 
ml/min/m 2
	1st
	3.3 ± 0.1
	3.4 ± 0.1
	3.89 ± 0.09◊
	3.3 ± 0.1◊

	
	2nd
	3.4 ± 0.2
	3.3 ± 0.1
	3.5 ± 0.2
	3.33 ± 0.09

	
	3rd
	3.2 ± 0.1
	3.1 ± 0.09
	3.2 ± 0.1* 
	3.1 ± 0.1

	LVSWI, 
kgm/m 2
	1st
	4.6 ± 0.2
	4.6 ± 0.1
	6.1 ± 0.2◊,*
	4.5 ± 0.2◊

	
	2nd
	4.7 ± 0.1
	4.31 ± 0.09***
	5.1 ± 0.1◊,***
	4.4 ± 0.1◊

	
	3rd
	4.4 ± 0.1
	3.8 ± 0.1◊,**
	4.21 ± 0.09**
	4.2 ± 0.2

	TPR, 
dyne s cm-5
	1st
	1408.5 ± 27.9
	1423.1 ± 35.3
	1377.4 ± 23.8
	1395.6 ± 36.2

	
	2nd
	1426.1 ± 17.4
	1387.6 ± 28.2
	1404.1 ± 34.8
	1420.4 ± 33.2

	
	3rd
	1444.1 ± 24.9
	1329.8 ± 31.9 ◊
	1381.5 ± 43.7
	1459.8 ± 41.1


 
Notes: p <0.05; 
◊ : compared to the previous Stage observations; 
* : when compared between the patients of the 1st and 2nd groups; 
** : when compared between the patients of the 1st and 3rd groups; 
*** : when compared between the patients of the 2nd  and 3rd groups.
BPdiast.: diastolic blood pressure; 
BPsyst.: systolic blood pressure; 
MAP: mean arterial pressure; 
LVSWI: left ventricular stroke work index; 
TPR: total peripheral vascular resistance; 
CI: cardiac index; 
EF: ejection fraction; 
HR: heart rate
 
Accordingly, LVSWI varied significantly, being 19.6% higher in the 1st group compared to the 2nd one. Humoral parameters of stress also varied in agreement with those of hemodynamics: blood levels of cortisol, and glucose were respectively 24.4%, and 24.6% higher in patients of the 1st group compared to those in the 2nd group. Data comparisons between the 1st and 3rd groups demonstrated higher MAP, and HR in the 1st group by 19.6%, and 34%, respectively. EF was 10.2% lower in the 1st group, LVSWI was 45.2% higher, and CI significantly increased by 21.8%. The glucose level in patients of the 1st group was 56% lower, and the cortisol level was 81% higher than in the 3rd group. Comparisons were also made between the 2nd and 3rd groups at the most traumatic Stage of surgery. Despite the additional use of inhaled anesthetics in patients of the 2nd group, there was a difference in the humoral and hemodynamic parameters compared to those in the 3rd group. For example, MAP was 14.8% higher, and the HR was 24.9% higher in the patients of the 2nd group. There were no statistical differences in CI, and EF between the groups, although the parameters were changing in correlation to MAP and HR. LVSWI was 21.4% higher in the 2nd group than in the 3rd one. The cortisol level in the 2nd group was 45.2% higher, and the glucose level was 56% lower in the 3rd group compared to the 2nd. Only by the end of the surgical intervention, the hemodynamic parameters had approximated the normodynamics regime without statistically significant differences between the groups. However, despite the stable hemodynamic parameters at the end of surgery, the humoral indicators of the analgesia and anesthesia adequacy, namely the glucose and cortisol levels, were significantly different between three groups (Table.6). Thus, the glucose level in the patients of the 1st group was 22% higher than in the 2nd group, and the cortisol level was within the normal range. Comparisons between the 1st and 3rd groups demonstrated a statistically significant increase in cortisol and glucose levels in the 1st group, by 34.4%, and 59.6%, respectively. Comparisons between the 2nd and 3rd groups demonstrated a statistically significant increase in glucose, and cortisol levels in the 2nd group, by 30%, and  26%, respectively.
Table 6
Blood levels of glucose and cortisol in the intraoperative period, M±m
	Parameter  
	Group 
	1st Stage
	2nd Stage 2
	3rd Stage
	4th Stage

	Glucose, 
mmol/L
	1st
	7.4 ± 0.4
	6.8 ± 0.2 *
	12.2 ± 0.4◊,**
	8.3 ± 0.3◊,**

	
	2nd
	6.8 ± 0.2
	5.8 ± 0.3◊
	9.8 ± 0.4◊,*
	6.8 ± 0.4◊,*

	
	3rd
	7.3 ± 0.6
	6.7 ± 0.2***
	5.4 ± 0.3◊,***
	5.2 ± 0.2***

	Cortisol, 
nmol/L
	1st
	632.2 ± 22.7
	594.1 ± 34.5
	860.3 ± 35.2◊,*
	625.3 ± 45.4◊,**

	
	2nd
	628.4 ± 32.05
	589.4 ± 24.4
	690.4 ± 31.1◊,**
	586.4 ± 36.4◊

	
	3rd
	631.4 ± 43.6
	571.3 ± 22.1
	475.2 ± 24.6◊,***
	465.2 ± 30.6***


 
Notes: p <0.05; 
◊ : compared to the previous Stage observations; 

* : when compared between the patients of the 1st and 2nd groups; 

** : when compared between the patients of the 1st and 3rd groups; 

*** : when compared between the patients of the 2nd and 3rd groups.
 
The use of inhaled anesthetic in the general anesthesia scheme in the patients of the 2nd group reduced the consumption of narcotic analgesics by 35% compared to that in the 1st group. Combined use of general anesthesia and the EDA in the intraoperative period in the patients of the 3rd group allowed a significant reduction in the consumed fentanyl, by 60.8% compared to that in the 1st group. Comparison between the 2nd and 3rd groups showed a 40% decrease in fentanyl consumption during the multimodal anesthesia. Considering the long duration and traumatic nature of surgery, the patients of all three groups were placed on a prolonged mechanical ventilation. Time to extubation of patients in the 1st group was 31% longer than in the 2nd group, which was statistically significant. The time to extubation in the 3rd group was 52.3% shorter compared to that in the 2nd group, and 67% shorter than in the 1st group.
With regard to postoperative TFAR, a statistically significant difference was registered between the 1st and the 2nd groups; TFAR in the 1st group was 39.5% less in the 2nd one. The comparison between the 1st and 3rd groups revealed TFAR being 70% shorter in the 1st group, and the comparison between the 2nd and 3rd groups revealed a 50.5% difference, which proved a prolonged EDA effect and justified the concept of a multimodal analgesia using in the intraoperative period.
Subjective VAS assessments of pain at the 1st Stage of the study showed that the pain sensations experienced by the patients of the 1st group and the 2nd group were 25%, and 29.4% more severe, respectively, than those experienced by the patients of the 3rd group. Subjective VRS assessment of pain in the patients of the 1st group revealed that their pain sensations were assessed as being 72.7% more severe than in the 3rd group. Pain sensations in the 2nd group were assessed as being 68.1% more severe compared to those in the 3rd group. Pain assessment using PDS demonstrated that the patients of the 3rd group experienced pain being 65.9% less intense than in the patients of the 1st group, and 67.3% less intense than in the patients of the 2nd group (Table. 7).
Table 7
Subjective pain assessments based on Numeric Rating Scales after abdominal surgery
	Index
	Group
	1st Stage
	2nd Stage
	3rd Stage
	4th Stage

	VRS
 
	1st
	3.8 ± 0.3c
	2.5 ± 0.2a,c
	3.1 ± 0.1a,c
	3.8 ± 0.2a,c

	
	2nd
	3.7 ± 0.2
	2.8 ± 0.1a
	3.20 ± 0.09
	3.9 ± 0.2a

	
	3rd
	2.2 ± 0.1d
	0.52 ± 0.07a,d
	0.43 ± 0.03d
	0.45 ± 0.02d

	PDS
 
	1st
	4.7 ± 0.6c
	2.2 ± 0.2a,c
	3.5 ± 0.3a,c
	4.5 ± 0.2a,c

	
	2nd
	4.9 ± 0.5
	2.3 ± 0.3a
	3.7 ± 0.2a
	4.9 ± 0.3a

	
	3rd
	1.60 ± 0.03d
	0.32 ± 0.02a,d
	0.61 ± 0.04
	0.46 ± 0.05d

	VAS
 
	1st
	8.5 ± 0.2c
	4.5 ± 0.3a,c
	3.1 ± 0.4a,c
	8.8 ± 0.5a,c

	
	2nd
	8.8 ± 0.5
	4.8 ± 0.4a
	2.8 ± 0.3a
	8.6 ± 0.6a

	
	3rd
	6.8 ± 0.3d
	2.1 ± 0.1a,d
	1.1 ± 0.2d
	1.4 ± 0.1 d


 
Notes: p <0.05; 
a : compared to the previous Stage observations; 

b : when compared between the patients of the 1st and 2nd groups; 

c : when compared between the patients of the 1st and 3rd groups; 

d : when compared between the patients of the 2nd  and 3rd  groups.
VAS:  visual analog scale;
VRS: verbal rating scale;
PDS: positional discomfort score.
The hemodynamic parameters in the patients of three groups changed with relation to pain sensations (Table. 8). MAP in the patients of the 1st group was 17.3% higher than in the 3rd group. MAP in the patients of the 2nd group was 14.8% higher compared to that in the 3rd group. HR in the patients of the 2nd group was 11.8% higher than in the 3rd group, the difference being statistically significant. LVSWI at the peak of pain sensations was 27.2% higher in the 1st group than in the 3rd group. Comparisons between the 2nd and 3rd groups demonstrated a 23.6% higher LVSWI in the 2nd group. The glucose level in the 1st group was 15% higher than in the 3rd one. 
At the 2nd Stage of the study, hemodynamic parameters demonstrated statistically significant differences between the groups. Thus, MAP while decreasing in the patients of all three groups, appeared 19.7% higher in the 1st group than in the 3rd group, the difference being statistically significant. Data comparisons between the 2nd and 3rd groups revealed an 18.3% higher MAP in the 2nd group. HR was 12.3% higher in the 1st group, and 11.4% higher in the 2nd group. Alongside the general improvements of main hemodynamic parameters, LVSWI was 26.6% higher in the patients of the 1st group, and 21.9% higher in the 2nd group when compared to that in the 3rd group. Respectively, TPR remained 15.8% higher in the 1st group, and 13.9% higher in the 2nd group. When compared to the patients of the 3rd group, blood glucose was 14.7%, and 11.7% higher in the 1st group, and the 2nd group, respectively. Cortisol level differences were not statistically significant between the groups. 
Table 8
Hemodynamic parameters in the patients in the postoperative period, M ± m
	Parameter
	Group
	1st Stage
	2nd Stage
	3rd Stage
	4th Stage

	BPsyst., 
mm Hg
	1st

	167.4 ± 3.3**
	138.2 ± 2.4◊,**
	123.6 ± 3.1◊ 
	161.4 ± 3.3◊,**

	
	2nd
	165.4 ± 3.5
	136.4 ± 2.5◊
	125.7 ± 2.4
	170.5 ± 2.8◊ 

	
	3rd
	138.3 ± 2.1***
	119.3 ± 2.7◊,***
	120.2 ± 2.3

	122.8 ± 2.3***

	BPdiast., 
mm Hg
	1st
	105.3 ± 2.3**
	95.6 ± 1.3**
	78.4 ± 2.8◊ 
	105.6 ± 2.4◊,**

	
	2nd
	102.3 ± 3.6
	94.4 ± 2.3
	74.5 ± 1.5◊
	108.4 ± 3.1◊ 

	
	3rd
	92.5 ± 2.4***
	78.5 ± 1.5◊,***
	75.3 ± 1.1
	81.4 ± 2.3***

	MAP, 
mm Hg
	1st
	126.0 ± 3.3**
	109.7 ± 2.4◊,**
	93.4 ± 2.2◊

	124.2 ± 2.3◊,**

	
	2nd
	123.3 ± 2.7
	108.4 ± 1.4◊
	91.6 ± 3.5◊
	129.1 ± 3.2◊

	
	3rd
	107.4 ± 2.2***
	91.6 ± 2.1◊,***
	90.2 ± 1.1
	95.2 ± 2.2***

	HR, 
beats/min
	1st
	118.5 ± 3.4
	93.5 ± 2.3◊,**
	88.4 ± 1.1
	119.4 ± 3.3◊,**

	
	2nd
	119.5 ± 2.6
	92.7 ± 2.4◊
	87.6 ± 2.3
	115.4 ± 2.5◊

	
	3rd
	106.8 ± 2.2***
	83.2 ± 2.2◊,***
	83.1 ± 1.8
	84.4 ± 1.2***

	EF, %
 
	1st
	53.4 ± 2.1
	58.2 ± 2.2
	63.3 ± 2.1
	52.2 ± 2.3◊,**

	
	2nd
	53.6 ± 1.1
	57.6 ± 2.1
	62.7 ± 1.7
	51.8 ± 2.2◊

	
	3rd
	55.6 ± 1.3
	63.6 ± 1.1◊
	64.1 ± 1.6
	63.7 ± 1.9***

	CI, 
ml/min/m2
	1st
	4.1 ± 0.1
	3.5 ± 0.1◊
	3.6 ± 0.1
	4.1 ± 0.2**

	
	2nd
	4.1 ± 0.2
	3.4 ± 0.2◊
	3.5 ± 0.3
	3.8 ± 0.1

	
	3rd
	3.8 ± 0.1
	3.3 ± 0.1◊
	3.4 ± 0.4
	3.4 ± 0.1***

	LVSWI, 
kgm/m2
	1st
	7.0 ± 0.4**
	5.2 ± 0.2◊,**
	4.51 ± 0.09◊
	6.9 ± 0.3◊,**

	
	2nd
	6.8 ± 0.2
	5.0 ± 0.1◊
	4.3 ± 0.2◊
	6.6 ± 0.5◊

	
	3rd
	5.5 ± 0.3***
	4.1 ± 0.1◊,***
	4.2 ± 0.3
	4.4 ± 0.1***

	TPR, 
dyne s cm-5
	1st
	1441.4 ± 24.6
	1461.1 ± 33.4**
	1207.6 ± 41.6◊
	1433.7 ± 32.3◊,**

	
	2nd
	1385.8 ± 36.5
	1436.6 ± 24.5
	1210.2 ± 31.7◊
	1558.8 ± 25.0◊

	
	3rd
	1311.6 ± 33.8
	1260.7 ± 31.6***
	1222.7 ± 23.7
	1309.4 ± 31.9***


 
Notes: p <0.05; 
◊ : compared to the previous Stage observations; 

* : when compared between the patients of the 1st and 2nd groups; 

** : when compared between the patients of the 1st and 3rd groups; 

*** : when compared between the patients of the 2nd  and 3rd  groups.
BPsyst.; systolic blood pressure; 
BPdiast.: diastolic blood pressure;
MAP: mean arterial pressure 
HR: heart rate
EF: ejection fraction

CI: cardiac index 
LVSWI:  left ventricular stroke work index 
TPR: total peripheral (vascular) resistance, 
Pain assessment using VAS demonstrated a significantly lower pain in the patients of the 3rd group compared to the 1st, and the 2nd groups, by 53.3%, and by 56.2% (i.e. 2.1-fold, and 2.3-fold), respectively. Pain assessment using VRS showed 79.2% (4.8-fold) lower pain sensations in the patients of the 3rd group compared to those in the 1st group. Comparison between the 2nd and 3rd groups showed a statistically significant difference in pain perception: in the patients of the 3rd group the distinction made 81.4% (5.4 times) in favor of pain relief. Assessment using PDS differed by 85.4%, and 86%, respectively, i.e. the quality of analgesia in the patients of the 3rd group was about 7 times higher than in the 1st and 2nd groups.
At the 3rd Stage of the study (at 2 hours after analgesia), hemodynamic parameters in patients of all three groups remained within the normal range. VAS pain assessments revealed lower pain sensations in the patients of the 3rd group: by 64.5% compared to the 1st group, and by 60.7% compared to the 2nd group. Pain assessment by VRS revealed 86.5% lower pain sensations in the patients of the 3rd group that those in the 1st and the 2nd groups, indicating a more than 7-fold improvement in the quality of analgesia. Analysis of pain assessments using PDS demonstrated a statistically significant difference of 82.5% (more than 5-fold) between the 1st and 3rd groups that also indicated a more effective pain relief in the patients of the 3rd group. Comparisons between the 2nd and 3rd groups revealed a 6-fold lower pain intensity in the patients of the 3rd group, the difference being 83.5%.
When assessing the pain by VRS and PDS, the patients of the 1st and 2nd groups indicated that they felt pain at the slightest movement. Despite analgesia, the glucose levels remained 19.2% higher in the 1st group, and 23% higher in the 2nd group, versus the 3rd group, where that parameter remained within the normal range. The cortisol levels were 29.6% higher in the 1st group, and 26% higher in the 2nd group compared to that in the 3rd group. At the 4th Stage of the postoperative period, the VAS assessment of pain in patients of the 3rd group was 6-fold lower than those in the 1st and 2nd groups, making difference of 84% and 83.7%, respectively. Postoperative pain assessments using VRS showed the differences by 88.1% and 88.4% (8-fold), respectively, indicating a much more effective pain relief in patients of the 3rd group. Assessments by PDS showed the differences by 89.7% and 90.6% (more than 9-fold) that was a convincing evidence of the best pain relief in the patients of the 3rd group. MAP in the patients of the 1st group was 30.4% higher than in the 3rd group. In the 2nd group, MAP increased by 35.6% compared to the 3rd group. Heart rate was higher by 41.4% in the 1st group, and by 36.7% in the 2nd group compared to that in the 3rd group. Increased heart rate resulted in EF reduction by 18% in the 1st group, and by 18.6% in the 2nd group. Meanwhile, this parameter remained within the normal range in the patients of the 3rd group. HR increase also resulted in the increase in CI by 20.5% in the 1st group, and by 11.7% in the 2nd group. Increasing energy expenditures manifested themselves in an elevated LVSWI that was 56.8% higher in the 1st group, and 50% higher in the 2nd group, compared to that in the 3rd group. These changes in the systemic and central hemodynamics led to the changes in vascular tone that was manifested as an increased TPR by 19% in the 2nd group, and by 9.4% in the 1st group. Hemodynamic parameters in the 3rd group remained normal. The glucose level in the patients of the 3rd group was 60% lower than in the 1st group, and 63% lower than in the 2nd group (2.5-fold, and 2.7-fold, respectively). The cortisol level in group 3 was 49.5% lower than in the 2nd group, and 48% lower than in the 1st group (2-fold and 1.9-fold, respectively) that proved the efficacy of post-operative analgesia in the patients of the 3rd group (Table. 9).
Table 9
The blood glucose and cortisol levels in the patients in the postoperative period, M ± m
	Parameter
	Group
	1st Stage
	2nd Stage
	3rd Stage
	4th Stage

	Glucose, mmol/L
	1st
	15.3 ± 0.3**
	7.8 ± 0.4◊,**
	6.2 ± 0.3◊,**
	13.5 ± 0.7◊,**

	
	2nd
	14.8 ± 0.8
	7.6 ± 0.3◊
	6.4 ± 0.4◊
	14.6 ± 0.8◊

	
	3rd
	13.3 ± 0.2
	6.8 ± 0.4◊,***
	5.2 ± 0.1◊,***
	5.4 ± 0.4***

	Cortisol, nmol/L
 
	1st
	732.2 ± 21.8
	574.5 ± 34.7◊
	564.2 ± 32.5**
	875.2 ± 33.1◊,*

	
	2nd
	730.3 ± 32.2
	568.4 ± 25.2
	548.4 ± 23.2
	901.4 ± 43.6◊

	
	3rd
	733.1 ± 44.3
	532 ± 21.36◊
	435.2 ± 21.4◊,***
	455.1 ± 21.06***


 
Notes: p <0.05; 
◊ : compared to the previous Stage observations; 

* : when compared between the patients of the 1st and 2nd groups; 

** : when compared between the patients of the 1st and 3rd groups; 

*** : when compared between the patients of the 2nd  and 3rd  groups.
In the 3rd group where patients had been given epidural analgesia, the consumption of morphine, a narcotic analgesic, was 50% lower than in the 1st and 2nd groups, the difference being statistically significant. The gastrointestinal tract motility in patients who received a multimodal analgesia restored within the period that was 50% shorter than that for the groups where the patients received a conventional analgesia with narcotic analgesics.
Therefore, we propose using the following perioperative anesthesia scheme during prolonged traumatic abdominal surgery:
Premedication (i.m.) – NSAIDs: ketonal, 100 mg (preventive analgesia); promedol, 20 mg; diphenhydramine hydrochloride (Dimedrol), 10 mg; atropine, 0.5 mg; nevofam, 20 mg.
Regional blockade (EDA): puncture and catheterization of the epidural space at the level of Th 7- Th 8, the catheter shall be passed at 5-6 cm cranially, the test dose should be 2% lidocaine, 40 mg. The main dose: 0.5% bupivacaine, 50-60 mg + fentanyl, 0.05 mg, (or 2% lidocaine, 200 mg + fentanyl, 0.05 mg).
Induction of anesthesia (i.v.): dormicum, 0.15-0.2 mg/kg; fentanyl, 3 mg/kg; ketamine, 0.8-1 mg/kg aiming at NMDA receptor blockade. Neuromuscular block: arcuron 0.08-0.1 mg/kg, dithylin 1-1.5 mg/kg.
Maintenance of anesthesia: hypnotic component: inhalation of isoflurane with 0.8-1% concentration; analgesic component of EDA: (0.5% bupivacaine, 15-25 mg, or 2% lidocaine, 80 mg) + bolus administration of fentanyl, 0.1 mg i.v. at traumatic moments of surgery; neuromuscular block: arcuron, 0.025 mg/kg/hr i.v.
The postoperative period: NSAIDs: ketonal, 300 mg i.m.; EDA: 0.25% bupivacaine, 50 mg, every 5-6 hours (or 1% lidocaine, 100 mg every 3-4 hours); morphine, 10 mg i.m., if necessary.
Conclusion
The results of this study suggest that a multimodal approach in anesthesia with its effect on all chains of pain pathogenesis (transduction, transmission, perception, modulation) in prolonged, traumatic abdominal surgical interventions contributes to a favourable course of intraoperative period. This is achieved by stabilizing the humoral parameters, adequate analgesia, sympathetic blockade, and autonomic nervous system protection.
Postoperatively, a multimodal approach to pain management with an impact on all links in the pathogenesis of pain is characterized by a less subjective pain sensation, and, accordingly, the minimum strain in the hemodynamic and humoral parameters of adequate pain relief. The results of the comparative evaluation of the multimodal analgesia efficacy suggest a longer analgesic effect with a minimum strain for hemodynamics, and a better autonomic nervous system protection than in the case of a traditional analgesia with morphine. As for the economic effect, the EDA use provides a significant reduction in the consumed narcotic analgesics: by 60.8% in the perioperative period, and by 50% in the postoperative period. Accordingly, a better quality of analgesia and reduced consumption of narcotic analgesics contribute to a 2-fold sooner recovery of gastrointestinal tract motility, improve the renal excretory function, and decrease the incidence of postoperative pneumonia by 30%. An early activation of patients results in a one third decrease in the length of stay in the intensive care unit and in hospital.
SUMMARY
1. Using the established scheme of perioperative multimodal anesthesia in emergency prolonged traumatic abdominal surgical interventions provides a better stability of central and peripheral hemodynamics and sympathoadrenal system parameters than conventional analgesia
2. Owing to the use of multimodal anesthesia-analgesia with EDA in the intraoperative period, the consumption of narcotic analgesics is reduced by 60.8% as compared with that in case of inhalation and total intravenous anesthesia, and reduced by 50% in the postoperative period compared to conventional analgesia with narcotic analgesics.
3. The multimodal analgesia used after prolonged traumatic abdominal surgical interventions provides a 2.5-fold lower pain sensation, as assessed by the patients using VAS, and a 3-fold better quality of postoperative analgesia, as assessed using PDS and VRS compared to a conventional analgesia with narcotic analgesics.
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