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Цель. Улучшить эффективность мультимодального периоперационного обезболивания у пациентов 
при тотальном эндопротезировании тазобедренного сустава за счет применения послеоперационной про-
лонгированной инфильтрационной анестезии области оперативного вмешательства.

Материал и методы. Проведен проспективный сравнительный анализ результатов лечения 78 па-
циентов, которым было выполнено первичное тотальное эндопротезирование тазобедренного сустава. 
Пациенты были разделены на две группы: в первой группе в послеоперационном периоде использова-
ли продленную эпидуральную анальгезию, во второй группе применяли пролонгированную 24-часовую 
инфильтрационную анестезию области операции введением 0,2% раствора ропивакаина гидрохлорида с 
помощью микроинфузионной помпы с постоянной скоростью 8 мл/час. У всех пациентов анализировали 
выраженность болевого синдрома, уровень плазменной концентрации кортизола, уровень гликемии. Также 
оценивали расход тримеперидина и время начала активизации пациентов. Оценку проводили за 24 часа до 
операции, а также через 6 и 24 часа после нее.

Результаты. Через 24 часа после операции в первой и второй группах выраженность боли по шка-
ле ВАШ составила 2,2±0,35 и 1,5±0,42 балла соответственно; уровень плазменного кортизола составил 
768,5±45,8 нмоль/л и 584,6±54,2 нмоль/л соответственно; уровень концентрации глюкозы в крови составил 
7,03±0,34 ммоль/л и 5,91±0,27 ммоль/л соответственно. Количество использованного тримеперидина за 
первые 24 часа после операции в первой и второй группах составило 38,6±2,95 мг и 21,3±3,17 мг соответ-
ственно. Первое присаживание и вертикализацию пациентов в первой группе осуществляли через 24,8±2,4 
и 28±1,4 часа, во второй клинической группе – через 4,5±0,5 и 6,3±0,7 часа соответственно.

Заключение. Применение пролонгированной инфильтрационной анестезии позволило на 46,7% эф-
фективнее купировать болевой синдром, на 55,2% снизить количество требуемого тримеперидина в тече-
ние первых суток после операции и на 20,3±1,4 часа раньше начать активизацию пациентов по сравнению 
с продленной эпидуральной анестезией.

Ключевые слова: тотальное эндопротезирование, эпидуральная анестезия, инфильтрационная анестезия, 
ропивакаина гидрохлорид, микроинфузионная помпа

Objective. To improve the efficiency of multimodal perioperative pain management in patients in case of the 
hip replacement arthroplasty using postoperative prolonged infiltration anesthesia in the area of surgical intervention.

Methods. A prospective comparative analysis of the treatment results of 78 patients underwent the primary 
hip replacement arthroplasty was performed.  The patients were divided into two groups: (1) the first group of 
patients was treated with prolonged epidural analgesia in the postoperative period, while (2) in the second group, the 
patients were treated with prolonged 24-hour infiltration anesthesia at the area of the surgical intervention by 0.2% 
of the ropivacaine hydrochloride solution, administered using microinfusion pump with a constant rate of 8 ml per 
hour.  All patients were assessed for intensity of the pain syndrome, plasma concentrations of the cortisol and blood 
glucose levels. Also, trimeperidine consumption rate and the start of patient’s activity were assessed. The evaluation 
was conducted 24 hours prior to the surgical intervention, as well as 6 and 24 hours after. 

Results. 24 hours after the surgery, the pain intensity scores assessed by the VAS were 2.2±0.35 and 1.5±0.42 
points in the first and second clinical groups, respectively; the cortisol plasma levels 24 hours after the surgical 
intervention were 768.5±45.8 nmol/l and 584.6±54.2 nmol/l in the first and second clinical groups, respectively; 
the blood glucose levels after the surgical intervention were 7.03±0.34 mmol/l and 5.91±0.27 mmol/l in the first 
and second clinical groups, respectively. Trimeperidine consumption rates for the first 24 hours after the surgical 
intervention were 38.6±2.95 mg and 21.3±3.17 mg in the first and second clinical groups, respectively. The first 
sitting and complete verticalization of patients in the first group were performed in 24.8±2.4 and 28±1.4 hours, while 
in the second clinical group, these activities were performed in 4.5±0.5 and 6.3±0.7 hours respectively.

Conclusions. The use of the prolonged infiltration anesthesia allowed by 46.7% more effectively arresting pain 
syndrome, by 55.2% reducing trimeperidine consumption rate for the first 24 hours after the surgical intervention 
and by 20.3±1.4 hours earlier starting activation of patients if compared to the prolonged epidural analgesia.

Keywords: hip replacement arthroplasty, epidural anesthesia, infiltration anesthesia, ropivacaine hydrochloride, 
microinfusion pump
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Introduction

Hip replacement arthroplasty now remains a 
traumatic surgical intervention and is accompanied 
by a pronounced postoperative pain syndrome. 
This is due to the fact that surgical intervention is 
performed on an abundant innervated receptor field, 
including the nerves of the periosteum, periarticular 
vascular-neural formations, as well as the branches 
of the femoral, sciatic, obturator, upper gluteus, 
lower gluteal and pudendal nerves [1, 2]. Injury of 
periarticular tissues during surgery induces the chain 
of mechanisms of the nociceptive and antinociceptive 
systems of the peripheral and central nervous 
system. In the case of inadequate anesthesia of the 
surgical site, the flow of afferent impulses from the 
lesion focus increases, resulting in overexcitation of 
segmental nociceptors of the posterior horns of the 
spinal cord. This, in turn, creates the conditions for 
lowering the threshold of excitability and increasing 
the area of the receptor fields (the phenomenon 
of "inflation"). Developing as a result of the above 
processes, the sensitization of nociceptive neurons 
(secondary hyperalgesia) may last for several hours 
or days after the end of the inflow of pathological 
impulses from the affected area. 

Developing in response to a surgical trauma 
and inadequate relief of pain syndrome, metabolic 
and nonspecific inflammatory changes lead to 
organ and system dysfunction (insulin resistance, 
hypercatabolism, pulmonary dysfunction, myocardial 
ischemia, intestinal paresis, hypercoagulability) [3, 
4]. That is why the most important task of anesthetic 
support for hip arthroplasty is not only the creation 
of adequate anesthesia in the intraoperative period, 
but also the blocking of nociceptive impulses 
from the perioperative area in the immediate 
postoperative period [4, 5].

One of the main requirements for modern 
anesthesia in hip replacement is the need to 
provide multimodal protection of a patient from 
the outcomes of surgical trauma in the organs and 
tissues. It is based on a differentiated approach to 
protecting the body's systems from a stress response 
caused by an operation trauma and consisting in a 
combination of both pathophysiological, metabolic 
(activation of the sympathetic nervous system, 
pituitary hormone hypersecretion, insulin resistance) 
and inflammatory (immune) responses. [6, 7]. In 
hip replacement arthroplasty, different variants of 
regional anesthesia (epidural, subarachnoid, spinal 
epidural and conductor blockades) are most widely 

used as an anesthetic. General and combined 
anesthesias, a combination of general anesthesia 
with a central blockade are less common. [8].

Today, the gold standard of postoperative 
analgesia in hip replacement is a prolonged 
epidural analgesia [1, 8, 9]. However, its use in 
the postoperative period may be associated with 
the risk of developing a number of complications 
and side effects, such as arterial hypotension, 
epidural hematoma in the case of using heparin and 
non-steroidal anti-inflammatory drugs, infectious 
complications, urinary retention. In addition, one 
of the main disadvantages of a prolonged epidural 
analgesia is the impossibility of early activation of 
patients – a factor of great importance, both in 
terms of preventing a number of complications and 
for the effectiveness of subsequent rehabilitation 
[2, 5].

An alternative to epidural analgesia in the 
postoperative period can be either a single or 
extended lumbar plexus blockade with long-acting 
amide anesthetics. However, there is no unequivocal 
opinion on the effectiveness of this method of 
anesthesia with the hip replacement arthroplasty. 
A number of authors point to the pronounced 
analgesic effect of the blockade of the lumbar 
plexus both in the back and inguinal access, other 
researchers did not receive this effect in any of the 
indicated variants of manipulation [10].

The use of the prolonged blockade of the 
femoral nerve with endoprosthetics of the hip 
joint suggested by a number of authors also 
seems inexpedient. The use of the method is 
associated with the risk of falls in patients due 
to paresis of the quadriceps femoris muscle. 
This adverse effect develops with the use of even 
0.1% solution of ropivacaine hydrochloride and 
does not depend on the method and rate of its 
administration [11].

In our opinion the use of the scheme of 
multimodal postoperative analgesia with the use 
of postoperative prolonged infiltration anesthesia 
of the surgical intervention area is promising [12]. 
The appearance of microinfusion elastomeric 
micropumps at present makes it possible to expand 
the possibilities of this method of local anesthesia 
in the hip joint endoprosthetics. 

Objective. To improve the efficiency of 
multimodal perioperative pain management in 
patients in case of the hip replacement arthroplasty 
using postoperative prolonged infiltration anesthesia 
in the area of surgical intervention.
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Methods

To achieve the goal, we proposed a prolonged 
infiltration of the field of the operative intervention 
with a 0.2% solution of ropivacaine hydrochloride, 
carried out with a microinfusion disposable pump 
(“Vogt Medical GmbH”, Germany) V = 275 ml, 
with a constant injection rate of 8 ml/h. The begin-
ning of local administration of anesthetic was the 
end of the operation i.e. suturing the skin; duration 
of infusion – 24 hours.

The effectiveness of the postoperative pro-
longed infiltration anesthesia was carried out on 
the basis of a prospective comparative analysis of 
the treatment results of 78 patients who underwent 
the primary cementless total hip replacement at 
the traumatologic and orthopedic departments №2  
of the Clinic of Samara State Medical University 
during 2016.

Each patient gave the informed consent to 
participate in the study, which was carried out in 
accordance with the approved protocol, the ethical 
principles of the Helsinki Declaration of the World 
Medical Association (Seoul, 2008), the tripartite 
Agreement on Good Clinical Practice (ICH GCP) 
and the current legislation of the Russian Federation.

The criteria for including patients in the study 
were as follows: age – any; sex – any; absence of 
pregnancy; the presence of verified osteoarthrosis of 
the hip joint of the stage 3 or 4 (according to Kellgren 
and Lawrence, 1957); signed voluntary informed 
consent of the patient to participate in the study.

The criterion for non-inclusion of patients 
in the study was the presence of concomitant en-
docrine pathology, including diabetes mellitus, as 
well as alimentary-constitutional obesity, grade II 
or higher (BMI> 35 kg / m2).

All the observed patients were divided into 
two clinical groups by simple block randomization 
in the choice of the method of the postoperative 
anesthesia. Patients of both clinical groups were 
comparable by sex and age. The mean age of the 
patients was 64±2 years (M±σ).

The first clinical group consisted of 38 pa-
tients. The postoperative analgesia was carried out 
by intramuscular (IM) injection of non-steroidal 
anti-inflammatory drugs (ketorolac tromethamine 
30 mg 3 times daily IM) in combination with opioid 
analgesics (trimeperidine 20 mg IM as required) 
and prolonged epidural analgesia (0.2 % solution 
of ropivacaine hydrochloride epidurally at a rate of 
6-8 ml/hr with infusomat, duration of administra-
tion – 24 hours after surgery).

The second clinical group included 40 patients. 
The protocol of the postoperative analgesia in this 
group also included an intravenous injection of non-
steroidal anti-inflammatory drugs (ketorolac tro-

methamine 30 mg 3 times daily IM) in combination 
with opioid analgesics (trimeperidine 20 mg IM on 
demand), but as an alternative prolonged epidural 
analgesia, these patients were given a prolonged in-
filtration anesthesia in the form of introduction into 
the surgical site within 24 hours after the operation 
of a 0.2% solution of ropivacaine hydrochloride, 
carried out with a microinfusion disposable pump 
("Vogt Medical GmbH", Germany), with a constant 
rate of anesthetic injection of 8 ml/hr.

The groups were comparable clinically by sex 
and age.

Surgical interventions for all patients were per-
formed under the spinal anesthesia. Thirty minutes 
after premedication, a puncture of the subarachnoid 
space was performed under sterile conditions with 
the administration of a 0.5% solution of bupivacaine 
20 mg.  At the same time, the patients of the first 
clinical group were previously made to catheter-
ization of the epidural space. All patients had an 
adequate spinal block. During the surgical interven-
tion, a local anesthetic was not injected into the 
epidural space. The duration of the somatic-sensory 
block averaged 3.9 ±1.1 h (M±σ), the operative 
intervention – 1.4±0.3 h (M±σ). 

For a comparative evaluation of the postopera-
tive analgesia efficacy and evaluation of the sever-
ity of perioperative stress response, the Individual 
Card for the Evaluation of the Perioperative Stress 
Reaction in Total Hip Replacement was developed, 
according to which the results of the following clini-
cal and laboratory tests were analyzed:

1. Assessment of pain intensity on a visual 
analogue scale (VAS), scores.

2. The level of plasma concentration of cortisol, 
nmol/l.

3. Level of plasma glucose concentration, 
mmol/l.

Also, as a quantitative criterion for assessing 
the effectiveness of the postoperative analgesia, the 
expenditure of the used opioid analgesic trimeperi-
dine in milligrams was evaluated.

In addition, all operated patients were regis-
tered the time of the onset of motor activation in 
the form of their sitting in the bed and full verti-
calization in the form of standing up with support 
on the crutches, expressed in hours that had passed 
since the end of the surgical intervention. This pa-
rameter not only determined the effectiveness of the 
postoperative analgesia, but also acted as a kind of 
integrative qualitative criterion for achieving both 
the goal of the research and, in general, the goal 
of treating patients.

All clinical and laboratory parameters were 
determined 24 hours prior to the surgery, then 
6 and 24 hours after the surgery. The amount of 
trimeperidine used was evaluated in total at the end 
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of the first day after the operation.

Statistics

The results obtained are presented in the 
form of absolute and relative values, means with 
standard deviation. The significance of differences 
in quantitative data was assessed using Student's 
t-test, the Pearson's chi-squared test was used 
to estimate the difference in the shares. Critical 
values of the level of statistical significance in the 
verification of the null hypothesis were assumed 
to be p≤0.05. Statistical processing of the obtained 
results was carried out using the software package 
STATISTICA (Statistica for Windows, Release 6.1, 
StatSoft Inc., USA).

Results

The initial mean level of the pain intensity on 
the VAS scale in both clinical groups did not differ 
significantly and amounted to 3.6±0.57 points in 
the first and 3.4±0.34 points in the second clinical 
group, respectively. Six hours after the end of the 
operation, there was a significant difference in pain 
intensity in patients of the first and second clinical 
groups: in the first clinical group it was 2.9±0.34 
points; in the second 1.9±0.44 points. By the end 
of the first day after the operation, the severity of 
the pain syndrome in the first clinical group was 
determined at 2.2±0.35 points; in the second clinical 
group – 1.5±0.42 points.

The dynamics of the severity of the pain 
syndrome according to the VAS scale is presented 
in Table 1.

Comparative analysis showed that the use of the 
prolonged infiltration anesthesia in the field of the 
operative intervention made it possible to reduce the 
pain syndrome more effectively by 46.7% compared 
with the prolonged epidural analgesia.

When assessing the dynamics of the plasma 

concentration of cortisol in the peripheral blood, 
the following was revealed. The initial cortisol 
indices in the first and second clinical groups were 
within the norm (507±24.7 and 517.3±30.8 nmol/L, 
respectively). Six hours after the operation, there 
was a significant increase in the level of cortisol in 
the patients of the first clinical group to 876.1±76.8 
nmol/l (72.8% higher than baseline), compared 
with the second clinical group, in which the cortisol 
level was 676.5±54.6 nmol/l (30.8% higher than the 
initial value). 24 hours after surgery, the cortisol 
level decreased in both the first and the second 
clinical groups, but in the first group it continued 
to exceed the norm: 768.5±45.8 nmol/L and 
584.6±54.2 nmol/l, respectively.

The analysis of the level of plasma concentration 
of cortisol in the peripheral blood is presented in 
Table 2.

The study of blood glucose levels in the patients 
of the first and second clinical groups also revealed 
a significant difference in the dynamics of its 
change. The baseline level of the plasma glucose 
concentration in patients of both clinical groups 
was comparable to 5.97±0.64 mmol/L in the first 
clinical group and 5.84±0.76 mmol/L in the second. 
Six hours after the surgery, an increase in the level 
of glycemia in patients of both the first and second 
clinical groups (9.24±1.28 mmol/L and 6.02±0.97 
mmol/L, respectively) was noted, while in the 
second group the level of glucose did not exceed the 
upper limit of the norm. One day after the surgical 
intervention, gradual regression of the glucose 
concentration level and its return to the norm was 
registered in the second clinical group (7.03±0.34 
mmol/L in the first and 5.91±0.27 mmol/L in the 
second), while it should be noted that at all stages 
of the study in patients of the second clinical group, 
the level of glycemia underwent less fluctuations.

The amount of trimeperidine used in the 
first clinical group for the first 24 hours after the 
operation was 38.6±2.95 mg. In the patients of the 

Table 1
The results of evaluation of the severity of the pain syndrome 

according to the VAS scale, scores (M±σ)

Table 2
Dynamics of the plasma concentration of cortisol in the peripheral blood, nmol/l (M±σ)

Observation terms
Groups of patients

24 hours before surgery 6 hours after  surgery 24 hours after  surgery

I group  (n=38) 3.6±0.57* 2.9±0.34* 2.2±0.35*
II group  (n=40) 3.4±0.34* 1.9±0.44* 1.5±0.42*

Note: *  – p≤0.05.

Note: *  – p≤0.05.

Observation terms
Groups of patients

24 hours before surgery 6 hours after  surgery 24 hours after  surgery

I group  (n=38) 507±24.7* 876.1±76.8* 768.5±45.8*
II group  (n=40) 517.3±30.8* 676.5±54.6* 584.6±54.2*
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second clinical group, the average consumption 
of this opioid analgesic during the day after the 
operation was 21.3±3.17 mg. Thus, the prolonged 
infiltration anesthesia of the surgical intervention 
area reduced the need for additional administration 
of trimeperidine by 55.2%.

An analysis of the time of onset of motor 
activation of patients showed a radical difference 
of this one of the most important parameters in 
the studied clinical groups from the point of view 
of the purpose of the entire treatment. In the first 
clinical group, the first sitting in the bed and the 
complete verticalization of the patients in the form 
of standing up with the support on the  crutches 
occurred 24.8±2.4 and 28±1.4 hours after the 
surgery, respectively, which was associated not only 
with a significant increase in the severity of the 
pain syndrome in the field of surgical intervention 
when trying to move in the joint, but also with the 
presence of a sensory-motor block of the lower 
limbs developing with each bolus injection of an 
anesthetic with the prolonged epidural anesthesia. In 
the second clinical group, the patient’s first sitting 
in the bed was 4.5±0.5 hours after the end of the 
operation; the first verticalization was 6.3±0.7 hours 
after surgery. At the same time, none of the patients 
of the indicated clinical group noticed any increase 
in pain in the field of surgical intervention. Thus, 
the difference in the onset of motor activation of 
patients was 20.3±1.4 hours in favor of patients of 
the second clinical group. This is, in our opinion, 
one of the most important advantages of the 
prolonged infiltration anesthesia of the surgical 
intervention area, that allows the patient starting the 
restoration processes of static-dynamic stereotype 
in the nearest hours of the postoperative period 
and significantly reducing the risk of a number of 
postoperative complications (venous thrombosis, 
pressure ulcers, hypostatic pneumonia). 

Discussion

At present, the concept of ERAS (early 
recovery after surgery) is becoming urgent in 
the orthopedic surgery, it is a multidisciplinary 
standardized perioperative approach, the main 
objective of which is early and painless mobilization 
of patients after reconstructive interventions [13]. 
Within the framework of this concept, for patients 

undergoing total endoprosthetics of large joints of 
the lower extremities, a number of clinics have 
successfully applied the "Caledonian" technique 
(CALEDonian – Clinical Attitude Leading to 
Early Discharge), which involves the use of spinal 
anesthesia and local infiltration anesthesia in the 
form of a single infiltration anesthesia with a 0.2% 
solution of ropivacaine followed by intra-articular 
infusion of 0.2% ropivacaine at a rate of 5-8 ml / h 
for 48 hours after surgery [12, 13]. Unfortunately, 
an analytical review of domestic sources reveals 
a virtually complete lack of experience with the 
use of this technique in total hip arthroplasty. The 
overwhelming part of the research works is devoted 
either to choosing a combination of methods 
for the most effective intraoperative analgesia, 
or to evaluating the results of a combination of 
analgesics in the postoperative period. In this 
regard, the researches proving the toxic safety of 
local infiltration of significant volumes of anesthetic, 
in particular, ropivacaine, with its prolonged 
introduction into the field of operative intervention 
in the postoperative period are of great value. [14].

Undoubtedly, the significantly wider field of 
nociceptive impulse, formed when performing 
hip arthroplasty in comparison with the knee 
endoprosthetics, theoretically requires more extensive 
injection of anesthetic and infiltration of not only 
intraarticular structures but also paraarticular soft 
tissues, but our experience has shown that even 
only intraarticular injection of the drug provided 
the maximum hermetically sealed joint capsule, 
leads to a pronounced clinical effect. However, 
despite the first positive experience with the use of 
the prolonged infiltration anesthesia in patients with 
total hip arthroplasty, further studies are needed to 
determine the optimal rate of administration of the 
anesthetic, its topical distribution, quantitative and 
qualitative composition, as well as the possibility of 
combining with other methods and techniques of 
anesthesia in the postoperative period.

Conclusions

1. A comparative analysis of the efficacy 
of postoperative analgesia and the severity of 
perioperative stress reaction has shown that the 
use of the prolonged infiltration anesthesia of the 
surgical intervention area in the hip replacement 

Table 3
Dynamics of the level of glycemia, mmol/l (M±σ)

Observation terms
Groups of patients

24 hours before 
surgery

6 hours after  
surgery

24 hours after  
surgery

I group  (n=38) 5.97±0.64* 9.24±1.28* 7.03±0.34*
II group  (n=40) 5.84±0.76* 6.02±0.97* 5.91±0.27*

Note: *  – p≤0.05.
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arthroplasty permits 46.7% more effectively to 
control the pain syndrome if compared with 
the prolonged epidural analgesia and to reduce 
significantly the endocrine metabolic stress reaction 
of the organism in the nearest postoperative period.

2. Using the multimodal perioperative analgesia 
in the scheme of the prolonged infiltration of the 
surgical intervention area in case of the total hip 
arthroplasty leads to a decrease in the amount of 
the required trimeperidine by 55.2% during the first 
day of the postoperative period.

3. The use of the prolonged infiltration 
anesthesia in the field of operative intervention 
in the hip replacement arthroplasty in the 
multimodal perioperative anesthesia scheme allows 
20.3±1.4 hours earlier initiating motor activation 
and verticalization of patients, which creates 
optimal conditions for the effectiveness of further 
rehabilitation measures and leads to a reduction in 
the risk of postoperative complications.
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