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Abstract One of the factors in the progression of inflammation caused by traumatic injury is the dysfunction of the
immune defense, which is regulated by inflammatory mediators. Objective. To study the possibility and effectiveness of
using selective spinal anesthesia during percutaneous Kidney surgery. Materials and methods. In a prospective clinical
study were enrolled 63 patients, who underwent percutaneous nephrolithotripsy under unilateral spinal anesthesia.
Temperature, sensory and motor blockade, hemodynamic and respiratory parameters were assessed. Results. The volume
of sensory and motor blockade allows the effective use of unilateral spinal anesthesia in patients undergoing percutaneous
kidney surgery. A smaller volume of sympathetic blockade leads to a reduction in adverse reactions such as arterial
hypotension and muscle tremors. Conclusions. When performing percutaneous kidney operations, preference should be
given to unilateral spinal anesthesia, which provides adequate sensory block, the required level of motor blockade and will

increase safety due to more stable hemodynamics.
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1. Introduction

Percutaneous nephrolithotripsy (PCNL) is a recognized
minimally invasive method for removing kidney stones in
urolithiasis. The procedure can be performed both under
general anaesthesia and under spinal anaesthesia. And
although regional anaesthesia for PCNL was first described
in 1988 [1], there are still debates regarding the ideal
method.

Many studies have noted comparable effectiveness of
both general and regional anaesthesia and suggest that
spinal anaesthesia may be a preferable alternative in older
patients with comorbidities [2,3]. In addition, problems
associated with positioning are resolved because patients
are conscious and can position themselves according to
their comfort. However, there are reasons that limit the use
of spinal anaesthesia - the risk of arterial hypotension and
muscle tremors associated with sympathetic blockade after
placing the patient in a prone position [4,5]. The amount
of blockade (sympathetic, motor and sensory) required for
this operation is clearly excessive. Arterial hypotension is
almost inevitable during percutaneous nephrolithotomy,
since during the action of the sympathetic blockade
the operating position changes from lithotomy to the prone
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position [6-8]. The high risk of developing unwanted
hypotension and low controllability of the height of the
spinal block led to modification of traditional spinal
anaesthesia and the emergence of the concept of “selective”
or “unilateral” spinal anaesthesia, which, while maintaining
the quality of anaesthesia, can reduce the frequency of
adverse reactions [9,10]. Theoretical assumptions about the
use of unilateral anaesthesia during percutaneous kidney
operations have not found their justification in the literature.
In the available literature, all described options for selective
spinal anaesthesia concerned its use during operations on
the lower extremities, groin area, and perineum.

2. Materials and Methods

The study design is prospective.

The work used clinical observations of the Department of
Anaesthesiology and Intensive Care of the State Institution
"Republican Specialized Scientific and Practical Medical
Center of Urology".

Study patient inclusion criteria:

1. Surgical intervention — PCNL;

2. Use of spinal anaesthesia during PCNL surgery;
3. The patient’s consent to spinal anaesthesia;

4. Age from 18 to 75 years;

5. BMI from 18 to 40 kg/m?;

6. ASA - no higher than class I1l.
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Exclusion criteria:

1. Contraindications for spinal anaesthesia;

2. Refusal of the patient from SA;

3. BMI > 40 and < 18;

4. ASA > Class IlI;

5. Chronic renal failure terminal stage;

6. Violation of the research protocol.

The studies were performed in 63 patients who underwent
PCNL under unilateral spinal anaesthesia. Patient characteristics
are presented in Table 1.

Table 1. Clinical characteristics of patients (n = 63)
Male Female Age Height | Weight | BMI
41 22 44,78 169,41 | 74,59 26,31

Initial physical status was assessed according to the ASA
classification.

During the study, anthropometric data, type of
intervention and duration of intervention, volume of
infusion, need for vasopressors, frequency and nature of
complications or adverse reactions were recorded. In the
studied patients, after unilateral spinal anaesthesia, the
development of temperature, sensory and motor blocks on
both sides was studied. Temperature blockade was assessed
using the ice test (“Cold” test), sensory blockade was
performed using the “pin-prick” test (loss of pain sensitivity
of the skin in response to irritation with a needle). The
duration of sensory anaesthesia was determined by the
occurrence of the first pain sensation of 3 or more points on
a 10-point digital rating scale. The onset of development,
maximum segmental level, duration, and reverse development
were assessed. To assess motor blockade, the F.R. Bromage
scale was used: 0 — ability to move in the hip, knee and
ankle joints; 1 — ability to move only in the knee and ankle
joints; 2 — ability to move only in the ankle joint; 3 —
inability to move in all three joints (complete motor block).
The characteristics of the motor block included determining
the degree of maximum severity of the blockade, the time it
was achieved and the time of restoration of motor activity.
The level of pain in patients was assessed using a numerical
rating scale, where 0 is no pain, 5 is moderate pain and 10 is
the worst pain imaginable. Hemodynamic and respiratory
parameters were recorded - heart rate, systolic blood
pressure, diastolic blood pressure, mean blood pressure,
saturation level (SpO2). All data was recorded from the
moment the patient was placed on the operating table, at all
stages of anaesthesia and surgery until the end of the
surgical intervention. The stages of the study were the main
points of anaesthesia and surgery: stage 1 — initial state
(supine position); stage 2 — 20 minutes after puncture in
the lateral position. Assessment of the sensory block
began at this stage; stage 3 — supine position, retrograde
ureteropyelography and ureteral stenting, stage 4 — the main
stage of the operation (after turning the patient onto his
stomach); stage 5 — 10 minutes after turning onto your
stomach; stage 6 — 20 minutes after turning onto your

stomach; stage 7 — end of the operation.

Anaesthesia was administered in the lying position on
the operated side. Puncture of the subarachnoid space was
carried out in the midline, at the L2-3 level, with a Quincke
26G needle. After confirming that the needle was in the
subarachnoid space (cerebrospinal fluid leakage), a cold
hyperbaric 0,5% solution of Bupivacaine (Longocain Heavy,
Yuria-Pharm), in the amount of 7,5 - 10 mg, was injected
with a 2 ml syringe at a rate of 1 ml/min. An experimental
study by Tomak Y [11] describing the dependence of the
hydrodynamics of Bupivacaine on temperature suggested
that at the temperature of the solution removed from the
refrigerator (+4 - +6°C), the time from extraction to the
moment of administration (5 minutes), the size of the needle
(25G), needle immersion depth (7 cm) and injection rate of
1 ml/min, the temperature of the injected 0,5% Bupivacaine
solution will not exceed 20°C. At a CSF temperature
of 37°C and 0,5% bupivacaine at 20°C, the latter will
demonstrate clear hyperbaric properties. In this regard, a
cooled anaesthetic solution was used to enhance the
hyperbaric effect during unilateral spinal anaesthesia.
Ampoules with anaesthetic solution and syringes were kept
in the refrigerator at a temperature from +4° to +6°C. After
administration of the anaesthetic, the patient remained in
a lateral flexed position (with legs adducted toward the
abdomen) for 20 minutes. For cranial distribution of the
anaesthetic from the puncture level (L2-3-4) to the Th8-10
level, after administration of the anaesthetic, the patient was
positioned with the head end of the table lowered by 15°.
The horizontal position of the table was returned after the
spread of temperature paraesthesia to the level of Th 9-10.
After 20 minutes, the patient was placed on his back in the
lithotomy position for the first stage of the operation [12-14].

3. Results and Discussion

Table 2. Concomitant pathologies (n = 63)

Parameter Concomitant diseases, n %
Arterial hypertension 34 53,9
Ischemic heart disease 31 49,2

Diabetes mellitus type 2 6 9,5
Varicose disease 4 6,3
Anaemia 2 31
Ventricular extrasystole 2 31
COPD 1 15
Gastrointestinal disease 1 15
Sarcoidosis 1 15
Vegetovascular dystony 1 15

During anaesthesia, three patients were excluded from
further study. One patient had technical difficulties in
reaching the subarachnoid space, and therefore the operation
was performed under general anaesthesia. Two patients had
difficulty performing puncture of the subarachnoid space on
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the side. In the sitting position, the puncture was successful
and they underwent conventional spinal anaesthesia. Thus,
the study protocol was fully completed in 60 patients. The
nature of concomitant pathology is presented in Table 2.

The type of surgical interventions carried out in the
examined patients is presented in Table 3.

Table 3. Operative characteristics (n = 63)

Parameter n

Left sided percutaneous nephrolithotripsy 25
Right sided percutaneous nephrolithotripsy 31
Right sided percutaneous antegrade nephrolithotripsy 3
Left sided percutaneous antegrade nephrolithotripsy 1
Right sided transurethral ureterolithotripsy 2

Moreover, the development of temperature paraesthesia
occurred already during intrathecal administration of the
anaesthetic (feeling of warmth). This feeling first affected
the underlying region of the lumbar region, then spread to
the entire half of the body and lower limb. A decrease in
temperature sensitivity was a guideline for the spread of
the blockade. During the puncture and administration of
the anaesthetic, the operating table was with the head end
lowered at an angle of 10 - 12 degrees. After achieving
temperature anaesthesia to the level of Th 9-10, the operating
table returned to a strictly horizontal position.

The final level of development of temperature, sensory
and motor blockade by the end of the 20-minute interval was
assessed. By this time, the level of temperature anaesthesia
had reached its maximum and was, as a rule, higher than the
level of sensory blockade by one segment.

) | 34

A LA LA

A. 15 (25%) patients  B. 33 (55%) patients  C. 12 (20%) patients
Average level of motor blockade (Bromage scale)

0,06 2,87 0,33 1,88 2,41 2,83

Figure 1. Distribution of sensory anesthesia in patients of group 1

Exclusive unilateral spinal anaesthesia was achieved in 15
(25%) patients (Figure 1A). Those. these patients showed no
signs of sensory and motor blockade on the superior
(“healthy”) side. The maximum level of sensory anaesthesia
in these patients reached the Th 7 segment. Motor blockade
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also developed on the same side and reached a maximum
level of 3 points in 93,3% of cases. On the opposite side, only
in one case was a motor block corresponding to 1 point on
the Bromage scale recorded.

In 12 (20%) patients, anaesthesia developed according to a
bilateral scenario, and although the level of sensory blockade
was identical on both sides (Figure 1C), in two cases
the motor block did not correspond to its level. In both
described cases, on the independent (“healthy”) side it was
significantly less pronounced: in one case, 0 points on the
Bromage scale, in the other, 1 point.

In the remaining 33 cases (55%), patients showed signs of
anaesthesia on the opposite side (Figure 1B). At the same
time, the maximum level of sensory blockade on the
operated side reached the level of Th9 (on average Thil),
and on the “healthy” side it did not exceed the level of L3-4.
The motor block reached a maximum level of 3 points in
24,2% of cases, 2 points in 36,4% of cases, the average level
of motor block was 1,82 points. On the healthy side, the
average level of motor block corresponded to 0,33 points.

Only in one case did an insufficient level of sensory blockade
(Th12) force us to switch to another type of anaesthesia and
complete the operation under general anaesthesia.

Respiratory parameters such as respiratory rate and
saturation remained stable during all stages of the study and
indicated a minimal impact of surgery and anaesthesia on
respiratory function. Respiratory support in the form of
oxygen inhalation was required in only one case of general
anaesthesia.

Muscle tremors were not recorded in any case.

When studying hemodynamics, it was revealed that its
initial indicators (blood pressure and heart rate) were within
normal limits.

When studying changes in blood pressure and heart rate,
a pattern was identified that was associated both with the
stage of the study and the volume of sympathetic blockade.
Patients who developed bilateral anaesthesia showed the
most pronounced decrease in blood pressure, requiring
increased infusion rates and, in rare cases, the use of
vasopressors (Table 4).

Table 4. Hemodynamic parameters in patients with bilateral anaesthesia

Stages Systole Diastole Mean AP Heart rate
1 168,08 103,42 124,97 87,67
2 141,00 81,25 101,17 74,25
3 132,42 79,00 96,81 73,42
4 134,08 80,58 98,42 76,83
5 137,42 80,42 99,42 76,92
6 137,42 84,67 102,25 72,42
7 134,00 79,67 97,78 74,67

In the remaining patients in whom anaesthesia was
unilateral, changes in hemodynamics were less pronounced
(Table 5). The decrease in systolic and mean blood pressure
did not exceed 10% of the initial level.
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Table 5. Hemodynamic parameters in patients with unilateral anaesthesia

Stages Systole Diastole Mean AP Heart rate
1 131,53 82,00 98,51 78,93
2 121,87 75,73 91,11 72,73
3 127,07 77,93 94,31 72,67
4 124,40 76,93 92,76 73,53
5 127,53 77,87 94,42 71,73
6 128,87 79,07 95,67 75,00
7 127,40 81,93 97,09 72,93

4. Conclusions

Our study demonstrated that unilateral spinal anaesthesia
is an effective method of anaesthesia for percutaneous renal
surgery. 80% of patients successfully developed unilateral
spinal anaesthesia. In almost all subjects, the level of motor
and sensory blockade was maintained until the end of the
operation, creating good conditions for carrying out all stages
of the operation.

Undesirable arterial hypotension, requiring increased
infusion rates and the use of vasopressors, was more pronounced
in patients with inadvertently developed bilateral anaesthesia.

It is very important that to ensure sensory anaesthesia
during percutaneous kidney operations, it is necessary to
achieve sensory blockade of at least 9-10 thoracic segments
[15]. Unilateral anaesthesia made it possible, during puncture
of the subarachnoid space at the level of L2-4, to raise the
level of blockade to the required level and at the same time
avoid, firstly: hemodynamic disorders inherent in high spinal
anaesthesia and secondly, the influence on the function of
external respiration due to the motor blockade of the muscles
involved in the act of breathing.

As it was previously assumed [16], when performing
percutaneous kidney operations, preference should be given
to unilateral spinal anaesthesia, which provides adequate
sensory block, the required level of motor blockade and
increases safety due to more stable hemodynamics.
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