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POSTSURGICAL PAIN INTENSITY IN CHILDREN ON THE VAS AND FLACC
SCALE ACROSS VARIOUS ANALGESIC TECHNIQUES. MATHEMATICAL
PREDICTION AS A COMPONENT OF JUSTIFICATION

Yaroslav Semkovych

Nowadays, in pediatric practice, the Visual Analogue Scale (VAS) and the Face, Legs, Activity, Cry, Consolabil-
ity (FLACC) scale are effective for assessing postsurgical pain. The modern concept of pain management in-
cludes a multimodal approach, including regional analgesia techniques.

The aim of the study was to present a mathematical model to assess the efficacy of regional analgesia tech-
niques in managing postsurgical pain intensity on the VAS and FLACC scale up to the fifth day of the study and
predict the behaviour of the experimental data function up to day 87 following surgery using the autoregressive
probability model.

Materials and Methods. 89 patients operated on the anterior abdominal wall were divided into 3 groups de-
pending on the type of anesthesia. The assessment of pain management quality and the presence of acute pain
was conducted using the VAS and FLACC scale on days 1, 2, 3, and 5 post-operatively in all children. The ‘pre-
dict’ function in PTC MathCad Prime 7.0. sofiware was used to automate calculating predictions based on the
Burg method.

Results. Studying the efficiency of the proposed treatment using regional analgesia techniques versus conven-
tional analgesia enabled the prediction of varying postsurgical pain intensities on the VAS and FLACC scale
based on their mathematical models, with coefficient of determination R>=0.9876, R?>= 0, 9827, R?=0.9952 for
the FLACC scale and R?=0.9868, R?=0,915, R?>=0.9774 for the VAS.

Conclusions. The use of regional analgesia techniques in children undergoing anterior abdominal wall surgery
has been confirmed to be associated with a significant reduction in postsurgical pain intensity to the fifth day of
observation and predicted to remain so up to day 87
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1. Introduction

Myelination of peripheral nerves is completed at
the moment of birth, therefore every newborn child, and
later also infants, are able to feel pain and respond with
motor reactions to unpleasant stimuli [1]. However, pain
inhibition pathways are not yet developed, so younger
children may experience stronger pain in response to a
noxious stimulus of lower intensity [2, 3]. Tissue damage
can lead to long-term structural and functional disruption
of pain pathways, which in turn provokes chronic pain
and increased sensitivity to pain stimuli in the future [4].
Physiological increases in heart rate, blood pressure, and
oxygen demand in response to noxious stimuli can wors-
en postoperative outcomes [5], as well as provoke the
development of psychological side effects such as fear,
anxiety, and depression [6].

Postoperative treatment of pain in children in the
world, and in our country in particular, is still far from
ideal. As reported, only 25 % of children undergo surgi-
cal procedures without pain on the day of the interven-
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tion, and 13 % of children suffer from severe pain [7].
The principles of oligoanalgesia are used exclusively due
to the lack of mandatory recommendations for pain as-
sessment in each clinic in particular [8].

Currently, more than 40 multidimensional obser-
vation scales have been developed to assess pain intensi-
ty, some of them adapted and applied in different popula-
tions and clinical situations [9-11]. Self-assessment
scales are the standard for assessing pain in children of
different ages [12]. They can be verbal and non-verbal,
but they always require a certain degree of knowledge
and communication skills that depend on the child's de-
velopment. For example, when working with younger
children, facial expression scales are preferred [13]. The
most frequently used self-assessment scales are FLACC
(face, position of legs in bed, activity, crying, emotional
state) and visual analogue scale (VAS). The VAS depicts
a line 10 cm long on which the child must mark the point
corresponding to his pain. These scales are often used in
clinical practice, and their reliability and sensitivity have
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been confirmed by research [14, 15]. The 2017 guide-
lines, based on the strongest evidence for the validity of
specific pain scales, recommend using the VAS as the
gold standard for pain assessment in children older than
6 years [16].

The FLACC scale was published in 1997 to assess
postoperative pain in children and is currently one of the
most used [17]. The FLACC scale contains 5 behavioural
components, including facial expression, leg position in
bed, activity, crying, and emotional state, and each is
rated from O to 10. Compared to other pain scales in
infants and children, the FLACC scale is more conven-
ient and practical for diagnosing pain [18-20]. Also,
according to Matsuishi et al. a high correlation between
the FLACC and VAS scales was confirmed, which justi-
fies their use in pediatric practice [21].

Postoperative pain can cause inflammatory, vis-
ceral, or somatic phenomena, which, in case of inade-
quate medical response, initiate the development of
chronic pain. According to various data, the frequency of
postoperative pain is diagnosed in 60 % of patients, and
the efforts made by the world anesthesiological commu-
nity are not yet able to fully solve this issue [22].

Opioids and non-steroidal anti-inflammatory
drugs are used as components of analgesic therapy with
their known side effects. The modern concept of pain
treatment includes a multimodal approach and is mainly
aimed at reducing the use of opioids to reduce the profile
of side effects (postoperative respiratory depression,
decreased intestinal peristaltic activity, length of hospital
stay) [23].

Performance of advanced trunk blocks under re-
gional anaesthesia (RA) in children (quadratus lumborum
block 4, transversalis fascia plane block) today confirms
its effectiveness in the treatment of acute postoperative
pain and prevention of chronic pain in children [24-29].

The aim of the research was to present a mathe-
matical model of the effectiveness of regional analgesia
techniques on the intensity of postoperative pain accord-
ing to the FLACC and VAS scales up to the fifth day of
the study and to predict the behavior of the function of
the experimental data up to the 87th day using the auto-
regressive probability model method.

2. Methods and materials of the research

The study was conducted based on the CNE
"lIvano-Frankivsk Regional Children's Clinical Hospital
IFRC" in the period from 2022 to 2023. 87 children (46
boys and 41 girls) aged from 7 to 18 years (average age
of children — 11.96+0.12) participated in the study, who
underwent surgery on the anterior abdominal wall with
various options of anaesthesia. All patients were divided
into 3 groups: the first group consisted of 33 children
operated on the anterior abdominal wall under general
anaesthesia with the use of morphine. The Il group con-
sisted of 27 children operated on the anterior abdominal
wall under general anaesthesia with the use of a regional
block of the transverse fascia of the abdomen (TFPB).
Group 11 consisted of 27 children operated on the anteri-
or abdominal wall, under general anaesthesia, using a
regional block of the transverse fascia of the abdomen
(TFPB), combined with a block of the quadratus lumbo-
rum muscle (QLB-4) from one injection. General anaes-

thesia was performed using sevoflurane (2-3 vol.%) or
propofol infusion (1-2 mg/kg/h) and the opioid analgesic
fentanyl (the dose varied depending on the type of anaes-
thesia). A 0.25% solution of bupivacaine at the rate of
0.2-0.3 ml/kg was used as a local anaesthetic.

The quality of analgesia and the presence of acute
pain were assessed using the visual analogue scale
(VAS), the FLACC scale (face, position of legs in bed,
activity, crying, emotional state). Determination of VAS
and FLACC indicators was carried out on 1, 2, 3 and
5 days, respectively, in all children.

All clinical and laboratory studies were conducted
in accordance with the Declaration of Helsinki of the
World Medical Association "Ethical Principles of Medi-
cal Research Involving Human Subjects”. In accordance
with current legislation, before the start of the study, each
of its subjects (parents or adult guardians of the patient)
signed a detailed form of informed consent for conduct-
ing the study. The article was passed by the commission
on ethics based on the CNE "Ivano-Frankivsk Regional
Children's Clinical Hospital IFRC", which is confirmed
by an extract from the protocol of the commission No. 2
dated February 22, 2022.

To predict (extrapolate) the behavior of the func-
tion of the experimental data, the autoregression model
method was used: the Berg method. Automation of fore-
casting calculations according to the Berg method was
carried out using the *predict™ function of RTS
MathCad Prime 7.0. Linear, non-linear, and polynomial
regression models were used to approximate the experi-
mental data. The probability of the constructed mathe-
matical model of a separate indicator was estimated us-
ing the coefficient of determination R2, which shows
what proportion of the total variation of the dependent
variable is described by the selected set of independent
variables. The value of R? varies from 0 to 1. The larger
the value of the coefficient, the more accurate the con-
structed mathematical regression model is.

3. Research results

The mathematical model of the dynamics of the
FLACC index in children who used traditional opioid
analgesia during surgery on the anterior abdominal wall
looks like: y=a-e™, where a=11,074, b=-0,486 (coeffi-
cient of determination R?=0,9876).

Fig. 1 shows the dynamics of the FLACC indica-
tor in the studied group during five days of observation
and 87 days of forecasting.

Thus, the level of pain according to the FLACC
scale in the first five days after surgery was sufficiently
high (= 4 points). Later, up to 10 days after surgery, a
decrease in pain intensity is noted, but the pain is present
at the level of two points. Mathematical forecasting until
the 87th day after the operation confirms the slow de-
crease of the pain syndrome, which disappears only after
the 82nd day.

For a group of children who received traditional
opioid analgesia in combination with regional analgesia
using transversum fascia plain block (TFPB) during
surgery on the anterior abdominal wall, the mathematical
model is represented by the formula:

y=a-x8+b-x>+cxt+d P+ xP+mx+n,
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where a=0,0003, b=-0,0117, c¢=0,1487, d=-0,8042,
k=1,6611, m=1,3507, n=3,2732 (coefficient of determi-
nation R?=0,9827).

pain index according to the FLACC scale, points

45 days
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Fig. 1. The result of the five-day study and 87-day pre-
diction of pain intensity according to the FLACC scale
(points) in the group of patients receiving traditional
opioid analgesia according to the mathematical model
built in Mathcad Prime 7.0.0.0

Fig. 2 presents the dynamics of pain intensity in
the study group during five days of observation and
87 days of prognosis.

An excellent dynamics of pain intensity according
to the FLACC scale compared to patients in the opioid
analgesia group is noted. The pain level on the fifth day
was found to be 2.5 points, with a tendency to decrease
until the 13th day after surgery. However, from the
28th day, the mathematical prediction shows an increase
in pain intensity from negative numbers (-1.5 points) to a
positive value on the 50th day (0.5 points) and a sharp
decrease to the 87th day, acquiring normal values.

pain index according to the FLACC scale, points

"
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Fig. 2. The result of five days of research and 87 days of
prediction of pain intensity according to the FLACC scale
in a group of patients receiving traditional analgesia in
combination with a regional block of TFPB according to
the mathematical model built in Mathcad Prime 7.0.0.0
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The dynamics of pain intensity in children who
used traditional opioid analgesia in combination with
regional analgesia using transversum fascia plain block
(TFPB) and quadratus lumborum block (QLB) from one
injection during surgery on the anterior abdominal wall is
represented by a mathematical model:

y=ax®+bx*+cx3+dx?+kx+l,

where a=0,0006, b=-0.02, ¢=0.2588, d=-1.4058,
k=2.4191, 1=1.5227 (coefficient of determination
R?=0.9952).

Analysis of the curve shown in Fig. 3 indicates
that the level of pain in children who used traditional
opioid analgesia combined with regional analgesia using
TFPB and QLB is the lowest, compared to other study
groups. For comparison, the pain completely disappears
up to 19 days after surgery, acquiring negative values up
to 53 days. Mathematical modelling of pain intensity
according to the FLACC scale in the studied group con-
firms the effectiveness of the proposed combination of
regional blocks as an effective marker of postoperative
analgesia.

pain index according to the FLACC scale, points
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Fig. 3. The result of five days of research and 87 days of
prediction of pain intensity according to the FLACC
scale in the group of patients receiving traditional anal-
gesia in combination with a regional TFPB+QLB block
according to the mathematical model built in Mathcad
Prime 7.0.0.0

Assessment of pain intensity using the visual ana-
logue scale (VAS) established the following. The math-
ematical model of the dynamics of the VAS indicator in
children who used traditional opioid analgesia during
surgery on the anterior abdominal wall looks like:

y=a-x8+b-x>+cxt+d Pk +mx+n,
where a=0.0006, b=-0.022, c¢=0.2942, d=-1.7405,

k=4.4482, m=-5.2919, n=6.8391 (coefficient of deter-
mination R?=0.9868).
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Fig. 4 presents the dynamics of pain according to
the VAS scale in the studied group during five days of
observation and 87 days of prognosis.

Thus, the level of pain on the VAS scale in the
first 20 days after surgery tends to decrease (from
4.5 points to 0 points). After 20 days, this indicator be-
comes negative (-3 points).

From the 35th day, an increase in the indicator is
noted, and by the 65th day, it amounted to almost one
and a half points. However, by the 87th day, the normali-
zation of this indicator is noted.

pain index according to the VAS scale, points

i

Fig. 4. The result of five days of research and 87 days of
prediction of pain intensity according to the VAS scale
(points) in the group of patients of traditional opioid
analgesia according to the mathematical model built in
Mathcad Prime 7.0.0.0

For a group of children who were treated with tra-
ditional opioid analgesia in combination with regional
analgesia with the use of a regional TFPV block during
surgery on the anterior abdominal wall, the mathematical
model is represented by the formula:

y:a'Xb+C,

where a=-9.022-10°%, b=8.75-10"7, ¢=9.022-10° (coeffi-
cient of determination R?=0.915)

Fig. 5 shows the dynamics of pain intensity in the
study group during 5 days of observation and 87 days of
prognosis. Mathematical forecasting established that by
the 19th day, an active reduction of the pain syndrome
was noted with an initial value of 2.8 points. However,
from the 30th day of mathematical forecasting, there is
an inversion of the curve from a negative value
(0.8 points) to positive figures (0.3 points) with a fur-
ther approach to 0 on the 87th day.

The dynamics of pain intensity in children who
used traditional opioid analgesia in combination with
regional analgesia using a regional block of TFPB and
QLB from one injection during surgery on the anterior
abdominal wall is presented by a mathematical model:

y=ax8+bx>+cxt+d P +kxP+mx+n,

where a=0.0003, b=-0.0101, c¢=0.123, d=-0.6135,
k=1.0447, m=-0.7468, n=3.1055 (coefficient of deter-
mination R?=0.9774).

VAS-visual-analogue scale, points

Fig. 5. The result of five days of research and 87 days of
prediction of pain intensity according to the VAS scale in
the group of patients of traditional anaesthesia in combi-
nation with a regional block of TFPB according to the
mathematical model built in Mathcad Prime 7.0.0.0

The analysis of the curve shown in Fig. 6 indi-
cates that the level of pain in children who used tradi-
tional opioid analgesia combined with regional analgesia
using TFPB and QLB is the lowest, compared to other
study groups. In comparison, pain completely disappears
up to 10 days after surgery, acquiring negative values up
to 87 days of mathematical prediction.

VAS-visual-analogue scale, points

Fig. 6. The result of five days of research and 87 days of
prediction of pain intensity according to the VAS scale in
the group of patients of traditional analgesia in combina-
tion with a regional TFPB+QLB block according to the
mathematical model built in Mathcad Prime 7.0.0.0

4. Discussion of research results

Local anesthetics (LA) are mainly used to reverse
action potentials that generate impulse conduction along
axons carrying sensory or motor signals. This occurs by
blocking voltage-gated sodium channels. [30]. Acting as
weak bases in their ionized form, LAs block the neural
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conduction of Na* in the channel when it is inactive, thus
preventing the opening and flow of ions [31]. LAs can
suppress the production of free radicals, thereby pos-
sessing anti-inflammatory properties [32]. To block
impulse conduction, there is a minimum concentration
of LA required for each nerve fiber according to its size
and myelination. Unmyelinated fibers that control pain
require lower concentrations of LA than myelinated
fibers that control muscle contraction. Therefore, its
lower concentrations can be used for analgesia, espe-
cially in children younger than 18 months, in whom
myelination of the central nervous system has not yet
been completed. LAs with continuous infusion have a
longer duration of action than those administered ac-
cording to the principle of single administration [33].
The effect of LA is influenced by pH, calcium concen-
tration and nerve stimulation. Increasing the dose, con-
centration, and volume of LA can prolong the duration
of the block by up to 50 %.

The proposed treatment using regional analgesia
methods confirms its effectiveness by means of mathe-
matical prediction, thanks to which the further average
value of FLACC and VAS in children of the study
groups is predicted according to their mathematical mod-
els according to the reliability of the approximation
(R?=0.9876, R?=0.9827, R?=0.9952 and R?=0.9868,
R?=0.915, R?=0.9774 respectively (Fig. 7, 8).

The clarity presented in Fig. 7 indicates that
children with surgical interventions on the anterior
abdominal wall using a combined TFPB+QLB region-
al block have the best dynamics of pain syndrome
regression, and the absence of the appearance of pain
in the process of mathematical forecasting is also con-
firmed.

pain index according to the FLACC scale, points

—— OPIOIDS
al — TFPB

244 — QLB+TFPB

Fig. 7. The result of five days of research and 87 days of
prediction of pain intensity according to the FLACC
scale in the group of patients receiving traditional anal-
gesia, in combination with a regional block of TFPB and
a combination with a regional block of TFPB+QLB ac-
cording to a mathematical model built in Mathcad Prime
7.0.0.0
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Fig. 8. The result of five days of research and 87 days
of prediction of pain intensity according to the VAS
scale in the group of patients receiving traditional
analgesia, in combination with a regional block of
TFPB and a combination with a regional block of
TFPB+QLB according to a mathematical model built
in Mathcad Prime 7.0.0.0

Study limitations. The study pays careful atten-
tion to the assessment of acute postoperative pain and the
prediction of chronic pain syndrome depending on the
choice of anaesthetic care. The application of the region-
al technique of analgesia of the quadratus lumborum
muscle and plane of transverse lumbar fascia from one
injection for the treatment of acute postoperative pain
and the prevention of chronic pain syndrome is a limita-
tion of this study.

The influence of martial law conditions. Full-
scale invasion resulted in a significant limitation of the
patient sample for the study.

Prospects for further research. It is planned to
continue the study of the cause of the development of
acute persistent postoperative pain, chronic pain syn-
drome, to improve the methods of regional analgesia
using myofascial blocks under ultrasound guidance.

5. Conclusions

1. The use of methods of objective assessment of
pain according to the FLACC and VAS scales allows
timely medical response to the intensity of postoperative
pain in children over six years of age.

2. It has been confirmed that the use of regional
analgesia methods in children during operations on the
anterior abdominal wall is accompanied by a significant
decrease in the intensity of postoperative pain.

3. Pain intensity up to the fifth day of follow-up
according to FLACC and VAS scales in children who
used traditional analgesia in combination with regional
analgesia using transversum fascia plain block and quad-
ratus lumborum block is the lowest, compared to other
study groups.

4. In the mathematical prediction of pain intensity
up to 87 days, the best tendency to reduce pain is noted
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when using a combined regional block from one injec-
tion compared to other study groups.
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