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ABSTRACT

Background: The administration of high doses of opioids during surgery can lead to higher postoperative
pain scores at rest and when coughing. Multimodal analgesia may lower the need for opioids during surgery
and the suffering of postoperative pain. Multimodal analgesia can be achieved by providing non-opioid
drugs (lidocaine, ketamine, and magnesium sulfate), three different types of drugs. Each of these drugs
as different analgesic effects and they belong to three different pharmacological groups. The aim of this
study is to develop a better understanding of the effects of each drug (lidocaine, ketamine, and magnesium
sulfate) on postoperative analgesia, the needs for rescue analgesics, and analyze the total amount of fentanyl
during the intraoperative period in patients undergoing laparoscopic cholecystectomy.

Methods: 120 patients were enrolled in this randomized controlled study. They were classified as ASA
1 and 2 and were scheduled for laparoscopic cholecystectomy. They were further divided into 3 groups.
Group 1, or the lidocaine group, had received lidocaine at 1 mg/kg and a continuous intravenous infusion
with lidocaine at 2 mg/kg/h. Group 2, or the ketamine group, received ketamine at 0.5 mg/kg. Group 3, or
the magnesium sulfate group, received a continuous intravenous infusion of magnesium sulfate at 1.5 gr/
kg. The intensity of postoperative pain was assessed using a VAS score at rest and when coughing, with
evaluation at 1, 4, 8, 12, and 24 hours, postoperatively. Also, the needs for rescue analgesics and the total
amount of fentanyl during the intraoperative period in all groups was also followed.

Results: The patients from the lidocaine group had the highest scores of pain in the postoperative period at
rest and when coughing, and the ketamine group had the lowest pain scores. Rescue analgesia was given the
most to lidocaine group, and less so in the magnesium group. The magnesium group received the highest
dose of fentanyl during surgery and the lowest dose was received by patients from the lidocaine group.

Conclusion: Multimodal analgesia can lower the need for opioids in the intra- and postoperative period
after laparoscopic cholecystectomy.
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INTRODUCTION

MATERIALS AND METHODS

Intraoperative use of high bolus doses
of opioids may increase postoperative pain as
a result of their rapid elimination and the de-
velopment of acute tolerance. [1] Various drugs
and techniques have been recently used as part
of multimodal analgesia in order to improve
the treatment of postoperative pain, to reduce
opioid use, and to reduce the side effects asso-
ciated with opioid administration. [2] Multi-
modal analgesia is based on the administration
of small doses of opioids in combination with
regional anesthesia (epidural analgesia and pe-
ripheral nerve blocks) and non-opioid drugs:
alpha-2 agonists, beta-blockers, non-steroidal
anti-inflammatory drugs (NSAIDs), lidocaine,
dexamethasone, magnesium sulfate, ketamine,
paracetamol, gabapentanoids, and metamizole.
In 2002, White described the role of non-opi-
oid analgesics and analgesic techniques in the
treatment of pain after one day (or outpatient
surgery.l Mulier) explained in his study that
being painless is only important in the postop-
erative period, when patients are awake, and
that the postoperative needs for analgesics are
different from intraoperative needs. [3] Opioids
can be avoided during anesthesia without he-
modynamic instability. Suppression of circu-
latory changes caused by surgical stimulation
can be provided by the administration of ket-
amine, alpha-2 agonists, beta-blockers, system-
ically administered lidocaine, magnesium, and
NSAIDs. Non-opioid analgesics can be used as
first-line drugs, with opioids as "rescue" drugs.
Lidocaine, ketamine, and magnesium belong to
the group of non-opioid analgesics that bind to
certain receptors and block the transmission of
painful stimuli.

The aim of this study is to develop an
understanding of the effects of each drug (li-
docaine, ketamine, and magnesium sulfate)
on postoperative analgesia (primary outcome),
the needs for rescue analgesics (secondary out-
come), and the total amount of fentanyl in the
intraoperative period (tertiary outcome) in pa-
tients undergoing laparoscopic cholecystecto-
my. This study shows the effects of each drug,
individually.

120 patients were enrolled in this random-
ized controlled study. They were classified as
ASA 1 and 2, and they were scheduled for lap-
aroscopic cholecystectomy. The study was per-
formed at the University Clinic of TOARILUC
— KARIL, Clinical Center “Mother Teresa”
— Skopje, after approval from the local ethics
committee and after obtaining informed consent
from each patient, during the period from Janu-
ary 2017 to March 2019. Excluded patients from
this study were patients with an ASA classifica-
tion of 3-5, a history of allergy to ketonal (keto-
profen) and tramadol, patients with a chronical
use of benzodiazepines and opioids, pregnant
and breastfeeding women, those who had the
presence of chronic pain, and patients with psy-
chiatric illness. During the preoperative visit,
the Visual Analogue Scale (VAS) score ranging
from 0 (no pain) to 10 (the worst imagined pain)
was explained to every patient.

Prior to the introduction of anesthesia, pa-
tients were randomly divided into three groups.
In all patients, the induction to general anes-
thesia was consisted of giving midazolam at
0.04 mg/kg, fentanyl at 0.002 mg/kg, 2 mg/kg
of propofol and 0.6 mg/kg of rocuronium bro-
mide. In Group 1, or the lidocaine group (LG),
40 patients received lidocaine at 1 mg/kg during
induction to general anesthesia after midaz-
olam and after intubation they received a con-
tinuous intravenous infusion with lidocaine at
2 mg/kg/h. In Group 2, or the ketamine group
(KG), 40 patients received ketamine at 0.5 mg/
kg during induction to general anesthesia after
propofol. In Group 3, or the magnesium sulfate
group (MG), 40 patients received a continuous
intravenous infusion of magnesium sulfate at 1.5
gr/kg after intubation. Patients were intubated
with an endotracheal tube and mechanically ven-
tilated with a PVC-VG ventilation regimen, with
a respiratory volume of 6-8 ml/kg of a mixture
of gases at 50% oxygen and 50% air, ratio [:E
= 1:2, with the respiratory rate adjusted accord-
ing to EtCO: between 35-45 mmHg, and PEEP 5
cm H20. Anesthesia was maintained with Sevo-
flurane 0.7-1 MAC and an orogastric tube was
inserted. During laparoscopy, the intraabdominal
pressure in all patients was adjusted to 12 mm/
Hg by continuous insufflation of carbon dioxide
(CO2). During surgery, all patients received an
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additionally fractionated bolus dose of fentanyl
0.5-1 microgr/kg, which was injected to control
blood pressure and heart rate within 20% of the
baseline.

After operation, all patients were trans-
ferred to the Post-anesthesia Care Unit (PACU).
The anesthesiologist following up with the pa-
tient was blinded to the groups. The time of ar-
rival at the PACU was defined as zero (0) hour,
postoperatively. The intensity of postoperative
pain was assessed using a VAS score at rest and
when coughing, with evaluation at 1, 4, 8, 12,
and 24 hours, postoperatively. In patients with
a VAS score above 4, 100 mg of ketonal was
administered, while in patients with VAS score
above 7, 100 mg of tramadol was administered.
We followed the patients who still had pain after
receiving analgesic, and, as a rescue analgesic
treatment, we used paracetamol at 1 gr. We also
measured the total amount of fentanyl that was
provided to all groups.

RESULTS

In the first 24 hours after surgery, the sub-
jects were examined for the intensity of pain
they felt, using the VAS scale, at rest and when
coughing. The intensity of pain at rest and when
coughing was our primary outcome. Statistics
were computed by the using Kruskal-Wallis test,
Mann-Whitney test, Friedman ANOVA Chi Sqr,
and Wilcoxon Matched Pairs Test.

In the 1Ist hour, postoperatively at rest, the
subjects in the lidocaine group had the highest
average score on the VAS scale (5.70 £ 1.7)
(fig.1), followed by the magnesium group (5.27
+ 1.8) (fig.3), and then ketamine group (4.95 +
2.5) (fig.2). A statistically significant difference
in the VAS pain score was not confirmed be-
tween patients from the three groups, one hour
after surgery, and when coughing (p> 0.05). Pa-
tients in the lidocaine, ketamine, and magnesium
groups had similar scores in VAS scale (6.72 +
1.6,6.15.2.2, 6.4 + 1.9, respectively).
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Figure 1. Graph showing the mean VAS scores at rest
and when coughing, 24 hours after surgery in the lidocaine group

At rest: Friedman ANOVA Chi Sqr. = 63.8p<0.0001 1h /4 hrs. / 8 hrs. / 12 hrs. / 24 hrs.; Wilcoxon Matched

Pairs Test Z=5.3 p<0.0001 24 hrs./ 1 h

When coughing: Friedman ANOVA Chi Sqr. = 58.3p<0.0001 1h /4 hrs. / 8 hrs. / 12 hrs. / 24 hrs.; Wilcoxon

Matched Pairs Test Z=4.9 p=0.000001 24 hrs./ 1 h
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Figure 2. Graph showing the mean VAS scores at rest
and when coughing, 24 hours after surgery in the ketamine group

At rest: Friedman ANOVA Chi Sqr. = 50.1p<0.0001 1h /4 hrs. / 8 hrs. / 12 hrs. / 24 hrs. Wilcoxon Matched
Pairs Test Z=4.9 p=0.000001 24 hrs./ 1 h

When coughing: Friedman ANOVA Chi Sqr. = 51.2p<0.0001 1h / 4 hrs. / 8 hrs. / 12 hrs. / 24 hrs. Wilcoxon
Matched Pairs Test Z=4.9 p=0.000001 24 hrs./ 1 h
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Figure 3. Graph showing the mean VAS scores at rest and when coughing,
24 hours after surgery in the magnesium group

At rest: Friedman ANOVA Chi Sqr. = 78.5 p<0.0001 1h /4 hrs. / 8 hrs. / 12 hrs. / 24 hrs. Wilcoxon Matched
Pairs Test Z=5.3 p<0.0001 24 hrs./ 1 h

When coughing: Friedman ANOVA Chi Sqr. = 74.6 p<0.0001 1h /4 hrs. / 8 hrs. / 12 hrs. / 24 hrs. Wilcoxon
Matched Pairs Test Z=5.3 p<0.0001 24 hrs./ 1 h



PAIN AND MULTIMODAL ANALGESIA IN LAPAROSCOPIC CHOLECYSTECTOMY 45

For a period of 4 hours after surgery, the
VAS scale showed higher scores in patients re-
ceiving magnesium (3.55 + 2.1) (fig.3), then
lidocaine (3.5 + 1.8) (fig.1), and then ketamine
(3.15£2.9) (fig.2), but without confirmed statis-
tical significance (p = 0.22). The graphs indicate
the following VAS scores in the 4th hour postop-
eratively, when coughing: lidocaine (4.60 + 2.1),
magnesium (4.5 £ 2.2), and ketamine groups
(4.12+£3.2).

Eight hours after surgery, at rest and
coughing, no significant difference in pain in-
tensity was registered between the patients in all
three analyzed groups. At rest, the VAS score for
the lidocaine group was 2.70 + 2.04 (fig.1), for
the ketamine group, 2.78 + 1.8 (fig.2), and for
the magnesium group, 2.73 £+ 1.8 (fig.3). When
coughing, the VAS score was slightly higher at
3.55 £ 2.2 for the lidocaine group (fig.1), 3.37 £+
2.2 for the ketamine group (fig.2), and 3.65+ 1.9
for the magnesium group (fig.3).

At 12 hours after surgery at rest, patients
from the lidocaine group had the highest mean
VAS score (2.67 + 2.2) (fig.1), followed by pa-
tients from ketamine group (2.20 + 2.4) (fig.2),
and then patients in the magnesium group (2.05
+ 1.5) (fig.3). When coughing, the VAS scale had
the highest mean value in the lidocaine group
(3.20 £+ 2.6) (fig.1), followed by the magnesium
group (2.90 + 1.9) (fig.3), and the lowest values
were in the ketamine group (2.85 + 2.4) (fig.2).

At the end of the follow-up, 24 hours after
surgery, the VAS pain score at rest had a mean
value of 2.47 £ 1.5 in the lidocaine group (fig.1),
1.40 £ 1.8 in the ketamine group (fig.2), and 1.77
+ 1.7 in the magnesium group (fig.3). At this time
point when coughing the VAS pain scores have
an average value of 3.40 £ 2.1 in the lidocaine
group (fig.1), 2.65 + 2.3 in the ketamine group
(fig.2), and 2.62 £+ 2.2 in the magnesium group
(fig.3).

In our study we followed the additional
administration of analgesic (rescue analgesia),
which was our secondary outcome. Additional
analgesic was given to 32.5% (13 patients) of
the lidocaine group, 17.5% (7 patients) of the
ketamine group and 10% (4 patients) of the mag-
nesium group. The more frequent administration
of analgesic to the patients from the lidocaine
group compared to the patients from the magne-
sium group was confirmed as statistically signif-
icant (p = 0.014). After administering an analge-
sic, patients were re-evaluated at rest and when

coughing for pain intensity on the VAS score.
After giving the analgesic, no statistically signif-
icant difference was confirmed in terms of pain
intensity between the three analyzed groups, at
rest (p = 0.46) and when coughing (p = 0.29).
At rest, the VAS score had an average score of
4.54 + 1.1 in the lidocaine group, 5.0 = 1.0 in
the ketamine group, and 5.0 + 1.4 in the magne-
sium group. When coughing, the VAS score had
an average score of 5.46 £ 1.3 in the lidocaine
group, 5.71 £ 2.4 in the ketamine group, and 6.0
+ 1.4 in the magnesium group.

Our third research outcome was to measure
of the total amount of fentanyl that was given
in the intraoperative period to all three groups.
Patients from the magnesium group the highest
dose of fentanyl during surgery received (307.50
+ 130.4), followed by the patients from the ket-
amine group (292.50 + 60.5), and patients from
the lidocaine group (258.75 + 60.9) received the
lowest dose of fentanyl. The doses of fentanyl
that patients received during surgery in all three
groups were not statistically significant.

DISCUSSION

Defining pain as the "fifth vital sign" [4]
and liberalizing opioid use for the treatment of
acute and chronic pain [5] has led to more ag-
gressive use of opioid analgesics by physicians.
Pain during laparoscopic cholecystectomy con-
sists of two clinically distinct components: so-
matic and visceral pain.

The pain on the day of surgery is typically
diffuse abdominal pain, more pronounced in the
right upper quadrant and right shoulder. [6] The
pain is most intense on the day of surgery and the
next day, and the pain subsequently decreases in
the next 3 to 4 days. [7] But it may remain very
intense in 13% of patients during the first week
after laparoscopic cholecystectomy. [8] In the
first 24 hours, the areas where the strongest pain
was felt, were in the upper abdominal quadrant
and port wounds. [9] In 30-40% of the patients,
the second peak of pain occurs after 24 hours,
and it is usually shoulder pain. [10] In 1741
% of patients, the pain was the main reason for
staying in the hospital overnight after surgery.
This was also a dominant complaint and the pri-
mary cause for prolonged recovery after laparo-
scopic cholecystectomy. [7] Intensive acute pain
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after laparoscopic cholecystectomy may also
occur due to the clinical entity called “cholecys-
tectomy syndrome”. [11] This syndrome is char-
acterized by the appearance of symptoms such
as nausea, vomiting, jaundice, bloating, diarrhea,
or abdominal pain, which occur at any time af-
ter cholecystectomy. There is no exact definition
for this syndrome and it occurs in 5-63 % of pa-
tients. Factors associated with the development
of this syndrome are: previous attacks of acute
cholecystitis, the presence of other comorbidi-
ties (especially diabetes), elevated preoperative
alkaline phosphatase and previous abdominal
surgery.

In our study we wanted to compare the
analgesic effect of three different types of drugs
that have different analgesic effects and belong
to three different pharmacological groups (lido-
caine, ketamine, and magnesium sulfate) and
also to compare the pain in the postoperative pe-
riod in all three groups. Results have shown that
patients in the lidocaine group (fig. 1) have the
highest scores of pain in the postoperative peri-
od, at rest and when coughing, and patients from
ketamine group have the lowest pain scores (fig.
2) in all examined periods. Among patients from
magnesium group (fig. 3) the highest pain scores
were recorded 4 h after surgery, at rest, and 8 h
after surgery when coughing. Patients in the ket-
amine group have the highest pain scores only 8
h after surgery and at rest (fig.2). Additionally,
an analgesic was given to 32.5 % (13 patients)
of the lidocaine group, 17.5 % (7 patients) of the
ketamine group and 10 % (4 patients) of the mag-
nesium group. This means that rescue analgesia
was given the most to lidocaine group, and less
in the magnesium group. VAS scores after the
patients received rescue analgesia were the high-
est in the magnesium group and lowest in lido-
caine group. Patients from the magnesium group
received the highest dose of fentanyl during sur-
gery (307.50 = 130.4), followed by the patients
from the ketamine group (292.50 + 60.5). Pa-
tients from the lidocaine group (258.75 + 60.9)
received the lowest dose of fentanyl during sur-
gery. Whereas the patients from lidocaine group
received the lowest doses of fentanyl during sur-
gery, they had the highest pain scores at rest and
when coughing and the highest needs for rescue
analgesia in the postoperative period, when com-
pared with the other two groups.

This type of analgesia can also be part of
the so-called preventive analgesia. Preventive

analgesia includes multimodal pre-, intra- and
postoperative analgesic treatments. It is more ef-
fective in terms of reducing postoperative pain,
reducing the need for analgesics in the postop-
erative period, enables faster recovery, reduces
side effects from opioids, and enables to patients
to have an early discharge from the hospital. [12]

The antinociceptive effect of lidocaine is
most commonly due to the blockade of sodium
channels, and to a lesser extent, due to block-
age of potassium and calcium channels, and the
blockade of presynaptic muscarinic and dopa-
mine receptors. Because it is a local anesthetic,
it has been shown to block sodium and potassi-
um channels centrally — at the level of the spinal
cord, specifically affecting the posterior horns
of the spinal cord (this is the purpose of cen-
tral neuroaxial anesthesia). Lidocaine also acts
on protein G receptors, N-methyl D-aspartate
(NMDA) receptors, and A-delta and C nerve fi-
bers. It indirectly blocks NMDA receptors by in-
hibiting protein kinase C, receptors which affect
postoperative hyperalgesia and opioid tolerance.
[13] The dose of lidocaine which is needed for
analgesia in the intraoperative period is 1-2 mg/
kg as a bolus dose and further with a continuous
i.v. infusion of 0.5-3 mg/kg/h. In most clinical
trials the effective dose that was given was 1-2
mg/kg/h. [14] In terms of the analgesic effect, li-
docaine given intravenously causes three differ-
ent levels of pain relief. The first level is during
continuous infusion and 30 to 60 minutes after
its completion. The second level is about 6 hours
after infusion, and the third level occurs 24 to 48
hours after the infusion and lasts from 21 to 47
days. [15]

The analgesic effect of ketamine is due
to NMDA receptor antagonism in the posterior
horns of the spinal cord, playing a role in cen-
tral sensitization. NMDA receptors are present
throughout the CNS (except acting on the spinal
cord), indicating that they have multiple effects
on pain processing. [16] The analgesic effect
is due to the binding of ketamine to sigma and
delta opioid receptors. [17] Ketamine blocks
the release of potassium out of the cell and thus
prevents the transmission of painful impulses.
Ketamine given as a preemptive bolus dose (0.1
mg/kg) has an opioid-sparing effect and can be
used as a sedative in illicit drug users. In su-
banesthetic and repeated doses, it prevents the
development of pain sensitivity and opioid tol-
erance. Subanesthetic doses of ketamine have



PAIN AND MULTIMODAL ANALGESIA IN LAPAROSCOPIC CHOLECYSTECTOMY 47

been shown to be effective in the treatment of
postoperative pain, reducing morphine require-
ments in the first 24 hours after surgery and re-
ducing PONV. [18] Ketamine has been shown
to be effective in treating cancer pain as mono-
therapy or as an opioid adjuvant even in opi-
oid-resistant cancer pain. [19]

Magnesium alone is not primarily an anal-
gesic. It has this effect because it is a non-com-
petitive antagonist of N-methyl-D-aspartate
(NMDA) receptors and blocks calcium channels.
By giving magnesium we can stop the conduc-
tion of the painful impulse. It blocks the uptake
of sodium and calcium into the cell and thus pre-
vents the transmission of pain. Magnesium sul-
fate is given as an initial dose of 30 to 50 mg/kg
and is followed by a maintenance dose of 6-12
mg/kg/h as a continuous infusion until the end
of surgery. [20] Given either as a bolus dose [21]
or perioperatively as a continuous intravenous
infusion, [22] has been shown that magnesium
sulfate can potentiate postoperative analgesia,
reduce the need for opioids in the postoperative
period, and thus improve pain scores.

CONCLUSION

Administration of high doses of opioids
during surgery can lead to higher postoperative
pain scores at rest and when coughing. Multi-
modal analgesia may lower the need for opioids
during surgery and the lower the pain scores in
the postoperative period. Non-opioid analgesics
such as lidocaine, ketamine, and magnesium sul-
fate have different analgesic effects and belong
to three different pharmacological groups. It has
been shown that they can be safely used in the
intraoperative period as a part of a multimodal
analgesia. They can also lower the pain scores
and need for opioids in the postoperative period
and can lower the need to use opioids in the post-
operative period. Pain that patients have from all
three groups after surgery was moderate.

Limitations to this study

This study had some limitations. Patients
from all groups received various dosages of
fentanyl in the intraoperative period but that de-
pended on the value of blood pressure and heart
rate. We did find it not too pleasant to wake up
the patients and ask about pain during the night

while they sleep, but nevertheless it was very im-
portant for us to get obtain results, even if we ex-
plained to them during enrollment into this study
that this would happen, and they accepted that
they'd be woken up.
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Pe3ume

BOJIKA U MYJITUMOJAJIHA AHAJITE3UJA .
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' VHuBep3UTETCKM KIMHUYKH IeHTap ,Majka Tepe3a™ Ckorje, YHUBEp3UTETCKa KIMHUKA 3a
TOAPUJIYL] — Opnnen 3a aHecTe3WOJOrHja, peaHMMaldja W WHTEH3UBHO JekyBamwe (KAPUJI),
Menuuuncku gaxynret — Cromje, Yausepsurert ,,CB. Kupun u Metonuj“ Bo Cxonje, PC Makenonuja

2 VuuBepsutercka kimmHuka ,,CB. Haym Oxpuuacku“ Crxomje, Memuimucku ®akynrer — Ckormje,
VYuusepsurer ,,C. Kupun u Metoauj* Bo Cxonje, PC Makenonuja

3 VHHUBEP3UTETCKU KIMHUYKH 1IeHTap ,,Majka Tepesa“ Ckormje, YHUBEP3UTETCKA KIMHUKA 38 TOpaKaIHa
1 BacKylapHa Xupypruja, MeaunuHcku ¢axynrer — Ckorje, Yausep3urter ,,CB. Kupun u Meromuj* Bo
Cxomje, PC Maxkenonwuja

Bosen: Ynorpebara Ha BUCOKM JI03M OIIMOMJIM 32 BpeMe Ha olepalujara Moxe Jia JoBese A0 Mo-
BUCOKH CKOPOBH Ha 0OJIKa MO OIepaliyja Npy MUPYBambe U NP Kanulamke. MynTuMoJaiHaTa aHaiaresuja
MOKe Ja ja HamMaJM rnorpedara 3a ONMMOWIM 3a BpeMe Ha olepanujara, Kako U ocTonepaTuBHara OoJika.
Toa MOxe /1a ce IIOCTUTHE CO JaBar-¢ HEOTTMOUIHH JIGKOBH (JIMIOKauH, KETAMUH U MarHe3uyM cyadar), Kou
Ce TPU pa3InYHU BUAOBH JIEKOBH, UMAaT Pa3IMYHO aHAITETCKO JISjCTBO M UM TpHUIIaraaT Ha TPU Pa3iIudHu
(hapMaKoIOUIKH IPYIIH.

OBaa cTy/Mja € HalpaBeHa Co IeJ J1a e oApean e(peKTOT Ha CEKOj JIeK TOCceOHO (JIMIOKanH, KETAMHUH
¥ MarHe3uyM cyihaT) Bp3 MmocTorepaTuBHaTa 00JKa, oTpedara 3a JIOTOJTHUTETHO AaBakbe aHAITETHK U
ToTajHara morpeda 3a GeHTaHUII BO TEKOT Ha OIepallyjara Kaj MallueHTUTe Ha KOU € HalpaBeHa Jarmapo-
CKOIICKa OIepalrja Ha KOIYHOTO Kece.

Marepujan u metoan: Bo oBaa panaoMmu3npana KOHTpOIHpaHa cTyarja Oea BrydeHn 120 nanpeHTa
ASA 1 u 2 xnacudukaiyja, TUTAaHUPAHA 3a JIATAPOCKOIICKa Ollepalirja Ha JKOIYHOTO Kece, IOAeNIeHH BO 3
rpynu. [Tanmenture Bo rpynara 1, uiam auaoKkanHcKa rpyna, npuMuie tuaokaut 1 mg/kg u konTuHynpasa
nHTpaBeHcka nHpy3uja co muaokanH 2 mg/kg/h. [lanrentrTe Bo rpymaTa 2, Wim KeTaMHUHCKA TPyTIa, IPH-
musie keramuH 0,5 mg/kg. [lanmentuTte Bo rpynara 3, WM MarHe3myMcKa IpyIia, J00uja KOHTHHyHpaHa
WHTpaBeHCKa HHQy3rja Ha MarHe3uyM cyndar 1,5 gr/kg. UHTeH3UTETOT HA IOCTOTIepaTUBHATA OOJKa Oertre
MIPOIIEHET CO ITOMOIII Ha BU3yeHarta aHainoraa ckana (BAC) 3a Oonka mpu MUpyBambe U TP Kanuiame 1, 4,
8, 12 u 24 gaca no ornrepanujara. Micto Taka, ce ciezerre morpedara 3a TOMOIHUTEITHO JaBambe aHAITETHK
¥ BKyITHaTa KOJMW4YMHA (DEHTAHWII Aa/ileHa BO TEKOT Ha Olepalyjara Kaj CUTe TPYTIH.

Pesynrarn: HajBucokn ckopoBH Ha 0OJIKa BO IOCTONEPATUBHHOT NEPUOJ IIPU MUPYBAKE U MPU
KalllJIamkhe UMalie TAMeHTUTE O]l JIMJJOKanHCKAaTa IPyIia, 8 HAjJHUCKU CKOPOBH Ha OOJIKa MMAaJIe TAIIMEHTUTE
oIl KeTaMUHCKaTa rpyna. JlomoHnTeHa aHainre3nja Oerre qaaeHa HajMHOTY BO JTUIOKAaWHCKaTa, a HajMaJIKy
BO Marfe3mymckara rpyma. Hajpucoka mo3a eHTaHIII 32 BpeMe Ha orepaliijata Jo0Hja MalueHTUTe O
MarHe3myMcKara IpyTa, a HajHUCKa J03a J00Hja MaMeHTHTE OJf JTHI0KanHCKaTa TpyTa.

3akirydyok: MynTuMojaiHaTa aHaire3uja Moxe Jia ja HaMasu oTpedara 3a olMouu BO HHTPa- U
MOCTOTIEPATUBHUOT MIEPHOJT IO JTANIaPOCKOTICKH OTIepaIiK Ha )KOTYHOTO Kece

Kayunu 300poBH: 1arapocKorcka ornepaiiyja Ha )OIYHOTO Kece, JIMJJOKaWH, KeTAMUH, MarHE3UyM
cyndar, mocroneparuBHa 0oJKa





