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SUMMARY

Introduction/Objective Spinal anesthesia is often used for hip endoprosthesis surgery. Significant surgi-
cal stress response consisting of hormonal, metabolic and inflammatory changes can be initiated by the
hip replacement surgery. Intrathecal opioids, as adjuvants to local anesthetics, make spinal block sufficient
even with lower doses of the local anesthetics, and the incidence of the side effects reduce to minimum.
Methods This study included 162 patients of either sex, American Society of Anesthesiology classification
(ASA) 1-2, scheduled for total hip arthroplasty. The patients had spinal anesthesia with 10 mg of 0.5%
bupivacaine with 20 pg (Group ), or 25 pg (Group Il) or 30 pg fentanyl intrathecally (Group IlI).

Results Mean time to achieve maximum motor and sensory blockade was with no significant difference
among the groups. Time of motor block duration was shorter in the Group lll. Four hours after the op-
eration, patients in the Group | had significantly higher cortisol serum levels. Blood glucose levels were
with no significant difference among the groups. Levels of CRP increased remarkably postoperatively in
the Group I. Incidence of hypotension, bradycardia, nausea and vomiting was significantly higher in the
Group llI. Pruritus and shevering were not recorded among the groups. The first time an analgetic was
needed postoperatively was the longest in the Group Il

Conclusion The dose of 10 mg of bupivacaine combined with 25 ug fentanyl was the optimal option to
achieve hemodynamic stability, sufficient sensory and motor blockade, and reduce the stress response

and incidence of the opioids side effects such as vomiting, nausea, pruritus etc.
Keywords: spinal anesthesia; bupivacaine; fentanyl; postoperative analgesia

INTRODUCTION

Significant surgical stress response consisting of
hormonal, metabolic and inflammatory changes
can be initiated by the hip replacement surgery
[1, 2]. The controlled trauma of a surgical in-
sult activates the afferent nerve signals from the
surgical site and stimulates the production of
corticotrophin-releasing hormone and arginine
vasopressin. These peptides stimulate secretion
of adrenocorticotropic hormone which stimu-
lates cortisol secretion [3]. The effects of corti-
sol in the setting of surgical stress include sup-
pression of insulin and mobilization of energy
stores, increased proteolysis, sodium and water
retention leading to preservation of blood pres-
sure, suppression of the immune inflammatory
response and delayed wound healing through
its effects on collagen synthesis. Cortisol enables
the synthesis and release of catecholamines and
contributes to normal vascular permeability, vas-
cular tone, and myocardial contraction by regu-
lating B-receptor synthesis and regulation [4, 5].

Spinal anesthesia is often used for hip endo-
prosthesis surgery. During a spinal anesthesia

there are many side effects as a result of sym-
pathetic nervous system blockade. Post spi-
nal anesthesia hypotension is caused by the
decrease in the sympathetic outflow causing
arterial vasodilatation, a decrease in venous
return and consequently the activation of the
Bezold-Jarisch reflex that elicits a triad of
bradycardia, vasodilatation and further hy-
potension [6]. The incidence of hypotension
during the spinal anesthesia is about 16-33%
[7]. Compensatory mechanisms are generally
more effective in young patients [8]. In elderly
patients there are reduced physiological reserve
and associated comorbidities [9]. Acute hypo-
tension reduces cerebral perfusion, which leads
to transient ischemia and activates the vomit-
ing center [10]. To reduce the incidence and
severity of hypotension, various strategies have
been developed: preloading/co-loading fluids,
use of vasoconstrictors and low doses of local
anesthetics [11, 12].

Spinal anesthesia can provide good peri-
operative pain control. The pre-surgery block
contributes to intra-operative analgesia and
reduces the need for other analgesics [13].
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The use of the lower doses of local anesthetics combined
with opioids, while providing a spinal block, may result in a
better hemodynamic response of the patients and minimal
incidence of the side effects [14, 15]. Besides analgesia,
this anesthetic technique protects patients by reducing the
immune response and the incidence of the postoperative
complications.

The aim of this study is to compare the efficiency of
three different intrathecal doses of fentanyl (20 pg, 25 ug
and 30 pg) added to standard dose of local anesthetic (2 mg
0.5% bupivacaine) during the elective hip replacement sur-
gery. The efficiency of the opioid used refers to less surgical
stress, less side effects and longer duration of analgesia.

METHODS

All procedures performed in the study involving human
participants were done in accordance with the ethical stan-
dards of the Helsinki declaration and its later amendments.
Furthermore, the research was approved by the Ethics
Committee of the Faculty of Medicine of the University of
Nis on September 12, 2017; ref. N.: 12-8765/ 8. Informed
consent was obtained from all individual participants in-
cluded in the study.

This study included 162 patients of either sex, American
Society of Anesthesiology physical status classification 1-2,
scheduled for total hip arthroplasty. All
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- visual analog scale (0 — without pain to 10 — the worst
pain);

- numerical scale (0 — without pain to 10 — the worst
pain).

Duration of sensory blockade and the first time an anal-

gesic drug was needed postoperatively were also recorded.

RESULTS
There was no statistically significant difference regarding
ages, body mass index and the duration of surgery in all

groups (p < 0.05) (Table 1).

Table 1. Patient characteristics

Group (number Age Sex BMI Duration of
of patients) (years) (M/F) (kg/m?) surgery (min)
I (n=54) 69.1+8 | 30/24 | 255+3.1 104.4+9.6
Il (n=54) 66.6+7.5| 38/16 | 243 +3.8 106.9 + 8.6
Il (n =54) 675+7.7 | 34/20 | 244+34 105.6 £ 8.6

There was no statistically significant difference regarding age, body mass
index (BMI) and the duration of surgery in all the groups (p < 0.05)

There was no significant difference between the groups’
mean time to achieve maximum motor blockade. The time
of motor blockade duration was significantly shorter in
Group 1II (p < 0.05) (Table 2).

Table 2. Motor blockade characteristics

patients had surgical treatment in the

. Th tient domized Time to Time to Time to Time to Time duration
Tnornlng. € patients were rahdomize o | achieve motor | achieve motor | achieve motor | achieve motor of motor
into three groups: 3| blockadel blockade Il blockade IlI blockade IV .

R . = R X X . blockade (min)
Group I: Patients that received 10 mg | (min) (min) (min) (min)
(0.4 ml) of fentanyl intrathecal; Il 24+07 34+07 45+06 46+06 141.7 +15.3
Group II: Patients that received 10mg M| 21%06 3+07 3.9+07 5+06 128.7+ 15.1

(2 ml) 0.5% bupivacaine and 25 pug
(0.5 ml) of fentanyl intrathecal;

Group III: Patients received 10 mg (2 ml)
0.5% bupivacaine and 30 pg (0.6 ml) of fentanyl intrathe-
cal.

Sensory blockade was evaluated by the bilateral pin-
prick method. Motor blockade was evaluated by the modi-
tied Broomage test (0 — without paralysis; 1 — unable to lift
extended legs; 2 — unable to flex knee; 3 — unable to flex
feet or complete motor blockade).

Serum levels of cortisol, glucose and C-reactive protein
(CRP) were measured in all groups preoperatively and four,
12, and 24 hours after surgery.

The cardiovascular status of the patients was monitored
by non-invasive methods such as: ECG monitoring, sys-
tolic, diastolic and mean arterial pressure, in five-minute
intervals.

The side effects on the central nervous system and gas-
trointestinal system such as: shivering, nausea, vomiting,
and pruritus were followed up and recorded intra-opera-
tively or postoperatively.

The intensity of pain was assessed in the 30th, 60th,
90th, 120th, 180th, 240th, and 300th minute after the an-
esthesia was given in two ways:

‘ DOI: https://doi.org/10.2298/SARH200729010)J

Mean time to achieve maximum motor blockade was with no significant difference among the
groups; the time of motor blockade duration was significantly shorter in Group Il (p < 0.05)

The mean time to achieve maximum sensory blockade
was comparable among the three groups (p < 0.05) (Table
3). It was with no significant difference among the groups.

Table 3. Characteristics of sensory blockade

Time for distribution of sensory | Time to achieve maximal

Group blockade until T10 (min) sensory blockade (min)
I 43+05 6.4+04
Il 44+0.8 6.6+0.7
11 4+0.7 6.2+0.9

Mean time to achieve maximum sensory blockade was with no significant
difference among the groups (p < 0.05)

At the fourth, 12 and 24" postoperative hour, the hor-
mones of the surgical stress response were recorded. The
study showed that patients in Group I had significantly
higher cortisol serum levels at the fourth hour after surgery
(Table 4).

Blood glucose levels were not significantly different
among the groups. Levels of CRP increased remarkably
postoperatively in the Group I (Table 5).
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Table 4. Average serum cortisol levels (nmol/I) in the groups with 280 -
20 pg, 25 ug, and 30 pg intrathecal fentanyl, four, 12, and 24 hours =
postoperatively 270 -
o Preoperatively Postoperatively (nmol/l) -
Pl (nmol) 4 hours 12 hours 24 hours 260
| 4724 +167.6 | 593.2+277.3 | 850 £ 265.1 | 698 + 105.3 950
I 692.6 +219.7 | 636.7 £184.2 | 789 +278.2 | 4903+ 170.6 250 1
11l 558.5+353.1 | 441.8+£2494 | 765+ 149.4 | 4416+ 2773 240 -
Patients in Group | had significantly higher cortisol serum levels at the fourth
hour after the surgery (p < 0.05) 230
Table 5. Levels of C-reactive protein (mg/L) four, 12, and 24 hours 220
postoperatively
: p)
Group | Preoperatively Postoperatively (mg/L) 210 i i i
. (mg/L) 4 hours 12 hours 24 hours Groupl GroupII Group III
| 189+3 1084+1.1 | 787+266 | 653+289
I 590+22 53417 2134112 1124809 Figyre 1. New ana.llgesic needed postoperat'ively; the !ongest time
until new analgesic was needed postoperatively was in the Group
1 161+£25 | 187+16 | 568+156 | 449+214 Il (p < 0.05).

Levels of C-reactive protein increased remarkably postoperatively in Group |
(p <0.05).

Table 6. Prevalence of side effects

inadequate sensory or motor blockade.

Hypotension Bradycardia Nausea Vomiting Intra-operatively, analgesia was adequate
Group | Number of | ,, | Numberof [ o~ | Numberof | o | Numberof | in all groups. Similar results had Ben et al.
patients (n) patients (n) patients (n) patients (n) [20] with intrathecal dose of 4 mg bupiva-

| 17 315 11 204 0 0 0 0 caine with 20 pg fentanyl.
Il 18 333 13 24.1 2 3.1 0 0 Bibhush [21] compared three different
I 25 46.3 18 333 4 74 2 3.7 doses (12.5 mg, 10 mg and 5 mg) of 0.5%

Incidence of hypotension, bradycardia, nausea and vomiting were significantly higher in Group IlI

(p < 0.05).

Incidence of hypotension, bradycardia, nausea and
vomiting were significantly higher in Group III (p < 0.05)
(Table 6). Pruritus and shivering were not recorded among
the groups.

The longest time until new analgetic was needed post-
operatively was in the Group III (Figure 1).

DISCUSSION

The intensity of sympathetic nervous system blockade
depends on the local anesthetic dosage. A degree of sym-
pathetic blockade and consequent hypotension after spinal
anesthesia can be reduced by using small doses of local
anesthetic. On the other side, a more breakthrough pain
was reported with bupivacaine doses of 5 mg or less [16].
This tendency to adopt a higher dose approach is likely to
be attributable to concerns that duration of spinal anesthe-
sia may not be sufficient for the proposed surgery when
bupivacaine < 10 mg is used [17].

The success of spinal anesthesia with low dose of lo-
cal anesthetic can be improved by addition of opioids.
Intrathecally fentanyl doses not make additional effects
on the sympathetic blockade, but makes duration of anal-
gesia longer [18, 19].

In this study, the maximum dose of the intrathe-
cal solution of 0.5% bupivacaine was 2 ml (10 mg) with
30 pug (0.6 ml) fentanyl. This dose was defined by the
results of the previous studies [19, 20]. Lower doses of
local anesthetics combined with opioids may result in
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bupivacaine, with 25 pg fentanyl. The re-
sults of this study showed that the dose of
5 mg of bupivacaine in combination with
25pg of fentanyl intrathecally had inadequate motor block-
ade, while the dose of 10 mg of bupivacaine increased in-
tensity and duration of both, sensory and motor blockade.
The time was 241.96 minutes. In this study the duration of
motor blockade was 141.67 + 15.3 minutes.

In this study, increasing the dose of fentanyl from 0.4
ml (20 pg) to 0.5 ml (25 pg) and 0.6 ml (30 pg) resulted in
the increase of the maximum level of sensory blockade.
The time of achieving maximum analgesia was with no
significant difference among the groups. Kuusniemi [22]
had similar results.

Cortisol has been researched in order to find the best
anesthetic approach to reduced surgical stress response.
Opioids, fentanyl and morphine, can reduce surgical stress
response. Kwon et al. [23] hypothesized that circadian
rhythm of cortisol might affect postoperative cortisol lev-
els depending on the surgery start time. Cortisol recovery
to preoperative level was faster in the afternoon surgery
than in the morning surgery group. In this study, all pa-
tients had surgical treatment in the morning. Postoperative
cortisol increased, similar to previous studies, except in the
Group II, where the values were the same as before surgery.
Cortisol serum level was significantly higher in the Group
I at the fourth postoperative hour. Postoperatively, at 12th
hour, there was a remarkable increase of the cortisol serum
levels in all groups.

CRP serum levels were without any significant dif-
ferences among the groups. At the fourth postoperative
hour, the level of serum CRP was significantly higher in
the Group I. Even after 12 hours it showed higher levels.
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Impaired metabolism of glucose has influence on
wound infection, and can cause cardiac and thromboem-
bolic complications. Hahn et al. [24] mention the reduc-
tion of the postoperative complications in patients who
were not diabetics. Glucose blood level is very important
peri-operatively and postoperatively. In this study, blood
glucose levels were not significantly different among the
groups.

As aresult, Knigin et al. [25] described spinal hypoten-
sion in 43.4% of patients. Rao et al. [26] described hypo-
tension in seven out of 30 patients in a group with 8 mg
bupivacaine combined with 25 pg fentanyl. Malhotra et al.
[27] reported that the highest incidence of hypotension
had a group with 12.5 mg of bupivacaine combined with
25 pg fentanyl. In this study, hypotension was described
in 60 patients (37%). In Group I it was described in 17
(31.5%) patients. In Group II hypotension was described in
18 (33.3%) patients, and in Group IIT in 25 (46.3%). Better
hemodynamic stability was observed in patients with 10
mg bupivacaine and 20 pg fentanyl. Ali et al. [28] reported
pruritus with higher doses of fentanyl (25 pg). Akanmu
et al. [29] described pruritus and shivering only in pa-
tients who received 10 mg of bupivacaine with 25 pg of
fentanyl. Pruritus and shivering were not recorded among
the groups in our study.
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In our study, the longest time of analgesia was observed
in the Group I11, 272 + 21 min. Akanmu et al. [29] found
that analgesia lasted the longest in patients who received
10 mg of bupivacaine with 25 pg of fentanyl, and it was
276.23 £26.21 min.

CONCLUSION

Spinal anesthesia using standard doses of local anesthetics
for hip endoprosthesis surgery in geriatric population, of-
ten causes hemodynamic instability due to reduced physi-
ological reserve and comorbidities of patients. In order to
prevent negative side effects and complications, but achieve
an appropriate sensory and motor blockade, the use of
lower doses of local anesthetics combined with opioids
was implemented in practice.

The dose of 10 mg (2 ml) of bupivacaine combined with
25 ug (0.5 ml) fentanyl, in this study, was the optimal op-
tion to achieve hemodynamic stability, sufficient sensory
and motor blockade, and reduce the stress response and
the incidence of the opioids side effects such as vomiting,
nausea, pruritus, etc.
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KomnapaTuBHa aHanu3a Tpu pasnuuute aose GpeHTaHmna y KombUHaLmjm ca
CTaHAapAHOM A030M BynuBaKauHa Koa, CMMHANHOTr 610Ka Kog 6onecHuMKa
NOABPrHYTUX e/IeKTUBHOj OnepaLmnju yrpaatbe BEWTauKor KyKa

Mapuwja Jouh', Pagmuno JaHkosuh? Hebojwa BuaeHosuh?, Mapuja Crowuh?, Hec Becennnosuh?*, Burbana Crowumh?

'OnwTa 6onHuLa NleckoBay, Cnyxba aHecTe3uje 1 peaHumatonoruje, Jleckosau, Cpbuja;
2YHusepauTet y Huwy, MeguumHckm dakyntet, KnuHnukn ueHtap Huw, KnuHuka 3a aHectesujy 1 uHTeH3uBHY Tepanujy, Huw, Cp6uja;
3YHuBep3uTeT y MpuwtnHm — Kocoscka Mutposuua, MeauumHckn dakynteT, KnnHnyko-60nHNYKM LieHTap MpuiwTiHa - MpayaHuua,

lpavanwua, Cpbuja;

“CTypeHT NoCTANNNIOMCKUX CTyawja, YHnBepauTeT y Huwy, MegunumnHckn dakyntet, KnnHnukn ueHTap Huw, KnnHnka 3a aHectesujy u

WHTeH3MBHY Tepanujy, Huw, Cpbuja

CAXETAK

Yeoa/Uwm CnnHanHa aHecTesuja yecTa je aHecTe3nosoLKa
TeXHVKa Koja ce KOPUCTU TOKOM XMpPYPLUKe NHTepBeHUMje
yrpagme BelwTavykor Kyka. OBaj XvpypLIK/ TpeTMaH Moxe
13a3BaTh CYCTEMCKM OArOBOP Ha XUPYPLUKMN CTPeC, OBHOCHO
XOPMOHCKe, MeTabonmuke 1 3anasmbeHcke npomeHe. ViHTpaTe-
KaJsiHO JjaTi OMNMOVAY Kao afjyBaHT JIOKaIHOT aHecTeTMKa OCTBa-
PpYjy CrHeprucTnyiky epekat ca kM YnHehy cnmHanHmu 610K
MOTAYHWjUM YaK v NPV MPUMEHN HUXIX [03a TOKaNHOT aHecTe-
TWKa, @ UHUUAEHLY HexerbeHrx edekata CBOAE Ha MUHUMYM.
MeTtope Crynujom cy obyxBaheHa 162 6onecHvika, 0ba nona, u3
rpyne 1-2 no knacudukaumjn ASA (AMepuruKor JpyLITBa aHeC-
Te31010ra), Nofe/beHa y Tpy rpyne MeToAoM CiyyajHor n3bopa.
Wcnutanmum cy gobujanu 10 mg 0,5% pactBopa bynmsakaunHa
1 20 ug (pyna I) nnu 25 pg (Mpyna Il) nnn 30 ug (Tpyna ll) der-
TaHWNa HTPaTeKaHo.

PesynTatu Huje 61no cTaTUCTUYKM 3HaYajHe pasninke y Bpeme-
Hy NOTPe6HOM 3a MOCTK3akbe NOTMYHE MOTOPHE 1 CEH3UTVBHE
6nokage mehy rpynama, oK je Bpeme Tpajarba MOTOPHE 6110Ka-
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Ae 6uno 3HaTHO Kpahe y Mpynu I1l. MoctonepaTBHO, TOKOM NpBa
yeTnpw cata 6onecHuum Mpyne | imanu cy Hajsehy BpegHocT
KopTusona y cepymy. H1BO rnnkemuje y KpBu HUje MMao CTa-
TUCTUYKIM 3HaYajHy MPOMeHy BpeaHOCTU. TOKOM nocTtonepatu-
BHOT nepriofa BpeaHocTn CRP burne cy HajBuLLe Kof 6onecHMKa
Tpyne I. UHumaeHua xunoTeHswje, 6pagrkapamnje, MyyYHHe 1
nospahatba 6una je Hajeha y lpynu lll. CBpab v apxTare HuCy
OMNuCaHu HW Y jeAHOj 0f ncnuTaHux rpyna. lloctonepatneHo,
Hajoy»u nepuog Ao notpebe 3a aHaNreTMKOM OMMCaH je Kog
6onecHuka pyne .

3akmyuak [prumeHom 25 g deHTaHnna, Kao afjyBaHTa J1o-
KanHoM aHecTeTuky, 10 mg 0,5% 6ynuBakanHy, nocTuxe ce
afleKBaTHa XeMOAVHaMCKa CTabUIHOCT, MOTOPHA 1 CEH3UTUBHA
6noKafa, CMatbyje OAroBOp OpraHy3Ma Ha XMpPYpPLIKU CTPeC 1
peaykKyje MHUMAEHLa HexerbeHrx edeKaTa onmonaa, MyuyH1Ha,
nospahatbe, cBpab uta.

KmbyuHe peun: cnuHanHa aHecTeswja; 6ynuBakanH; GeHTaHun;
nocTonepaTMBHa aHanresuja
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