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Abstract: Background: Interleukin (IL-6) and C-reactive protein (CRP) are found to be elevated in various inflammatory
and malignant diseases and their levels are found to correlate with the extent of the disease. We evaluated the role of
adding hydrocortisone to two different anesthetic regimens, on the level of IL-6, CRP and cortisol levels following breast
cancer surgery.

Patients and Methods: In this prospective, randomized, controlled trial, 124 ASA I-II, female patients, aged 30-50 years,
undergoing conservative breast cancer surgery were randomly assigned to one of four equal groups receiving either
standard general anesthesia and two doses of hydrocortisone (Group GH, n=31), thoracic paravertebral block and two
doses of hydrocortisone (Group PH, n=31), standard general anesthesia with no hydrocortisone (Group G, n=31), or
thoracic paravertebral block with no hydrocortisone (Group P, n=31). IL-6 was measured at three time points: before
operation, 6 and 12 hours postoperatively. CRP and cortisol were measured preoperatively and 6 hours postoperatively.

Results: On comparing group PH and GH, there was significant decrease in IL-6 level in group PH compared to group GH
at 6 hour (122.14£21.2 vs 135.8+29.8pg/dl), but insignificant difference at 24 hours (107.9+21.6 vs 106.8+15.9pg/dl). CRP
showed significant decrease in the postoperative reading in group PH compared to group GH (1.63+0.32 vs
1.91+0.43mg/1), and also group PH showed significant decrease compared to the control group P (1.63+0.32 vs 2.24+0.54).

Conclusion: addition of hydrocortisone to general anesthesia or thoracic paravertebral block attenuated production of IL-6
and CRP levels significantly postoperatively compared to either anesthetic regimen alone, but not the serum cortisol level,
highlighting its role in modifying the stress response to surgery. However, the effect was more pronounced when

combined with thoracic paravertebral block.
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INTRODUCTION

The cytokines are low-molecular-weight heterogenous
proteins which include interleukins and interferons. The
main cytokines released are interleukin-1 (IL-1), tumor
necrosis factor-o (TNF-o) and Interleukin (IL-6) [1]. They
have a major role in the inflammatory response to
malignancy, trauma and surgery, inducing local and systemic
effects which attempt to limit injury and seem to be directly
involved in the symptomatology of sepsis, multiorgan failure
and septic shock [2]. IL-6 is a sensitive, early marker of
tissue damage, and the main proinflammatory cytokine
responsible for inducing acute phase response [1, 3]. It has a
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major impact on outcome following surgery as its levels are
increased in breast cancer patient. Excessive IL-6, both
circulating and within the breast tumor microenvironment, is
associated with poor clinical outcomes in breast cancer [4].
IL-6 stimulates secretion of C-reactive protein (CRP) from
the liver, which is now considered to be an important
biomarker for proinflammatory status in several diseases
including cancer [5]. Both IL-6 and CRP are found to be
elevated in various inflammatory and malignant diseases and
their levels are found to correlate with the extent of the
disease [6]. Serum IL-6 is released within minutes by blood
leukocytes and constantly detected in the peripheral blood;
therefore, the increase of IL-6 may reflect the magnitude of
surgical trauma. By 24 to 36 hours postoperatively, the levels
of IL-6 in the plasma decrease to preoperative values
because of attenuated production [7-10]. It is believed that it
stimulate auto and paracrine stimulation of tumor cell
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proliferation, in addition of being an independent prognostic
marker of survival in metastatic breast cancer patients [11].
In literature, there are few researches focusing on the impact
of hydrocortisone on cytokine levels in humans. In a prior
study, the use of hydrocortisone led to significant decrease of
the inflammatory response among patients undergoing
bilateral total knee replacement indicated by measuring IL-6
production [12]. This prospective, randomized, controlled
study was performed to evaluate possible differences in the
plasma inflammatory cytokine interleukin 6 (IL-6), the
release of the stress hormones (cortisol), and C-reactive
protein (CRP) by adding hydrocortisone to two different
anesthetic regimens in a population of healthy female
patients with cancer breast undergoing unilateral
conservative breast cancer surgery.

PATIENTS AND METHODS

After obtaining Institutional Review Board approval
(Trial number: PACTR201304000509378) and written
informed consent, this prospective, randomized, controlled
study was conducted at Medical Research Institute Hospital,
Alexandria, Egypt in the period from April 2013 to February
2014. The study enrolled 124 female patients, ASA physical
status I or II aged 30 to 50 years, with cancer breast
scheduled for unilateral conservative breast cancer surgery.

Patients with endocrine or metabolic disorders, diabetes,
morbid obesity (Body Mass Index >40 kg/m® or 35 kg/m”
with co-morbidity), history of CNS diseases, known allergy
to bupivacaine or any contraindication to paravertebral
block, pregnancy, lactation, taking steroid medications and
patients under current or recent medication affecting the
sympathetic response or the hormonal secretion were
excluded from the study.

All patients were subjected to a standard pre-operative
evaluation. The selected patients were randomly allocated to
one of the four equal groups by using sealed, opaque
envelopes to receive standard general anesthesia and two
doses of hydrocortisone (Group GH, n=31), thoracic
paravertebral block and two doses of hydrocortisone (Group
PH, n=31), standard general anesthesia with no
hydrocortisone (Group G, n=31), or thoracic paravertebral
block with no hydrocortisone (Group P, n=31).

In group (GH), on arrival at the operating theatre, routine
standard monitoring was used for all patients, after
preoxygenation using 100% Oxygen for 3 minutes, all
patients received standard anesthetic techniques; anesthesia
was induced by fentanyl 1.5 pg/kg, and propofol 2 mg/kg
followed by the administration of cisatracurium 0.15 mg/kg
to facilitate orotracheal intubation. Anesthesia was
maintained with isoflurane 1-1.5% in a mixture of air in
oxygen (60%:40%), and patients received intermittent doses
of fentanyl and cisatracurium. All patients received
hydrocortisone 100mg intravenously at induction and the
same dose was repeated 2 hours later.

Patients in Group (PH) were sedated during performance
of thoracic paravertebral block (TPVB) with propofol
infusion in a dose of 100 mcg/kg/min using a syringe pump
(Life Care5000 Infusion Set, Abbott, Ireland). Thoracic
paravertebral blocks were then performed as described by
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Katz [13]. Paravertebral injections were performed with the
patient in lateral position (surgical side facing upward).
Spinous processes of T3 to T6 were identified and a mark
was taken corresponding to 2.5 cm lateral to them. After
aseptic preparation of the skin, these points were infiltrated
with lidocainel% 1-2 ml. An 18-gauge Epidural Tuohy
needle was inserted perpendicular to the skin at T4 at the
corresponding mark, when the tip of the needle touched the
corresponding transverse process, the needle was withdrawn
and redirected cephalad to slide over the transverse process
to reach a depth of 4 cm as a maximum, piercing the superior
costotransverse ligament and advanced into the paravertebral
space. A loss of resistance to saline was usually encountered
to confirm the space at this depth. After negative aspiration
of blood, air or cerebrospinal fluid, 30 ml of bupivacaine
0.5% was injected; adequate block was confirmed by loss of
temperature sensation over appropriate dermatomes, and by
testing pinprick sensation in the surgical field before
incision. All patients were contacted verbally and routine
standard monitoring was used for all patients. After assuring
adequate anesthesia and the patient was vitally stable,
without any manifestations of local anesthetic toxicity, the
surgery started. All patients received hydrocortisone 100 mg
at start of block and the same dose was repeated two hours
later. Two senior consultants performed the TPVBs to
minimize variation in the technique.

Patients in group (G) received the same standard
anesthetic techniques as group (GH) without administration
of Hydrocortisone and this group was served as control

group.
Patients in group (P) received the same thoracic
paravertebral block technique as group (P) without

administration of Hydrocortisone and this group was served
as control group.

Postoperative pain scores in the first 24 hours were
always below or equal 3 on visual analogue scale (VAS) in
all studied groups. Infusion of 0.125 % buipivacaine in the
paravertebral groups, while using 30 mg ketorolac/ 8 hours
IV. in the general anesthesia groups and nalbuphine of 2 mg
IV. As arescue analgesic, to maintain VAS of <3.

Venous blood samples were collected peripherally, from
an antecubital vein of the arm contralateral to the surgery,
using a small cannula. For each patient in all groups,
peripheral blood samples for measuring IL-6 were collected
at three time points: before operation, six hour after the end
of the procedure, and twenty four hours after the procedure.
IL-6 was measured in serum samples by enzyme linked
immunosorbent assay using AviBion Human IL-6 ELISA
KIT, FINLAND, The assay employed an antibody specific
for human IL-6 coated on a 96-well plate. IL-6 in samples is
captured by the antibody immobilized to the wells and by a
biotinylated IL-6 specific detection antibody. After washing
away unbound biotinylated antibody, HRP-conjugated
streptavidin and TMB substrate solution were added to the
wells resulting in color development proportional to the
amount of IL-6 bound. The intensity of the color was
measured at 450 nm. The mean of reagent blank absorbance
values were calculated and substracted from all test well
(standard and samples). A calculated result against standard
curve was drawn [14]. Serum and plasma samples were
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isolated from whole blood by centrifugation according to
standard protocols.

CRP and cortisol were measured preoperatively and 6
hours postoperatively. Cortisol was measured in serum
samples by electrochemiluminescence immunoassay
technique (ECLIA) on Cobas e immunoassay analyser based
on competition test principle using a polyclonal antibody
which is specifically directed against cortisol . Endogenous
cortisol in the sample which has been liberated from binding
protein with danazol competes with exogenous cortisol
derivative in the test which has been labeled with ruthenium
comlex for the binding sites on the biotinylated antibody.
Results were determined via a calibration curve which is
instrument-specifically generated by 2-point calibration and
a master curve provided via the reagent barcode [15].

Statistical Analysis

Statistical analysis was done by SPSS version 18.0 for
analyzing the collected data. The following statistical
measures were used:

e Descriptive statistics including range, mean, and
standard deviation were used to describe different
characteristics.

e Kolmogorov — Smirnov test was used to examine the
normality of data distribution.

e Univariate analyses including: t-test and paired t-test
were used to test the significance of results of
quantitative variables. Moreover, Chi-Square test,
Monte Carlo test, were used to test the significance of
results of qualitative variables.
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e The significance of the results was at the 5% level of
significance.

RESULTS

One hundred thirty seven patients on the surgical list
were identified as possible participants. Of these, thirteen
were not eligible due to exclusion criteria. The remaining
124 patients fulfilled all criteria, and were allocated to
participate in the study with no patient drop outs (Fig. 1). All
four groups were comparable with respect to age, body mass
index (BMI), duration of operation and American Society of
Anesthesiologists s classification (ASA) (P > 0.05, Table 1).

All groups showed insignificant difference in the baseline
value of IL-6 between groups (P > 0.05, Table 2, Fig. 2) and
each group showed significant increase of IL-6 level at 6 and
24 hours postoperatively, compared to its baseline levels (P
< 0.05, Table 2, Fig. 2). All groups showed significant
decrease in IL-6 values at 24 hours compared to 6 hours
postoperatively (P < 0.05, Table 2, Fig. 2). On comparing
group PH and GH, there was significant decrease in IL-6
level in group PH compared to group GH at 6 hour
(122.1£21.2 vs 135.8429.8pg/dl), but insignificant difference
at 24 hours (107.9+£21.6 vs 106.8+15.9pg/dl). However, there
was significant difference in the IL-6 values at 6 and 24
hours between both; group HG and its control (group G)
(135.8 £29.8 vs 158.1+ 40.8pg/dl), at 6 hours, and 24 hours
(107.6+ 21.9 vs 147.7+ 39.9 pg/dl) , and group HP and its
control (Group P) at 6 hours ( 122.1+21.2 vs 156.9+39.6
pg/dl), and 24 hours (106.8+15.9 vs 146.9 + 39.3pg/dl).

All four groups showed significant increase in cortisol
level in the postoperative period compared to baseline
reading (9.41£1.40 vs 20.11+1.72, 9.52+1.4 vs 120.60+1.61,

Eligibility assessment (n = 137)

Excluded cases (n = 13)

Did not meet inclusion criteria (n = 13)

Envelope randomization (n =124)

Allocation

Group GH (n = 31) Group PH (n =31)

Group G (n =31) Group P (n =31)

] L

Analyzed (n =31) Analyzed (n = 31)

Fig. (1). Flow chart of the study.
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Analyzed (n = 31) Analyzed (n = 31)
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9.54+1.6 vs 20.93%£1.74, 9.50+1.5 vs 20.72+1.60 in groups
GH, PH, G and P respectively (P < 0.05, Table 3), however,
the difference between groups was statistically insignificant
(P>0.05, Table 3).

All four groups showed significant increase in CRP
postoperatively compared to baseline value (P < 0.05,
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Table 4), however, the CRP value was significantly less in
group PH compared to group GH postoperatively (1.63+0.32
vs 1.914+0.43mg/1, respectively, P < 0.05, Table 4). The CRP
values was significantly less in both group PH and group GH
compared to their controls; (1.91£0.43 vs 2.234+0.40 mg/l)
and (1.63£0.32 vs 2.240.54) respectively, P <0.05, Table 4).

Table 1. Patients characteristics.
Personal characteristics Group (GH) Group (PH) Control (G) Control (P)
(n=31) (n=31) (n=31) (n=31)
Age (years)
Min-Max 30-49 33-48 31-45 34-50
Mean+SD 41.1£3.2 42.6£2.9 39.842.8 44.545.1
BMI (Kg/m?)
Min-Max 26.6-34.4 28.1-35.8 27.4-34.9 26.2-35.4
Mean+SD 31.244.7 32.6£3.9 31.842.7 32.1+4.5
Duration of surgery (min)
Min-Max 70-90 70-85 65-90 70-95
Mean+SD 81.1+3.1 79.7£3.3 79.5£5.9 82.0+6.4
ASA
ASAT 11 (35.5%) 10 (32.3%) 12 (38.7%) 7(22.6%)
ASATI 20 (64.5%) 21 (67.7%) 19 (61.3%) 24 (77.4%)
ASA = American Society of Anesthesiologists. Values are presented as means (SD), or number of patients (n) and percentages (%).
Table 2. Interleukin- 6 measured pre and postoperatively among the studied groups.
Interleukin 6 (pg/dI) Gr?;'f;l();m Gr(on“:;(ll;H) CO(“I:;;G) Co(l::;i)(l)) Sig 1 Sig 2 Sig 3
Preoperative
Min-Max 35-130 45-130 53-120 50-120 t=0.711 t=0.393 t=0.42
Mean=SD 86.3+20.9 89.8+18.4 88.0+13.9 87.7£13.9 P=0.48 P=0.696 P=0.676
6 hours post-operative
Min-Max 80-200 70-160 100-280 100-280 =2 134 =2 453 =4.461
Mean+SD 135.8429.8 122.1£21.2 158.1+40.8 156.9£39.6 P=0.037* P=0.017* P<0.0001%*
24 hours post-operative
Min-Max 55-150 80-140 95-260 95-260 =0.172 =4012 =5.46
Mean+SD 107.6£21.9 106.8+15.9 147.7£39.8 146.9+£39.3 P=0.864 P<0.0001%* P<0.0001%*
Sig (Pre/6 hrs Postoperative) [P<0.0001%*] [P<0.0001%*] [P<0.0001%*] [P<0.0001%*]
Sig (Pre/24 hrs Postoperative) [P<0.0001%] [P<0.0001%] [P<0.0001%] [P<0.0001%]
igggﬁi}vzj 24 hrs [P<0.0001*] | [P<0.0001*] | [P<0.0001*] | [P<0.0001%]

Sigl: Significance between Group (GH) and Group (PH)
Sig2: Significance between Group (GH) and Control (G) Group
Sig3: Significance between Group (PH) and Control (P) Group

t: t-test [P]: P for Paired t-test *significant at P<0.05
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Fig. (2). Interleukin- 6 measured pre and postoperatively among the studied groups.

Table3. Serum cortisol level measured pre and postoperatively among the studied groups.

Serum cortisol level Group (GH) Group (PH) Control (G) Control (P)
(n=31) (n=33) (n=31) (n=31)
Preoperative
Min-Max 9.1-10.0 9.3-10.1 8.9-10.2 8.8-10.0
Mean+SD 9.41+£1.40 9.52+1.41 9.54+1.6 9.50+1.5
Post-operative
Min-Max 18.8-22.0 18.5-23.4 19.0-22.4 18.1-22.3
Mean+SD 20.11£1.72% 20.60+1.61* 20.93£1.74* 20.72+1.60*
* P<0.05 significant compared to baseline.
Table4. CRP level measured pre and postoperatively among the studied groups.
om0 | o | Coum© [ o
Preoperative
Min-Max 0.7-1.8 0.8-1.9 0.9-1.8 0.6-1.9
Mean+SD 1.24+0.31 1.32+0.37 1.21+0.30 1.23+0.44
Post-operative
Min-Max 1.2-3.0 1.2-2.6 1.8-3.2 1.8-3.4
Mean+SD 1.91+0.43* 1.63£0.32*} 2.23+0.40* 2.2+40.54*

* P<0.05 significant compared to baseline, ¥ P=0.001 significant compared to group GH,
P<0.0001 significant compared to group P.

1 P<0.0001 significant compared to group G,
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DISCUSSION

This prospective, randomized, controlled study revealed
that the addition of two doses of hydrocortisone to either
general anesthesia or thoracic paravertebral block attenuated
production of IL-6 significantly at 6 and 24 hours
postoperatively compared to control groups, demonstrating
the role of hydrocortisone in reducing the IL-6 level. In
animal models, Lodge ef al. [16] showed that the use of
glucocorticoids can reduce the interleukins 6 and 8, tumor
necrosis factor—(TNF- a) and increase anti-inflammatory
cytokines such as IL-10, IL-4.

Elysee et al. [12] reported that, the use of hydrocortisone
(100 mg) at 2 doses 8 hrs apart significantly decreased the
inflammatory response in patients undergoing bilateral total
knee replacement as the levels of IL-6 were 40% lower in the
study group compared to placebo group. Moreover, the range
of motion gained on discharge was also greatest in the study
group. In another study, it has been suggested that combined
preoperative and intraoperative steroid administration
attenuates the inflammatory response more effectively than
intraoperative steroid administration alone [17].

In our study, the baseline level of IL-6 was elevated in all
groups. Hussien MZ et al. [18] in their study showed that the
baseline IL-6 level is highly increased in breast cancer
patients, and that serum levels of IL-6 (mean =111.38 pg/ml)
was significantly increased in breast cancer patients as
compared to controls (mean 1.75 pg/ml). Addionally,
Dethlefsen et al. [19] illustrated in their study that high
circulating IL-6 levels are correlated with a poor prognosis in
breast cancer patients. Surgical stress is known to induce an
increase in serum levels of IL-6. However, different
regimens of anesthesia are associated with differences in
cytokine secretion pattern.

A combination of hydrocortisone and general anesthesia
provided significantly less attenuation of production of IL-6
compared to combination of hydrocortisone with thoracic
paravertebral block at 6 hours but not 24 hours
postoperatively. These results indicate that TPVB seems to
better attenuate the production of IL-6 compared to general
anesthesia. However, in the current study, TPVB was not
continued postoperatively by using a catheter technique in
the paravertebral space. This may explain insignificant
differences between groups 24-h post-operatively. Many
anesthetic techniques are used to decrease immune responses
to surgeries, and it has been reported that the stress response
to surgery, is attenuated by regional anesthesia, including
paravertebral anesthesia by blocking pain pathways [20-22].

The results of the current study supported the findings
reached by Cuellar et al. [23] who measured the
proinflammatory  cytokines in  subjects undergoing
laparoscopic cholecystectomy, receiving either regional or
general anesthesia, comparing the 2 groups, they argued that
proinflammatory cytokines was significantly higher in the
general anesthesia group. In another study by, Hadimioglu et
al. [24] they showed that IL-6 levels increased significantly
at all the measured times compared with the baselines level
in both general anesthesia group, and combined epidural
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with general anesthesia group. On comparing the 2 groups,
they observed that the increase was greater in the general
anesthesia compared with the combined group at all
measured times.

Experimental studies in rats showed that surgical stress is
attenuated better by the addition of spinal blockade to
general halothane anesthesia than by general anesthesia
alone and that, consequently, natural killer cell function is
better preserved and markedly attenuates the promotion of
metastasis by surgery [25]. A retrospective analysis of 129
patients undergoing mastectomy and axillary lymph node
dissection for breast cancer suggested a lower risk for cancer
recurrence or metastasis during the initial years of follow-up
in patients having surgery with paravertebral block combined
with a general anesthesia compared with patients with
general anesthesia alone [26].

Our study showed that the postoperative increase of
C-reactive protein concentrations was significantly less with
combination of hydrocortisone with thoracic paravertebral
block compared to combination of hydrocortisone and
general anesthesia. Moreover, addition of hydrocortisone to
either group provided significantly less increase compared to
control groups highlighting that addition of hydrocortisone
to anesthetic regimens could possibly decrease stress
response markers which was more pronounced when added
to thoracic paravertebral block. This result confirms previous
clinical data, O'Riain et al. [21] showed that CRP as a
marker of stress response were reduced in general
anesthesia-paravertebral block group for breast cancer
surgery compared to general anesthesia alone group (2.6+1.5
vs 5.7£2.9 nmol/L). In another study, Rodriguez et al. [27]
showed that thoracic epidural anesthesia significantly
attenuated the CRP level.

Although, the postoperative serum cortisol level was
significantly increased in all groups compared to baseline
value, the difference between groups was insignificant.
Conflicting results have been reported by Wedad et al. [28]
who found that the serum cortisol level postoperatively was
significantly lower in paravertebral group. In other study,
Ibrahim et al. [29] found that the paravertebral group had
significant lower values of postoperative serum cortisol
compared to thoracic epidural group. In other report, Aggo et
al. [30] compared plasma cortisol level in epidural versus
general anesthesia groups, and found significant decrease in
epidural group in all measured times. Our study is not quite
similar with previous studies because of the variations in
study design; the dosage, timing of hydrocortisone
administration and timing of serum cortisol level
measurement.

Limitations of the study include that; first, we measured
only one inflammatory cytokine, future studies would benefit
from assessments of more cytokines. Second, serum cortisol
level would need more monitoring to trace the changes after
L.V hydrocortisone injection. Third, we did not measure any
clinical outcomes; therefore further clinical trials would be
required to ascertain whether the differences in cytokine
levels affect tumor recurrence, wound healing and patient
survival. Finally, more studies on larger scale are warranted
with possibly more doses of hydrocortisone.
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CONCLUSION

We found that of addition of hydrocortisone to either
general anesthesia or thoracic paravertebral block attenuated
production of IL-6 and CRP levels significantly
postoperatively compared to either anesthetic regimen alone,
but not the serum cortisol level, highlighting its role in
modifying the stress response to surgery. However, the effect
was more pronounced when combined with thoracic
paravertebral block, it is possible that TPVB may offer
advantages in terms of inflammatory effects compared to
general anesthesia.
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