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Postoperative patient-controlled epidural or 
intravenous pain treatment after one-stage unilateral 
hybrid atrial fibrillation ablation surgery?

Vincent Jean Umbrain1, Stefan Beckers1, Gian Battista Chierchia2, Carlo de Asmundis2,  
Elisabeth De Waele3, Marc Diltoer3, Mark La Meir4

A b s t r a c t

Introduction: Finding the best pain treatment approach after one-stage hy-
brid AF ablation surgery is difficult as cardiac, thoracic and diaphragmatic 
nerve endings are sensitized. We hypothesized that patient-controlled post-
operative epidural pain treatment with high thoracic (T4) epidural ropiva-
caine (EA) would provide superior pain relief when compared with an intra-
venous patient-controlled piritramide pump (IA).
Material and methods: This prospective study in 69 consecutive patients 
compared postoperative pain report, pain location and breathing mode. 
A standardized combined anesthesia method with inotropic support (if re-
quested) was used during surgery. The simultaneous thoracoscopic and en-
dovascular ablation surgery consisted of a  stepwise ablation protocol. EA 
consisted of ropivacaine 2 mg/ml set at 4 ml/h with a patient-controlled EA 
regimen of: 2 ml/30 min. The IA group received a PCA regimen of 2 mg of 
piritramide every 7 min with 30 mg/4 h maximal dose. Parameters assessed 
after surgery were pain with VAS scores, pain locations, breathing frequency 
and mode, sleep, duration of drain and hospital stay. To ease pain patients 
also received: paracetamol, diclofenac (when possible), morphine, colchicine 
and aspirin (pericarditis suspicion).
Results: Fifty patients with refractory AF were recruited. Similar peak dy-
namic pain scores and referred pain localizations, but lesser initial respi-
ratory comfort and sleep recuperation and a tendency to more PONV were 
observed in IA patients. Postoperative suspected ablation pericarditis inci-
dence was high.
Conclusions: Both postoperative EA or IA pain treatments are valuable op-
tions yielding no differences in pain report after surgery. But EA may initially 
improve the patient’s respiratory ease.

Key words: epidural anesthesia, opioids, radiofrequency catheter ablation, 
hybrid procedure, pain after surgery, persistent atrial fibrillation.

Introduction

The postoperative pain treatment after one-stage hybrid surgery for 
atrial fibrillation (AF) presents interesting challenges for the pain physi-
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A b s t r a c t

Introduction: Production of reactive species is a physiological phenomenon 
that participates in normal biological reactions; the imbalance between this 
production and the defence of antioxidant molecules is called oxidative 
stress and is incriminated in the aetiology of several pathologies such as 
cancer. 
Material and methods: We evaluate the oxidative status by measuring the 
level of radical attack molecules resulting from lipid and protein oxidation 
(malondialdehyde and carbonyls) and antioxidant markers by measuring the 
thiols level and the activity of two enzymes implicated in the antioxidant 
processes; catalase (CAT EC 1.11.1.6) and superoxide dismutase (SOD EC 
1.15.1.1).
Results: Our study reveals a significant increase in radical attack marker 
levels (p < 0.001) against a significant decrease of superoxide dismutase 
activity and thiol levels (p ≤ 0.001), whereas a non-significant variation was 
noted in catalase activity (p > 0.05). 
Conclusions: The data obtained clearly show the presence of oxidative 
stress in our population.

Key words: oxidative stress, colorectal cancer, malondialdehyde, carbonyls, 
catalase, superoxide dismutase, thiols.

Introduction

Oxidative stress is considered as the initial step leading to several 
pathogeneses, if not all of them. It is implicated in ageing-related pathol-
ogies, cancer, cardiovascular diseases, and diabetes. Many studies aim 
to elucidate the relationship between this phenomenon and the aetiolo-
gy of all the resulting pathogeneses. Cancer with its different types has 
aroused the interest of many researchers throughout the world. 

Colorectal cancer (CRC) preserves the third place in the world, all sex 
confounded, after lung cancer and breast cancer [1]. The aetiology of CRC 
is not well known, and efforts are focused on developing a therapy and 
identifying types of prevention.

Mitochondrial respiration phenomenon leads every aerobic cell to 
generate reactive species, which are called reactive oxygen species 
(ROS). Almost all of these molecules are pathogens and cause serious 
damage to cell macromolecules such as lipids, proteins, and DNA.

Paradoxically, ROS participate in cell signalling and regulation of cy-
tokines, growth factor and hormone action, transcription, ion transport, 
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neuromodulation, immune modulation, and apop-
tosis [2, 3]; they also modulate T-cell apoptosis [4]. 

The production of ROS must be controlled by an 
antioxidant system, which contains antioxidant 
enzymes (catalase, glutathione peroxidase, super-
oxide dismutase) and antioxidant non-enzymatic 
molecules (thiols, vitamins, uric acid).

Unbalance of the oxidant/antioxidant ratio has 
an important role in carcinogenesis. ROS are im-
plicated in different steps of the carcinogenesis 
pathway, and this arouses intense interest.

In our study we attempt to evaluate the oxida-
tive stress markers in a colorectal cancer popula-
tion living in the west of Algeria. Then, we meas-
ure the malondialdehyde (MDA) and carbonyl 
plasma levels and estimate the activity of catalase 
(CAT), superoxide dismutase (SOD) as antioxidant 
enzymes, and total thiol level as non-enzymatic 
antioxidant by using colorimetric methods.

Material and methods

Population

The study was carried out on 33 patients pre-
senting colorectal cancer recently diagnosed with-
out metastasis (22 men, 11 women), aged 54 ±9 
years, and compared to 30 volunteers (10 men,  
20 women) as controls, aged 48 ±7 years. 

Patients with other abnormalities or pathol-
ogies were excluded. Both populations were in-
formed about the study conditions and gave in-
formed consent.

Methods

Venous blood samples were collected in EDTA 
(ethylenediaminetetraacetic acid)-coated tubes and 
centrifuged at 3000 rpm for 15 min. The plasma ob-
tained was conserved at –80°C until measurements 
were made. All measurements were colorimetric. 

Malondialdehyde is one of the aldehyde prod-
ucts of lipid peroxidation; its level was determined 
by the thiobarbituric acid (TBA) reaction according 
to Quintanilha et al., 1982 [5]. Two molecules of 
TBA react with one molecule of MDA producing 
a pink solution; the absorbance of that solution 
was read against blank spectrophotometry at  
535 nm wavelength giving the MDA concentration 
expressed in µmol/l.

Carbonyls result from the oxidation of proteins; 
their level was measured according to the meth-
od of Levine et al., 1990 [6] using DNPH (dinitro-
phenylhydrazine) and guanidine. Optical density 
was measured against blank spectrophotometry 
at 275 nm, then the results were submitted to  
a step of calibration. 

Antioxidant activity was evaluated by measur-
ing the plasma level and activity of CAT, SOD, and 
thiols.

The catalase activity was evaluated according 
to the method of Góth, 1991 [7] using spectropho-
tometric determination of the level of hydrogen 
peroxide, which forms a stable complex with am-
monium molybdate that absorbs at 405 nm. One 
unit of CAT decomposes 1 µM of hydrogen perox-
ide per 1 l in 1 min under assay conditions, and 
the catalase level is expressed in kU/l.

The activity of superoxide dismutase was 
assessed using the colorimetric method as de-
scribed by Marklund and Marklund, 1974 [8]. By 
its own oxidation, the pyrogallol produces oxygen, 
which is absorbed at 325 nm. In the presence of 
SOD, the auto-oxidation of pyrogallol decreases.

Total plasma thiols or sulfhydryl group (-SH) 
concentrations were measured by the method de-
scribed by Hu et al., 1994 [9] modified from the 
method of Sedlak and Lindsay 1968 [10]. An al-
iquot of plasma (50 µl) is mixed with 1.0 ml of 
Tris-EDTA buffer, and the absorbance at 412 nm is 
measured. To this is added 20 µl of 10 mM DTNB 
(5,5’-dithiobis-2-nitrobenzoic acid). After 15 min 
in ambient temperature the absorption is mea-
sured again with a DTNB blank. Total SH (T-SH) 
groups concentration is calculated as described by 
Hu et al., 1994 [9].

Statistical analysis

IBM SPSS statistics version 20.0 software was 
used for statistical analysis. Results are present-
ed as mean ± standard deviation. Independent 
sample t-test was used to compare the means be-
tween groups. A value of p < 0.05 was considered 
to be statistically significant (on graphs; p < 0.001 
is indexed as a, and p = 0.001 is indexed as b).

Results

The clinical characteristics of our population 
are summarised in Table I. Almost of 33 CRC pa-
tients presented an adenocarcinoma (87.87%), 
with 60% being highly differentiated adenocar-
cinoma. Our patients were mostly diagnosed 
with adenocarcinomas in advanced stages (III: 
45.45%, IV: 24.24%) with 91% having left tumour 
location.  

We noted a highly significant increase in all 
radical attack markers (p < 0.001); MDA (µmol/l) 
5.98 ±2.85 vs. 1.87 ±0.44; carbonyls (nmol/mg 
proteins) 4.94 ±2.55 vs. 2.13 ±0.25 in CRC patients 
compared to the control group (Figure 1).

As shown on Figure 2, a non-significant varia-
tion in catalase activity (p > 0.05) was observed in 
the CRC group (11.91 ±3.30 kU/l) compared to the 
control group (12.08 ±1.13 kU/l) whereas a high sig-
nificant decrease was founded in SOD activity (U/l) 
134.29 ±34.54 vs. 182.51 ±63.03 (p = 0.001) and 
thiols (mmol/l) 0.23 ±0.08 vs. 0.40 ±0.12 (p < 0.001).
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Discussion

CRC occupies third place in both sexes com-
bined; its incidence is estimated at 10% in the 
male population and 9.2% among women. In de-
veloped countries, the incidence of colorectal can-
cer is 2.49 fold higher than in developing countries 
[1]. In Algeria, according to the epidemiological 
data of the national network of cancer registries 
of 2015, the incidence of cancers will grow alarm-
ingly from 23,122 cases in 2015 to 32,069 cases 
in 2025 in women and from 18,748 cases in 2015 
to 28,962 in 2025 in men. Colorectal cancer, occu-
pies the second place in both sexes without ex-
ception, with projections for both sexes increasing 
from 2410 cases in 2015 to 4141 cases in 2025 
in women and from 2034 cases in 2015 to 4450 
cases in 2025 in men [11]. 

Better understanding of this disease would es-
tablish a target therapy and better prevention. Ac-
cording to epidemiological studies, several factors 
are involved in the occurrence of CRC-like endog-
enous factors (age, sex, inheritance, and personal 
history) and exogenous factors (smoking, alcohol, 
physical inactivity, and diet). As a cause or conse-
quence, oxidative stress has been widely studied 
as a progenitor of colorectal carcinogenesis.

In aerobic cells, mitochondrial metabolism is 
source of energy. The imperfection of the mito-
chondrial respiration chain leads to the genera-
tion of reactive species, which are reactive oxy-
gen species or reactive nitrogen species. In spite 
of their crucial role in the transduction signalling 
pathways, immunity, and many physiological 
processes, the excessive and uncontrollable pro-
duction of reactive species and their derivative 
products cause damage to macromolecules such 
as lipids, proteins, and DNA and may modulate 
gene expression [12]. Those species are sources 
of oxidative stress when they are not neutralised 

by the antioxidant system [13]. Many researchers 
focused on the study of this type of cellular stress 
in vitro and in vivo. It was found that tumour cell 
lines established from different histological types 
of cancer show elevated constitutive production 
of hydrogen peroxide [14].

Table I. Summary of clinical characteristics of study 
participants

Variables Controls CRC

Number of participants  
(sex ratio)

30 (19/11) 33 (19/14)

Age [year] 49 ±06 54 ±10

Body mass index 24.60 ±1.60 23.64 ±4.52

Tumour side (%):

Right 09

Left 91

Tumour staging (%):

I 3.03

II 27.27

III 45.45

IV 24.24

Degree of 
differentiation (%):

Less 3.03

Moderate 15.15

Well 63.64

Histological types (%):

Adenocarcinoma 87.87

Mucinous colloid 12.12
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Figure 1. Radical attack markers in CRC patients compared to control
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The aim of our project is to study the oxidative 
status of patients with colorectal cancer in the 
Western Algerian region. 

The results obtained show an increase in 
the level of plasma carbonyls (protein oxidation 
by-product) in the CRC group compared to volun-
teers (Figure 1). The increase in carbonyl plasma 
level was also registered in breast cancer [15]. 
Protein oxidation produces carbonyls, which are 
poor substrates for degradation, and as result they 
accumulate in cells acting as an inhibitor of the 
proteasome, accelerating the accumulation of mis-
folded and damaged proteins, and affecting the 
cellular lysosomal system [16]. Inactivation of DNA 
repair enzymes and DNA polymerases of DNA repli-
cation are the consequences of that oxidation [17]. 

We noted a significant increase in malondialde-
hyde plasma level (lipid peroxidation by-product). 
A similar result was obtained in previous research 
– a high level of MDA was noted in breast carcino-
ma patients [18, 19]. Also, a significant increase in 
human lung cancer tissue was found compared to 
control lung tissue [20].

ROS are able to oxidise the polyunsaturated 
fatty acids of cell membrane by the phenomenon 
of lipid peroxidation. This chain reaction produces 
other free radicals and substances like malondi-
aldehyde (MDA), conjugated dienes, hydroperox-
ides, lipoxides, and toxic aldehydes [21, 22], which 
may act as signalling transducers and modulate 
gene expression and cell proliferation. MDA has  
a high reactivity with DNA bases (dG, dA, and dC) 
forming the etheno-DNA adducts, known for their 
mutagenic effect leading to cancer. It has been 
suggested that, in colon cells, etheno-DNA adduct 
repair is under transcriptional and posttranscrip-
tional control, whereby deregulation leads to car-
cinogenesis [23]. 

In order to defend itself, the body uses the an-
tioxidant intrinsic system composed of chemicals 
(as thiols) or enzymatic agents (as CAT and SOD) 
that can attenuate the oxidative stress and sub-
sequently inhibit the expression of cancer aggres-
sive phenotypes. The antioxidants can be preven-
tive by reducing both genotoxicity and by slowing 
cancer progression [24]. The superoxide enzyme 
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converts the superoxide radical to hydroperoxide, 
which will be further decomposed in water and 
oxygen by catalase. 

Our results showed that the overall antioxidant 
activity is lower than that of controls; a significant 
decrease of SOD activity is registered in CRC pa-
tients compared to controls. That result concurs 
with those founded in breast cancer patients [25], 
whereas a contradictory result was found in col-
orectal cancer tissues of a Polish cancerous popu-
lation compared to healthy colon tissue [26]. 

No significant difference in catalase activity 
was noted between CRC patients and controls. 
This result concurs with the findings of Strzelczyk 
et al., 2012 [27] on colorectal adenocarcinoma 
compared to corresponding normal mucosa. 

Total thiol plasma levels of CRC patients regis-
ter a significant decrease compared to volunteers. 
Thiols are organic sulphur derivatives character-
ised by the presence of sulfhydryl residues. In bi-
ological systems, thiols are found in cysteine and 
are molecules of high and low molecular weight 
[28]. Plasma thiols participate in catalysis, signal-
ling, metal complexing, structural stabilising, and 
antioxidant defence [29]. The most abundant thiol 
in plasma is human serum albumin (0.6 mM) and 
is mostly reduced (75%) [29]. Total thiols have the 
capacity to cancel oxidative reactions through the 
inactivation of alkoxy and hydroxyl radicals [30]; 
likewise, by their oxidation, thiol compounds at-
tenuate the toxicity of other free radicals [31].

In conclusion, oxidative stress, as cause or con-
sequence, has been implicated in the aetiology of 
several pathologies, such as cancer.

In our study we evaluated the oxidative status 
of colorectal cancer patients. Our results reveal 
an excessive production of free radicals not com-
pensated by the intrinsic antioxidant activity. This 
imbalance between pro-oxidant and antioxidant 
in our study population indicates the presence of 
oxidative stress. 

In the current study, we analysed each param-
eter separately; in the future we plan to evaluate 
the global antioxidant capacity and radical attack, 
to have a real estimation of the antioxidant sys-
tem of our population.
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