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ABSTRACT

Background: Severe acute pancreatitis (SAP) is associated 
with high morbidity and mortality. 

Objective: To evaluate whether necrosectomy, alone or 
combined with vacuum-assisted closure (VAC), has any additional 
beneficial effects on mitochondrial function and/or oxidative stress 
markers in SAP. 

Methods: Patients with SAP, APACHE II score > 8, and 
inadequate response to management in an intensive care unit were 
included in a prospective observational study. Sixteen underwent 
necrosectomy and 24 underwent necrosectomy plus VAC every 
48 h. Patients were then categorized as survivors or deceased. 
Submitochondrial membrane fluidity of platelets and F0F1-ATPase 
hydrolysis were measured to represent mitochondrial function. 
Oxidative/nitrosative stress was measured using lipoperoxides 
(LPOs), nitric oxide (NO), erythrocyte membrane fluidity, and total 
antioxidant capacity (TAC). 

Results: Membrane fluidity in submitochondrial particles 
of platelets remained significantly increased throughout the 
study, and then eventually rised in deceased patients managed 
with necrosectomy + VAC vs. survivors (p < 0.041). Hydrolysis 
was significantly increased from baseline to endpoint in all 
patients, predominating in those who died after management 
with necrosectomy (p < 0.03). LPO increased in all patients, 
and necrosectomy was more efficient for the eventual decrease 
in survivors (p < 0.039). NO was found to be increased for the 
baseline-endpoint result among both survivors and deceased 
patients with both management options. Erythrocyte membrane 
fluidity was increased in survivors managed with necrosectomy + 

VAC, and eventually returned to normal (p < 0.045). TAC was 
found to be consumed in all patients for the duration of the study. 

Conclusions: Mitochondrial dysfunction and oxidative/
nitrosative stress with significant systemic antioxidant consumption 
were found. Necrosectomy was more efficient and better cleared 
LPOs. Necrosectomy + VAC improved erythrocyte membrane 
fluidity and increased survival. 

Key words: Acute pancreatitis. Mitochondrial dysfunction. 
Oxidative stress. Severe acute pancreatitis.

INTRODUCTION

Severe acute pancreatitis (SAP) is defined as an 
inflammatory pancreatic condition with peripancreatic 
and multiple organ involvement that may result in mul-
tiple organ dysfunction syndrome, with a mortality rate 
of 20-60 % (1). According to the Atlanta Classification, 
SAP is associated with local and/or systemic complica-
tions that may be present since acute pancreatitis (AP) 
early onset (2). The presence of acute respiratory, car-
diovascular, and renal failure, as well as gastrointestinal 
bleeding, may predict a fatal outcome for SAP (3). Pan-
creatic enzymes become activated inside this organ and 
induce self-digestion, which together with inflammation 
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triggers oxidative stress. Pancreatic enzymes may reach 
the bloodstream and stimulate inflammatory cytokine 
production by leukocytes (4), hence giving rise to both 
pancreatic and systemic complications (5,6). During the 
inflammation process oxidative stress plays a positive 
role by inducing cell proliferation, gene activation, and 
apoptosis. However, it is unclear when these actions 
become deleterious (7-9). Reactive oxygen species 
(ROS) may be closely related to pancreas inflammation, 
and condition AP severity. In SAP there is an imbalance 
between oxidant and antioxidant systems, with lipop-
eroxidation by product (LPO) overproduction. These 
substances may damage cell lipid membranes, proteins, 
carbohydrates, and nucleic acids (10), which makes 
of LPOs a significant factor when it comes to predict 
disease severity. Microcirculation dysfunction in SAP 
may result from impaired nitric oxide (NO) production 
as pathogenic factor (11). NO plays an oxidant role by 
triggering nitrosative stress, and an antioxidant role by 
protecting cells from oxidative stress (12-15). Total anti-
oxidant capacity (TAC) provides a complete description 
of cell antioxidant system functioning, as it reflects the 
body’s ability to prevent ROS-induced damage. System-
ic antioxidant measurement may provide a wider view 
of SAP-related pathophysiologic changes, thus allowing 
consideration of different therapeutic alternatives (16). 
Abnormal erythrocyte membrane fluidity is thought to 
condition the hemorrheologic changes associated with 
AP pathogenesis (17).

Mitochondria are a cell’s primary source of energy as 
they synthesize ATP for active ion transport and sustain 
membrane potential. Mitochondrial function and defec-
tive cell membranes may be involved in the pathogenesis 
of SAP by impairing energy metabolism and interfering 
in ATP production as a result of their inducing antigenic 
changes in cells by reducing oxygen, glucose, and inor-
ganic phosphate consumption (18). Adequate fluidity in 
submitochondrial particles of platelets depends on cell 
environmental temperature and microviscosity. Fluidity 
of submicromolar forms may be measured using the exci-
mer/monomer intensity ratio (I

e
/I

m
) as previously reported 

(19). The F
0
F

1
-ATPase enzyme has a transmembrane por-

tion (F
0
) that pumps protons across the membrane, and 

an extramembrane portion (F
1
), where ATP synthesis or 

hydrolysis occurs. The F
0
F

1
-ATPase complex alternative-

ly functions as a synthase or hydrolase (uses or pumps 
protons). The synthetic function is the enzyme’s primary 
role. Under pathologic conditions synthesis decreases and 
hydrolysis increases, which results in enhanced energy 
catabolism (20). 

Several multifactorial scoring systems are available 
that incorporate clinical and biochemical criteria to assess 
SAP, including among others Ranson criteria, the Glasgow 
scale, and the APACHE II (Acute Physiology and Chronic 
Health Evaluation II) classification. The sensitivity and 
specificity of these systems to predict pancreatitis severity 

is 55-90 %. The APACHE-II classification was not spe-
cifically developed to assess SAP but has proven to be an 
early reliable tool (21). 

Treatment alternatives for SAP include necrosectomy, 
a surgical procedure of choice for patients with infected 
pancreas necrosis and multiple organ failure (22). The 
vacuum-assisted negative pressure system (VAC) is 
a modern therapeutic modality for the management of 
infected wounds (23), with no reported additional benefits 
for SAP. Given that no surgical technique has been as 
yet described as most appropriate for the management of 
pancreatic necrosis, we set out to assess whether necro-
sectomy alone or plus VAC offers any additional benefit 
in terms of mitochondrial function and/or oxidative stress 
markers in SAP. 

PATIENTS AND METHODS

Using a prospective observational study design 
40 patients diagnosed with SAP and admitted to the 
intensive care unit (ICU) at Hospital de Especialidades, 
Centro Médico Nacional de Occidente, Instituto Mexi-
cano del Seguro Social with APACHE II > 8 and insuf-
ficient response to routine management were includ-
ed. All of them required surgery and underwent open 
necrosectomy or necrosectomy plus VAC every 48 h. 
We expected VAC to improve clinical and chemical out-
comes (24,25). The study’s primary endpoint was mito-
chondrial function, and secondary endpoints included 
oxidative stress markers. 

Clinical manifestations 

Although the APACHE II classification is considered 
useful up to 48 h after hospital admission, in our study it 
was ongoing until patient discharge. Laboratory parame-
ters measured included amylase, lipase, lactic dehydroge-
nase (LDH), alkaline phosphatase (AP), alanine amino-
transferase (ALT), aspartate aminotransferase (AST), total 
bilirubin total (TB), direct bilirubin (DB), prothrombin 
time (PT), platelets, complete blood count (CBC), haema-
tocrit (Ht), leukocytes, glucose, urea, creatinine, sodium, 
potassium, and calcium. Rate assessments included stay 
in ICU, total hospital stay, complications, and mortality. 
Results from survivors and from deceased patients were 
analysed separately.

Blood was obtained as follows: 5 mL in a dry tube and 
5 mL in a tube with 0.1 % ethylene-diamine-tetraacetic 
acide (EDTA). Plasma and serum were separated by cen-
trifugation at 3,000 rpm for 10 min. Blood samples were 
drawn just before anesthetic induction for each surgery. 
Multiple samples were obtained during hospital stay but 
only the first one was considered as baseline and the last 
one as endpoint. 
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Membrane fluidity of erythrocytes and 
in submitochondrial particles of platelets 

A platelet-rich plasma and erythrocytes were separat-
ed from the blood sample by centrifugation for 10 min at 
7,000 x g. The supernatant was disposed of and the pellet 
was suspended in 200 mL of cold buffer (NaCl 140 mM, 
KCl 4.7 mM, MgCl 1.2 mM, KH2PO4 1.2 mM, dextrosa 
11 mM, and HEPES 15 mM). White ghosts and platelets 
were stored (70 µL) at -80 °C until processing according 
to the method by Baracca et al. (20). The measurement of 
membrane fluidity in erythrocytes and in submitochondrial 
particles of platelets was performed by adding fluorescent 
spectroscopic ethanol (DPP) to the buffer: 10 mM Tris-
HCl (pH 7.8) and 0.2 mM of DPP were diluted and mixed 
with membranes in a 1:1500 molar reaction (membrane 
phospholipids fluorescence). Alternatively, 0.25 mg of sub-
mitochondrial protein and 0.1 nmol of DPP were diluted 
in buffer. Mixtures were incubated in the dark at 4 °C for 
3 h to ensure maximum DPP incorporation to membranes. 
Fluorescence was measured at 24 °C with a spectrometer 
(Perkin Elmer, LS50B). The fluorophore was excited at 
329 nm, and the fluorescent intensity ratio (I

e
/I

m
) at 378 

and 476 nm (19).

F0F1-ATPase activity

Using phosphate-free test tubes 30 µL of sample (mito-
chondria) and 20 µL of ATP (100 mM) were addes to 1 mL 
of HEPES buffer (125 mM KCl, 40 mM Mops [pH 8], 
3 mM MgCl

2
). Tubes were shaken in a vortex mixer and 

then placed in a bain-marie container for 10 min at 40 °C 
to facilitate the reaction. The reaction was then halted 
with 200 µL of 30 % trichloroacetic acid every 15 seconds 
between samples. The tubes were centrifuged at 3,500 rpm 
for 10 min. Then, 800 µL of supernatant were withdrawn, 
and 1 mL of 3.3 % ammonium molybdate and 100 µL of 
10 % ferrous sulphate were added. The tubes were left to 
rest for 20 min at room temperature, and readings were 
performed at a wavelength of 660 nm. 

Oxidative stress markers

Malondialdehyde (MDA) and 4-hydroxialkenes 
(4-OHA) were measured to reflect LPOs. The assay is 
based on the reaction of chromogen N-methyl-2-phenylin-
dole (R1) with MDA and 4-OHA at 45 °C. The instruc-
tions issued by the manufacturer were followed (Oxford 
Biomedical Research, Inc., FR12); 140 µL of serum were 
placed in Eppendorf 1 mL tubes, 455 µL of reagent R1 
were added, and the mix was vortex shaken. Then 105 µL 
of methanesulfonic acid (reagent R2) were added and 
shaken. Samples were incubated for 1 h at 45 °C and cen-
trifuged at 15,000 x g for 10 min to obtain the supernatant; 

150 µL of supernatant were transferred to a plate. Absor-
bance was read at a wavelength of 586 nm. 

Nitric oxide

Samples were deproteinized by adding 6 mg of zinc 
sulfate at 400 µL of sample, followed by centrifugation 
at 10,000 x g and 4 °C for 10 min. The supernatant was 
withdrawn and stored at -80 °C (26). Following manufac-
turer guidelines colorimetry ensued (Nitric Oxide Assay 
Kit, protocol 482650, Calbiochem®), and NO metabolites 
(nitrites/nitrates) were measured. Then 85 µL of standard 
or sample, 10 µL of nitrate reductase, and 10 µL of 2 mM 
NADH were added. The plate was shaken for 20 min at 
room temperature. Then 50 µL of R1 and 50 µL of R2 were 
added. The sample was vortex shaken for 5 min at room 
temperature. The plate was read at 540 nm.

Total antioxidant capacity

Measurements were performed using the colorimetric 
kit (Total Antioxidant Power Kit, TA02.090130, Oxford 
Biomedical Research®); to obtain concentration in mM of 
uric acid equivalents, samples and standards were diluted 
to 1:40, and 200 µL of reagent were added to each well. 
The plate was read at 450 nm as reference. Subsequently 
50 µL of copper solution were added to each well, and the 
whole was then incubated for 3 min at room temperature. 
Then 50 µL of stop solution were added, and the plate was 
read at 450 nm. The results of both readings were subtract-
ed to obtain concentration. The final result was multiplied 
by the dilution factor.

Ethical considerations

The study was approved by the local ethics committee 
with number R-2009-1301-86. Identification codes were 
assigned to ensure patient confidentiality. An informed 
consent was signed by patients or family members before 
the study according to both national and international laws. 
Good clinical practice recommendations and Helsinki Dec-
laration principles as updated in 1975 (1983 revision) were 
complied with.

Statistical analysis

This was performed using the SPSS version 21 soft-
ware. Quantitative variables were expressed as mean ± 
standard error values, and qualitative variables as frequen-
cies and percentages. Data followed a normal distribution 
(Shapiro-Wilk). Between-groups comparisons were ana-
lyzed using the t-test for independent samples; the t-test 
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for related samples was used for the intra-group analysis 
of the baseline-endpoint result. Values were considered 
significant with a two-tailed p < 0.05.

RESULTS

Forty consecutive patients were recruited from February 
2009 to February 2013. In all, 22 males and 18 females 
with 35-55 yrs of age were included. Stay in the ICU was 
18-25 days, and total hospital stay was 30-60 days. Sixteen 
patients were always managed with open necrosectomy 
every 48 h. Twenty-four additional patients always under-
went necrosectomy + VAC every 48 h. Patients managed 
with necrosectomy + VAC were younger, and those who 
died had longer ICU stays (p < 0.0086). Mortality was 
higher among those receiving necrosectomy (62.5 %) and 
lower among those managed with necrosectomy + VAC 
(29.1 %). A blood sample was drawn from 24 age- and 
gender-matched healthy volunteers to establish normal 
values. Patients with mild AP were not included. 

Table I lists altered baseline levels for amylase, lipase, 
ALT, AST, TB, DB, and AP. Final results for the fol-
lowing parameters are significantly improved: Amylase, 
lipase, LDH, AST, AP, and potassium. However, the final 
improvement of lab parameters had no impact on patient 
outcome; even prothrombin time was lengthened in 
patients who died. 

Mitochondrial function and oxidative stress markers are 
listed in table II.

Fluidity in submitochondrial particles of platelets

The normal value for submitochondrial particles in 
platelets was 0.32 ± 0.12 l

e
/l

m
. The baseline value for sur-

vivors managed with necrosectomy increased to 0.49 ± 
0.20 l

e
/l

m 
and then eventually to 0.61 ± 0.25 l

e
/l

m
. In those 

managed with necrosectomy who died the result remained 
unchanged from a baseline value of 0.69 ± 0.22, with a 
final 0.65 ± 0.20 l

e
/l

m
. There was also an increase in fluidity 

in submitochondrial particles of platelets among survivors 
managed with necrosectomy + VAC from start to end, with 
values of 0.56 ± 0.14 and 0.51 ± 0.13 l

e
/l

m, 
respectively. 

Patients who died after necrosectomy + VAC also had an 
increase from an initial 0.49 ± 0.19 l

e
/l

m
, with a final value 

of 1.02 ± 0.39 l
e
/l

m 
(p < 0.04 and p < 0.12). The analysis of 

those subjected to necrosectomy vs. those who died after 
necrosectomy + VAC found a higher increase in fluidity 
in the latter (p < 0.017).

F0F1-ATPase hydrolysis activity

Normal ATP hydrolysis was 131.82 ± 49.82 nmol/PO
4
 

(mg of protein). Survivors managed with necrosectomy 

showed a significant increase in baseline enzyme activ-
ity, 373.23 ± 152.37 nmol/PO

4
, which finally increased 

to 544.88 ± 222.45 nmol/PO
4
 vs. normal (p < 0.0001), 

with no difference between baseline and endpoint values. 
In those who failed to survive after necrosectomy, initial 
hydrolysis showed a peak value of 745.06 ± 235.61 nmol/
PO

4
, with persistence until a final 533.78 ± 187.32 nmol/

PO
4
 (p < 0.0001 vs. normal) and in baseline-final value 

(p < 0.019). The final result for ATP hydrolysis among 
survivors managed with necrosectomy + VAC was found 
to be significantly increased, 533.78 ± 137.82 nmol/PO

4
, 

vs. normal (p < 0.0001), with a tendency to lower final 
values in survivors managed with necrosectomy + VAC, 
although increased enzyme activity persisted at 307.72 ± 
79.45 nmol/PO

4
. Among the deceased there was no change 

between baseline –269.63 ± 101.91 nmol/PO4– and final 
-280.19 ± 105.90 nmol/PO4- levels. The analysis of the 
established surgical procedure’s effect shows a signifi-
cant difference in enzyme levels between survivors and 
deceased patients managed only with necrosectomy (p < 
0.033). When comparing the effect of necrosectomy vs. 
necrosectomy + VAC among the deceased, the former 
technique alone was more efficient in partially reducing 
enzyme levels (p < 0.03).

Lipoperoxidation by products

The normal value was 0.80 ± 0.28 nmol/mL, with a 
significant increase in survivors managed with necrosec-
tomy; baseline value of 3.70±1.51 nmol/mL vs. normal 
(p < 0.05), with a final decrease to near normal levels, 
1.62 ± 0.66 nmol/mL (p < 0.039). Those who died after 
necrosectomy showed no changes between baseline –1.88 
± 0.60 nmol/mL– and endpoint –1.53 ± 0.48 nmol/mL– 
results. The baseline value for survivor’s managed with 
necrosectomy + VAC was 1.15 ± 0.29 nmol/mL, with a 
final decrease to normal levels, 0.77 ± 0.20 nmol/mL. 
LPOs were found to be increased at baseline for those 
who died –1.28 ± 0.48 nmol/mL– with persistence in 
endpoint results –1.70 ± 0.64 nmol/mL. In the analysis of 
those who survived, necrosectomy was more efficient to 
reduce LPOs vs. necrosectomy + VAC (p < 0.006). When 
assessing effect, necrosectomy alone was more efficient 
in reducing LPO levels as compared to necrosectomy + 
VAC (p < 0.035).

Nitrites/nitrates

The normal value was 12.32 ± 4.66 µmol/mL. There 
was a significant increase at baseline –142.73 ± 58.27 
µmol/mL– vs. normal (p < 0.034) among those treated 
with necrosectomy, with a final increase to 212.48 ± 
86.75 µmol/mL and no difference in baseline-endpoint 
results. 
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Table I. Clinical manifestations and laboratory results 

Necrosectomy (n-16) Necrosectomy + VAC (n-24)

Survivors (6) (37.5 %) Deceased (10) (62.5 %) Survivors (17) (70.9 %) Deceased (7) (29.1 %)

Baseline Endpoint p Baseline Endpoint p Baseline Endpoint p Baseline Endpoint p*

Female/Male 2/4 NS 4/6 NS 9/8 3/4

Age (yrs) 52.8 ± 
12.2

53.9 ± 
4.8

NS 36.9 ± 4.59 NS 45.9 ± 3.9 NS

Intensive care unit 
(days)

19.5 ± 8.1 16.67 ± 
2.8

NS 19.6 ± 4.9 NS 35.2 ± 7.5 0.0086

Hospital stay 
(days)

36.3 ± 6.9 NS 30.4 ± 
7.3

NS 43.8 ± 5.3 NS 50.6 ± 9.5 NS

APACHE II 16 10 17.4 24.6 13.6 16 17 23.5

Amylase 350 ± 75.3 319.5 ± 
181.4

NS 1208.8 ± 
327.7

48.6 ± 
63.6

0.0006 700.1 ± 
223.9

105.1 ± 
18.9

0.01 1705.2 ± 
859.3

225 ± 
98.4

0.0001

Lipase 285 ± 66.5 4832.5 0.0001 1308.8 ± 
394.5

20.4 ± 
127.2

0.002 3484 ± 
21.2

367.6 ± 
87.5

0.0001 6493 ± 
34.1

162.6 ± 
75.5

0.0001

Lactic 
dehydrogenase

761 ± 59.6 528.3 ± 
76.6

0.0001 2628.3 ± 
678.7

25.5 ± 
31.5

0.001 1551 ± 
473.7

547 ± 5 0.04 2187 ± 
602.7

1056 ± 
21

NS

Aspartate 
aminotransferase

33 ± 0.7 29 ± 2.0 0.004 19 ± 5.4 31.5 NS 104 ± 25.7 33 ± 6.3 0.01 55.3 ± 7.3 28.7 ± 
4.8

0.01

Alanine 
aminotransferase

26 ± 0.4 68.3 0.03 28 ± 4.1 31.4 ± 7.1 NS 237 ± 89.5 28.2 ± 
4.7

0.03 34 ± 5.9 26.7 ± 
5.9

NS

Alkalyne 
phosphatase

308 230.3 ± 
36

0.0001 23.5 ± 
15.9

31.5 ± 
56.3

NS 162 ± 2 184 ± 2 NS 84 ± 1 195 ± 3 0.007

Total bilirubin 1.7 0.7 NS 1.2 0.8 NS 3.4 ± 1.2 0.6 ± 0.1 0.02 0.7 ± 0.2 0.8 ± 0.1 NS

Direct bilirubin 1 0.6 NS 0.9 0.6 NS 2.8 ± 1.3 0.3 ± 0.1 NS 0.4 ± 0.2 0.5 ± 0.1 NS

Partial 
thromboplastin 
time

42.6 ± 
15.3

42.5 ± 5.9 NS 30.8 ± 
4.3

31.5 ± 4.1 NS 57.6 ± 13.6 34.9 ± 1 NS 35 28.8 NS

Prothrombin time 16.2 ± 1.1 15.4 ± 0.6 NS 16.3 ± 1 31.5 ± 0.2 0.0001 14.52 ± 0.8 13.8 ± 
0.1

0.0001 14 13.2 NS

Gamma-glutamyl 
transpeptidase

439 439 NS 148 256 NS 301.3 ± 
76.2

186.3 ± 
36.2

NS 65 ± 21.6 316.4 ± 
101.8

0.03

Hemoglobin 11.2 ± 1.2 12.75 ± 
1.9

NS 7.7 ± 0.8 10.6 ± 0.6 0.007 12.32 ± 0.1 10.5 ± 
0.4

NS 12.14 ± 
1.2

9.1 ± 0.5 0.03

Hematocrit 33.1 ± 0.8 33.8 ± 4.3 NS 24.2 ± 
1.6

29.5 ± 1.4 0.02 37.3 ± 2.9 31.5 ± 1 NS 35.4 ± 3.3 26.7 ± 
1.3

0.03

Leukocytes 9.9 ± 2.7 11.7 NS 15.5 ± 
2.6

13.1 ± 3.2 NS 13.9 ± 1.5 17.1 ± 
2.2

NS 12.2 ± 1.2 11.8 ± 
1.7

NS

Platelets 263 ± 58.7 279.5 ± 
69.6

NS 278 ± 
59.1

137 ± 
37.2

0.06 276 ± 3 394 ± 4 0.02 180 ± 19.4 299 ± 6 NS

Glucose 338 ± 69.6 126.8 ± 
30.9

0.0001 193 ± 
15.1

176 ± 
27.9

NS 122 ± 9.3 117 ± 
8.1

NS 198 ± 3 188 ± 
28.6

NS

Urea 18 43 NS 253 135 NS 89.1 ± 27.7 54.5 ± 
21.5

NS 47.5 ± 
12.1

101.9 ± 
23.4

NS

Creatinine 0.7 ± 0.1 0.8 ± 0.3 NS 3.8 ± 0.6 4.9 ± 0.5 NS 2.45 ± 1.2 0.6 ± 0.1 NS 1.01 ± 0.2 1.7 ± 0.8 NS

Sodium 134 ± 3.2 135.5 ± 
0.5

NS 133 ± 1.2 126 ± 2.7 0.03 140 ± 1.5 135 ± 
1.1

0.01 143 ± 2.2 141 ± 
1.2

NS

Potassium 3.7 ± 0.3 4.4 ± 0.3 0.0006 5.1 ± 0.2 3.5 ± 0.4 0.0005 4.04 ± 0.2 3.0 ± 0.2 NS 4.1 ± 0.2 3.7 ± 0.1 NS

Continue in the next page
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Those who died after necrosectomy also showed an 
increased from baseline –220.94 ± 69.87 µmol/mL– to 
endpoint –180.21 ± 56.99 µmol/mL– vs. normal (p < 
0.026), with no significant difference between baseline 
and endpoint. Survivors managed with necrosectomy + 

VAC, also showed increased levels at baseline –261.52 
± 67.52 µmol/mL– and endpoint –231.84 ± 59.86 µmol/
mL– vs. normal (p < 0.029). Those who died had increased 
nitrite/nitrate levels from baseline –212.91 ± 80.47 µmol/
mL– with a final peak –378.61 ± 142.81 µmol/mL– (p 

Table I (Cont.). Clinical manifestations and laboratory results 

Necrosectomy (n-16) Necrosectomy + VAC (n-24)

Survivors (6) (37.5 %) Deceased (10) (62.5 %) Survivors (17) (70.9 %) Deceased (7) (29.1 %)

Baseline Endpoint p Baseline Endpoint p Baseline Endpoint p Baseline Endpoint p*

Calcium 7.21 ± 0.1 8.7 ± 0.6 0.0001 7.6 ± 0.2 7.8 ± 0.2 NS 7.8 ± 0.3 8 ± 0.1 NS 6.7 ± 0.7 7.6 ± 0.4 NS

Complications Pseudocyst (1)
Abdominal abscess (2)
Sepsis (1)
Renal failure (2)
Respiratory failure (1)

Sepsis (6)
Renal failure (7)
Respiratory failure (9)
Impaired coagulation (1)
Hypocalcemia (2)
Gastrointestinal bleeding (1)

Pseudocyst (2)
Abdominal abscess (1)
Sepsis (5)
Renal failure (4)
Respiratory failure (5)
Hypocalcemia (1)
Impaired coagulation (1)
Gastrointestinal bleeding (1)

Sepsis (6)
Renal failure (3)
Respiratory failure (7)
Impaired coagulation (1)
Gastrointestinal bleeding (3)

Despite the fact that patients with SAP managed with necrosectomy + VAC were a decade younger, age had no significant impact on longer survival (70.9 %) vs. necro-
sectomy alone (37.5 %). The addition of VAC seemingly had a favourable impact in this respect. Laboratory results were found to be significantly impaired at baseline and 
significantly improved at endpoint, which translates in scarce specificity regarding decision making for pancreatitis management. Calcium was reduced in all patients from 
baseline. Prothrombin time increased in patients failing to survive.
*p t-test comparison of days in an ICU.

Table II. Oxidative stress markers, total antioxidant capacity, and mitochondrial function

Necrosectomy (n-16) Necrosectomy + VAC (n-24)

Survivors Deceased Survivors Deceased

Normal 
value

Baseline Endpoint p* Baseline Endpoint p* p** Baseline Endpoint p* Baseline Endpoint p* p***

Oxidants

LPO nmol/mL
0.80 ± 
0.28

3.70 ± 
1.51

1.62 ± 
0.66

0.039
1.88 ± 
0.60

1.88 ± 
0.60

NS 0.032
1.15 ± 
0.29

0.77 ± 
0.19

NS
1.28 ± 
0.48

1.70 ± 
0.64

NS NS

NO µmol/mL 
(nitrites/nitrates)

12.32 ± 
4.66

142.73 ± 
58.27

212.48 ± 
86.75

NS
220.94 ± 

69.87
180.21 ± 

56.99
NS NS

261.52 ± 
67.52

231.84 
± 59.86

NS
212.91 ± 

80.47
378.61 ± 
142.81

NS NS

RBC membrane 
fluidity le/lm

0.75 ± 
0.24

0.68 ± 
0.28

0.52 ± 
0.21

NS
0.86 ± 
0.27

0.81 ± 
0.26

NS NS
1.46 ± 
0.38

0.70 ± 
0.17

0.045
1.26 ± 
0.47

0.85 ± 
0.34

NS NS

Antioxidants

Total antioxidant 
capacity ng/mL

22.41 ± 
10.02

12.16 ± 
4.96

15.73 ± 
6.42

NS
8.88 ± 
2.81

11.20 ± 
3.54

NS NS
7.43 ± 
1.92

7.57 ± 
1.96

NS
4.97 ± 
1.88

2.88 ± 
1.09

NS NS

Mitochondrial function

Membrane 
fluidity in 
submitochondrial 
particles of 
platelets I

e
/I

m

0.32 ± 
0.12

0.49 ± 
0.20

0.61 ± 
0.25

NS
0.69 ± 
0.22

0.65 ± 
0.20

NS NS
0.56 ± 
0.14

0.51 ± 
0.13

NS
0.49 ± 
0.19

1.02 ± 
0.39

0.041 0.012

ATP hydrolysis 
nmol/PO

4

131.82 
± 49.82

373.23 ± 
152.37

544.88 ± 
222.45

NS
745.06 ± 
235.61

513.80 ± 
162.48

0.019 0.033
533.78 ± 
137.82

307.72 
± 79.45

NS
269.63 ± 
101.91

280.19 ± 
105.90

NS NS

Mitochondrial dysfunction was found, characterized by increased membrane fluidity in submitochondrial particles of platelets, and significantly increased ATP hydrolysis in 
all patients for the duration of the study. These changes may partly account for events at the cellular and subcellular levels in SAP. There was oxidative/nitrosative stress and 
significant systemic antioxidant consumption throughout the study. Necrosectomy alone was more efficient to reduce LPOs, and necrosectomy + VAC was more efficient to 
improve erythrocyte membrane fluidity and survival.
*p estimated with Student’s t-test for related samples. **p estimated with the t-test for independent samples (assessment of effect). Necrosectomy in survivors was compared to 
necrosectomy in deceased. ***p estimated with the t-test for independent samples (assessment of effect). Necrosectomy + VAC in survivors vs. necrosectomy + VAC in deceased. 
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< 0.025) vs. normal. No differences were seen between 
baseline and final values. 

Membrane fluidity of erythrocytes

Normal membrane fluidity in erythrocytes was 0.75 
± 0.24 I

e
/I

m
. At baseline among survivors managed with 

necrosectomy + VAC it was increased –1.46 ± 0.38 l
e
/

l
m
 (p < 0.045)– vs. normal, and the parameter was even-

tually returned to normal –0.70 ± 0.17 l
e
/l

m
 (p < 0.045 

for baseline– endpoint). At baseline, those who died had 
1.26 ± 0.47 l

e
/l

m
, with a final value of 0.85 ± 0.34 l

e
/l

m
.
 

In contrast, those who underwent necrosectomy and then 
survived showed reduced membrane fluidity in erythro-
cytes at baseline –0.68 ± 0.28 l

e
/l

m
– and at endpoint –0.52 

± 0.21 l
e
/l

m
; subjects who died kept unchanged baseline 

and endpoint values: 0.86 ± 0.27 l
e
/l

m 
and

 
0.81 ± 0.26 l

e
/

l
m, 

respectively. 

Total antioxidant capacity

Normal TAC was 22.41 ± 10.02 ng/mL. Baseline 
results from survivors managed with necrosectomy + VAC 
showed significantly reduced levels –7.43 ± 1.92 ng/mL– 
vs. normal (p < 0.0016), with no improvement seen in 
the final result –7.57 ± 1.96 ng/mL (p < 0.004). Baseline 
levels for those who passed away after necrosectomy + 
VAC were found to be even lower –4.97 ± 1.88 ng/mL 
(p < 0.0007)– and minimal levels were found at endpoint 
–2.88 ± 1.09 ng/mL (p < 0.0001 vs. normal). Baseline 
results among survivors after necrosectomy was 12.16 ± 
4.96 ng/mL, with a slight final improvement at endpoint 
–15.73 ± 6.42 ng/mL. Baseline value among the deceased 
after necrosectomy was 8.88 ± 2.81, and final value was 
11.20 ± 3.54 ng/mL.

DISCUSSION

While the group undergoing necrosectomy + VAC was 
younger by a decade, age had no significant impact on 
patient survival. However, those who died after necrosec-
tomy + VAC had a significantly longer ICU stay, which is 
in contrast with the better survival of those who received 
this surgical procedure. This fact alone may account for 
prolonged ICU stay since continued systematic manage-
ment significantly improves survival for patients with SAP 
(27). Regarding amylase and lipase laboratory measure-
ments, these were not useful to differentiate AP from SAP, 
or to predict pancreatitis progression: these results could 
not foretell final outcomes (28).

Membrane fluidity in submitochondrial particles of 
platelets was found to be increased for all patients in the 
study. This increase was greater for the final-baseline 

results of those who failed to survive with necrosectomy 
+ VAC (p < 0.012), which translates into severe impair-
ment of the inner membrane in submitochondrial particles 
of platelets, which in turn impairs oxidative phosphoryla-
tion and the production of enzymes involved in metabolite 
transport and usage, as well as in ATP production by cells. 
Increased membrane fluidity in the submitochondrial par-
ticles of platelets is suggestive of a high responsiveness 
of said inner membrane to oxidative stress, especially to 
increased LPOs, which may facilitate cell death by necro-
sis or apoptosis as previously reported for liver cholestasis 
(29). Our results are in strong contrast with those reported 
by Ortiz et al. (19), which show decreased membrane flu-
idity in submitochondrial particles of platelets in Alzhei-
mer’s disease, typically a chronic condition with a variable 
course. However, SAP is an active disease, similar to septic 
conditions (30).

Normal F
1
F

0
-ATPase hydrolytic activity remains stable 

and is closely related to synthesis. In the present study 
enzyme activity was characterized by significant increas-
es throughout the research, both among survivors and the 
deceased, with a baseline peak in the patients who died 
after necrosectomy + VAC. The above suggests severe 
dysregulation of the energy production/consumption ratio 
by cells in SAP, which translates into significant energy 
catabolism in this condition, as previously reported for 
Alzheimer’s disease (31). 

We found oxidative stress characterized by a significant 
increase in LPOs. Necrosectomy was considered more effi-
cient for LPO clearance between baseline and endpoint 
in survivors, though. MDA+4-OHA ROS can oxidize 
multiple lipid and low-density lipoprotein molecules, and 
condition that pancreatic proteases play a role in xanthine 
dehydrogenase cleavage to xanthine oxidase, thus giving 
rise to hypoxanthine (ATP degradation by product), xan-
thine radicals and superoxide anions, which damage cell 
membrane-related phospholipids and play an active role in 
triggering systemic inflammatory response syndrome and 
inflammatory cytokine activation (32). In some AP reports 
glutathione and other sulfhydryl compounds are found to 
be depleted, with increased LPOs and a higher utilization 
of both enzymatic and non-enzymatic antioxidants (33). In 
our study a significant reduction in body antioxidant capac-
ity was seen both in survivors and non-survivors through-
out the follow-up period, which supports the presence of 
oxidant/antioxidant imbalance. Oxidative stress may also 
be estimated from increased superoxide anions, hydrogen 
peroxide, hydroxyl radicals, and reactive nitrogen species 
from NO. NO metabolites increased from baseline in the 
present study, hence the presence of nitrosative stress may 
be considered. When NO levels are higher than required 
the guanylate cyclase enzyme becomes activated, glycoly-
sis is inhibited, ATP production decreases in the mitochon-
drial respiratory chain, DNA replication is also inhibited, 
and NO reacts with superoxide anions to form peroxyni-
trite (34). 
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The impaired physical properties of cell membranes 
by LPOs may lead to defects strongly associated with 
systemic disease, as they alter the normal structure of 
plasma membranes in erythrocytes, thus inducing func-
tional changes in: a) Enzyme activity; b) ion and other 
substances transportation; c) osmotic stability; d) oxy-
gen diffusion; and e) membrane receptor activity, where 
reduced or increased erythrocyte viscoelasticity results in 
impaired blood flow and tissue perfusion (35). We found 
no reports on erythrocyte fluidity in AP, but erythrocyte 
membrane rigidity has been reported in subjects with 
essential hypertension as compared to non-hypertensive 
subjects (36). In this study, erythrocyte membrane fluidity 
behaved irregularly between both surgical management 
approaches and between survivors and non-survivors. In 
addition to facilitating deformation, this irregular fluid-
ity may result in impaired systemic microcirculation by 
inducing both structural and functional changes in rela-
tion to LPOs (37). 

The importance of the physiological relationship 
between nitrosative stress, systemic antioxidant con-
sumption, and mitochondrial dysfunction as exhibited by 
patients managed with necrosectomy alone resulted in a 
higher mortality rate (62.5 %) as compared to the avail-
able literature (7-42 %) (38). Patients treated by adding 
the VAC system had a lower mortality (29.1 %) but mem-
brane fluidity in submitochondrial particles of platelets 
increased. Hence we consider that the use of a VAC sys-
tem may confer benefits regarding mortality. However, the 
use of necrosectomy alone offers the additional benefit of 
significantly reduced LPOs. 

Baseline APACHE II scores increased in patients who 
eventually died. We consider that some APACHE II items 
and the VAC system predict AP severity more accurately 
than isolated demographic variables such as age (39). The 
benefit of VAC seemingly results from its facilitating the 
clearance of exudates rich in inflammatory substances, and 
its use may have a positive influence for patients with SAP.

It seems that regular, systematic necrosectomy, whether 
alone or plus VAC, is insufficient to manage the abdominal 
catastrophe of SAP. The presence of oxidative/nitrosative 
stress, and systemic antioxidant consumption in SAP are 
associated with a poor prognosis. The measurement of oxi-
dative stress markers, antioxidant status, and mitochondrial 
function during the course of AP may provide a wider view 
of the pathophysiological changes that occur prior to AP 
progression to SAP, and help consider other therapy options 
with a potential to reduce both morbidity and mortality. 
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