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Chapter 4

Minimal extracorporeal circulation (MECC) does not result
in less hypertrophic scar formation as compared to
conventional extracorporeal circulation (CECC)
with dexamethasone

MECC versus CECC: association with hypertrophic scarring

Abstract
Cardiopulmonary bypass surgery is associated with a systemic inflammatory response
through the interaction of air, blood and synthetic components in the bypass system and
the physical trauma of surgery. An alternative cardiopulmonary bypass system, minimal
extracorporeal circulation (MECC), has shown promising results in terms of reducing inflammatory response. We hypothesized that this system may reduce pathological excessive
scarring.
To study this assumption, the effects of MECC and the effects of conventional extracorporeal circulation (CECC) with dexamethasone on skin scarring were compared in a
standardized wound healing model. Presternal scars were evaluated prospectively at four
and 12 months post-operatively. The height and width of the scars were measured using a
slide caliper and sonography. The scars were scored using the validated Patient and Observer Scar Assessment Scale. Additional risk factors for hypertrophic scar formation were
identified by means of a questionnaire.
During surgery, MECC was used in 45 patients and CECC/dexamethasone in 42 patients.
Four months post-operatively, 22 patients of the MECC group (49%) and 18 patients in
the CECC/dexamethasone group (43%) had developed hypertrophic scars. Twelve months
post-operatively, the hypertrophic scars in four patients of the MECC group and in two
patients of the CECC/dexamethasone group had become normotrophic. In 18 patients of
the MECC group (38%) and 16 patients of the CECC group (41%) the scars remained
hypertrophic at 12 months. These differences between the two groups were not statistically
significant. In conclusion, MECC does not reduce hypertrophic scar formation compared
with CECC with dexamethasone, but its use is more beneficial than the use of CECC/dexamethasone because treatment with dexamethasone can be omitted.
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Introduction
Following surgery, a scar will develop as the result of a derailment in the sequential
healing processes. After a presternal incision, these processes more often lead to abnormal
excessive ‘hypertrophic’ scarring1. Patients with pathological scars not only have to deal
with the psychological consequences of the appearance of the scars, but also with physical
symptoms, like itching, pain, hypersensitivity and contractures2. Fibro-proliferative scars
represent an exuberant healing response with an excess deposition of collagen3. Two types
of fibro-proliferative scars are defined: hypertrophic scar and keloid. In this study, we
concentrated on hypertrophic scar formation, a fibrous tissue overgrowth with excessive
scarring that remains within the confines of the original wound2. A keloid, on the other
hand, is characterized by its ability to spread outside the boundaries of the original lesion4.
The exact origin and risk factors for hypertrophic scar formation are not entirely clear, but
it is thought that exorbitant inflammatory processes and an altered remodeling phase play
an important role5. Unfortunately, as yet, there is no optimal treatment which eliminates
hypertrophic scarring6.
Extracorporeal circulation by means of a cardiopulmonary bypass is frequently used
during cardiothoracic surgery and triggers an inflammatory reaction that may increase the
risk of pathological scar formation. The state of the art perfusion technique for on-pump
cardiothoracic surgery is conventional extracorporeal circulation (CECC), a safe and established technique with a low related mortality rate7,8. Nevertheless, the morbidity associated
with conventional perfusion remains significant, due mainly to stimulation of the
systemic inflammatory response and induction of coagulation disorders9-11. Because CECC
induces an increased inflammatory response, in many European centers for cardiothoracic
surgery, dexamethasone is administered peri-operatively to patients receiving CECC. Corticosteroids, like dexamethasone, have immune modulating and anti-inflammatory effects,
reducing the release of pro-inflammatory cytokines, adhesion molecules and inflammatory
enzymes12. Multiple studies have proven the efficacy of corticosteroids for the treatment
or prevention of hypertrophic scar formation13-15. In contrast, a study of van der Veer and
colleagues showed wider and thicker scars in the CECC/dexamethasone group compared
to the patients operated without cardiopulmonary bypass and suggests that dexamethasone
cannot completely inhibit the inflammatory processes induced by CECC16.
Minimal extracorporeal circulation (MECC) has shown promising results in terms of
reducing the inflammatory response17-20. MECC is a fully heparinized, closed loop circuit
with the absence of a cardiotomy reservoir21. It can maintain cerebral perfusion at a lower
pump flow and, in addition, reduces hemodilution and hemolysis and minimizes the airblood and foreign surface interfaces19,20,22,23, which reduces side effects such as the inflam49
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matory
response17,24,25. We, therefore, hypothesized that the improvements in this minimal
extracorporeal circulation system have potential benefits for wound healing and, therefore,
can reduce excessive scar formation.

Patients and Methods
A prospective clinical observational study was performed at the St. Antonius Hospital,
Nieuwegein, the Netherlands. This institution is a major tertiary referral center for cardiothoracic surgery, performing close to 200 coronary artery bypass graft (CABG) operations
per year. Patients were assessed for eligibility to participate in the study if they were older
than 18 years and undergoing a median sternotomy incision for different types of cardiothoracic surgery. We excluded patients with a connective tissue disorder and patients who
already had a scar in the operation area. Minimal extracorporeal circulation consisted of
a closed-loop system which comprised an HL30® heart lung machine (Maquet Cardiopulmonary AG, Hirrlingen, Germany), tip to tip heparin-coated tubing (Bioline®, Maquet),
a Venous Bubble Trap® (Maquet), a bubble sensor, a Quadrox-i adult® oxygenator (Maquet) and a centrifugal pump (Rotaflow®, Maquet). The system was primed with 650 ml
priming solution (500 ml HAESsteril® 6% in 3 L NaCl 0.9%) and the heart was arrested
and protected with intermittent antegrade warm blood cardioplegia (every 20 minutes,
nasopharyngeal temperature 34°C), with potassium, according to local hospital protocols26.
Conventional extracorporeal circulation consisted of the same elements as described above
with the exception of a Venous Bubble Trap® and the addition of a venous reservoir (venous soft-shell reservoir JVR-900, Maquet) and a cardiotomy reservoir (HC 2811, Maquet).
A cell saver was used in both MECC and CECC. However, in CECC, the larger part of the
suction blood was returned to the patient through the cardiotomy reservoir. When we used
a CECC system, the heart was arrested with 800-1000 ml of cold crystalloid cardioplegia
(blood temperature 20-32°C) and 40 mg/liter cardioplegia dexamethasone was given according to the manufacturer’s instructions to reduce the inflammatory effects of the cardiopulmonary bypass. This is standard practice in many European cardiothoracic surgery centers.
An average of 950 ml of cardioplegia (38 mg dexamethasone) was used. These doses are
about twice as high as those used in dexamethasone substitution therapy and, therefore,
could cause side effects such as electrolyte imbalances, gastrointestinal, neurological and
endocrine problems, infections and delayed wound healing.
In this study design, we were not able to randomize patients for MECC or CECC since
the decision to use CECC or MECC depended on the type of surgery, because we do not
apply the MECC technique in all open heart surgery procedures. In CABG procedures,
both CECC and MECC are used. In order to be able to randomize for CECC or MECC, we
50
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should have limited inclusion to patients with CABG surgery only. However, using this
approach, we would not have been able to reach the required number of participants.
For follow-up, the patients were questioned and examined at the outpatient clinic of the
St. Antonius Hospital, Nieuwegein at four months and 12 months post-operatively. The
presternal scars were evaluated at standardized measuring points (2.5 cm from the most
cranial border and 2.5 cm from the most caudal border of the scar). Scars were considered
hypertrophic when the scar was raised above skin level. Both the patient and the researcher
scored the scar, using a validated tool for the evaluation of linear scars, the Patient and
Observer Scar Assessment Scale (PSAS – Patient Scale and OSAS – Observer Scale)27.
During the two outpatient visits, the presence of risk factors for hypertrophic scar formation was evaluated by means of a specially designed questionnaire for this study. Besides
that, a medical photographer took photos of the wound, with standard distance, for later
assessment. Also, at four and 12 months post-operatively, the height and width of the
scar were measured, using a slide calliper and a Philips HD3 ultrasound machine (Philips
Healthcare, Best, the Netherlands) with a linear frequency probe with a range of 3 – 9 Hz.
Taking potential bias into account, both the researcher and the patient were not informed
about the type of cardiopulmonary bypass during the outpatient visits.
The medical ethical committee approved the protocol and all patients signed informed
consent forms before enrolling in the study.
Data analysis was performed using the statistical software program SPSS 16.0 UK.
Groups were matched for duration of surgery. Differences between the two groups were
analyzed using the T-test and one-way ANOVA for continuous data (> 30 observations
in each group), the Mann-Whitney test for ordinal data (< 30 observations in each group)
and the Chi-square test for categorical data. P values < 0.05 were considered statistically
significant. Continuous data were presented in terms of means and standard deviation and
categorical data in numbers and percentages.

Results
In total, 120 patients were included in the study, 87 of whom were able to complete the
follow-up at one year post-operatively. Thirty-one patients did not complete the study: six
died and 25 were not able to revisit the clinic. Of the 87 enrolled patients, 70 were men and
17 were women. MECC was used in 45 patients and CECC in 42 patients. In the CECC
group, an average of 950 ml of cardioplegia (38 mg dexamethasone) was used. Patient
characteristics, including pre-operative physical status (American Society of Anesthesiologists (ASA) classification) and possible risk factors for aberrant scar formation in both
groups were similar (table 1), except for cross-clamp times, ECC time and the duration of
the surgery.
51
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Variable
Male
Age (yrs)
BMI (kg/m2)
Fitzpatrick:
- Skin type I
- Skin type II
- Skin type III
- Skin type IV
- Skin type V
Smoking
ASA score:
- ASA I
- ASA II
- ASA III
Co-morbidity/history:
- Malignancy
- Hypertension
- Diabetes
- COPD
Risk factors for HTS formation:
- Pro-inflammatory conditions
- Anesthetics
- Anticoagulants
- Erythropoiesis-influencing factors
- Hormone-affecting medication
- Scar-related factors
Dexamethasone (mg)
Duration of surgery (min)
Type of surgery:
- CABG
- CABG + valve
- Valve
- Other
ECC time (min)
Cross-clamp time (min)
Table 1A: patient characteristics
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Type of extracorporeal circulation
MECC (n = 45)
CECC (n = 42)
35 (78%)
34 (81%)
64 ± 11
64 ± 9
27 ± 4
27 ± 4
2 (4%)
7 (16%)
20 (44%)
13 (29%)
3 (7%)
4 (9%)

0 (0%)
9 (21%)
18 (43%)
12 (29%)
3 (7%)
5 (12%)

1 (2%)
15 (33%)
29 (64%)

0 (0%)
16 (38%)
26 (62%)

11 (24%)
29 (64%)
9 (20%)
4 (9%)

7 (17%)
24 (57%)
9 (21%)
6 (14%)

20 (44%)
12 (27%)
45 (100%)
22 (49%)
6 (13%)
21 (47%)
–
176 ± 37

23 (55%)
9 (21%)
41 (98%)
20 (48%)
4 (10%)
17 (40%)
40.6 ± 13.1
215 ± 47

33 (73%)
4 (9%)
4 (9%)
4 (9%)
80 ± 2
57 ± 22

28 (67%)
6 (14%)
3 (7%)
5 (12%)
105 ± 32
72 ± 25

p value
0.716#
0.942*
0.617*
0.850#

0.646#
0.977#

0.597#
0.826#
0.798#
0.506#
0.136#
0.655#
0.345#
0.622#
0.633#
0.971#
n.a.
<0.001*
0.616#

<0.001*
0.004*
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Variable
MECC (n = 29)
CECC (n = 28)
p value
Male
25 (86%)
23 (82%)
0.677#
Age (yrs)
64 ± 10
64 ± 10
0.898$
BMI (kg/m2)
27 ± 4
26 ± 4
0.292$
Fitzpatrick:
0.669#
- Skin type I
2 (7%)
0 (0%)
- Skin type II
5 (17%)
7 (25%)
- Skin type III
10 (34%)
9 (32%)
- Skin type IV
10 (34%)
9 (32%)
- Skin type V
2 (7%)
3 (11%)
Smoking
2 (7%)
4 (14%)
0.368#
ASA score:
0.864#
- ASA II
11 (38%)
10 (36%)
- ASA III
18 (62%)
18 (64%)
Co-morbidity/history:
- Malignancy
8 (28%)
5 (18%)
0.538#
- Hypertension
21 (72%)
16 (57%)
0.420#
- Diabetes
7 (24%)
7 (25%)
1.000#
- COPD
2 (7%)
3 (11%)
0.660#
Risk factors for HTS formation:
- Pro-inflammatory conditions
13 (45%)
16 (57%)
0.234#
- Anesthetics
8 (28%)
4 (14%)
0.277#
- Anticoagulants
29 (100%)
27 (96%)
0.343#
- Erythropoiesis-influencing factors 13 (45%)
16 (57%)
0.234#
- Hormone-affecting medication
3 (10%)
2 (7%)
0.732#
- Scar-related factors
15 (52%)
10 (36%)
0.668#
Duration of surgery (min)
195 ± 29
194 ± 35
0.692$
Type of surgery:
0.844#
- CABG
22 (76%)
21 (75%)
- CABG + valve
2 (7%)
1 (4%)
- Valve
2 (7%)
3 (11%)
- Other
3 (10%)
3 (11%)
ECC time (min)
88 ± 26
92 ± 23
0.549$
Cross-clamp time (min)
64 ± 23
61 ± 18
0.655$
Table 1B: patient characteristics matched groups Groups were matched for duration of surgery.
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Variable
MECC (n = 19)
CECC (n = 19)
p value
Male
17 (89%)
14 (74%)
0.215#
Age (yrs)
62 ± 10
66 ± 9
0.161$
BMI (kg/m2)
28 ± 3
27 ± 4
0.672$
Fitzpatrick:
0.127#
- Skin type I
1 (5%)
0 (0%)
- Skin type II
4 (21%)
2 (11%)
- Skin type III
8 (42%)
8 (42%)
- Skin type IV
5 (26%)
6 (32%)
- Skin type V
1 (5%)
3 (16%)
Smoking
1 (5%)
2 (11%)
0.553#
ASA score:
0.743#
- ASA II
8 (42%)
7 (37%)
- ASA III
11 (58%)
12 (63%)
Co-morbidity/history:
- Malignancy
2 (11%)
3 (16%)
0.636#
- Hypertension
12 (63%)
10 (53%)
0.517#
- Diabetes
4 (21%)
7 (37%)
0.290#
- COPD
0 (0%)
2 (11%)
0.152#
Risk factors for HTS formation:
- Pro-inflammatory conditions
3 (16%)
5 (26%)
0.432#
- Anesthetics
5 (26%)
2 (11%)
0.215#
- Anticoagulants
18 (95%)
19 (100%)
0.317#
- Erythropoiesis-influencing factors 8 (42%)
10 (53%)
0.255#
- Hormone-affecting medication
3 (16%)
1 (5%)
0.297#
- Scar-related factors
11 (58%)
8 (42%)
0.492#
Duration of surgery (min)
199 ± 27
120 ± 28
0.723$
ECC time (min)
86 ± 15
88 ± 13
0.373$
Cross-clamp time (min)
61 ± 19
58 ± 12
0.965$
Table 1C: patient characteristics matched groups - CABG only
Data are presented as number (percentage) or mean ± SD. MECC = minimal extracorporeal circulation, CECC = conventional extracorporeal circulation, BMI = body mass index, ASA = American
Society of Anesthesiologists, COPD = chronic obstructive pulmonary disease, HTS = hypertrophic
scar, CABG = coronary artery bypass graft, ECC = extracorporeal circulation, * = T-test, # =
Chi-square, $ = Mann-Whitney U, n.a. = not applicable.

The average cross-clamp time was 57 minutes in the MECC group and 1 hour and 12
minutes in the CECC group (p = 0.004, T-test). The mean ECC times in the MECC and
CECC groups were 1 hour and 20 minutes and 1 hour and 45 minutes, respectively (p <
54
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0.001, T-test). The duration of surgery showed a mean of 2.9 hours in the MECC group
and 3.6 hours in the CECC group; this difference was statistically significant (p < 0.001,
T-test) (table 1A). We saw a shorter duration for isolated CABG surgery compared to
more extensive combination procedures (p = 0.002, One-way ANOVA). However, these
differences resolved after matching for duration of surgery (table 1B).
Four months post-operatively, 22 patients of the MECC group (49%) and 18 patients in
the CECC group (43%) had developed hypertrophic scars. At 12 months post-operatively,
these were 18 patients in the MECC group (40.0%) and 16 patients in the CECC group
(38%). Table 2 shows the number of hypertrophic scars in patients at four and 12 months
post-operatively. The differences between the two groups (MECC – CECC) concerning
hypertrophic scar formation were not statistically significant (p = 0.58 at the first outpatient
visit and p = 0.86 at the second outpatient visit, Chi-square test). The hypertrophic portions
of the scars, i.e., the length of the hypertrophic scar portion divided by the total length of
the scar, were not significantly different either. Compared to the cranial scar segment, the
caudal scar segment showed a greater tendency to develop into a hypertrophic scar (p =
0.18) at the first outpatient visit and significantly more (p < 0.01, Chi-square test) at the
second outpatient visit. The width, surface and thickness of the scars in the two groups
showed no statistically significant differences (table 2A). We matched both groups for duration of surgery. This resulted in an MECC group of 29 patients and a CECC group of 28
patients, which were comparable for type of surgery, cross-clamp time, ECC time, age and
body mass index (BMI). No significant differences in hypertrophic scar formation or scar
dimensions were present in the matched groups either (table 2B). We performed a similar
matching in the group of patients who received only CABG surgery. The matched groups
consisted of 19 patients in both the MECC and the CECC groups. We did not see significant differences in patient characteristics (table 1C) or hypertrophic scar formation (table
2C). However, scar depth, measured by ultrasonography, was significantly smaller in the
CECC group at the second outpatient visit (p = 0.039, Mann-Whitney test; table 2C).
Evaluation of the scars during the first outpatient visit using POSAS showed no statistically significant difference between the two groups (p = 0.07, T-test). In contrast, the
POSAS scores of the second outpatient visit showed a significant difference between the
two groups (p < 0.01, T-test) (table 2A). This difference originated from the Patient Scar
Assessment Scale (PSAS) which was significantly higher, i.e., more aberrant,
in the MECC group (p < 0.01, T-test). The difference could not be explained by a correlation of PSAS scores with the duration of surgery, cross-clamp time or ECC time (see
also table 3B). When the groups were matched for duration of surgery, the difference did
not remain statistically significant. However, POSAS scores on the second outpatient visit
were also significantly different in the matched CABG-only groups (p < 0.01, Mann-Whitney test; table 2C). Table 3 shows the specification of the POSAS at 12 months post-operatively.
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Variable
MECC (n = 45)
CECC (n = 42)
Hypertrophy:
- 4 months
22 (49%)
18 (40%)
- 12 months
18 (43%)
16 (38%)
Scar diameter (mm):
- Depth 4 months
1.41 ± 0.40
1.37 ± 0.33
- Depth 12 months
1.14 ± 0.41
1.11 ± 0.46
- Width 4 months
2.56 ± 1.32
2.30 ± 0.87
- Width 12 months
2.48 ± 2.13
2.23 ± 1.46
POSAS:
- 4 months
21 ± 7
18 ± 6
- 12 months
37 ± 15
30 ± 10
Table 2A: hypertrophic scar formation and scar diameters

p value
0.575#
0.856#
0.662*
0.768*
0.293*
0.543*
0.066*
0.008*

Variable
MECC (n=29)
CECC (n=28)
p value
Hypertrophy:
- 4 months
15 (52%)
14 (50%)
0.897#
- 12 months
11 (38%)
10 (36%)
0.864#
Scar diameter (mm):
- Depth 4 months
1.45 ± 0.44
1.38 ± 0.32
0.555$
- Depth 12 months
1.16 ± 0.47
1.15 ± 0.52
0.784$
- Width 4 months
2.64 ± 1.33
2.32 ± 0.95
0.249$
- Width 12 months
2.70 ± 2.53
2.32 ± 1.60
0.591$
POSAS:
- 4 months
21 ± 7
38 ± 17
0.135$
- 12 months
19 ± 7
30 ± 11
0.121$
Table 2B: hypertrophic scar formation and scar diameters – matched groups
Variable
MECC (n=19)
CECC (n=19)
p value
Hypertrophy:
- 4 months
12 (63%)
11 (58%)
0.743#
- 12 months
10 (53%)
5 (26%)
0.102#
Scar diameter (mm):
- Depth 4 months
1.44 ± 0.32
1.33 ± 0.18
0.245$
- Depth 12 months
1.31 ± 0.48
1.04 ± 0.30
0.039$
- Width 4 months
2.81 ± 1.56
2.10 ± 0.75
0.062$
- Width 12 months
3.28 ± 2.93
1.90 ± 1.06
0.086$
POSAS:
- 4 months
22 ± 7
19 ± 6
0.105$
- 12 months
42 ± 16
28 ± 8
0.007$
Table 2C: hypertrophic scar formation and scar diameters – matched groups CABG only
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Data are presented as number (percentage) or mean ± SD. MECC = minimal extracorporeal
circulation, CECC = conventional extracorporeal circulation, POSAS = Patient and Observer
Scar Assessment Scale, CABG = coronary artery bypass graft, * = T-test, # = Chi-square, $ =
Mann-Whitney U.

Discussion
In this prospective clinical observational study on 87 patients undergoing cardiothoracic
surgery, both MECC and CECC/dexamathasone showed a comparable incidence in excessive scar formation.
Hypertrophic skin scarring is still a challenging problem after surgery3; especially, presternal scars show a high incidence with physical and cosmetic complaints for the patient
as a result1. Several factors are known to influence scar outcome, including age, race and
hormone levels6. However, immune processes during early wound healing are important
effectors as well16.
Cardiopulmonary bypass during cardiothoracic surgery is associated with a systemic
inflammatory response through the interaction of air, blood and synthetic components
in the cardiopulmonary bypass system9-11,16,17,24,25,28,29. The inflammation is further driven
by the physical trauma of surgery and the effects of ischemia and reperfusion30-32. Van
der Veer and colleagues found that the use of CECC/dexamethasone results in thicker
and wider scars compared to off-pump surgery16. As was shown by several studies, the
inflammatory response to CECC is more pronounced than to the more recently developed
MECC20,22,29,33. Reduced post-operative levels of pro-inflammatory mediators IL-6, IL-8,
SC5b-9 and TNF-α17,22,34 and lower levels of CC16 and CRP18,35 in MECC compared to
CECC have been described. Farnetti and colleagues also found reduced post-operative
monocyte counts, percentage of monocyte-platelet aggregates, monocyte platelet adhesion
index, prothrombin fragments and thrombin-antithrombin III complexes in MECC36. Ohata
and colleagues compared the systemic inflammatory response in MECC versus CECC
without dexamethasone34. However, it is unclear whether dexamethasone was used in the
other studies17,18,20,22,29,33,35.
Given the assumed relationship between inflammation and scarring, we expected that
MECC would decrease excessive scar formation compared to CECC with dexamethasone.
The MECC and CECC groups were comparable with respect to patient characteristics,
including possible risk factors for hypertrophic scarring (table 1). However, our study
showed no statistically significant difference in fibro-proliferative scarring with MECC or
CECC. The high incidence of scar hypertrophy in both groups suggests that MECC also
gives rise to a sufficiently high inflammatory response to cause hypertrophic scar formation, even though the inflammatory response is reduced compared to CECC.
57
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Variable
MECC (n = 45)
OSAS
16 ± 5
PSAS:
21 ± 12
- Pain
1 ±1
- Pruritis
2 ±2
- Color
4 ±3
- Stiffness
3 ±2
- Thickness
3 ±2
- Irregularity
4 ±2
- Overall satisfaction 4 ± 2
Table 3A: POSAS scores 2nd outpatient visit

CECC (n = 42)
14 ± 4
16 ± 7
1 ±1
2 ±1
3 ±2
2 ±1
2 ±2
3 ±2
3 ±2

p value
0.116*
0.007*
0.942*
0.973*
0.019*
0.006*
0.024*
0.007*
0.017*

Variable

Pearson r (p value)
Duration of surgery Cross-clamp time
ECC time correlation
OSAS
–0.012 (0.915)
–0.048 (0.659)
–0.095 (0.381)
PSAS:
–0.1 (0.372)
–0.115 (0.29)
–0.167 (0.122)
- Pain
–0.023 (0.837)
–0.15 (0.167)
–0.146 (0.177)
- Pruritis
0.064 (0.567)
0.076 (0.483)
0.1 (0.356)
- Color
–0.126 (0.258)
–0.079 (0.468)
–0.127 (0.239)
- Stiffness
–0.086 (0.448)
–0.087 (0.424)
–0.136 (0.21)
- Thickness
–0.045 (0.687)
–0.072 (0.508)
–0.126 (0.246)
- Irregularity
–0.074 (0.508)
–0.121 (0.266)
–0.17 (0.116)
- Overall satisfaction –0.157 (0.16)
–0.157 (0.146)
–0.216 (0.044)
Table 3B: correlation of POSAS scores with duration of surgery, cross-clamp- and ECC times
Variable
MECC (n = 29)
CECC (n = 28)
OSAS
16 ± 5
14 ± 4
PSAS:
22 ± 13
16 ± 8
- Pain
1 ±1
2 ±1
- Pruritis
2 ±2
2 ±1
- Color
4 ±3
3 ±1
- Stiffness
3 ±2
2 ±2
- Thickness
4 ±3
3 ±2
- Irregularity
4 ±3
3 ±1
- Overall satisfaction 4 ± 2
3 ±2
nd
Table 3C: POSAS scores 2 outpatient visit – matched groups

58

p value
0.284$
0.105$
0.334$
0.956$
0.078$
0.039$
0.190$
0.059$
0.113$
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Variable
MECC (n = 19)
CECC (n = 19)
p value
OSAS:
17 ± 5
13 ± 3
0.027$
- Vascularity
3 ±1
3 ±1
0.231$
- Pigmentation
2 ±1
2 ±1
0.899$
- Thickness
2 ±1
2 ±1
0.117$
- Relief
2 ±1
2 ±1
0.414$
- Pliability
2 ±1
1 ±1
0.008$
- Surface area
3 ±1
2 ±1
0.241$
- Overall opinion
3 ±1
2 ±1
0.014$
PSAS:
25 ± 13
15 ± 7
0.020$
- Pain
2 ±1
2 ±1
0.841$
- Pruritis
2 ±2
2 ±1
0.504$
- Color
5 ±3
3 ±2
0.025$
- Stiffness
4 ±2
2 ±1
0.004$
- Thickness
4 ±3
2 ±1
0.035$
- Irregularity
5 ±3
3 ±2
0.020$
- Overall satisfaction 4 ± 2
3 ±2
0.030$
nd
Table 3D: POSAS scores 2 outpatient visit – matched groups CABG only
POSAS scores at the 2nd outpatient visit, (A) of the total population, (C) of the groups matched
for duration of surgery, (D) of the patients of the matched groups who received CABG only. Data
are presented as mean ± SD. (B) Correlation coefficients of POSAS scores at 2nd outpatient visit
with duration of surgery, cross-clamp times and ECC times. MECC = minimal extracorporeal
circulation, CECC = conventional extracorporeal circulation, OSAS = observer scar assessment
scale, PSAS = patient scar assessment scale (scores range from 1-10, 1 = no complaints/as normal
skin, 10 = worst imaginable/very different), CABG = coronary artery bypass graft, * = T-test, $ =
Mann-Whitney U.

To diminish the inflammatory response associated with CECC, dexamethasone is
used. Dexamethasone has immune modulating and anti-inflammatory effects, reducing the
release of pro-inflammatory cytokines, adhesion molecules and inflammatory enzymes12.
Multiple studies have proven the efficacy of corticosteroids for the treatment or prevention
of hypertrophic scar formation13,15. The systemically administered dexamethasone in CECC
reduces the inflammatory damage to the tissues, which could have restricted the inflammatory response to the level of MECC. The reduction of the systemic inflammatory response
in MECC probably lasts for 24 to 48 hours after surgery17,22,34. The dexamethasone in
CECC is administered during surgery and is present in the body for approximately 36 to 48
hours. According to the literature, changes in the early immune processes of wound healing
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are important for hypertrophic scar formation5,16. Therefore, the inflammation reducing
effects of MECC and dexamethasone are potent wound-healing modulators. However,
the incidence of scar hypertrophy is still around 40% in both groups and comparable with
the literature3. It is questionable, therefore, if the systemic inflammatory reaction alone is
responsible for the development of excessive scar formation. It is more likely that it has a
multifactorial cause6.
Also, in the CECC/dexamethasone group, body temperature was lower (20-32°C)
compared to the MECC group (34°C). It was not possible to match groups for body temperature, since a body temperature of 34°C during MECC and a lower temperature during
CECC is standard procedure in our hospital. Shortly after wounding, early inflammation
is initiated and neutrophils become activated. From temperatures below 33°C, neutrophil
activity is attenuated37. Therefore, low temperatures during surgery can inhibit the early
inflammation phase of wound healing.
In addition, there were differences with respect to the type and duration of surgery
between the MECC and CECC groups, which was longer in the CECC group (p < 0.001).
With a longer duration of surgery, the wound is exposed to the air for a longer period of
time, which causes an even more extensive inflammatory response38. Pajulo and colleagues
showed that longer duration of surgery introduces changes in immune cell concentrations
in the wound which last for at least 24 hours after surgery39. Also, longer operation times
are associated with higher risk of infection39. We found shorter ECC and cross-clamp times
in the MECC group (p < 0.001, p = 0.004, respectively), which is consistent with the literature22,28,40. ECC and cross-clamping stimulate inflammation32. Moreover, aortic cross-clamping is one of the main causes of the systemic inflammatory reaction30.
It was not possible to randomize the patients for MECC and CECC in this prospective
observational study design because the type of cardiopulmonary bypass used was largely
dependent on the type of surgery. This could have introduced a bias, but, when we matched
for duration of surgery, no significant differences in the incidence of hypertrophic scar
formation were found. Matched groups consisting of CABG patients only did not show any
differences with respect to hypertrophic scarring either. However, the scars of CABG-only
patients who received MECC were on average 2 mm deeper compared to the CECC group
(p = 0.036, Mann-Whitney test). The matched groups were comparable for type of surgery,
ECC time, cross-clamp time, age and BMI (table 1).
Dexamethasone administration in MECC and randomized use of MECC and CECC
would make the two groups more comparable. Nevertheless, we were able to draw conclusions from our data, since the baseline characteristics of the groups were comparable after
matching them for duration of operation.
The Patient and Observer Scar Assessment Scale (POSAS) is a subjective scar assessment scale which consists of an Observer Scale (OSAS) and a Patient Scale (PSAS), both
consisting of 6 different items. Each item receives a score from 1 to 10, where a score of
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1 point indicates the scar resembles normal skin and a score of 10 points corresponds to
the most abnormal scar imaginable27. Although we did not find significant differences in
the prevalence of hypertrophic scars or scar width and depth 12 months post-operatively,
the mean POSAS of patients from the MECC group was higher than the mean POSAS of
the CECC group (p < 0.01, T-test). The same was observed in the CABG-only patients
(p < 0.01, Mann-Whitney test). This was based on the outcome of the PSAS, which was
significantly higher in the MECC group (p < 0.01, T-test; p = 0.02, Mann-Whitney test).
Patients in the MECC group scored their scars more aberrant in terms of color, stiffness,
thickness and irregularity compared to their normal skin. In addition, the overall patient
scar satisfaction was lower in the MECC group (table 3A&D). The OSAS was comparable
for both MECC and CECC, but was significantly higher in the MECCtreated patients of
the CABG-only group (p = 0.027, Mann-Whitney test). However, the differences between
the groups were small for the separate items and, when a Bonferroni correction for multiple
testing was performed (significance at p < 0.007), only the item “stiffness” of the PSAS
remained significantly different (p = 0.006, T-test; p = 0.004, Mann-Whitney test). Truong
and colleagues found that the Observer Scale correlated rather well with the Vancouver
Scar Scale, with Spearman correlation coefficients varying from 0.34 to 0.73 for the different items. The Patient Scale, however, correlated less well (correlation coefficient 0.34 −
0.40)41. The POSAS is based on subjective scoring of the scar appearance41,42 and is,
therefore, more suitable for monitoring intra-individual differences rather than inter-individual differences42. Besides, we noticed during follow-up that some patients with normal scars scored their scars as very different from normal skin, while some patients with
hypertrophic scars scored their scars as resembling normal skin. These facts can explain the
higher PSAS scores in the unmatched MECC group.
In summary, the use of MECC does not reduce hypertrophic scar formation compared
to CECC with dexamethasone. Scar depth is slightly reduced in CABG-only patients receiving CECC. However, several different factors which can alter the inflammatory response
are present during both MECC and CECC procedures in our study, such as dexamethasone
administration and cardioplegia strategy. Therefore, it is difficult to compare the effects of
the MECC and CECC circuits on scar formation. In addition, wound healing has multifactorial causes and, probably, the systemic inflammatory response is not the main cause of
hypertrophic scar formation. Nevertheless, in our view, the use of MECC is more beneficial than CECC since the blood surface contact area, as well as the cardioplegia volume,
are reduced compared to CECC, and MECC is associated with reduced blood loss1720,28,29,34,40
and gives rise to a lower inflammatory response17,18,20,22,29,33-36. Also, the need for
dexamethasone administration is eliminated. Patients who have surgery with MECC are
exposed to less inflammatory mediators and do not have to deal with the possible side effects of dexamethasone, such as endocrine, metabolic and neurological side effects43, while
scar outcomes with respect to hypertrophic scar formation and scar depth and width are
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not negatively influenced. The possible small advantage of slightly reduced scar depth in
CABG-only patients who received CECC does not outweigh the systemic circulatory and
immunologic advantages of MECC.

Conclusion
In conclusion, the use of minimal extracorporeal circulation (MECC) does not reduce
hypertrophic scar formation in comparison with conventional extracorporeal circulation
(CECC) with dexamethasone. We, therefore, conclude that the alterations of the systemic
immunological response induced by MECC are insufficient to reduce hypertrophic scar
formation as compared to the CECC/dexamethasone level.
However, MECC technology is superior compared to CECC, in our view, because of
the lower systemic inflammatory response and circulatory advantages in MECC and the
omission of dexamethasone administration which is often customary in CECC in many European cardiothoracic surgery centers. We, therefore, recommend the use of MECC above
CECC/dexamethasone when possible.
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