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Wundheilung - Ablauf



Wundheilung – Man ist was man isst!!!!



Wundheilung – Makro Nährstoffe

Gesamte Wundheilung

• Proteine - Verlust über Wunde (Bedarf bis zu +250%)

Entzündungsfase + Proliferation
• Kohlenhydrate – Hormonausschüttung (Insulin), Wachstumsfaktoren (Cave: 

Hyperglykämie)

• Fette - Strukturell (lipid bi-membran), Prostaglandinvorläufer, Ergänzung von Omega-3 
nur mit 6, sonst schwächere Belastbarkeit!!!



Wundheilung – Mikro Nährstoffe

Aminosäuren
•Arginin
• essentiell für Entzündungsphase und Kollagenproduktion

• Stimuliert Wachstumshormone, T-Zell Aktivierung

•Glutamin
• Metabolische, enzymatische, antioxidative und immunogene

Eigenschaften

•Quelle? Semi-Essentiell?



Wundheilung – Mikro Nährstoffe

Vitamin A – Mangel:

⇩ B-Zell/T-Zell Funktion

⇩ Antikörperproduktion

⇩ Epithelialisierung

⇩ Kollagen Produktion

⇩ Granulation

B-Vitamine

• Leukozytenproduktion

• Anabole Prozesse der 
Wundheilung

• Kollagenproduktion

Vitamin C

• Zellmigration/-
transformation

• Kollagenproduktion

• Antioxidative Antwort

• Angiogenese

Vitamin D – Rolle ist noch unklar für Wundheilung

Vitamin E – Suppl. ist negativ für Wundheilung („Anti-Vit.A“) 



Wundheilung – Mikro Nährstoffe

Mineralstoffe - Zink

• DNS Replikation in schnellteilenden Zellen (Entzündungszellen/Epithel/Fibroblasten)

• Lymphozytenaktivierung

• Fibroblastenproliferation

• Kollagenproduktion

• Epithelialisierung

Funktioniert auch topisch!



Adipositas & Wundheilung

Männer und Frauen mit Adipositas (BMI ≥ 30) in Deutschland - Anteile an 
der gleichaltrigen Bevölkerung
Quelle: © Robert Koch-Institut 2014, Studie DEGS1, Erhebung 2008–2011

Zwei Drittel der Männer (67 %) und 
die Hälfte der Frauen (53 %) in 
Deutschland sind übergewichtig.

Ein Viertel der Erwachsenen (23 % 
der Männer und 24 % der Frauen) ist 
stark übergewichtig (adipös).

USA: 43%/41% (BMI>30)

• 10kg↓ DM Morb./Mort. um 30%
• OP Komplikationen
• Thrombosen/Embolien
• Höhere Mortalität bei Krebs...
• …

DOI:https://doi.org/10.1016/S1701-2163(15)30634-4

https://doi.org/10.1016/S1701-2163(15)30634-4


Warum heilen Adipöse schlechter?

Anatomie von Fett

• Kapilläre Dichte niedriger

• Größere Gefäße

• Strukturelle Belastbarkeit / terminale Blutversorgung. à Cave Spalthaut etc.

Oxidativer Stress



Warum heilen Adipöse schlechter?

Durchblutung von Fett

• Angiogenese (AG) funktioniert nicht

§ Collagen VI à Fibrosierung

§ 11f3HSD1 Überexpression bei adipösen à Glucocorticoide hemmen AG

§ Hypoxia-inducible factor 1 alpha (HIF1alpha) à Entzündung/Fibrosierung

• Venöse Insuffizienz à Rückstau à Entzündung/Fibrose



Warum heilen Adipöse schlechter?

Low grade Inflammation

• M2 (anti-inflammatory) zu M1 Status Makrophagen 

• ...viele Buchstaben & Abkürzungen

Oxidativer Stress

• Hypoperfusion à Leukozyten funktionieren schlecht à Risiko auf (chronische) Infektionen

Paradoxale Malnutrition

• Kohlenhydrate/Fette 

• B12, Zink, Albumin & Eisen fehlen je mehr desto höher der BMI

• Folsäure, Ferritin, Phosphor, Kalzium, Magnesium, Vitamin A, B6, C



Warum heilen Adipöse schlechter?

Anatomie Fett

Durchblutung

Chronische Entzündung

Hypoxie

Malnutrition

Hemmt Wundheilung

Pierpont et al., Obesity and Surgical Wound Healing: A Current Review 
ISRN Obesity, Volume 2014, Article ID 638936, 13 pages 
http://dx.doi.org/10.1155/2014/638936 



Warum heilen postbariatrische Patienten schlechter?
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a certain time from surgery, when the body stores are 
depleted to as little as 5%-10%. In addition to anemia, 
a lack of vitamin B12 can lead to neurological and 
psychiatric symptoms, including paresthesia, numbness, 
disturbance of coordination, memory disturbance and, 
in some instances, dementia. Oral or intramuscular 
supplementation of vitamin B12 is recommended after 
malabsorptive procedures, while there is no evidence of 
benefits after restrictive surgery.

Folic acid deficiency is a potential complication of 
bariatric procedures that can contribute to anemia. 
The prevalence of this deficit after both restrictive and 
malabsorptive procedures ranges from 9% to 39%[23,24]. 
It can manifest as macrocytic anemia, piastrinopenia, 
leucopenia, or glossitis. It could cause growth retardation 
and, in pregnant women, congenital defects (neural 
tube). Since folate is absorbed throughout the small 
intestine, the deficiency is primarily induced by a 
shortage of dietary intake rather than malabsorption. 
Furthermore, folate deficiency can be aggravated by 
vitamin B12 deficiency since the latter is necessary for 
the conversion of inactive methyltetrahydrofolic acid to 
the active tetrahydrofolic acid. Folate deficiency can be 
easily corrected by oral supplementation.

Abnormalities of bone metabolism
Bariatric surgery could impact bone metabolism 
and induce significant changes, such as decreased 
mechanical loading, calcium/vitamin D malabsorption 
with secondary hyperparathyroidism, nutritional 
deprivations, changes in fat mass and alterations in fat- 
and gut-derived hormones[25-27]. 

In general, weight loss, achieved through dietary 
restriction, drugs or bariatric surgery, is associated 
with a significant reduction in bone mineral density 
(BMD) and increased bone turnover[28]. In particular, 
the bone loss reported after non-surgical weight loss is 
much lower (1%-2%)[29] than that found after bariatric 
procedures (8%-13%)[30,31] A recent meta-analysis of 
studies that compare bariatric vs a non-operated control 
group showed reduced BMD at the femoral neck but not 
at the lumbar spine[30]. However, it is important to note 
that the measurement error at the spine BMD is greater 
than at other sites, which could likely account for this 
discrepancy. In addition, there is high heterogeneity in 
the studies analyzed with regard to different surgery 
procedures, study design (most retrospective), and 
patient characteristics (ethnicity, sex, menopausal/
postmenopausal stage, follow-up length), which could 
account for the differences between the two sites. 
Overall, the reductions in the BMD results are greater 
after malabsorptive or mixed than after restrictive 
procedures. Studies that compare RYGB and SG 
have shown a greater bone loss after RYBG than SG, 
especially at the hip and femoral neck[32]. Accordingly, 
bone turnover expressed by circulating markers such 
as CTX, PINP, TRAcP5b was significantly higher after 
RYGB than after SG[33]. The difference in the BMD 
between the two procedures could also be related to 
the different hormonal patterns induced by the two 
operations. Indeed, there is increasing evidence that 
many fat- and gut-derived hormones could affect bone 
health[25,33,34]. In particular, low levels of GIP, ghrelin, 
amylin, and insulin and high levels of PYY exert negative 
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Figure 1  Commonly performed bariatric surgeries. Modified from http://www.bariatric-surgery-source.com/.

Lupoli R et al . Bariatric surgery and nutrition
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to bariatric surgery, before weight loss and possible 
surgical-related malabsorption set in. 

With regard to the vitamin status, most evidence 
refers to a 25(OH)vitamin D deficit. Vitamin D insufficiency 
(< 30 ng/dL) has been reported in approximately 90% 
of different study populations, and ranges from 65%[69] 
to 100%[70], while vitamin D deficiency (< 20 ng/dL) is 
observed in approximately 60% of the patients, ranging 
from 22%[71] to 83%[72]. The prevalence of severe 
deficit (< 10 ng/dL) could reach 25%[73]. The degree 
of deficiency is predicted by the degree of obesity and 
race, with African Americans being at higher risk[74].

Obese individuals are more likely to be deficient 
in vitamin D because of the higher volumetric dilution 
and sequestration of this fat-soluble hormone in 
the adipose tissue[75]. As the fat mass increases, an 
individual will require greater amounts of vitamin D (via 
photoproduction from sun exposure, dietary intake, 
and/or supplementation). Moreover, although there is no 
difference in the vitamin D3 production between obese 
and lean individuals, obese patients show an impaired 
release of vitamin D3 from the skin[76]. Genetic variation 
in the function of the vitamin D binding protein and 
vitamin D receptor could also influence the 25(OH)D 
levels, with some studies suggesting a higher frequency 

of the poorer functioning forms in obesity[77,78]. 
The prevalence of vitamin B12 deficiency in patients 

scheduled for BS is reported in approximately 18% of 
patients. Similarly, low levels of vitamin B1 (thiamine) 
are reported in up to 20% of bariatric candidates. Few 
studies have assessed the vitamin C status in bariatric 
candidates, with a prevalence that ranges from 15%[69] 
to 33%[79]. With regard to vitamins A and E, their 
deficiencies are less frequent[69,73]. In particular, vitamin 
A has been found to be inversely associated with BMI, 
age and number of comorbidities[73]. This finding most 
likely occurs because low vitamin A levels are related to 
increased oxidative stress, insulin resistance, impaired 
glucose metabolism, cancers, and age-related macular 
degeneration[80], all of which are commonly associated 
with morbid obesity. 

Among the minerals, iron deficiency is the most 
common and ranges from 20% to 47%[81]. Iron and 
ferritin deficiency and iron-deficiency anemia are more 
frequent in younger patients (< 25 years) than in older 
patients and in women than in men, although this 
finding is not confirmed in all studies[82]. Iron deficiency 
in obese patients is likely related to the negative impact 
that chronic inflammation exerts on iron homeostasis. 
In particular, there is evidence that cytokines (TNFα and 

Assessments Pre-operative 1 mo 3 mo 6 mo 12 mo 18 mo 24 mo Annually

MOC DEXA AGB, SG, RYGB, 
BPD1

AGB3, SG, RYGB, 
BPD1

Calcium AGB, SG, 
RYGB, BPD2

AGB, 
SG, RYGB, 

BPD1

AGB, SG, 
RYGB, BPD1

AGB, SG, RYGB, 
BPD1

AGB, SG, RYGB, 
BPD1

AGB, SG, 
RYGB, BPD1

AGB, SG, RYGB, 
BPD1

AGB, SG, RYGB, 
BPD1

Magnesium AGB, SG, 
RYGB, BPD1

AGB, SG, 
RYGB, BPD1

AGB, SG, RYGB, 
BPD1

RYGB, BPD1 RYGB, BPD1 RYGB, BPD1

Phosphorus AGB, SG, 
RYGB, BPD1

AGB, SG, RYGB, 
BPD1

AGB, SG, RYGB, 
BPD1

AGB, SG, RYGB, 
BPD1

Zinc AGB, SG, 
RYGB, BPD2

RYGB, BPD1 RYGB, BPD2 AGB, SG, RYGB, 
BPD2

AGB, SG, RYGB, 
BPD2

AGB, SG, RYGB, 
BPD2

Iron AGB, SG, 
RYGB, BPD2

RYGB, BPD1 RYGB, BPD1 AGB, SG, RYGB, 
BPD2

RYGB, BPD1 AGB, SG, RYGB, 
BPD2

AGB, SG, RYGB, 
BPD2

Transferrin AGB, SG, 
RYGB, BPD2

AGB, SG, 
RYGB, BPD1

AGB, SG, RYGB, 
BPD1

AGB, SG, RYGB, 
BPD1

AGB, SG, RYGB, 
BPD1

AGB, SG, RYGB, 
BPD1

Ferritin AGB, SG, 
RYGB, BPD2

AGB, SG, 
RYGB, BPD1

AGB, SG, RYGB, 
BPD1

AGB, SG, RYGB, 
BPD1

AGB, SG, RYGB, 
BPD1

AGB, SG, RYGB, 
BPD1

Vitamin A AGB, SG, 
RYGB, BPD2

RYGB, BPD1 RYGB, BPD1 RYGB, BPD1 RYGB, BPD1 RYGB, BPD1

Vitamin E AGB, SG, 
RYGB, BPD1

AGB, SG, RYGB, 
BPD1

Vitamin D AGB, SG, 
RYGB, BPD2

RYGB, BPD2 RYGB, BPD2 AGB, SG, RYGB, 
BPD2

AGB, SG, RYGB, 
BPD2

AGB, SG, RYGB, 
BPD2

Vitamin B1 AGB, SG, 
RYGB, BPD2

AGB, SG, 
RYGB, BPD2

AGB, SG, 
RYGB, BPD1

AGB, SG, RYGB, 
BPD1

AGB, SG, RYGB, 
BPD1

AGB, SG, RYGB, 
BPD1

Vitamin B6 AGB, SG, 
RYGB, BPD2

AGB, SG, RYGB, 
BPD1

AGB3, SG3, 
RYGB3, 
BPD1,3

Vitamin B12 AGB, SG, 
RYGB, BPD1

AGB, SG, RYGB, 
BPD2

AGB, SG, RYGB, 
BPD2

AGB, SG, 
RYGB, BPD2

AGB, SG, RYGB, 
BPD2

AGB, SG, RYGB, 
BPD2

Parathormone AGB, SG, 
RYGB, BPD2

AGB, SG, RYGB, 
BPD2

AGB, SG, RYGB, 
BPD2

AGB, SG, RYGB, 
BPD2

AGB, SG, RYGB, 
BPD2

Table 1 Schedule of biochemical and nutritional assessments for the different bariatric procedures 

1Useful, including all contents in the space; 2Recommended, including all contents in the space; 3Every 2-5 years. AGB: Laparoscopic adjustable gastric 
banding; SG: Sleeve gastrectomy; RYGB: Roux-en-Y gastric bypass; BPD: Biliopancreatic diversion. 

Lupoli R et al . Bariatric surgery and nutrition



Bodylift & Co à QoL



• Circumferential abdominal lipectomy, 55.7%

• Extended abdominal lipectomy, 53.7%

• Cruroplasty, 69%

• Breast surgery, 57%

• Brachioplasty, 40%

Komplikationen




