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Abstract 

Background Body contouring surgery after massive weight loss is associated with different risk factors. Wound 
healing disorders and seromas commonly occur postoperatively. Bariatric interventions lead to massive weight loss 
with excess skin and soft tissue. In this study, perioperatively collected laboratory markers of this special patient popu‑
lation were analyzed.

Methods Fifty‑nine patients were analyzed retrospectively regarding bariatric surgery, weight loss, body contouring 
surgery, laboratory markers, and complication rates.

Results Body contouring surgery (n = 117) was performed in 59 patients. Weight loss was achieved after gastric 
bypass (40.1%), gastric banding (33.9%), or sleeve gastrectomy (26.0%), with an average of 69.2 kg. The most common 
body contouring procedure included abdominoplasty (n = 50), followed by thigh lift (n = 29), mammaplasty (n = 19), 
brachioplasty (n = 14), and upper body lift (n = 5). Analysis of laboratory markers revealed no exceptional and clini‑
cally relevant variations. Correlation analysis revealed associations between resection weight, amount of drain fluid, 
and particular laboratory markers.

Conclusion Analysis of perioperative laboratory markers in this special patient population after massive weight loss 
did not indicate clinically relevant risk factors regardless of the type of bariatric or body contouring surgery. Body 
contouring surgeries after bariatric interventions prove to be safe and low risk concerning perioperative laboratory 
markers and postoperative hospitalization.
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Introduction
After massive weight loss (MWL), patients are afflicted 
with special conditions such as excess skin tissue. The 
resulting difficulties have already been discussed prior 
to this study (Cai et  al. 2020). However, before MWL, 
patients usually suffer from multimorbidity. Patients 
with obesity are 5.5–6.0 times more likely to experi-
ence metabolic syndrome than normal-weight patients 
(Engin 2017). Metabolic syndrome comprises abdominal 
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obesity, dyslipidemia, hyperglycemia, and hyperten-
sion and is a major public health challenge. Abdominal 
obesity is the most frequently identified metabolic con-
dition (Eckel et  al. 2005). Commonly, this comes along 
with alterations in specific laboratory markers associ-
ated with a metabolic syndrome. Patients undergoing 
massive weight loss additionally showed a reduction in 
metabolic syndrome disorders (Nguyen and Varela 2017; 
Schlottmann et al. 2018). Nevertheless, bariatric surgical 
approaches can lead to or intensify nutrient deficiency 
(Bal et  al. 2012). Micronutrient supplementation is cru-
cial to the follow-up period of bariatric surgery (Tabesh 
et  al. 2019). Despite evidence of long-term weight loss 
and remission of obesity-related comorbidities, patients 
undergoing body contouring surgery continue to have 
special risks and requirements. Various patients are still 
overweight due to stagnating or insufficient weight loss 
(Hauck et  al. 2019). Despite improvements in obesity-
related diseases, not all patients have complete remission 
(Nguyen and Varela 2017). Body contouring surgeries are 
considered safe procedures. However, common perioper-
ative complications, such as seroma, wound healing dis-
orders, and bleeding, remain (Hauck et al. 2019; Michaels 
et al. 2011). Wound healing depends on multiple macro- 
and micronutrients. Protein deficits lead to an increased 
inflammatory response (Romano et  al. 2019). Addition-
ally, vitamins A/C/D/B12, folate, thiamin, iron, ferritin, 
zinc, and selenium are described as essential elements 
of wound healing (Agha-Mohammadi and Hurwitz 
2010). The compensation of these deficits was shown to 
decrease those complications (Agha-Mohammadi and 
Hurwitz 2010). Barbour et  al., on the other hand, saw 
no effect of the substitution of the previously mentioned 
nutrients on the complication rate of panniculectomy 
(Barbour et  al. 2015). However, common laboratory 
markers (e.g., hemoglobin, CRP, leukocytes) have not yet 
been assessed perioperatively as a prognostic value for 
this group of patients. Therefore, in this study, we inves-
tigated specific laboratory markers and complications 
in the perioperative course of surgical body contour-
ing interventions in this special patient collective. We 
addressed the question of how laboratory markers are 
related to different complications and whether one can 
reduce possible risk factors to further reduce periopera-
tive complications.

Materials and methods
In a single-center study, we retrospectively reviewed 59 
patients undergoing bariatric (gastric banding, gastric 
sleeve, gastric bypass) and multistage body contouring 
surgery treated exclusively in our interdisciplinary obe-
sity center. We excluded patients with dietary weight loss 
and patients who received bariatric surgery in another 
hospital.

Body contouring surgery included abdominoplasty, 
thigh lift, brachioplasty, upper body lift, and mamma-
plasty. Outpatient records, clinical documentation pro-
grams, and nursing documentation were screened for the 
parameters shown in Table 1.

All included data were managed on a bespoke Excel 
sheet (Microsoft, Redmond, WA, USA).

Operative procedure
Bariatric intervention
Patients underwent bariatric intervention through the 
Department of General and Visceral Surgery as a part-
ner of the obesity center. This involved the application 
of a gastric band, a gastric bypass, or a gastric sleeve in 
our study group. Follow-up postoperative laboratory 
measurements were performed regularly (see the “Peri-
operative blood sampling” section). Patients received 
standardized supplementation of relevant micronutrients 
and vitamins depending on the operative procedure.

Body contouring surgery
We performed abdominoplasty, thigh lifts, mamma-
plasty, brachioplasty, and upper body lifts in a multistage 
concept. Surgical drains were routinely used in all proce-
dures. During hospitalization, the patients received either 
low-molecular-weight heparin or unfractionated heparin. 
Antibiotics, usually cephalosporins, were administered 
intravenously intra- and postoperatively. There was no 
substitution of additional vitamins and micronutrients 
perioperatively.

Perioperative blood sampling
Laboratory markers from the obesity center were avail-
able for this study depending on the bariatric procedure. 
Blood sampling was performed at 3 (gastric bypass), 6 
(gastric sleeve and gastric bypass), and 12 months (gas-
tric sleeve and gastric bypass) in the first year. After the 

Table 1 Collected data of the patient collective

Patient demographics Age, gender, secondary diagnosis

Bariatric surgery BMI before surgery, weight loss procedure, weight loss

Body contouring surgery BMI before surgery, the type of body contouring, resection weight, duration of hospitalization

Wound healing
Outcomes

Bleeding, wound infection, wound dehiscence according to the Clavien‒Dindo‑classification, 
amount of drained fluid
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first postoperative year, laboratory markers were repeated 
every 6–12 months to control nutritional deficiencies.

According to our routine, blood sampling was usually 
performed on the day before the body contouring sur-
gery and on the first postoperative day. Further labora-
tory tests were performed depending on the individual 
postoperative course. We recorded the preoperative val-
ues as well as the last blood test before discharge of the 
patients from the hospital. Furthermore, we evaluated 
postoperative laboratory control in the long-term course 
depending on the above-described interval. To summa-
rize the laboratory values in the first postoperative days, 
we evaluated the differences between the preoperative 
value and the maximum increase or decrease in the post-
operative course. Attention was given to the laboratory 
markers that could influence an operation or vice versa. 
The analyzed values can be taken from Table 2.

Statistical analysis
We analyzed patient demographics and the subgroup 
analysis by descriptive statistics. Descriptive statistics 
are expressed as the mean ± standard deviation (SD) for 
parametric data and as the median ± standard deviation 
(SD) for nonparametric data. A paired sample t-test or 
Wilcoxon’s signed-rank test was used for significance 
tests. Significance was set at a p-value < 0.05. Correlation 
analysis was performed using Pearson correlation with 
a confidence interval of 95%. The correlation coefficient 
was set according to Cohen (effect size small: 0.01–0.3; 
effect size medium: 0.3–0.5; effect size large: higher 0.5) 
(Cohen 1988).

Analyses were performed using GraphPad Prism Ver-
sion 9 (GraphPad Software, Inc., CA, USA).

Ethical approval
The study is in accordance with the 1964 Helsinki Decla-
ration and its later amendments and comparable ethical 
standards. The paper is exempt from ethical commit-
tee approval. This is a retrospective study, and the paper 
does not report on primary research. All data analyzed 
were collected as part of routine diagnosis and treatment. 
These data were anonymized.

Results
Total patient collective demographics
We included 59 patients (17 males/42 females) with 
a total of 117 body contouring surgeries (Fig.  1). The 

mean age was 43.5  years (range 20–60  years). Weight 
loss was achieved by gastric bypass (24 patients/40.1%), 
gastric banding (20 patients/33.9%), or gastric sleeve (15 
patients/26.0%). Two patients received conversion sur-
gery to gastric bypass prior to their first body contouring 
surgery.

The overall average weight loss was 69.2  kg (range 
29–150 kg). The mean BMI before body contouring sur-
gery was 30.4 kg/m2 (range 20.4–53.0 kg/m2). The mean 
resection weight of all surgeries was 1666 g (range 122–
6015 g). The most frequently performed body contouring 
surgery was abdominoplasty (50 cases). Thigh lifts were 
performed in 29 cases and mammaplasty in 19 cases. 
Brachioplasty and upper body lifts amounted to 14 cases 
and 5 cases, respectively.

Bariatric procedure demographics
The most commonly performed bariatric procedure was 
gastric bypass. The highest weight loss was recorded in 
the group of patients with sleeve gastrectomy. Similarly, 
these patients had the highest resection weight during 
body contouring procedures. Table 3 includes descriptive 
information about the bariatric subgroups.

Perioperative laboratory controls
Standard laboratory values
Preoperatively, the mean values of hemoglobin (mean 
13.3  g/dl; range 8.5–16.9  g/dl), thrombocytes (mean 
268.5 × 103/µl; range 148–702 × 103/µl), leukocytes 
(mean 7 × 103/µl; range 3.6–13.8 × 103/µl), CRP (mean 
2.3  mg/l; range 0.2–13.3  mg/l), and creatinine (mean 
0.8  mg/dl; range 0.5–1.4  mg/dl) presented within the 
reference range for all bariatric and postbariatric pro-
cedures. When considering the laboratory values 
shown in Table  4, only the postoperative hemoglobin 
and CRP showed alterations beyond the normal range. 
A closer look at the hemoglobin revealed a significant 
decrease from the preoperative value to the postopera-
tive laboratory control before discharge. This statisti-
cally significant difference for the hemoglobin marker 
was most evident in thigh lifts regardless of the bari-
atric procedure (gastric banding: p = 0.0047, gastric 
sleeve: p = 0.0206, and gastric bypass: p = 0.0057). The 
long-term follow-up blood control was taken on aver-
age approximately 2 months after body contouring sur-
gery. No significant variances from the baseline values 
before body contouring surgery were observed. One 

Table 2 Retrospective data evaluation of the mentioned laboratory markers

General laboratory markers Hemoglobin, thrombocytes, leukocytes, c‑reactive protein, creatinine, electrolytes

Specific laboratory markers Magnesium, folic acid, protein, albumin, iron, ferritin, parathormone, HbA1c, vitamin D3, vitamin B1, vitamin B2, vitamin B6, 
vitamin B12
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patient received red blood cell transfusions; therefore, 
these data were not considered for the analysis. Includ-
ing patients with postoperative bleeding (according to 
Clavien‒Dindo I and IIIb) in the total study cohort, the 
mean hemoglobin values were 11.2  g/dl (Δ-2.5  g/dl; 
gastric banding), 11.6  g/dl (Δ-2.5  g/dl; gastric sleeve), 
and 10.5  g/dl (Δ-2.6  g/dl; gastric bypass). In compari-
son, in the collective excluding patients with postop-
erative bleeding (7 patients were excluded; see Table 6), 
a postoperative mean of 11.3  g/dl (Δ-2.4  g/dl; gastric 
banding), 11.8  g/dl (Δ-2.4  g/dl; gastric sleeve), and 
10.6 g/dl (Δ-2.5 g/dl; gastric bypass) was observed.

Further details for standard laboratory values are 
shown in Table 4.

Nutritional status after bariatric surgery
The preoperative mean values of the necessary nutri-
tional supplements following bariatric surgery were 
within the recommended range. Postoperative labora-
tory control of nutritional status was performed approxi-
mately 2  months after surgery and presented normal 
mean values. The detailed results can be found in Table 5.

The necessary parameters for erythropoiesis are shown 
in Fig. 2.

Complications after body contouring
In 13.7% of the cases (n = 15), there was an alteration 
from the regular postoperative course. In four cases 
(3.4%), an infection appeared, which was accompanied 

Fig. 1 Presentation of cases with segmentation into body contouring surgeries as well as breakdown of bariatric procedures for each plastic 
surgery

Table 3 Descriptive data of patients after bariatric procedures

Characteristic Gastric banding Gastric sleeve Gastric bypass

Number of body contouring surgeries 36 33 48

Female/male, no. (%) 28 (78%)/8 (22%) 16 (48%)/17 (52%) 43 (89%)/5 (11%)

Age at body contouring procedure (mean, range) (years) 42.4 (23–58) 41.64 (28–50) 45.7 (20–60)

BMI (median, range) (kg/m2) 30.8 (23.5–53.0) 31.6 (22.7–39.5) 29.2 (20.4–46.1)

Total weight loss (mean, range) (%) 37.7 (24.8–52.8) 45.1 (30.2–58.7) 45.0 (25.9–60.0)

Resection weight (mean, range) (g) 1419 (180–3840) 1966 (122–5000) 1630 (175–6015)

Total amount of drained fluid during hospitalization of the body contouring procedure 
(mean, range) (ml)

980 (90–3475) 1279 (220–4160) 1319 (55–7395)

Duration of hospitalization of the body contouring procedure (mean, range) (days) 7.9 (3–21) 6.7 (3–13) 8.3 (3–21)
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by an escalation of antibiotic therapy (according to Cla-
vien‒Dindo grade II). Wound healing disorder occurred 
in four cases (3.4%) but did not require any interven-
tion (according to Clavien‒Dindo grade I). Postoperative 
bleeding appeared in seven cases (4.6%), four of which 
needed surgical treatment (according to Clavien‒Dindo 
grade IIIb). One of those four patients received two red 
blood cell transfusions. A detailed overview with subdi-
visions of the bariatric and body contouring procedures 
can be obtained from Table 6.

Correlation between laboratory values and clinical 
parameters
A moderate correlation (r = 0.3–0.5) was observed 
between BMI before surgery and resection weight 
(r = 0.39; p < 0.0001). Likewise, a correlation between 
resection weight and the factors “amount of drain fluid” 
(r = − 0.39; p < 0.0001) and “Δhemoglobin” (r = − 0.33; 
p = 0.00011) could be detected. The amount of drain fluid 
correlated with “Δleukocytes” (r = − 0.30; p = 0.00015), 
“Δthrombocytes” (r = − 0.37; p < 0.0001), “Δhemoglobin” 
(r = − 0.38; p < 0.0001), and Δcreatinine (r = 0.31; 

p = 0.0026). Multiple small correlations (r < 0.3) for 
almost all other parameters were found.

Discussion
Body contouring surgery after massive weight loss is 
associated with increased complication rates. Therefore, 
presurgical optimization of comorbidities and a check-up 
for surgery-related parameters to minimize postopera-
tive complications are of high importance. The consensus 
among experts is to perform postbariatric surgery rather 
cautiously or even refuse to perform such procedures in 
patients who are still markedly obese (Hauck et al. 2019; 
Promny et  al. 2021). The target weight and stability of 
body weight are important conditions for the decision 
upon an operative procedure. Moreover, interventions 
should be performed by experienced surgeons (Dragu 
and Horch 2014). A multistage concept is recommended 
in cases requiring contouring of various body parts to 
reduce postoperative complications.

As a consequence of massive weight loss, excessive skin 
and soft tissue remain, posing an often underestimated 
burden for the patient. Body contouring surgery can help 

Table 4 Laboratory markers with range according to the clinic laboratory — hemoglobin, thrombocytes, leukocytes, c‑reactive 
protein/CRP, and creatinine — preoperatively, post‑op (last laboratory control before discharge) and during the course (approx. 2 
months). Also, the presentation of the maximum change (leukocytes, CRP, creatinine, hemoglobin, thrombocytes). The mean value is 
shown. A subdivision was made according to the body contouring and the bariatric surgery used

ΔDifferences between the preoperative value and the maximum increase or decrease

Abdominoplasty
Total

Thigh lift
Total

Mammaplasty
Total

Brachioplasty
Total

Upper body lift
Total

Surgeries 50 29 19 14 5
Hemoglobin‑preop (g/dl) (12–15) 13.7 12.9 13.1 12.5 13.5

ΔHemoglobin (g/dl)  − 3.1  − 2.5  − 1.9  − 1.7  − 0.7

Hemoglobin‑post‑op (g/dl) 11.2 10.7 11.5 10.9 10.8

Hemoglobin‑long term (g/dl) 12.3 13.3 11.3 12.9 13.3

Thrombocytes‑preop (×  103/µl) (160–400) 264.1 281.0 272.3 258.1 253.2

Δthrombocytes (×  103/µl)  − 48.7  − 58.7  − 36.0  − 30.4  − 35.4

Thrombocytes‑post‑op (×  103/µl) 289.2 273.5 244.4 244.9 233.2

Thrombocytes‑long term (×  103/µl) 288.5 263.3 306.8 269.2 270.5

Leukocytes‑preop (×  103/µl) (4–11.5) 6.8 7.3 7.1 7.3 6.6

Δleukocytes (×  103/µl) 2.4 1.7 1.1 0.8 1.1

Leukocytes‑post‑op (×  103/µl) 7.3 6.9 8.9 7.6 6.1

Leukocytes‑course (×  103/µl) 6.4 7.1 7.3 6.8 8.1

CRP‑preop (mg/l) (− < 5) 2.9 1.9 2.5 1.6 1.0

ΔCRP (mg/l) 23.8 14.6 37.4 30.3 20.7

CRP‑post‑op (mg/l) 27.9 26.8 29.7 16.6 18.8

CRP‑long term (mg/l) 5.6 4.4 2.2 2.1 0.5

Creatinine‑preop (mg/dl) (0.51–0.95) 0.8 0.8 0.8 0.8 0.8

Δcreatinine (mg/dl) 0.1 0.1 0.1 0.1 0.1

Creatinine‑post‑op (mg/dl) 0.7 0.7 0.7 0.7 0.6

Creatinine‑long term (mg/dl) 0.7 0.7 0.7 0.7 0.7
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to overcome chronic inflammatory skin disorders trig-
gered by extensive skin-to-skin contact and psychological 
stress (Stumpfe et al. 2022; Baillot et al. 2013).

Health-related changes following bariatric interven-
tions in obese patients are well documented in the 

literature. Metabolic diseases such as diabetes or hyper-
tonia as well as skeletal disorders are positively influ-
enced. Moreover, the optimization or even normalization 
of laboratory markers is known (Mohapatra et al. 2020). 
On the other hand, bariatric procedures can influence 

Table 5 Laboratory markers of nutritional status following bariatric surgery. The mean value is shown

Post-op long term, na not available
a only one patient

Range according to 
the obesity center

Total Gastric banding Gastric sleeve Gastric bypass

Vitamin D3 preop 30.0–70.0 ng/ml 30.6 (5.2–64.0) 23.6 (13.0–36.7) 24.1 (5.2–47.0) 35.4 (6.3–64.0)

Vitamin D3 post-op 31.0 (7.0–62.5) 29.9a 27.8 (11.8–43.2) 33.3 (7.0–62.5)

Vitamin B1 preop 28.0–85.0 µg/l 73.3 (39.8–207.0) 74.3 (71–79) 73.1 (46.1–207.0) 73.4 (39.8–137.0)

Vitamin B1 post-op 69.4 (37.8–87.4) 70.9a 70.3 (37.8–195.7) 70.7 (39.8–125.2)

Vitamin B2 preop 137.0–370.0 µg/l 204.4 (89.2–222.8) 219.7 (166–267) 172.2 (89.2–229.0) 219.3 (127–312)

Vitamin B2 post-op 201.9 (143.0–156.0) 187a 183.5 (143–226) 212.9 (144–299)

Vitamin B6 preop 5.0–30.0 ng/ml 17.0 (1.9–62.4) 8.6 (3.4–12.0) 13.9 (1.9–36.7) 19.2 (6.2–62.4)

Vitamin B6 post-op 18.3 (3.4–53.4) 42.3a 14.1 (3.4–44.4) 19.9 (5.0–53.4)

Vitamin B12 preop 211–911 pg/ml 450.7 (156.7–1360.0) 328 (174.8–444.1) 509.4 (156.7–1082.0) 431.1 (176.5–1360.0)

Vitamin B12 post-op 470.2 (169.5–1597.0) 516.7a 509.6 (169.5–1597.0) 442.7 (176.5–1177.0)

HbA1c preop 4.4–6.0% 5.6 (4.6–8.5) 5.3a 5.2 (4.8–5.5) 5.8 (4.6–8.5)

HbA1c post-op 5.5 (4.4–8.5) 5.9a 5.1 (4.4–5.7) 5.8 (4.8–8.5)

Ferritin preop 22.0–112.0 ng/ml 56.9 (8–248) Na 65.7 (8–248) 39.3 (14–69)

Ferritin post-op Na Na Na Na

Iron preop 35.0–145.0 µg/dl 70.6 (11–189) 58.3 (37–78) 79.6 (20–189) 67.0 (11–134)

Iron post-op 73.9 (11–203) 46a 97.9 (20–203) 60.3 (11–134)

Folic acid preop 3.89–20.0 ng/ml 12.3 (2.6–20.0) 5.8 (3.7–6.9) 10.1 (2.6–20.0) 13.9 (4.5–20.0)

Folic acid post-op 12.9 (3.6–20.0) 20a 10.6 (3.6–20.0) 14.1 (6.9–20.0)

Parathormone pre-op 15.0–65.0 pg/ml 49.8 (15.7–145.0) 37.3 (33.0–45.7) 46.5 (31.8–89.2) 53.3 (15.7–145.0)

Parathormone post-op 52.5 (23.4–109.4) 53a 51.9 (34.3–109.4) 52.8 (23.4–98.2)

Protein preop 66.0–83.0 g/l 70.5 (34.8–48.5) 74.2 (70.9–77.4) 69.8 (62.7–77.8) 70.6 (63.7–79.2)

Protein post-op 69.3 (61.7–79.2) 69.3a 69.7 (63.5–78.6) 69.1 (61.7–79.2)

Albumine preop 35.0–55.0 g/l 42.4 (34.8–48.5) 45.5 (44–47) 41.9 (36.2–48.3) 42.5 (34.8–48.5)

Albumin post-op 41.6 (34.8–48.5) 42.3a 41.6 (36.2–45.8) 41.6 (34.8–48.5)

Magnesium preop 0.7–1.1 mmol/l 0.8 (0.7–0.9) 0.8 (0.8–0.9) 0.8 (0.7–0.9) 0.9 (0.8–0.9)

Magnesium post-op 1.0 (0.7–9.0) 0.8a 0.8 (0.7–0.9) 1.2 (0.7–9.0)

Fig. 2 Important parameters (vitamin B12, iron, folic acid) for erythropoiesis preop and post‑op (long term). Green area, normal range; ns, 
not significant
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the absorption or metabolization of different nutrients 
with influence on laboratory markers necessitating rou-
tinely performed blood controls and lifelong substitution 
of vitamins and micronutrients.

Although bariatric surgery is currently a common 
procedure with an elevated risk of wound healing prob-
lems, to date, in postbariatric patients, there is a lack of 
knowledge about the influence of bariatric interven-
tions on laboratory markers following body contouring 
procedures. The presented data in this study reveal no 
exceptional variances in the course of laboratory markers 
independent of the bariatric procedure or the body con-
touring intervention. Preoperative control, especially for 
surgery-related markers such as hemoglobin, leukocytes, 
thrombocytes, or creatinine, presented normal values. As 
expected, postoperative changes from the baseline in dif-
ferent values occurred, but there was no need for a medi-
cal intervention such as blood transfusion (except for one 
patient) or drug administration related to the variational 
value (except for five patients with infections). Even 
though values for hemoglobin were decreased and those 
for CRP were increased at the time of discharge from 
the hospital, those values presented a correction com-
pared to the latest values measured during the hospital 
stay and were normalized by 2  months postoperatively. 
If hemoglobin levels are reduced preoperatively, Bayter-
Martin et al. recommend parenteral iron and erythropoi-
etin administration (Enrique Bayter-Marin et al. 2021). In 
contrast, the administration of iron to treat preoperative 
iron deficiency anemia was not considered useful by Ng 
et  al. (Ng et  al. 2015). Bleeding complications are com-
mon in this highly elective patient group. Risk should be 

reduced to a minimum, as bleeding complications lead 
not only to revisional surgery but also to more than three 
times more hospital readmissions (Vieira et  al. 2017). 
Additionally, the long-term risk of secondary postopera-
tive hematoma formation can occur (Dragu et  al. 2009; 
Stumpfe et al. 2020). In elderly patients over 60 years of 
age, the risk for bleeding and hematoma was found to be 
increased (Fliss et al. 2022).

According to Correia-Sa and colleagues, a preopera-
tively elevated CRP value indicated an increased risk for 
the formation of hypertrophic scars (Correia-Sa et  al. 
2017). The study examined laboratory markers before 
surgery and during the course of 5  days afterwards. 
Patients who developed hypertrophic scars in the clini-
cal follow-up 6  months postoperatively already had an 
elevated CRP value before surgery. Pathologic scarring is 
thought to be caused by a prolonged or increased inflam-
matory response (Niessen et  al. 2004). For this reason, 
current prophylactic and treatment strategies (e.g., intral-
esional corticosteroid injection or adjuvant radiotherapy/
brachytherapy) focus mainly on limiting inflammatory 
processes (Lee and Jang 2018). Long-term studies evalu-
ating scar formation are necessary to underline or dis-
prove this association.

In addition to the standard laboratory markers, a 
detailed evaluation of nutrients was performed in this 
study. Bariatric surgical approaches can cause or worsen 
nutrient deficiencies. Nutrient deficiency can lead to 
various health problems, including weakness, hematoma, 
and infections (Bal et al. 2012; Gruener et al. 2022). The 
existing guidelines form the basis for recommendations 
on supplementation and treatment after weight loss 

Table 6 Complications of body contouring surgery

CD Clavien‒Dindo

Infection CD Dehiscence CD Bleeding CD

Gastric banding Abdominoplasty 0 2 I/I 1 IIIb

Thigh lift 2 II/II 1 I 0

Mammaplasty 0 0 0

Brachioplasty 0 0 0

Upper body lift 0 0 0

Gastric sleeve Abdominoplasty 0 0 1 I

Thigh lift 0 1 I 2 IIIb/IIIb

Mammaplasty 1 II 0 0

Brachioplasty 0 0 0

Upper body lift 0 0 0

Gastric bypass Abdominoplasty 0 0 1 IIIb

Thigh lift 0 0 0

Mammaplasty 1 II 0 1 I

Brachioplasty 0 0 0

Upper body lift 0 0 1 I
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surgery (Stroh et  al. 2017). Standardized approaches to 
micronutrient supplementation and clinical and labora-
tory screening for micronutrient deficiencies are needed 
after bariatric surgery. Lifelong supervision in an obesity 
center for bariatric surgery is mandatory (Mohapatra 
et al. 2020). In this context, care should be taken to avoid 
excessive intake of vitamin supplements, as this can lead 
to acute kidney failure and, over time, to chronic kidney 
failure (Francesco Daher et al. 2017). Patients with regu-
lar attendance at an obesity center as well as with high 
compliance showed sufficient medication supplemen-
tation. Our data showed that there is no increased risk 
for surgery due to a deficiency of micronutrients if the 
abovementioned steps have been carried out regularly. If 
the recommended laboratory controls are regularly per-
formed, there are no abnormalities to be expected in the 
specific and general laboratory markers in bariatric sur-
gery patients.

Bariatric weight loss surgery is generally associated 
with a higher risk for complications compared to dietary 
weight loss (Staalesen et al. 2012). However, in this study 
and in the literature, there is no evidence for an increased 
complication rate between the individual bariatric pro-
cedures (Garcia Botero et al. 2017; Pajula et al. 2019). A 
risk factor for wound healing problems is described by a 
higher resection weight and a preoperative BMI higher 
than 30  kg/m2 (Parvizi et  al. 2015). Further risk factors 
are known and should be taken into account in the plan-
ning of surgical interventions in this patient group. Over-
all, the complication rate in our patient population was 
low. In centers with high experience in the field of bariat-
ric surgery and body contouring procedures, those inter-
ventions can be performed with a high level of safety.

According to the data found in this study, the authors 
recommend that certain laboratory parameters should 
be consistently monitored. A general baseline meas-
urement should be obtained, especially for the param-
eters hemoglobin, thrombocytes, leukocytes and CRP, 
and creatinine. If the hemoglobin value is noticeable, it 
should be controlled in advance or optimized, if neces-
sary (Dragu and Horch 2014). As considered above, the 
administration of iron and erythropoietin for preopera-
tive optimization of hemoglobin is controversial (Enrique 
Bayter-Marin et  al. 2021; Ng et  al. 2015). Due to the 
correlation analysis in cases of high resection weight 
and high seroma production as well as in cases of an 
increased risk of seroma formation, the abovementioned 
parameters hemoglobin, thrombocytes, leukocytes, and 
creatinine are recommended to be controlled in the 
postoperative course (Salari et al. 2021). The values men-
tioned should likewise be within the normal range preop-
eratively in order to be able to intercept complications in 
the event of a significant discrepancy (delta).

If there is no regular visit at an obesity center, patients 
are recommended to check values for protein, albumin, 
arginine, glutamine, vitamin a, vitamin b12, vitamin c, 
folate, thiamin, iron, zinc, and selenium before body 
contouring in accordance with the literature (Agha-
Mohammadi and Hurwitz 2008). The healing of wounds 
and optimization of the immune system are influenced 
by these parameters (Hurwitz et al. 2008). Marouf et al. 
claim that a valuation of the prealbumin or transfer-
rin level shows the patient’s current nutritional status 
the best (Marouf and Mortada 2021). However, Botero 
et  al. did not find a correlation between preoperative 
serum albumin levels and the incidence of complica-
tions in patients with body contouring procedures 
(Garcia Botero et al. 2017).

This study is limited by its retrospective design. A 
further subdivision into detailed subgroups — with an 
already small subgroup size — is not meaningful and 
comparable due to the resulting group size. A dietary 
weight loss reference group would be a preferable addi-
tion but seems infeasible due to the lack of laboratory 
markers in the long term before and after body con-
touring procedures. Future studies could focus on fac-
tors influencing certain diets, such as vegetarian, vegan, 
alkaline, and ketogenic forms. These can have far-
reaching effects on the laboratory parameters already 
considered and thus also on the results of the body con-
touring operation.

Considering the safety of body contouring proce-
dures after bariatric interventions in view of surgery-
related and specific laboratory markers, we could not 
find particular risks. The correlations found between 
an increased amount of drain fluid and the parameters 
hemoglobin, thrombocytes, leukocytes, and creati-
nine should be assessed in further studies including a 
larger patient population. The aforementioned correla-
tions were of no clinical relevance in this study. Patients 
with more drained fluid had higher alterations in the 
aforementioned parameters; however, these alterations 
were not related to necessary treatment. Despite these 
results, perioperative monitoring of laboratory mark-
ers is essential, as well as frequent control by a special-
ized center. Comorbidities require special attention for 
related laboratory markers during the entire treatment. 
Similar to any other relevant surgical procedure, pre-
surgical check-ups for variations in laboratory markers 
are important in the planning of surgical interventions. 
Hence, these are further relevant data to improve the 
safety of body contouring interventions and reduce 
complications.
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Conclusion
Among experts, it is well known that body contouring 
procedures are associated with certain complications. 
Because these procedures will still be frequently per-
formed in the future, one should focus on further reduc-
ing common complications. Despite anatomical changes 
in the gastrointestinal tract, this analysis of perioperative 
laboratory parameters of the highly selective patient col-
lective after massive weight loss does not indicate iso-
lated specific clinically relevant risk factors independent 
of the type of bariatric procedure or weight reduction. In 
this special field of body contouring procedures, bariat-
ric interventions causing metabolic changes seem not to 
influence the risk of laboratory changes perioperatively.

Postbariatric procedures in bariatric preoperated 
patients prove to be safe and low-risk options concerning 
the perioperative laboratory parameters and thus during 
postoperative hospitalization.
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