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Background: The endothelial glycocalyx (EG) is an important structure that regulates vascu-
lar homeostasis. Deep inferior epigastric perforator (DIEP) flap is expected to cause sub-
stantial EG breakdown owing to the long procedural duration and ischemia– reperfusion in-
jury. This prospective, randomized, controlled study aimed to compare syndecan-1 levels 
during sevoflurane-remifentanil and propofol-remifentanil anesthesia in patients who under-
went DIEP flap breast reconstruction. 

Methods: Fifty-one patients were randomized to either sevoflurane (n = 26) or propofol (n = 
25) groups. Anesthesia was maintained with remifentanil in combination with either sevoflu-
rane or propofol. The primary endpoint was the concentration of serum syndecan-1 mea-
sured at 1 h after surgery. 

Results: Fifty patients (98.0%) completed the study. Patients in the propofol group had sig-
nificantly lower levels of syndecan-1 than patients in the sevoflurane group at 1 h after oper-
ation (23.8 ± 1.6 vs. 30.9 ± 1.7 ng/ml, respectively; Bonferroni corrected P = 0.012). There 
were no significant differences between groups in postoperative complications. The postop-
erative hospital stay was 8.4 ± 2.5 days in the sevoflurane group and 7.4 ± 1.0 days in the 
propofol group (P = 0.077). 

Conclusions: Propofol-remifentanil anesthesia resulted in lesser increases in syndecan-1 
levels compared to increases with sevoflurane-remifentanil anesthesia in patients who un-
derwent DIEP flap reconstruction. Our results suggest that propofol-remifentanil anesthesia 
shows protective effects against EG damage during DIEP flap breast reconstruction in con-
trast to sevoflurane-remifentanil anesthesia. 

Keywords: Anesthesia, inhalation; Anesthesia, intravenous; Breast cancer; Breast recon-
struction; Glycocalyx; Syndecan-1.
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INTRODUCTION 

The endothelial glycocalyx (EG) is a gel-like layer coating 

the luminal surface of the vascular endothelium that func-

tions to regulate vascular homeostasis. EG is vulnerable to 

degradation by various insults, including ischemia–reperfu-

sion injury [1]. Because EG functions to regulate vascular 

permeability and leukocytes transmigration, damage to the 

EG can lead to increased vascular permeability and intersti-

tial edema. Exaggerated inflammatory responses can also 

occur by upregulation of interactions between leukocytes 

and the endothelium [2,3]. Various surgical procedures, as 

well as disease states such as sepsis and major trauma, can 

cause degradation (also called shedding) of the EG layer, as 

evidenced by the increased levels of syndecan-1, a compo-

nent of the core protein structure of the EG [4-6]. 

Deep inferior epigastric perforator (DIEP) flap reconstruc-

tion is one of the most advanced procedures for breast re-

construction following mastectomy for breast cancer [7-9]. It 

has gained popularity owing to its more aesthetically natural 

results, lower complication rates, and reduction of addition-

al operations required [10]. However, the procedure is tech-

nically challenging and complex, and involves a lengthy du-

ration of surgery during which meticulous adjustment of 

blood pressure and fluid management is required [10]. 

Moreover, because the flap is completely detached and 

blood supply is later re-established, ischemia–reperfusion 

injury may occur that can influence the viability of the flap 

[10]. 

Although sevoflurane anesthesia reportedly exerts some 

protective effects against EG degradation from ischemia– 

reperfusion injury in experimental studies [11,12], clinical 

results demonstrating a protective effect against EG of inha-

lation anesthetics have been inconsistent [13-15]. In one 

clinical study, the anesthetic agent chosen in patients un-

dergoing minimally invasive gastrectomy has been shown to 

influence the degree of EG layer degradation [16]. However, 

to our knowledge, no studies have evaluated the influence of 

the anesthetic agents on the occurrence and degree of sever-

ity of glycocalyx shedding during DIEP flap breast recon-

struction surgery. 

Therefore, we hypothesized that sevoflurane-remifentanil 

and propofol-remifentanil anesthesia would have different 

effects on EG shedding during mastectomy with immediate 

DIEP flap breast reconstruction. This prospective, random-

ized, controlled trial aimed to compare EG shedding during 

sevoflurane-remifentanil and propofol-remifentanil anes-

thesia by comparing syndecan-1 levels in patients with 

breast cancer who underwent mastectomy with immediate 

DIEP flap breast reconstruction. 

MATERIALS AND METHODS 

This prospective, randomized, controlled study was ap-

proved by the Institutional Review Board (IRB) and Hospital 

Research Ethics Committee (Yonsei University Health Sys-

tem, Seoul, Korea; IRB protocol no. 4-2021-0401), and regis-

tered at http://clinicaltrials.gov (ClinicalTrials.gov identifier: 

NCT05136508). It was conducted in accordance with the 

ethical principles of the Helsinki Declaration-2013, following 

good clinical practice guidelines. Patients aged ≥  20 years 

with American Society of Anesthesiologists physical status of 

I to III who were scheduled to undergo total mastectomy 

with immediate DIEP flap reconstruction between May and 

November 2021 were included after obtaining informed 

written consent. Exclusion criteria were the need for a bilat-

eral DIEP flap reconstruction, the inability to read or com-

prehend the informed consent forms, contraindications to 

the administration of sevoflurane or propofol, a history of 

thromboembolic disease, current contraceptive or thrombo-

lytic administration, renal dysfunction (estimated glomeru-

lar filtration rate <  60 ml/min/1.73 m2), pregnancy, breast 

feeding, or any kind of neuropsychiatric disease. 

The included patients were randomly assigned to either the 

sevoflurane group (n =  26) or the propofol group (n =  25) ac-

cording to a randomized assignment table, which was pre-

pared by applying the block randomization method with a 

block size of 4. In the sevoflurane group, anesthesia induction 

was initiated using a bolus dose of propofol (1.0–1.5 mg/kg) 

and a target-controlled infusion (TCI) of remifentanil (ef-

fect-site concentration [Ce] set to 4.0 ng/ml). In the propofol 

group, a commercial TIVA pump (Orchestra® Base Primea, 

Fresenius-Kabi) was used for both propofol and remifentan-

il administration, and anesthesia induction was started with 

a TCI of propofol (Ce of 4.0–4.5 μg/ml) and remifentanil (Ce 

of 4.0 ng/ml). In the sevoflurane group, anesthesia was 

maintained using an age-adjusted end-tidal minimal alveo-

lar sevoflurane concentration of 0.8–1.0 and TCI of remifent-

anil. In the propofol group, anesthesia maintenance was 

performed via TCIs of propofol and remifentanil to maintain 

patient state index values within the range of 25–50 [17,18].  

Upon entering the operating room, all patients were con-

tinuously monitored by electrocardiogram, non-invasive 

blood pressure, peripheral oxygen saturation, patient state 
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index values (SedLine® electroencephalograph sensor; Ma-

simo Corp.), and peripheral nerve stimulators. All patients 

received 0.1 mg of glycopyrrolate as premedication. Anes-

thesia was induced as described above. After confirming the 

patient’s loss of consciousness, a single intravenous (IV) 

dose of 1.2 mg/kg rocuronium was administered. Rocuroni-

um infusion was initiated to maintain a train-of-four target 

of 0–2. Mechanical ventilation was set at a tidal volume of 

7–8 ml per predicted body weight with 50% oxygen in air 

with a positive end-expiratory pressure of 5 cmH2O. Respira-

tory rate was adjusted to maintain the end-tidal carbon di-

oxide at 35–40 mmHg. Radial artery cannulation and central 

venous catheterization into the internal jugular vein were 

performed in all patients. To prevent hypothermia, a forced-

air warming system was applied, and the body temperature 

was maintained at 36–37°C. Hypotension (mean arterial 

pressure [MAP] <  60 mmHg) was managed with ephedrine 

in 4 mg increments or with norepinephrine infusion. 

For postoperative pain and nausea/vomiting, 0.08 mg/kg 

of IV oxycodone and 0.3 mg of IV ramosetron were adminis-

tered, and postoperative neuromuscular blockade was re-

versed with sugammadex (Bridion®, MSD). After confirma-

tion of spontaneous eye opening and the patient’s ability to 

obey commands, the endotracheal tube was removed and 

the patient was sent to the recovery room. During recovery, 

the patient was managed according to the judgment of the 

physician of the recovery room. After a mandatory 30 min 

observation period, an Aldrete score of 9 or more was re-

quired for a patient to be discharged. 

The following baseline characteristics were assessed and 

recorded for all patients: age, sex, body mass index, Ameri-

can Society of Anesthesiologists physical status, comorbidi-

ties, alcohol consumption, smoking habits, and menopausal 

status. Tumor characteristics such as hormonal and human 

epidermal growth factor receptor statuses, tumor pathology, 

histopathologic grade, and breast cancer stage were record-

ed. Additionally, the following intraoperative variables were 

documented: duration of anesthesia, reconstruction, and 

total operation; the amount of anesthetic intake including 

the total amount of remifentanil and propofol infused; the 

administered doses of vasopressors including ephedrine 

and norepinephrine; and input and output information 

during the procedure such as the total fluid intake, colloid 

intake, blood loss, and urine output. Furthermore, the type 

of mastectomy and the performed lymph node procedure, 

the tumor size, as well as the weight of the removed breast 

specimen and that of the harvested flap were recorded. Fi-

nally, the duration in the recovery room, the length of the 

postoperative hospital stay, the required amounts of transfu-

sion within the first 48 h after the procedure, and the pa-

tients’ postoperative adjuvant treatments were recorded. 

Postoperative complications including re-operations, flap 

detachment, hematoma, wound dehiscence, and venous 

congestion were analyzed. 

The perioperative hemodynamic variables including MAP 

and heart rate (HR) were serially recorded at the following 

eight time points: pre-induction (baseline), 10 min after in-

tubation (Intu10min), at the end of mastectomy (GSend), 30 min 

into microscopic re-anastomosis and revascularization (Mi-

cro30min), at the end of microscopic re-anastomosis and re-

vascularization (Microend), 10 min after steep sit-up position-

ing (Situp10min), at the end of the operation (OPend), and 1 h 

after the end of operation (PO1h). Pulse pressure variation 

(PPV) and remifentanil Ce were recorded at seven of the 

above eight time points, starting from Intu10min. 

The primary endpoint was the serum syndecan-1 level 

measured at 1 h after the end of operation. Blood samples 

were obtained at three time points: Intu10min, Situp10min, and 

PO1h. Blood samples were extracted and centrifuged at 5,000 

rpm for 5 min at 4°C, after which the obtained serum was 

stored at a –80°C freezer until analysis. The serum analysis 

was performed using a specific immunoassay kit (SDC1 ELI-

SA kit, Abnova, Cat. No. KA3851) and all samples were tested 

in duplicates. White blood cell count, hemoglobin levels, 

and neutrophil, lymphocyte and platelet count samples 

were collected preoperatively (Preop), at OPend, at PO1h, and 

on the 1st postoperative day (POD1). 

Statistical analysis 

The sample size was calculated based on a previous study 

using PASS software version 15.0.2 [16]. The calculation was 

performed to detect a difference of 5.9 ng/ml in the postop-

erative concentration of syndecan-1 between the propofol 

and sevoflurane groups with a significance level of 5% and a 

statistical power of 80%. This resulted in a total of 69 patients 

per group, allowing an interim analysis using Pocock’s al-

pha-sending function. Considering a potential dropout rate 

of 5%, this study was designed with 73 patients in each 

group. An interim analysis was performed when 25 patients 

had completed the study in each group. Based on the results 

of the interim analysis, the study was discontinued, and 50 

patients were included in the final analysis. 

Continuous variables are expressed as mean ±  standard 
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deviation and categorical variables are shown as the number 

of patients (percentage). Group differences with regards to 

continuous variables were determined using the student’s 

t-test and Chi-square test (if the portion of cells with an ex-

pected cell frequency of less than 5 was less than 20% of all 

the cells) or the Fisher’s exact test (otherwise) were applied 

for those in categorical variables. A linear mixed model anal-

ysis was employed for repeated-measure variables such as 

MAP, HR, PPV, remifentanil Ce, Syndecan-1 concentration, 

white blood cell count, hemoglobin levels, and neutrophil, 

lymphocyte, and platelet counts, which determined the 

group and time effects. When the interaction of group, time, 

and group-by-time showed statistical significance, post-hoc 

analyses with Bonferroni correction were performed to ad-

just for multiple comparisons. Statistical significance was 

defined as a P value <  0.05. All statistical analyses were per-

formed using SAS® version 9.4 (SAS Institute Inc.). 

RESULTS 

Demographic and intraoperative characteristics 

Of the 56 patients assessed for eligibility, 51 patients were 

randomly allocated into the sevoflurane or the propofol 

group, of which 50 completed the study (98.0%). One patient 

in the sevoflurane group who underwent only partial mas-

tectomy was excluded from the final analysis. A summary of 

the progress through the phases of the trial can be found in 

the Consolidated Standards of Reporting Trials flow diagram 

(Fig. 1). 

The patients’ characteristics are demonstrated in Table 1. 

None of the variables were shown to have significant differ-

ences between the two groups. Table 2 presents the opera-

tive variables. Patients in the propofol group were adminis-

tered with significantly higher doses of remifentanil and 

propofol and with significantly lower doses of norepineph-

rine compared to patients in the in the sevoflurane group 

(All P <  0.001). There were no significant differences in oth-

er operative variables between the two groups. 

The perioperative changes in the MAP, HR, PPV, and 

remifentanil Ce are shown in Fig. 2. No statistical differences 

in MAP and PPV were found between the two groups (Fig. 

2A and C, respectively). However, patients in the propofol 

group had significantly lower HRs beginning 30 min after 

microscopic reanastomosis until the end of operation than 

those of patients in the sevoflurane group (Bonferroni cor-

rect P =  0.009, 0.017, 0.034, and 0.047 at Micro30min, Microend, 

Situp10min, and OPend, respectively; Fig. 2B). The remifentanil 

Ce was significantly higher in the propofol group than in the 

sevoflurane group at all-time points (Bonferroni correct P =  

0.016 at intu10min; Bonferroni correct P <  0.001 at all other 

time points; Fig. 2D).  

Fig. 1. Consolidated Standards of Reporting Trials diagram of the study.

Assessed for eligibility (n = 56)

Excluded (n = 5)
• Not meeting inclusion criteria (n = 5) 
• Declined to participate (n = 0)

Allocated to the propofol group (n = 25)
• Received allocated intervention (n = 25)

Lost to follow-up (n = 0)

Analyzed (n = 25)

Allocated to the sevoflurane group (n = 26) 
• Received allocated intervention (n = 26)

Lost to follow-up (n = 1)
• Only mastectomy performed (n = 1)

Analyzed (n = 25)

Randomized (n = 51)
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Table 1. Patients’ Characteristics

Variable Sevoflurane group (n =  25) Propofol group (n =  25) P value
Age (yr) 49 ±  7 48 ±  9 0.776

Body mass index (kg/m2) 24.95 ±  4.42 23.82 ±  3.62 0.328

ASA physical status
  I 0 (0) 0 (0)
  II 25 (100) 25 (100)
Co-morbidities
  Hypertension 2 (8) 3 (12) >  0.999

  Diabetes mellitus 1 (4) 0 (0) >  0.999

Smoking history 0.235

  Non-smoker 25 (100) 22 (88)
  Ex-smoker 0 (0) 3 (12)
Postmenopausal status 10 (40) 7 (28) 0.371

Preoperative chemotherapy 7 (28) 6 (24) 0.747

Preoperative CEA (ng/ml) 2.2 ±  1.5 2.1 ±  1.9 0.800

Preoperative CA15-3 (U/ml) 11.0 ±  5.5 11.4 ±  4.7 0.788

Receptor group
  Estrogen receptor positive 17 (68) 20 (80) 0.333

  Progesterone receptor positive 13 (52) 15 (60) 0.569

  HER 2 positive 8 (32) 7 (28) 0.758

Tumor pathology 0.117

  Ductal carcinoma in situ 6 (24) 8 (32)
  Invasive ductal carcinoma 14 (56) 7 (28)
  Infiltrating other 5 (20) 10 (40)
Histopathologic grade 0.928

  Low 11 (44) 11 (44)
  Intermediate 9 (36) 8 (32)
  High 5 (20) 6 (24)
Stage 0.403

  0 6 (24) 9 (36)
  1 7 (28) 4 (16)
  2 10 (40) 12 (48)
  3 2 (8) 0 (0)

Values are presented as mean ± SD or number (%). ASA: American Society of Anesthesiologists, CEA: carcinoembryonic antigen, CA 15-3: 
cancer antigen 15-3, HER: human epidermal growth factor receptor type 2.

Syndecan-1 serum concentration  

Serum concentrations of syndecan-1 significantly in-

creased compared with baseline values over the sampled 

time points in both groups. When comparing syndecan-1 

levels between groups, the propofol group showed signifi-

cantly lower levels of syndecan-1 compared to the sevoflu-

rane group at Situp10min (20.1 ±  1.4 vs. 25.2 ±  1.5 ng/ml; Bon-

ferroni corrected P =  0.049), and at PO1h (23.8 ±  1.6 vs. 30.9 
±  1.7 ng/ml; Bonferroni corrected P =  0.012). In both 

groups, significantly elevated serum concentration of syn-

decan-1 was noted at Situp10min compared to the value at 

baseline (Intu10min), and this increase from baseline was also 

seen with syndecan-1 levels at PO1h (Fig. 3).  

Postoperative recovery variables and 
complications 

There was no significant difference in postoperative recov-

ery variables and complications in two groups (Table 3). 

Four patients in the sevoflurane group (3 cases for hemato-

ma evacuation and 1 for venous congestion and anastomo-

sis re-exploration) and 1 patient in the propofol group (for 

hematoma evacuation) underwent re-operation (P =  0.349). 
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Table 2. Operative Variables

Variable Sevoflurane group (n =  25) Propofol group (n =  25) P value
Intraoperative variables
  Duration of anesthesia (min) 581 ±  72 553 ±  48 0.122

  Duration of reconstruction (min) 399 ±  62 366 ±  49 0.055

  Duration of total operation (min) 539 ±  73 504 ±  46 0.078

  Administered dose of remifentanil (μg) 1,652 ±  411 2,984 ±  594 <  0.001*
  Administered dose of propofol (mg) 73 ±  14 3,601 ±  697 <  0.001*
  Administered dose of ephedrine (mg) 9.7 ±  7.3 9.8 ±  7.4 0.969

  Administered dose of norepinephrine (μg) 1,592 ±  723 888 ±  466 <  0.001*
Intraoperative fluid intake & output (ml)
  Total fluid intake 3,829 ±  828 3,566 ±  622 0.214

  Colloid intake 320 ±  430 180 ±  284 0.182

  Urine output 1,299 ±  547 1,398 ±  448 0.487

  Blood loss 162 ±  87 124 ±  50 0.073

  Patients transfused during surgery 1 (4) 1 (4) >  0.999

Type of mastectomy >  0.999

  Nipple sparing mastectomy 15 (60) 15 (60)
  Skin sparing mastectomy 10 (40) 10 (40)
Lymph node procedure 0.747

  SLNB only 18 (72) 19 (76)
  SLNB then ALND 7 (28) 6 (24)
Specimen weight (g) 514 ±  205 496 ±  220 0.765

Flap weight (g) 518 ±  73 504 ±  174 0.306

Tumor size (cm) 2.1 ±  1.6 2.7 ±  2.3 0.237

Values are presented as mean ± SD or number (%). SLNB: sentinel lymph node biopsy, ALND: axillary lymph node dissection. *P < 0.05.

Postoperative hospital stay was 8.4 ±  2.5 days in the sevoflu-

rane group and 7.4 ±  1.0 days in the propofol group (P =  

0.077). 

Laboratory values 

Table 4 indicates the perioperative laboratory values. Pa-

tients in the propofol group showed significantly lower WBC 

and neutrophil count at 1 h after operation than those in the 

sevoflurane group (P =  0.022 and 0.014, respectively), 

whereas no differences in laboratory values between groups 

were found at POD1. The hemoglobin levels, lymphocyte 

counts, and platelet counts did not differ between the groups 

at any of the sampled time points. 

DISCUSSION 

This prospective, randomized, controlled trial is the first to 

compare syndecan-1 levels during sevoflurane-remifentanil 

and propofol-remifentanil anesthesia in breast cancer pa-

tients who underwent mastectomy with DIEP flap recon-

struction. With propofol-remifentanil anesthesia, the in-

crease in syndecan-1 levels was less pronounced than that 

with sevoflurane-remifentanil anesthesia. Our results also 

demonstrate that the choice of anesthetic can have a signifi-

cant effect on the shedding of syndecan-1 following DIEP 

flap breast reconstruction. 

Similar to disease states, surgical procedures are known to 

cause EG shedding, and when different surgical procedures 

are compared, the extent of increase in syndecan-1 levels 

differs, presumably due to the invasiveness of the procedure 

[13,16,19,20]. While syndecan-1 levels increased only 20% 

after a minimally invasive gastric cancer surgery [16], major 

abdominal surgeries can result in a 40–70% increase [19]. In-

creases of 30–40% were observed in patients who underwent 

lung resection [13], while levels as high as 65 times that of 

the baseline value have been reported in patients who had 

been on cardiopulmonary bypass [20]. In the current study, 

syndecan-1 levels increased by an average of 68% at 1 h after 

operation, compared with the baseline levels. Such an in-

crease is similar to that of increases after a major abdominal 

surgery [19]. Although it is a relatively superficial procedure, 
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Fig. 2. Perioperative changes in the (A) mean arterial pressure (MAP), (B) heart rate (HR), (C) pulse pressure variation (PPV), and (D) 
remifentanil effect-site concentration (Ce). Values represent the estimated means with standard error from linear mixed models. Baseline: 
pre-induction, Intu10min: 10 min after intubation, GSend: mastectomy end, Microstart: microscopic reanastomosis start, Micro30min: 30 min into 
microscopic reanastomosis, Microend: microscopic reanastomosis end, Situp10min: 10 min after sitting position, OPend: end of operation, PO1h: 
1 h after operation, Ce: effect-site concentration. *Bonferroni-corrected P < 0.050 vs. sevoflurane group.

Fig. 3. Serum concentration of syndecan-1. Values represent the 
estimated means with standard error from linear mixed models. 
Intu10min: 10 min after intubation, Situp10min: 10 min after sitting 
position, PO1h: 1 h after operation. *Bonferroni-corrected P < 0.050 
vs. sevoflurane group. †Bonferroni-corrected P < 0.050 vs. Intu10 min.

DIEP can cause as much of an increase in syndecan-1 levels 

as major abdominal surgery, presumably, due to 1) the long 

duration of the surgical procedures, which often lasts several 

hours, and 2) the occurrence of ischemia–reperfusion injury 

during flap harvesting and subsequent revascularization. 

When the two groups were compared, in the propofol 

group, the percentage of increase in syndecan-1 levels was 

21% and 47% at 10 min after sit-up and 1 h after operation, 

respectively, whereas in the sevoflurane group, the percent-

age of increase was 57% at 10 min after sit-up and 93% at 1 h 

after operation. This difference in percentage increase be-

tween groups is significant enough to be comparable to the 

difference in syndecan-1 levels observed among four differ-

ent surgical procedures [13,16,19,20]. To reiterate, our results 

indicate that the choice of anesthetics for mastectomy and 
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Table 3. Postoperative Variables

Variable Sevoflurane group (n =  25) Propofol group (n =  25) P value
Duration of recovery room stay (min) 46 ±  12 50 ±  14 0.235

Postoperative hospital stays (days) 8.4 ±  2.5 7.4 ±  1.0 0.077

Patients transfused within postoperative (48 h) 6 (26) 2 (8) 0.130

Postoperative adjuvant treatment
  Chemotherapy 4 (16) 3 (12) >  0.999

  Radiotherapy 9 (36) 7 (28) 0.544

  Immunotherapy 5 (20) 2 (8) 0.417

  Hormone therapy 14 (56) 19 (76) 0.136

Postoperative complications
  Reoperation 4 (16) 1 (4) 0.349

  Flap detachment 1 (4) 0 (0) >  0.999

  Hematoma 3 (12) 1 (4) 0.609

  Wound dehiscence 1 (4) 1 (4) >  0.999

  Venous congestion 2 (12) 1 (4) 0.609

Values are presented as mean ± SD or number (%).

Table 4. Perioperative Laboratory Values

Variable Sevoflurane group (n =  25) Propofol group (n =  25) P value
White blood cell count (103/µl)
  Preop 6.1 ±  2.7 5.9 ±  2.5 0.828

  PO1h 13.2 ±  3.7 11.1 ±  2.9 0.022

  POD1 10.2 ±  2.5 9.5 ±  2.7 0.821

Hemoglobin (g/dl)
  Preop 12.6 ±  1.4 12.6 ±  1.8 0.916

  PO1h 10.0 ±  1.2 10.3 ±  1.2 0.350

  POD1 9.0 ±  1.6 9.6 ±  1.4 0.220

Neutrophil count
  Preop 3.8 ±  2.3 3.7 ±  2.2 0.940

  PO1h 11.0 ±  3.3 8.9 ±  2.4 0.014*
  POD1 8.5 ±  2.2 7.8 ±  2.7 0.912

Lymphocyte count
  Preop 1.8 ±  0.6 1.7 ±  0.6 0.559

  PO1h 1.4 ±  0.6 1.3 ±  0.7 0.701

  POD1 0.9 ±  0.3 0.9 ±  0.4 0.612

Platelet count
  Preop 285 ±  80 262 ±  80 0.312

  PO1h 205 ±  73 185 ±  47 0.250

  POD1 181 ±  54 182 ±  51 0.588

Values are presented as mean ± SD. Preop: pre-operation, PO1h: 1 h after operation, POD1: 1st postoperative day. *Bonferroni corrected  
P < 0.05/3 = 0.017.

DIEP flap reconstruction can cause vastly different levels of 

increase in syndecan-1 levels.  

Inhalation anesthetics exerts some protective effects 

against EG degradation from ischemia–reperfusion injury 

[11,12]; however, clinical results have been inconclusive [13-

15]. The results of the present study are more consistent with 

those of another study in which patients who underwent 

minimally invasive gastrectomy exhibited lower levels of 

syndecan-1 in the immediate postoperative period with 

propofol-remifentanil anesthesia than with sevoflu-

rane-remifentanil anesthesia [16]. It should be noted that, 

since both propofol and sevoflurane anesthesia are balanced 
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anesthesia techniques utilizing opioids, the effect of remifen-

tanil combined with either propofol or sevoflurane needs to 

be considered when interpreting the results. In addition, in 

this study, the lower white blood cell and neutrophil counts 

in the propofol compared to the sevoflurane group at 1 h af-

ter surgery also indicate reduced inflammation. However, 

definitive conclusions regarding the mechanisms by which 

EG degradation occurs in DIEP flap reconstruction surgery 

and the effect of different anesthetic agents on these mecha-

nisms cannot be made in the present study, and further ex-

perimental studies and clinical trials are needed. 

DIEP flap surgery is a complex procedure that requires me-

ticulous management of fluid input and output, maintenance 

of adequate perfusion, judicious use of vasopressors, and 

other manipulations to avoid or minimize thrombosis [10]. 

EG degradation can lead to interstitial edema due to in-

creased vascular permeability, or thrombosis due to de-

ranged hemostasis [2,3]. Therefore, focusing on the preven-

tion of EG shedding could be an important strategy to im-

prove the survival rates of flap in patients following DIEP flap 

reconstruction surgery. We propose to choose an anesthetic 

that minimizes syndecan-1 shedding, whenever possible. 

A study reported an incidence of free flap failure of 0.9% 

[21], and another study, which examined 956 flap surgeries, 

reported that 48 out of those cases required revision, which 

is equal to 5% [22]. Considering the incidence of these com-

plications, the present study was probably unable to detect 

differences in the incidence of revision or postoperative 

complications due to insufficient number of study subjects; 

future studies are hence warranted. 

It should further be mentioned that the administered dose 

of norepinephrine was significantly lower in the propofol 

group than in the sevoflurane group. Although poor free flap 

perfusion as a consequence of vasopressor use is not robust-

ly supported by reliable prospective clinical evidence, it re-

mains a concern for many surgeons [23,24]. While MAP and 

PPV were similar in both groups, significantly lower doses of 

norepinephrine were administered in the propofol group to 

maintain statistically similar hemodynamics during the pro-

cedure. This could be another advantage of propo-

fol-remifentanil anesthesia over sevoflurane-remifentanil 

anesthesia for DIEP flap breast reconstruction surgery. 

This study has a few limitations that need to be men-

tioned. First, the last measurement of syndecan-1 was per-

formed at 1 h after the operation, and we did not obtain 

samples for the analysis of syndecan-1 level thereafter. Peak 

syndecan-1 levels are thought to occur in the 24-h period af-

ter the main insult; however, we were unable to draw any 

conclusions regarding those syndecan-1 trends. This short-

coming should be addressed in future studies. Secondly, al-

though our study was sufficiently powered to detect signifi-

cant differences in syndecan-1 levels, it could not detect dif-

ferences in the incidences of revision rates or postoperative 

complications. This will also need to be addressed in a fur-

ther study, focused on the incidence of postoperative com-

plications. Third, we did not measure ischemia time of the 

free flap, more specifically, the time from the end of flap har-

vesting to start of revascularization, which is known to influ-

ence the degree of ischemia–reperfusion injury. Finally, in 

the present study, the remifentanil dose administered was 

not controlled between the two groups, being consistently 

higher in the propofol group than in the sevoflurane group. 

This increased dosage of remifentanil may affect less in-

creased level of syndecan-1 observed in propofol group [25]. 

Remifentanil which is a potent µ receptor agonist is known 

to exert immunosuppressive effects. Moreover, there are 

several proposed mechanisms and sites of action including 

a direct action on immunocytes, and modulation of the hy-

pothalamic-pituitary-adrenal axis, sympathetic activity, 

and central immunity [26,27]. However, Zongze et al. [28] 

showed that remifentanil had a protective effect against 

sepsis via both suppression of inflammatory factor produc-

tion and the inducible nitric oxide synthase expression. 

Thus, such confounding factors including ischemic time, 

dosage of remifentanil, total operation, and reconstruction 

time other than propofol, may have influenced our results. 

Therefore, further controlled studies are necessary. 

In conclusion, propofol-remifentanil anesthesia led to a 

reduced increase in syndecan-1 levels compared to sevoflu-

rane-remifentanil anesthesia in patients with breast cancer 

undergoing mastectomy and DIEP flap breast reconstruc-

tion. We demonstrated that DIEP flap breast reconstruction 

results in a significant increase in syndecan-1 levels, sug-

gesting that it is associated with substantial EG degradation. 

Furthermore, the results suggest that propofol-remifentanil 

anesthesia may have a beneficial effect on free flap survival 

compared to sevoflurane-remifentanil anesthesia when 

used in patients undergoing mastectomy and DIEP flap 

breast reconstruction. Further large-scale controlled experi-

mental studies and clinical trials are needed. 
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