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Propofol-based total intravenous anesthesia decreases the
incidence of postoperative nausea and vomiting without affecting
flap survival in free flap breast reconstruction
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Background: Postoperative nausea and vomiting (PONV) may cause undesirable effects after microsurgical
breast reconstruction. Although total intravenous anesthesia (TTVA) with propofol has been demonstrated
to be effective in reducing PONYV, it has not been assessed in autologous free flap breast reconstruction. The
purpose of this study was to investigate the antiemetic prophylaxis effect and safety of TIVA in microvascular
breast reconstruction.

Methods: Eighty-three patients undergoing microsurgical breast reconstruction with propofol (31 patients)
or sevoflurane (52 patients) were retrospectively reviewed. The incidence of PONV was assessed at 2, 6,
and 24 hours after surgery. Mean arterial blood pressure (MAP) was compared at T (after flap elevation but
before transfer), T, (15 minutes after revascularization), and T (at the end of surgery).

Results: The incidence of nausea was significantly reduced in the TIVA group over 0 to 2 hours period
(P=0.017), and over 2 to 6 hours period (P=0.033). The incidence of vomiting was significantly reduced in
the TIVA group over 0 to 2 hours period (P=0.006), and over 2 to 6 hours period (P=0.005). MAP was higher
in the TIVA group at T, (P=0.018), T, (P=0.005), and T; (P=0.007). The incidence of flap failure was similar
between the two groups (P=0.373).

Conclusions: Compared with sevoflurane maintaining anesthesia, propofol-based TIVA improves PONV
with less fluctuation of MAP, and did not affect flap survival.
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Introduction

Postoperative nausea and vomiting (PONV) is common
following general anesthesia for deep inferior epigastric
perforator (DIEP) flap breast reconstruction. PONV may
cause undesirable consequences such as tension on suture
lines, wound breakdown and hematoma formation (1,2).
Since patient-specific and surgery-related risk factors are
rather constant, pharmacological interventions during
anesthesia may be the breakthrough point for decreasing
the incidence of PONV (2).

General anesthesia with inhalational anesthetics has been
identified as one of the risk factors for PONV (3). Studies
have shown that propofol-based total intravenous anesthesia
(TIVA) may be effective in reducing the incidence of
PONV in female patients undergoing breast surgery and
other surgical procedures (4-6).

Free flaps, however, may be more vulnerable to
hemodynamic instability and hypoperfusion during
anesthesia. Preserving a good perfusion pressure and
maintaining a hemodynamic stability are essential to
achieve optimal circulation state and flap survival (7).
Therefore, other effects of an anesthesia technique should
be considered in addition to decreasing PONV.

The purpose of this study was to compare the incidence
of PONYV, intraoperative hemodynamic stability, and safety
between propofol-based TIVA and sevoflurane anesthesia
in DIEP flap breast reconstructive surgery. We present the
following article in accordance with the STROBE reporting
checklist (available at http://dx. doi. org/10. 21037/gs—20-
225).

Methods
Patients

From September 2014 to September 2019, 83 patients
undergoing unilateral DIEP flap breast reconstruction
under general anesthesia alone were included. Among them,
31 patients received propofol-based TIVA and 52 patients
received sevoflurane anesthesia. All 83 patients were
included for the analysis of flap and systemic complications
and intraoperative hemodynamics. Two patients in the
TIVA group and 5 patients in the sevoflurane group
were excluded from the analysis of PONV because of
the reoperation within 24 hours for flap compromise. All
surgical procedures were performed by a single surgeon
and all anesthetic procedures were administered by the
same anesthesiology team. This study was conducted in
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accordance with the Declaration of Helsinki (as revised
in 2013). This study was approved by Fudan University
Shanghai Cancer Center Ethics Committee (No.
TRB2007220-16) and informed consent was taken from all
the patients.

Anesthesia and analgesia

General anesthesia was induced with sufentanil (0.1 to
0.2 mcg/kg), propofol (1.5 to 2.5 mg/kg), and rocuronium
(0.6 mg/kg). After endotracheal intubation, propofol (4 to
12 mg/kg/h) or sevoflurane (1.5% to 3.5%) was used for
the maintenance of anesthesia. The depth of anesthesia
was assessed by the Narcotrend (Monitor Technik, Bad
Bramstedt, Germany) anesthesia awareness monitoring
system and was maintained between levels DO and D2 for
all patients. Boluses of sufentanil were given intermittently
as needed in both groups to maintain analgesia. Patient
core temperature was closely monitored and was carefully
maintained above 37 °C during surgery. Patients in both
groups received the same PONYV prophylaxis protocol:
dexamethasone 4 mg after induction combined with
droperidol 0.625 mg and granisetron 1 mg at the end of
surgery. For postoperative pain control, patients in both
groups were given sufentanil using IV-patient controlled
analgesia (PCA) (bolus dose of 1.5 pg sufentanil with a
continuous infusion rate of 1.5 pg/h, and lockout interval of
6 min).

Data collection

A retrospective chart review was performed from medical
records to compile patient demographics (Table 1).

PONYV risk factors (history of PONV and motion
sickness, nonsmoking status), intraoperative and
postoperative sufentanil administered were recorded. The
incidence of PONV was assessed at 2, 6, and 24 hours after
surgery. Patient satisfaction with PONV management was
evaluated at 24 hours after surgery using a verbal rating
scale, with a score of 0 representing highly dissatisfied and a
score of 100 representing highly satisfied.

Before induction, a 20-gauge catheter was inserted
into the radial artery after raising a skin wheal with
1% lidocaine. Mean arterial blood pressure (MAP) was
documented before the induction of general anesthesia
(Ty), at the completion of flap elevation before the
transfer (T')), 15 minutes after vessel anastomoses (T),),

and at the end of surgery (T;). Fluid variables included
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Table 1 Patient characteristics

Yang et al. TIVA vs. inhalational anesthesia in free flap breast reconstruction

Characteristics TIVA group (n=31) Sevo group (n=52) P value
Age 42.3+6.9 40.5+7.7 0.299
BMI (kg/m?) 23.1+2.2 229425 0.794
ASA status 1.000
| 23 (74%) 38 (73%)
Il 8 (26%) 14 (27%)
Hypertension 4 (13%) 5 (10%) 0.722
Preoperative hemoglobin (g/L) 125.7+12.3 125.2+11.9 0.865
Reconstruction stage 0.065
Immediate reconstruction 15 (48%) 36 (69%)
Delayed reconstruction 16 (52%) 16 (31%)
Duration of surgery (min) 447.5+76.7 442.9+84.6 0.805
Duration of anesthesia (min) 511.8+75.6 507.4+82.5 0.810
Flap ischemic time (min) 73.5+18.2 76.8+29.4 0.564
Adjuvant radiotherapy 7 (23%) 4 (8%) 0.091
Adjuvant chemotherapy 19 (61%) 27 (52%) 0.495

TIVA, total intravenous anesthesia; Sevo, sevoflurane; BMI, body mass index; ASA, American Society of Anesthesiologists.

total fluids, urine output, estimated blood loss and fluid
balance.

Recovery profiles concerning extubation time, following
verbal commands, orientation, intraoperative awareness,
discharge from postanesthetic care unit (PACU), and
duration of hospital stay were documented.

Intraoperative and postoperative flap and systemic
complications were recorded. Flap complications included
flap compromise (arterial thrombosis, venous thrombosis,
and mechanical obstruction), partial or total flap loss, wound
infection, delayed wound healing, and wound breakdown.
Systemic complications such as deep vein thrombosis
(DVT), pulmonary embolism, stroke, arrhythmia,
myocardial infarction, pleural effusion, pneumonia, renal
insufficiency was also collected.

Intraoperative propofol and sevoflurane consumption,
and the cost of these anesthetic agents were analyzed.

Statistical analysis

Continuous variables were presented as median = SD,
and categorical variables were presented as numbers and
proportions. Binary variables were analyzed using chi-
square test or Fisher’s exact test. Quantitative variables
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between the groups were analyzed using Student’s 7-test
or Mann-Whitney U test. Repeated measured data were
analyzed using repeated measure analysis of variance.
Statistical significance was defined as P<0.05, and all P
values were two-sided. Data were analyzed using SPSS 16.0
(SPSS, Inc., Chicago, IL, USA).

Results
Patient characteristics

Patient age, BMI, ASA status, comorbidities, preoperative
hemoglobin, reconstruction stage, duration of surgery
and anesthesia, flap ischemic time, history of adjuvant
radiotherapy and chemotherapy were comparable between
the two groups (Table 1).

PONV

History of PONV and motion sickness, nonsmoking
status, and intraoperative and postoperative sufentanil
administered were similar between the two groups (Tuble 2).

The incidences of PONV at different postoperative
time intervals are displayed in 7able 2. Patients in the TIVA
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PONV risk factors TIVA group (n=29) Sevo group (n=47) P value
History of PONV 4 (14%) 7 (15%) 1.000
History of motion sickness 6 (21%) 10 (21%) 1.000
Nonsmoking status 29 (100%) 47 (100%) 1.000
Intraoperative sufentanil administered (mcg) 68.3+5.2 66.3+5.5 0.119
Postoperative sufentanil administered (mcg) 74.8+5.7 74.1+6.6 0.623
PONV from 0to 2 h

Nausea 12 (41%) 33 (70%) 0.017

Vomiting 4 (14%) 22 (47%) 0.006
PONV from 2 to 6 h

Nausea 13(45%) 33 (70%) 0.033

Vomiting 8 (28%) 29 (62%) 0.005
PONV from 6 to 24 h

Nausea 10 (34%) 23 (49%) 0.243

Vomiting 6 (21%) 12 (26%) 0.783
PONV from 0 to 24 h

Nausea 17 (59%) 36 (77%) 0.213

Vomiting 16(55%) 30 (64%) 0.478
Satisfaction with PONV management (0-100) 82.8+7.3 75.6x11.7 0.004

PONV, postoperative nausea and vomiting; TIVA, total intravenous anesthesia; Sevo, sevoflurane.

group experienced lower incidences of PONV over 0 to
2 hours, and 2 to 6 hours period. There was no difference
in the incidence of PONYV over 6 to 24 hours, and 0 to
24 hours period between the two groups.

Patient satisfaction with PONV management was higher
in the TIVA group than that in the sevoflurane group
(Table 2).

Intraoperative bemodynamics and fluid balance

MAP at different perioperative time points are shown in
Table 3. Compared to the baseline at T, (before induction
of general anesthesia), MAPs decreased significantly at T},
T, and T;in both groups (repeated measure analysis of
variance, P<0.05). However, higher MAP was observed at
T, T,and T;in the TIVA group compared with that in the
sevoflurane group.

There were no differences in total fluid administration,
urine output, estimated blood loss, or fluid balance between
the two groups (Table 3).

© Gland Surgery. All rights reserved.

Postoperative recovery

Extubation time, following verbal commands, orientation,
intraoperative awareness, discharge from PACU, and length
of hospital stay did not differ between the two groups
(Tible 4).

Flap and systemic complications

Two patients in the TIVA group and 5 patients in the
sevoflurane group developed flap compromise (6.5%
versus 9.6%; P=0.707) (Table 5). These patients underwent
a second operation for flap salvage. One flap compromise
in the TIVA group was due to venous thrombosis and the
other, mechanical compression. The latter was salvaged and
the former, lost. All 5 flap compromises in the sevoflurane
group were due to mechanical compression of the pedicle
vein and were successfully salvaged (7able 5). There were no
arterial thromboses in this series. There were no differences
of flap compromise (6.5% versus 9.6%; P=0.707) and flap
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Table 3 Intraoperative hemodynamics and fluid balance

Variable TIVA group (n=31) Sevo group (n=52) P value
MAP at T, (mmHg) 90.1+11.2 90.3+8.9 0.925
MAP at T, (mmHg) 86.1+8.4 81.4+7.3 0.018
MAP at T, (mmHg) 86.0+7.3 81.2+7.3 0.005
MAP at T (mmHg) 88.5+7.6 84.1+6.6 0.007
Total fluids (mL) 2,696.8+518.0 2,717.3+595.0 0.874
Urine output (mL) 1,153.2+383.4 1,061.5+391.3 0.301
Estimated blood loss (mL) 100.0+£56.3 105.8+56.6 0.654
Fluid balance (mL) 1,453.8+535.6 1,511.3+501.8 0.630

TIVA, total intravenous anesthesia; Sevo, sevoflurane; MAP, mean arterial blood pressure; T,, before induction of general anesthesia; T,,
after flap dissection and elevation before flap transfer; T,, 15 minutes after vessel anastomoses; T, at the end of surgery.

Table 4 Postoperative recovery

Variable TIVA group (n=31) Sevo group (n=52) P value
Extubation time (min) 6.7+0.8 6.5+0.8 0.340
Following verbal commands (min) 8.0+0.9 8.2+0.8 0.233
Orientation (min) 8.8+1.1 9.1£1.0 0.233
Intraoperative awareness 0 (0.0%) 0 (0.0%) 1.000
Discharge from PACU (min) 38.7+7.6 39.4+7.3 0.672
Duration of hospital stay (d) 6.9+1.8 6.9+2.2 0.883

TIVA, total intravenous anesthesia; Sevo, sevoflurane; PACU, postanesthetic care unit.

failure (3.2% versus 0.0%; P=0.373) between the two groups
(1able 5). One patient in the sevoflurane group developed
pleural effusion. The incidences of systemic complications
were similar (0.0% versus 1.9%; P=1.000) between the two
groups (Tuble 5).

Cost analyses

The TIVA group showed a significantly higher cost for
the maintenance of anesthesia than the sevoflurane group
(1,642.8+317.7 versus 910.0£175.5 CNY, P<0.001) (Tible 6).

Discussion

Studies have shown that PONV is associated with high
levels of patient dissatisfaction and discomfort, and
avoidance of PONV may be even in greater demand
than avoidance of postoperative pain (2,8). The reported
overall incidence of PONV is approximately 30% after

© Gland Surgery. All rights reserved.

elective operations and can be as high as 70% in high-risk
patients (2,9). DIEP flap breast reconstruction involves
several identified PONV risk factors. These risk factors
include female gender, long duration of surgery, certain
type of surgery (breast, plastic surgery), and perioperative
opioid administration. According to a study carried out by
Manahan et al., 76% of DIEP patients experienced PONV,
and about two third of patients experienced emesis (2). The
results from our study are in agreement with their findings.
In the sevoflurane group, the incidence of postoperative
nausea and postoperative vomiting during the first 24 hours
was 77% and 65 %, respectively.

Early PONV occurs within 6 hours after surgery,
often in the PACU (2). Late PONV occurs between 6 to
24 hours postoperatively and is usually associated with
opioid use. PONV occurring after 24 hours is termed as
delayed PONV, which can be related to opioid use and/or
early mobilization after surgery (10).

The exact mechanisms of PONV are still unclear and
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Variable TIVA group (n=31) Sevo group (n=52) P value
Flap compromise 2 (6.5%) 5(9.6%) 0.707
Flap arterial thrombosis 0 (0.0%) 0 (0.0%) 1.000
Flap venous thrombosis 1(3.2%) 0 (0.0%) 0.373
Mechanical obstruction 1(3.2%) 5(9.6%) 0.403
Partial flap loss 0 (0.0%) 0 (0.0%) 1.000
Total flap loss 1(3.2%) 0 (0.0%) 0.373
Wound infection 0 (0.0%) 1(1.9%) 1.000
Delayed wound healing 0 (0.0%) 1(1.9%) 1.000
Wound breakdown 0 (0.0%) 0 (0.0%) 1.000
Systemic complications 0 (0.0%) 1(1.9%) 1.000

Systemic complications included deep vein thrombosis, pulmonary embolism, stroke, arrhythmia, myocardial infarction, pleural effusion,
pneumonia, renal insufficiency, and others. TIVA, total intravenous anesthesia; Sevo, sevoflurane.

Table 6 Cost analyses

Variable TIVA group (n=31) Sevo group (n=52) P value
Intraoperative propofol (mg) 3,854.4+745.3 117.9+13.9 <0.001
Intraoperative sevoflurane (mL) 0.0+0.0 89.5+18.2 <0.001
Cost of propofol (CNY) [propofol 1% (20 mL) =85.24 CNY] 1,642.8+317.7 50.2+5.9 <0.001
Cost of sevoflurane (CNY) [sevoflurane (250 mL) =2,402.41 0.0+0.0 859.7+174.4 <0.001
CNY]

Total cost (CNY) 1,642.8+317.7 910.0+175.5 <0.001

TIVA, total intravenous anesthesia; Sevo, sevoflurane; CNY, Chinese Yuan.

may be complex. In general, the occurrence of PONV
can be ascribed to patient-specific risk factors (female
sex, history of PONV or motion sickness), anesthetic risk
factors (volatile anesthetics, opioid), and surgical risk factors
(certain types of surgery and operative sites, increased
duration of surgery) (11-14). In a randomized controlled
trial of 1180 PONYV high-risk patients, volatile anesthetics
were identified as the main cause of vomiting that occurred
within 2 hours after surgery (15). Sneyd et 4/. in another
study demonstrated that the use of propofol throughout
the surgical procedure effectively decreased the incidence
of PONV (16). Our current study seems to support these
findings.

Propofol is commonly used in induction of general
anesthesia. Such use does not seem to protect patients
from PONV when maintenance of anesthesia is provided
with inhalation (17,18). Patients in the sevoflurane group

© Gland Surgery. All rights reserved.

in our study also received propofol during induction. Our
results and others suggest that a therapeutic plasma level
of propofol may be necessary to be effective in reducing
PONV (4). Thus, maintenance of anesthesia with propofol
is required to achieve this effect. Possible mechanisms of
the protective effect of propofol against PONV may include
the inhibition of 5-hydroxy-tryptamin-3 (5-H'T;) receptor
of serotonergic system and the blockade of vagal nuclei
and chemoreceptor trigger zone (CTZ) although the exact
mechanisms remain unclear (6,19).

It is well known that p opioid receptor agonists, such as
sufentanil, can elicit PONV because of direct stimulation of
the CTZ (20). Theoretically, intraoperative use of opioids
could diminish the protective effects of propofol. Sufentanil
is commonly used during anesthesia to provide supplement
analgesia. Its use is gauged by changes in vital signs such as
blood pressure, heart rate, or Narcotrend values indicating
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surgical stress or lightening of analgesia and is discontinued
at least 30 minutes before the end of surgery to avoid
adverse respiratory depression (20,21). Because of its long
half-life (162 minutes), the intraoperative and postoperative
use of sufentanil may have some effect on PONV.
Therefore, control of this variable is important. In the
present study, the total dose of sufentanil was not different
between the propofol group and sevoflurane group.

Maintaining a hemodynamic stability during a long
surgery is a challenge, especially in microsurgical free
flap transfer (22). Prolonged and severe hypotension can
be detrimental to flap perfusion (22,23). Both propofol
and sevoflurane can cause hypotension. Propofol directly
suppresses vascular reactivity resulting in the decrease
of MAP. On the other hand, sevoflurane has been shown
to inhibit myocardial contractility and possess the
vasodilatory effect. Whether one agent has more profound
hemodynamic disturbance than the other is inconclusive
from previous studies. Lauta ez /. showed that patients
undergoing neurosurgical procedures experienced more
frequent episodes of hypotension in the sevoflurane
group than in the propofol group (24). Similarly, Claroni
et al. reported that patients undergoing free flap breast
reconstruction maintained a higher MAP in the propofol
group than in the sevoflurane group, although the
differences were not statistically significant (25). Gravel
et al., however, demonstrated that fewer interventions
were required intraoperatively in the management of
systemic blood pressure in the sevoflurane group than
in the propofol group in coronary artery bypass graft
(CABG) surgery (26). Watson et 4l. found that the stability
of cardiovascular system was comparable between the
propofol group and the sevoflurane group (27).

To compare the hemodynamic effects of these two agents
during free flap breast reconstruction, MAPs were carefully
monitored throughout the case and evaluated at different
key time points. At T, all the perforators and the main
vascular pedicle of the DIEP flap had been dissected out
while the pedicle was still attached. The flap was perfused
through its native deep inferior epigastric vessels. At T, the
flap vascular pedicle was severed, the flap was moved to the
chest recipient site, and revascularization was completed
by anastomosing the flap pedicle to the internal mammary
vessels. MAP was taken 15 minutes after revascularization
to allow the flap to reach a steady state perfusion. At T, the
surgical procedures were completed and patients were ready
for waking up. MAPs at these time points were compared to
their baseline before the induction of anesthesia (T).

© Gland Surgery. All rights reserved.

Intraoperative blood pressure can also be affected by the
depth of anesthesia. None of the previous studies mentioned
this variable. The lack of precise control of this variable
might also have contributed to the inconsistent findings in
previously published literature. In our practice, the depth
of anesthesia is carefully assessed with the Narcotrend
anesthesia awareness monitoring system and was maintained
between levels DO and D2. Such a consistent and precise
control of anesthesia depth by a single anesthesiology team
is likely to make the two groups more comparable.

Our study demonstrated that MAP was significantly
lower in the sevoflurane group at all three intraoperative
time points compared to that in the TIVA group. Therefore,
using propofol for the maintenance of anesthesia has a
secondary benefit of minimizing hemodynamic instability.

One of the concerns regarding propofol-based TIVA in
prolonged surgery is that propofol might delay extubation,
thus causing unnecessary prolonged stay in PACU (4). We
find that the use of anesthesia awareness monitoring system
is very helpful in controlling the depth of anesthesia and
preparing for wake-up at the end of surgery. We have not
experienced delays in extubation because of propofol use. In
fact, the extubation time was nearly identical in the TIVA
and sevoflurane groups. Similar findings have also been
reported in other breast and colorectal surgeries (4,28).

In intraoperative management of free flap, the safety
of flap has always been one of the prime considerations
for anesthetists. Sevoflurane has been proved to provide
better endothelial protection from ischemia-reperfusion
injury than propofol in in-vive situation (29). However, the
influence on the safety of free flap between propofol and
sevoflurane has not been widely studied. Our study showed
that propofol-based TIVA didn’t adversely affect free flap
survival, thus indicating the safety of TIVA in microvascular
breast reconstruction.

Although propofol showed the benefits in PONV
prophylaxis and hemodynamic control, however, our cost
analysis showed that using propofol for the maintenance of
anesthesia was less cost-effective than using sevoflurane.

Limitation of this study is the relatively small sample of
83 cases. Further study could be continued to recruit more
cases in both groups to strengthen the power of the analysis.

In summary, the findings of the present study suggest
that, compared to using sevoflurane in anesthesia
maintenance, propofol-based TIVA reduces the incidence
of PONV in DIEP flap breast reconstruction and improves
intraoperative hemodynamics without delaying extubation
or risking free flap survival.
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