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a combination of dexmedetomidine, lidocaine, and ketamine without any opioid administered
pre- or intraoperatively. OA included a combination of sufentanil and remifentanil. OFA pa-
tients received strict goal-directed fluid therapy, whereas OA patients received liberal fluids to
maintain perfusion pressure. All patients except 7 (TIVA with remifentanil) received inhalation
anesthesia combined with an infusion of propofol. Of the 204 patients, 55 received OFA and 149
received OA. There were no differences in major complications, but fewer minor complications
in the OFA group (17.9% vs. 51.4% and P < 0.001). Flap failure occurred in three patients of the
OA group. Six patients developed flap thrombosis (five OA patients and one OFA patient). OFA
was associated with fewer postoperative opioids, shorter LOS, less PONV, and less pain. In pa-
tients without previous nausea, the PONV incidence was higher in the OA group than in the OFA
group (12.7% vs. 43.6% and P < 0.001). Patients with previous nausea more frequently required
postoperative opioids and had a nausea rate of 60.87%.

© 2020 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Pub-
lished by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

The reconstruction of deep inferior epigastric perforator
(DIEP) flaps'-? involves the transfer of free abdominal tis-
sue to the breast using microsurgery.*-* Reducing perioper-
ative opioids may enhance recovery after surgery (ERAS), as
measured by the number of minor and major complications
and the length of hospital stay (LOS), and is therefore one
of the principles of ERAS.> Opioid-free anesthesia (OFA) re-
duces postoperative nausea and vomiting (PONV),° the most
common minor complication affecting flap perfusion.” Ma-
jor complications such as flap failure are rare but can have
devastating effects.> Many perioperative factors, including
low cardiac output, hypothermia, and surgical stress, may
cause vasoconstriction or thrombosis, thereby reducing flap
blood flow.® OFA may more effectively lower perioperative
stress but can induce more hypotension, making the impact
on flap perfusion uncertain. Dexmedetomidine® '® and li-
docaine, ' '? which are common components of OFA, have
anti-inflammatory and vasodilatory effects that may im-
prove free-flap perfusion.

This study tested the hypothesis that OFA combined with
goal-directed fluid therapy for DIEP flap surgery is associ-
ated with fewer complications.

Patients and methods

In this cohort study, we included all patients in our hospi-
tal database who underwent DIEP flap surgery between Jan-
uary 2014 and April 2019. All patients entering our hospi-
tal provide their consent to allow retrospective data analy-
sis. The study protocol was approved by our institutional re-
view board and registered at http://clinicaltrials.gov. This
manuscript adheres to the STROBE and CONSORT guidelines.

At our institution, the possibility of breast reconstruction
is discussed with all women undergoing mastectomy for es-
tablished breast cancer or prophylactically as a risk reduc-
tion strategy, and the decision regarding the timing and type
of reconstruction is based on each patient’s preference and
surgical options. Approximately 80% of patients requesting
breast reconstruction choose a DIEP flap. When adjuvant
radiotherapy is required, our breast multidisciplinary team

policy is to offer delayed autologous tissue reconstruction.
Patients with a high body mass index (BMI; >30kg/m?) are
advised to lose weight, and those who smoke are advised to
stop smoking at least 4 weeks before surgery; however, nei-
ther of these characteristics will exclude women from being
offered DIEP flap surgery. Hormone therapy, when a compo-
nent of the breast cancer treatment is stopped one week
before surgery and continued after discharge. Prior to DIEP
flap surgery, all women undergo computed tomography an-
giography with three-dimensional image reconstruction for
an assessment of the lower abdominal wall perforators and
recipient vessels by an experienced radiologist.

Methods

All DIEP flap reconstructions were performed by senior sur-
geons using a standard technique.” These surgeons routinely
preserve the superior inferior epigastric vein for “super-
charging” if venous congestion occurs.’® The internal tho-
racic vessels at the level of the third or fourth rib were the
first-choice recipient vessels. End-to-end anastomoses were
performed using 9-0 or 10-0 Nylon (ST&T), depending on the
vessel caliber.

The choice of OFA or OA was at the discretion of the at-
tending anesthesiologist, only some of whom were experi-
enced with OFA. OFA was defined as the administration of
no opioids either pre- or intraoperatively until wound clo-
sure, and opioids were only given when the patient was fully
awake and had been administered nonopioid analgesics pre-
viously. OA was defined as the administration of any opioid
during the pre- or intraoperative period. Postoperative opi-
oids (after OFA or OA) were defined as the administration of
opioids from the time of wound closure until discharge from
the hospital.

Most patients received a balanced general anesthetic,
which was usually a combination of 0.5 MAC sevoflurane in-
halation and a continuous propofol infusion at 3 mg/kg/h.
Seven patients in the opioid group received total intra-
venous anesthesia (TIVA with remifentanil) without inhala-
tion. Neuromuscular blockade (NMB) was achieved by the
administration of rocuronium or cisatracurium in a continu-
ous infusion to achieve periods of deep NMB when required.
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Table 1 Patient characteristics.
Characteristic OFA OA P-value

(n=55) (n=149)

Age (years) 53.92+2.76 50.32+1.75 0.0452
Body mass index (kg/m?) 25.01+0.83 25.33+0.65 0.6092
ASA physical status class 1.244+0.16 1.13+0.06 1.02
Hypertension (%) 9.1 6.0 0.444°
Smoker (%) 9.1 3.4 0.092°
Motion sickness or previous PONV (%) 10.9 12.8 0.722°
Simplified Apfel score 2.424+0.18 3.01+0.08 <0.0012
Bilateral (%) 38.2 34.9 0.664°

Statistically significant p values are indicated in bold.
@ Kolmogorov-Smirnov test.

b 2 test.Data are presented as mean =+ standard deviation except where indicated otherwise.ASA, American Society of Anesthe-
siologists; OA, opioid anesthesia; OFA, opioid-free anesthesia; and PONV, postoperative nausea or vomiting.

The method by which OFA was administered consisted
of combining sympatholytics based on monitoring the anal-
gesia nociception index (ANI)." Dexmedetomidine was ad-
ministered as follows: 0.3 mcg/kg 15 min before induction,
0.1 mcg/kg at induction, and an infusion of 0.1 mcg/kg/h
for maintenance. Lidocaine was administered as 1 mg/kg at
induction, followed by an infusion of 1 mg/kg/h for main-
tenance. Ketamine was administered as 0.1 mg/kg at induc-
tion, 0.7 mg/kg (maximum 50 mg) before incision, and an in-
fusion of 0.1 mg/kg/h for maintenance. Postoperative anal-
gesia was further improved by continuing very low doses of
dexmedetomidine (0.05 mcg/kg/h), ketamine (0.05mg/kg
ideal body weight/h), and lidocaine (0.5mg/kg/h) for the
first few hours (maximum, 5h) after surgery, with maxi-
mal bolus doses of 10 mg lidocaine, 1 mg ketamine, and 1
mcg dexmedetomidine administered every 15min on an as-
needed basis.

Sufentanil was administered as the OA at a dose of 0.1-
0.3 mcg/kg at induction, followed by additional 0.1-0.2-
mcg/kg doses as needed during surgery or by a continuous
infusion of remifentanil at a dose of 0.20-0.35 mcg/kg/h.
Since 2014, various adjunct medications (e.g., clonidine,
dexmedetomidine, ketamine, and lidocaine) have been ad-
ministered as a single dose to reduce the total dose of in-
traoperative opioids, and this still classifies as receiving OA.
Both groups received paracetamol and ketorolac postoper-
atively.

All patients undergoing OFA were managed with goal-
directed fluid therapy, receiving fewer than 1200 mL of in-
travenous (iv) fluids intraoperatively. Patients undergoing
OA received more liberal fluid therapy. The OFA group con-
sists therefore of a combination of zero intraoperative opi-
oids with goal-directed fluid therapy.

Data collection

The following demographic data were retrieved: age, BMI,
the American Society of Anesthesiologists (ASA) physical sta-
tus class, history of hypertension, current or recent smok-
ing, motion sickness, or previous PONV.

The presence of perioperative complications during the
first postoperative month was graded according to the mod-
ified Clavien-Dindo (CD) classification.' The CD grades were

converted to six categories for use in the statistical analysis,
with grades 1, 2, 3a, 3b, 4a, and 4b converted to categories
1, 2, 3, 4, 5, and 6, respectively.'® LOS was calculated as
the number of nights spent in the hospital postoperatively.

DIEP flap failure was defined as the need for a revision
procedure with a failure to preserve the initial flap. We also
recorded the total volume of intraoperative fluids, duration
of surgery, and laterality of the DIEP flap (bilateral or uni-
lateral). The simplified Apfel score'® (based on nonsmoking
status, female sex, history of previous PONV or motion sick-
ness, and postoperative opioid use) was calculated for each
patient, and the presence of nausea or vomiting, as well as
the number of antiemetics administered before and after
PONV, was recorded. We likewise recorded the maximum
visual analog scale (VAS) and opioid usage during the first
24 h postoperatively. Opioid usage was converted to total
iv morphine equivalents as follows: 1 mg iv morphine =1 mg
iv or subcutaneous piritramide, 10mg iv tramadol, or 2 mg
sublingual oxycodone."” Postoperative flap skin temperature
was measured every hour for the first 24 h after surgery and
compared to the temperature of the surrounding skin (ref-
erence temperature).

Statistical analysis

The demographic data and clinical outcome parameters are
expressed as the means and standard deviations, and were
either analyzed using the Kolmogorov-Smirnov test or ex-
pressed as a percentage of cases and analyzed using the
x2 test. A multiple linear or logistic regression analysis was
used to determine the independent effects of different con-
tinuous and categorical variables. Variables with an autocor-
relation were removed. Variables were chosen based on a
proven or assumed effect with a maximum of one predictor
variable per 10 observations in the smallest group.'® Statis-
tical analyses were performed using the statistical package
Stata/IC 15.1 for Mac (StataCorp, TX, USA).

Results
Patient characteristics

A total of 204 patients underwent unilateral or bilateral
DIEP flap surgery at our institution from January 2014 to
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Table 2 Complications categorized by the Clavien-Dindo clas-
sification.

Complication OFA (n=55) OA (n=149)
CD I 9 67

cbll 0 9

CD I or Il (minor 9 (17.9%) 76 (51.4%)
complications)

P-value (x2)

<0.001
<0.001

0
CD llla 0
CD lllb 1
CD IVa 0
CD IVb 0
cbv 0
CDlllto V 1
(major
complications)

O O O O =

(1.8%) (6.1%) 0.205

Statistically significant p values are indicated in bold.
OFA, opioid-free anesthesia; OA, opioid anesthesia; and CD,
Clavien-Dindo classification.

April 2019, 73 of whom received bilateral DIEP flaps. De-
mographic and clinical characteristics of the OFA (n=55)
and OA (n=149) groups are shown in Table 1. The simpli-
fied Apfel score was higher in the OA group (P <0.001),
whereas age was higher in the OFA group. The age distri-
bution was differently distributed between both groups jus-
tifying the Kolmogorov-Smirnov test instead of the Mann-
Whitney U test.

Complications

The observed complications (grades I-V) are shown in
Table 2. Grades | and Il represent minor complications,
whereas grades lll, 1V, and V represent major complications.
No patients in either group experienced grade IV or V com-
plications. The rate of minor complications was lower in the
OFA group than in the OA group (P <0.001).

Nine surgical revisions were performed under general
anesthesia (CD lllb complications): one in the OFA group
and eight in the OA group. The single patient in the OFA
group required revision for combined arterial and venous
thromboses. In the OA group, revision was required for ar-
terial thrombosis in one patient, venous thrombosis in four
patients, combined arterial and venous thromboses in one
patient, and nonperfusion-related indications in two pa-
tients. Three patients in the OA group developed flap fail-
ure that required additional reconstruction using a non-free
flap; one of these patients had undergone bilateral DIEP
flap surgery and the other two patients had received a uni-
lateral DIEP flap. One patient in the OA group underwent
wound revision under local anesthesia (CD llla). Five re-
visions were performed out of 131 unilateral procedures
(3.8%) and 5 revisions were performed out of 73 bilateral
procedures (6.8%); these differences were not statistically
significant (P=0.336). The number of minor complications
was not different between the bilateral and unilateral pro-
cedures (41.1% vs. 42.7%, respectively).

Clinical outcomes

The clinical outcomes of both groups are shown in Table 3.
There were no significant differences between groups for
surgery duration, first reference skin temperature in the
post-anesthesia care unit (PACU), incidence of postopera-
tive vomiting, rate of flap failure or flap thrombosis, rate of
reoperation in the first postoperative week, and LOS.

The volume of intraoperative fluids was lower in the
OFA group (1.70+0.30mL/kg/h) than in the OA group
(5.45+0.44mL/kg/h). Patients in the OFA group received a
significantly lower number of prophylactic, as well as thera-
peutic, antiemetic drugs, and they had a lower incidence of
postoperative nausea. They also received a lower quantity
of opioids (morphine equivalents) and had a lower maximum
VAS score in the first 24 h postoperatively; 40% of patients
receiving OFA required opioids postoperatively in contrast
to 87.3% of patients in the OA group.

When considering patients who received postoperative
morphine, PONV occurred in 22.7% of patients in the OFA
group and in 47.3% of those in the OA group (P=0.034).
Patients with no history of motion sickness or PONV did
not receive prophylactic antiemetics if they were in the
OFA group; their rate of PONV was 6.25%. If an opioid
was administered after OFA in patients with no history of
PONV or motion sickness, the incidence of PONV rose to
16.67% (P=0.042). One or more prophylactic antiemetic
drugs were always administered to patients who received
OA. Even with the administration of prophylactic antiemet-
ics in patients with no history of PONV, the incidence of
PONV was 43.75% in OA patients who received no further
opioids in the PACU and 46.39% in those who received addi-
tional opioids in the PACU (P=0.419).

Most patients (all except 2) with a history of PONV or mo-
tion sickness received an opioid postoperatively; their inci-
dence of PONV were 50.00% and 60.87% after OFA and OA,
respectively. (P=0.659).

Regression analysis results

Table 4 shows the results of analyses evaluating the associ-
ation between various factors and PONV (logistic regression
analysis), CD ranking (linear regression analysis), and LOS
(linear regression analysis).

The OFA group had a lower incidence of PONV, lower CD
ranking, and shorter LOS. Younger patients had a higher in-
cidence of PONYV, higher CD ranking, and shorter LOS. Higher
BMI was associated with a longer LOS.

Table 5 shows the results of linear regression analysis
evaluating the maximum postoperative VAS pain score and
postoperative morphine consumption. OFA was associated
with a lower VAS pain score and lower postoperative mor-
phine consumption.

Table 6 shows the results of linear regression analysis
evaluating the difference in skin temperature between the
flap and surrounding (reference) skin. OA, high BMI, and a
high first reference skin temperature in the PACU were as-
sociated with a greater skin temperature difference.
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Table 3 Clinical outcomes.

Outcome OFA OA P-value
(n=55) (n=149)

Number of prophylactic antiemetic drugs 1.13£0.18 1.94+0.18 <0.001?
Postoperative nausea (%) 12.7 43.6 <0.001"
Number of therapeutic antiemetic drugs 0.14+0.12 0.57+0.12 <0.001?
Postoperative vomiting (%) 1.8 6.7 0.170°
Maximum postoperative VAS 1.87+0.65 4.94+0.54 <0.0012
Total morphine equivalents postoperatively (mg) 1.95+0.84 10.3441.40 <0.0012
Intraoperative fluids (mL/kg/h) 1.70£0.30 5.451+0.44 0.001°
Duration of surgery (h) 6.42+0.95 6.73+0.32 0.8542
First reference skin temperature in PACU (°C) 34.96+0.41 34.90+0.35 0.186°
Skin temperature difference (flap - reference) (°C) 1.04+0.25 1.41+0.21 0.725°
Reoperation during the first week (n, %) 1(1.8) 9 (6.1) 0.205°
Flap thrombosis (arterial or venous) (n, %) 1(1.8) 5 (3.4) 0.389°
Flap failure (n, %) 0 (0) 3(2) 0.283°
No opioid usage postoperatively (%) 60.0 12.7 <0.001°
Hospital LOS (days) 6.82+0.26 7.524+0.28 0.134°

Statistically significant p values are indicated in bold.

2 Kolmogorov-Smirnov test.

b 2 test.Data are presented as mean =+ standard deviation except where indicated otherwise.OFA, opioid-free anesthesia; OA,
opioid anesthesia; VAS, visual analog pain score; PACU, postanesthesia care unit; and LOS, length of hospital stay.

Table 4 Linear regression analysis for postoperative nausea and vomiting, Clavien-Dindo complications, and length of hospital
stay.

Factor PONV2 CD ranking” LOSP

B coef P-value B coef P-value B coef P-value
Type of anesthesia (OFA=1 and OA=0) -1.821 <0.001 -0.536 0.001 -0.789 <0.001
Surgery laterality (unilat=1 and bilat=2) —0.031 0.817 0.238 0.287
Age -0.033 0.032 -0.015 0.018 0.026 0.012
Body mass index 0.007 0.679 0.117 <0.001
Smoker -0.775 0.495
Previous PONV 0.918 0.050 0.089 0.646 —0.112 0.724
Number of prophylactic antiemetics -0.061 0.707

Statistically significant p values are indicated in bold.

a Results of the logistic regression analysis.

b Results of the linear regression analysis.PONV, postoperative nausea and vomiting; CD, Clavien-Dindo classification; LOS, length of
hospital stay; coef, coefficient; OFA, opioid-free anesthesia; OA, opioid anesthesia; unilat, unilateral; and bilat, bilateral.

Table 5 Linear regression analysis for maximum VAS score and morphine consumption postoperatively.

Factor Maximum VAS? Postoperative morphine®

B coef P-value B coef P-value
Type of anesthesia (OFA=1 and OA=0) -2.925 <0.001 -8.114 <0.001
Surgery laterality (unilat=1 and bilat=2) -0.352 0.436 -0.197 0.855
Age -0.032 0.112 —0.066 0.173
Body mass index -0.072 0.229 0.012 0.931

Statistically significant p values are indicated in bold.
a Results of the linear regression analysis.coef, coefficient; OFA, opioid-free anesthesia; OA, opioid anesthesia; unilat, unilateral;
and bilat, bilateral.

Discussion distributed equally over the study years. This usage was pri-
marily based on the random availability of an anesthesiolo-

In this study, we used a retrospective cohort to include ev- gist experienced with OFA.

ery patient who underwent DIEP flap surgery over a 4-year The limitations of this study include the retrospective

period. OFA was used in approximately 25% of our patients, analysis and overall low incidence of major complications
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Table 6 Linear regression analysis for skin temperature dif-
ference between the flap and surrounding skin.

Factor Skin temperature difference®

(flap - reference®)

B coef P-value
Type of anesthesia -0.586 0.007
(OFA=1 and OA=0)
Age -0.016 0.069
Body mass index 0.058 0.023
Maximum -0.055 0.096
postoperative VAS
First reference skin 0.143 0.003

temperature in PACU

Statistically significant p values are indicated in bold.

2 Results of the linear regression analysis.

b The reference was an area of skin surrounding the flap.coef, co-
efficient; OFA, opioid-free anesthesia; OA, opioid anesthesia; uni-
lat, unilateral; bilat, bilateral; VAS, visual analog pain score; and
PACU, post anesthesia care unit.

and flap failures as compared to previous cohort studies.
Intraoperative perfusion pressures and the total dose of
vasoconstrictors were not recorded in sufficient detail to
allow for analyses. Analgesics are not required intraoper-
atively but those that block orthosympathetic, metabolic,
and inflammatory reactions or induce reflex depression,
as Gray explained already in 1960," are required instead.
Sufficient sympatholysis was verified by using ANl moni-
toring (MDoloris, Lille, France) in OFA patients and if the
nociceptive reaction was for more than 15 min below 50%,
extra dexmedetomidine and lidocaine was given.

Previous studies in bariatric surgery reported that OFA?°
and ERAS?' reduced postoperative opioid use by 75% and im-
proved the outcome. In the current study, OFA was associ-
ated with a more than 80% reduction in opioid consumption
in the first 24 h postoperatively.

The Clavien-Dindo classification (CD) was developed by
Clavien in 1992 for cholecystectomy and modified by Dindo
in 2004.%2 Recently, it has been used as an objective tool for
grading morbidity after free-flap surgery.”* CD found a dif-
ference for minor complications (CD | and Il), but not for ma-
jor complications. The rates of flap thrombosis and flap fail-
ure were lower in this study than in previous reports.* The
linear regression analysis of the CD ranking showed more
complications for OA and younger patients.

Patients in our OFA group received less intraopera-
tive fluids (1.70mL/kg/h) than those in the OA group
(5.45mL/kg/h). Nelson et al. reported that less than
7mL/kg/h of intraoperative fluids increased the risk of
postoperative thrombosis above their average rate of 4%.%
Our rate of thrombosis was lower in OFA and OA (1.8% vs.
3.4%). Dexmedetomidine causes direct vasoconstriction,?
but its indirect sympatholytic effects are more pronounced,
which results in vasodilation. Free flaps are not inner-
vated and might therefore elicit a hypothetical steal ef-
fect. Nunes did not find an induction of vasoconstriction in
denervated flaps with the use of dexmedetomidine,?® and
we could not confirm the steal effect either, suggesting

the importance of reducing the levels of circulating cate-
cholamines. ERAS might increase perioperative hypotension
and bradycardia,?” which requires additional vasoconstric-
tion. Dexmedetomidine and lidocaine have also been re-
ported to reduce the activation of coagulation, and might
therefore be more important for the prevention of throm-
bosis. 282

One of our patients who received 6.1 mL/kg/h of flu-
ids intraoperatively developed fluid overload, with delayed
wound healing and prolonged hospitalization. This out-
come appears contrary to Nelson’s recommendation to give
8 mL/kg/h." The judicious use of vasoconstrictors to main-
tain perfusion pressure may be superior to high fluid intake
to avoid wound edema.*® A clinical trial>' found no differ-
ence in flap failure or LOS between 2 and 8 mL/kg/h of in-
traoperative fluids either, when norepinephrine was used to
maintain the systolic blood pressure above 100 mmHg. The
ERAS pathway recommends restrictive fluid therapy, with
the administration of additional fluids when the pulse pres-
sure variation exceeds 20%; these recommendations were
followed in our OFA patients.>?

The difference in skin temperature between free flap and
surrounding skin might be a measurement of quality of per-
fusion. No difference was found between both groups ex-
cept in the regression analysis.

Kroll et al.** reported the use of 0.74mg/kg morphine
equivalents in the first 24h after DIEP flap surgery, which
was substantially higher than the doses in both our OA and
OFA groups (0.15mg/kg and 0.03 mg/kg, respectively). Our
findings show the importance of reducing intraoperative
opioids to zero. The Apfel score differed between groups,
because fewer patients required opioids after OFA.

PONV is common after DIEP flap breast reconstruction
surgery, which occurs in up to 76% of patients’. PONV be-
gins soon after awakening and persists for several days,
notwithstanding the use of multiple rescue antiemetics. Al-
though OFA itself reduces PONYV, opioid use after OFA still in-
creases PONV. Patients with previous PONV, more frequently
required a small dose of opioids for pain relief in the PACU,
even after OFA, and had a high rate of PONV despite the
use of more prophylactic antiemetics. Apfel measured that
TIVA as compared to inhalation reduced PONV because of
the antiemetic effects of propofol from 38% to 31%.3* Three
of the seven cases receiving TIVA without any inhalation still
had PONV. All DIEP flap patients in this study received propo-
fol in a continuous infusion. The incidence of 44% in the OA
group is still higher than the 13% in the OFA group.

Wade et al. recently reported a higher revision rate af-
ter bilateral DIEP flap surgery (23%) than after a unilateral
DIEP flap procedure (11%)'. We likewise observed twice the
number of revisions after bilateral surgery, albeit at a much
lower frequency (6.8% vs. 3.8%).

LOS was not shorter in the OFA group except when other
factors were included in a regression.

With a larger database, one can discuss the value of
adding more variables in the regression analysis, but this
would be based more on assumptions than on a proven im-
pact.

In summary, we observed no differences in major com-
plications between OFA combined with goal-directed fluid
therapy and OA for DIEP flap surgery. OFA and goal-directed
fluid therapy were associated in a regression analysis with
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less minor complications, less pain and a reduced rate of
PONYV, less difference in skin temperature between the flap
and surrounding skin, lower postoperative opioid use, and
shorter hospital LOS.
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