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Abstract

Background: Side effects associated with use of postoperative narcotics for pain control can
delay recovery after abdominally based microsurgical breast reconstruction. The authors evaluated
a nonnarcotic pain control regimen in conjunction with bilateral transversus abdominis plane
blocks on facilitating early hospital discharge.

Methods: A retrospective analysis was performed of consecutive patients who underwent
breast reconstruction using abdominally based free flaps, with or without being included in

a nonnarcotic protocol using intraoperative transversus abdominis plane blockade. During this
period, the use of locoregional analgesia evolved from none (control), to continuous bupivacaine
infusion transversus abdominis plane and catheters, to single-dose transversus abdominis plane
blockade with liposomal bupivacaine solution. Demographic factors, length of stay, inpatient
opioid consumption, and complications were reported for all three groups.

Results: One hundred twenty-eight consecutive patients (182 flaps) were identified. Forty
patients (62 flaps) were in the infusion-liposomal bupivacaine group, 48 (66 flaps) were in the
single-dose blockade—catheter group, and 40 (54 flaps) were in the control group. The infusion—
liposomal bupivacaine patients had a significantly shorter hospital stay compared with the single-
dose blockade—catheter group (2.65 + 0.66 versus 3.52 + 0.92 days; p < 0.0001) and the control
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group (2.65 + 0.66 versus 4.05 + 1.26 days; p < 0.0001). There was no significant difference in
flap loss or major complications among groups.

Conclusions: When used as part of a nonnarcotic postoperative pain regimen, transversus
abdominis plane blocks performed with single injections of liposomal bupivacaine help facilitate
early hospital discharge after abdominally based microsurgical breast reconstruction. A trend
toward consistent discharge by postoperative day 2 was seen. This could result in significant cost
savings for health care systems.

CLINICAL QUESTION/LEVEL OF EVIDENCE: Therapeutic, I1I.

Abdominally based microsurgical breast reconstruction has an established record of
excellent outcomes.! However, increased scrutiny of patient experience and treatment costs
led us to examine our reconstructive care pathway for opportunities for improvement. We
identified postoperative pain management as a target for quality improvement, with the
potential for secondary cost reduction through accelerated recovery. Therefore, we instituted
an Enhanced Recovery after Surgery protocol using a nonnarcotic pain control regimen in
conjunction with two different locoregional anesthesia techniques for all patients undergoing
abdominally based microsurgical breast reconstruction.

Because the majority of pain after abdominally based autologous breast reconstruction is
derived from the abdominal donor site, the two Enhanced Recovery after Surgery groups
both used differing types of transversus abdominis plane blockade as the main form

of locoregional analgesia. Transversus abdominis plane blockade involves injecting local
anesthetic in the plane between the internal oblique and transversus abdominis muscles
containing the tenth thoracic through first lumbar sensory nerves. This results in abdominal
wall analgesia, making it ideal after abdominal flap harvest?3 (Fig. 1).

Systemic nonnarcotic pain control was implemented to decrease opioid consumption.
Although intravenous and oral opioids have been the mainstay of postoperative pain control,
they are associated with a number of detrimental effects that can delay recovery and
increase hospital length of stay, including nausea, constipation, lethargy, cough suppression,
confusion, and orthostatic hypotension.> By reducing these side effects, we sought to
hasten resumption of a normal diet and ambulation and to accelerate recovery. We compared
the two Enhanced Recovery after Surgery groups with each other and against historic
controls for patient outcomes, opioid consumption, and length of stay.

PATIENTS AND METHODS

Institutional review board approval was obtained and retrospective analysis performed of

the electronic health records of patients who underwent breast reconstruction performed by
the senior author (M.L.S.) at a single teaching hospital using abdominally based free flaps
between December of 2010 and December of 2015. The study consisted of three consecutive
groups of patients. The first group (control) were treated with a standard narcotic-based pain
control regimen without locoregional anesthesia; the second group (transversus abdominis
plane—catheter group) were treated with a nonnarcotic pain control regimen along with
indwelling infusion catheters in the transversus abdominis plane to continuously administer
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local anesthetic; and the final group (transversus abdominis plane—liposomal bupivacaine
group) were treated with the same nonnarcotic pain control regimen but with intraoperative
injections of a long-acting local anesthetic. Exclusion criteria were age older than 70 years,
history of narcotic drug abuse, allergy to local anesthetics, and underlying chronic pain
syndromes. Demographic factors, clinical variables, opioid consumption, length of stay, and
complications were recorded and compared. Length of stay was defined as the humber of
days from patient admission after surgery to the day of hospital discharge.

Operative Technique

The internal mammary or thoracodorsal vessels were used as recipient vessels in all patients.
Standard surgical practices, including administration of deep vein thrombosis prophylaxis
and perioperative antibiotics, were used. Fluid administration during surgery was kept under
500 cc/hour unless low urine output necessitated additional volume repletion.

Locoregional Analgesia Technique

For both the transversus abdominis plane—catheter and transversus abdominis plane—
liposomal bupivacaine groups, transversus abdominis plane blockade was performed intra-
operatively after rectus sheath repair and before abdominal skin closure. Under ultrasound
guidance (Flex Focus 400exp ultrasound system; BK Ultrasound, Peabody, Mass.),
transfascial injections were performed by the operating surgeon using an epidural needle
(CONTIPLEX Tuchy Continuous Nerve Block Set; B. Braun Medical, Inc., Bethlehem,
Pa.). The fascial plane between the internal oblique and transversus abdominis muscles was
identified at the anterior axillary line, midway between the costal margin and iliac crest
(Figs. 2 and 3). [See Figure, Supplemental Digital Content 1, which shows ultrasound
images that clearly delineates the plane and allows proper delivery of the anesthetic

between the internal oblique and transversus abdominis muscles. Sonographic anatomy of
the ultrasound-guided transversus abdominis plane (TAP) block. (Left image) Pre-injection
songographic image shows an axial view of the layers of the anterolateral abdominal wall.
To the left of the image is lateral and to the right is medial. The green line represents the
transversus abdominis plane ( 7AP). (Right image) Post-injection image shows the needle
(grey line with two grey arrowheads pointing to it) entering into the TAP. Local anesthetic
(LA), represented by the shaded green area between the internal obligue (/O) muscle and the
transversus abdominis ( 74) muscle, is seen as a lens-shaped space surrounding the tip of the
needle. http://links.lww.com/PRS/C233.]

For the transversus abdominis plane—catheter group, 30 cc of 0.25% bupivacaine was
injected bilaterally, and then bilateral epidural catheters were passed transcutaneously
into the plane and connected to a 400-cc-capacity external fixed rate pump filled with
0.25% bupivacaine (On-Q pump model P400X4D, Halyard Health Global Head-quarters,
Alpharetta, Ga.) with a delivery rate through each catheter of 2 cc/hour.

For the transversus abdominis plane—liposomal bupivacaine group, the injections were
performed in a similar fashion, but using a mixture of 20 cc of 1.3% injectable liposomal
bupivacaine, 30 cc of 0.25% standard bupivacaine, and 80 cc of normal saline, with 30 cc
of this mixture injected on each side. The remaining anesthetic was injected in the lower
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abdominal incision, the pectoralis major muscle near the anastomotic site, the superficial
serratus muscle plane, and the drain sites.

Postoperative Pain Control

Control Group—A patient-controlled analgesia intravenous opioid pump was provided
for all patients, with additional opioids provided by nursing on an as-needed basis for
breakthrough pain. Patients were switched to as-needed oral opioids, once they were
tolerating an oral diet, and then discharged on a similar regimen.

Transversus Abdominis Plane—Catheter and Transversus Abdominis Plane—
Liposomal Bupivacaine Groups—The transversus abdominis plane—catheter and
transversus abdominis plane-liposomal bupivacaine groups received ketorolac 15 mg
intravenously and acetaminophen 1000 mg intravenously at the end of surgery and

then every 6 hours postoperatively. Once patients tolerated an oral diet, typically on
postoperative day 1, medications were switched to oral delivery using ketorolac 10 mg
and acetaminophen 650 mg every 6 hours. Oral opioids were ordered on an as-needed
basis to treat breakthrough pain. At discharge, patients received a prescription for ketorolac
10 mg, to take every 6 hours as needed through postoperative day 5, and an oral opioid,

in case additional medication was needed after finishing the ketorolac. Patients also took
acetaminophen, 650 mg every 6 hours as needed.

Total narcotic use during hospitalization was calculated by converting inpatient opioid
intake into intravenous morphine equivalents using standardized calculations. Cumulative
postoperative morphine requirements were recorded for each postoperative day and reported
as milligrams per day.

Postoperative Monitoring, Activity Protocols, Discharge Criteria, and Follow-Up

For All Patients—While in the surgical intensive care unit or step-down unit, patients
were monitored with Doppler checks every hour for 24 hours and then every 2 hours for 24
hours thereafter. When transferred to the standard inpatient floor, they underwent Doppler
checks every 4 hours. The Foley catheter was discontinued once patients were able to get
out of bed. Discharge criteria included the following: stable vital signs and examination,
adequate pain control on oral medication, toleration of a regular diet, and the ability to
ambulate independently. Patients followed up in the office 2 to 5 days after discharge for
drain removal.

Control Group—~Patients were transferred from the operating room directly to the surgical
intensive care unit for 2 days for flap monitoring, pain control, and assistance in getting

out of bed and ambulating. They were transferred from the surgical intensive care unit to a
standard hospital ward for the remainder of their hospital stay. Patients were out of bed to a
chair and started on a liquid diet on postoperative day 1 and then ambulated and advanced to
a regular diet on postoperative day 2.

Transversus Abdominis Plane—Catheter Group—~Patients were initially monitored
in the surgical intensive care unit for 2 days, but this soon decreased to 1 day because of
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better pain control and ability to ambulate and tolerate a regular diet on postoperative day

1. Transversus abdominis plane catheters were left in place for 3 days to maximize pain
control during the period of maximal discomfort. On postoperative day 3, the catheters were
discontinued and, if discharge criteria were met, the patients discharged to home.

Transversus Abdominis Plane—Liposomal Bupivacaine Group—Patients were
monitored in the surgical intensive care unit for 1 day, but this soon changed because
patients were universally able to ambulate and tolerate a regular diet on postoperative day
1 and did not require the surgical intensive care unit nursing support. Therefore, instead of
going to the surgical intensive care unit, patients went to the postanesthesia care unit for
recovery and then were transferred to the step-down unit for flap monitoring.

Postoperative Anticoagulation

Control Group—~Patients were given low-molecular-weight dextran 40 at 25 cc/hour
intravenously for 24 hours and then switched to aspirin 325 mg orally every 24 hours

for 3 weeks. Heparin 5000 units was given subcutaneously every 12 hours for the first 72
hours and patients wore lower leg serial compression devices while in bed for deep vein
thrombosis prophylaxis.

Transversus Abdominis Plane—Catheter Group—~Patients initially received the same
protocol as above, but with the addition of ketorolac as describe under Postoperative Pain
Control above. Subsequently, dextran and aspirin were removed from the protocol, and

only heparin 5000 U given subcutaneously every 12 hours was administered for two doses,
after which patients were ambulating and heparin was discontinued. Patients wore serial
compression devices while in bed. Ketorolac was continued for 5 days postoperatively.

Transversus Abdominis Plane—Liposomal Bupivacaine Group—Patients received
heparin 5000 U subcutaneously every 12 hours for two doses and ketorolac for 5 days.
Patients wore serial compression devices while in bed.

Complications

Complications such as bleeding, infection, delayed healing, and flap loss were evaluated and
major complications defined as those that required readmission or reoperation within the
30-day postoperative period.

Statistical Analysis

Continuous variables were reported as means and standard deviations; categorical variables
were reported as frequencies. Associations between each study group and primary (i.e.,
length of stay) and secondary (i.e., inpatient opioid consumption and complication rates)
outcomes were assessed and adjusted for confounding variables. Differences between group
means were assessed using the Welch analysis of variance, with a value of p< 0.05

being considered significant and the Welch ¢test used for pairwise comparisons with the
Bonferroni correction value of p=0.016. All analyses were conducted using SAS 9.4 (SAS
Institute, Inc., Cary, N.C.).
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RESULTS

One hundred twenty-eight consecutive patients were identified as having an abdominally
based free flap between December of 2010 and December of 2015, for a total of 182 flaps.
Forty patients (54 flaps) were in the control group, 48 (66 flaps) were in the transversus
abdominis plane—catheter group, and 40 (62 flaps) were in the transversus abdominis
plane-liposomal bupivacaine group. There were no significant differences in baseline
characteristics between groups, except for mesh placement and timing of reconstruction
(Tables 1 and 2). There was a statistically significant difference in the number of patients
with mesh placement between groups but no difference in length of stay between patients
with and without mesh. Similarly, there was a significant difference in the number of
immediate and delayed reconstructions between groups, but no significant difference in
length of stay between immediate and delayed reconstructions. Neither mesh placement nor
timing of reconstruction was associated with increased opioid use.

Length of Stay

Average length of stay for each group is reported in Figure 4 and Table 3. The transversus
abdominis plane-liposomal bupivacaine group had a significantly shorter stay compared
with the transversus abdominis plane—catheter group (2.65 days versus 3.52 days; p <
0.0001) and the control group (2.65 days versus 4.05 days; p< 0.0001). In addition, when
comparing the first 20 patients in the transversus abdominis plane—liposomal bupivacaine
group to the following 20 patients, the average stay decreased significantly from 3.00 days
versus 2.3 days (p = 0.0006).

Use of Opioids

The average opioid use per postoperative day is shown in Figure 5 and Table 4. The
transversus abdominis plane—liposomal bupivacaine group used significantly less opioids
compared with the control group for the first 3 postoperative days. After postoperative day 3,
the transversus abdominis plane-liposomal bupivacaine group demonstrated a trend toward
lower average daily opioid use. However, this did not reach statistical significance. During
the first 2 postoperative days, the transversus abdominis plane—liposomal bupivacaine group
had significantly less opioid use compared with the transversus abdominis plane—catheter

group.

Complications

The overall rate of flap loss was 2.2 percent, without any significant difference between the
groups. The overall complication rate was 8.7 percent. There were no significant differences
in complication rates between the groups, although those in the transversus abdominis
plane—catheter group had a higher rate of transfusions (o= 0.0084) (Table 5). There were no
complications related to the administration of transversus abdominis plane blocks.

DISCUSSION

Health care reform and reimbursement models are focused on improving quality and
reducing costs. Currently, hospital reimbursement for mastectomy patients averages less
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than 2 inpatient days. One of the most important determinants of health care costs is length
of stay, with 32.2 percent of health care costs being spent on inpatient care alone.%7 As
bundled payment models grow in popularity, health care providers have been incentivized
to develop Enhanced Recovery after Surgery protocols to safely reduce length of stay while
maintaining patient satisfaction and surgical quality.8:° These protocols have gained traction
in other specialties such as colorectal surgery, but are relatively new in reconstructive
microsurgery.

One concern with early discharge after microsurgical breast reconstruction is that flap
compromise may occur after the patient is discharged and an opportunity at salvage will
be missed. Many institutions feel that postoperative day 4 is the most appropriate day for
discharge, as this gives adequate time for close flap observation and medical management.!
However, multiple studies have shown that both take-back and salvage rates for free flaps
decrease significantly beyond 48 hours from surgery.10-20 Our take-back rate for vascular
compromise during the study period was 4.7 percent, comparable to the flap thrombosis
rates of 2.4 to 9 percent reported in the literature.20-24 Of these, 67 percent (/7= 4) of the
take-backs occurred during the initial hospitalization, and the two flaps that were salvaged
were taken back by postoperative day 2. All four flaps taken back after postoperative day 2
were lost. Two of these patients lost their flaps after discharge to home.

We identified high doses of narcotics used to provide postoperative pain control as a major
obstacle to achieving early hospital discharge. Narcotic use is associated with nausea,
constipation, orthostatic hypotension, drowsiness, confusion, and dizziness, which can delay
recovery. Achieving early nonnarcotic pain control hastens ambulation and resumption of a
regular diet. We therefore focused on reducing reliance on narcotics by using intraoperative
locoregional anesthesia and postoperative nonnarcotic pain medications. Current treatment
modalities following breast reconstruction include narcotic analgesia, nonnarcotic analgesia,
local anesthesia, regional anesthesia, muscle relaxants, and gamma-amino-butyric acid
analogues.* The consensus is that a multimodal approach leads to better outcomes with
improved postoperative pain control and decreased mortality and morbidity after major
surgical procedures.25-30

Several studies have shown that Enhanced Recovery after Surgery protocols safely facilitate
early hospital discharge following breast reconstruction with abdominally based free
flaps.8:31:32 The use of transversus abdominis plane blockade for abdominally based free
flap breast reconstruction has evolved over time. A single-dose intraoperative ultrasound-
guided transversus abdominis plane block for abdominally based free flaps was first
described by Hivelin et al. in 2011.33 The authors conducted a prospective study of 30
consecutive women undergoing immediate deep inferior epigastric artery perforator (DIEP)
flap breast reconstruction after modified radical mastectomy. The last 15 patients received
bilateral transversus abdominis plane blocks with 1.5 mg/kg ropivacaine on each side
immediately after flap harvesting and had significantly reduced postoperative morphine
requirements for the first 24 (32.0 mg versus 40.2 mg) and 48 hours (51.7 mg versus 60.5
mg). Similarly, Wheble et al. demonstrated lower use of morphine (15.4 mg versus 71.4
mg), shorter length of stay (4.75 days versus 7.00 days), and fewer episodes of perioperative
nausea and vomiting in patients who received intraoperative transversus abdominis plane
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blockade with 0.25% Chirocaine (Levobupivacaine Hydrochloride; AbbVie, Berkshire,
United Kingdom) while undergoing abdominally based free flap breast reconstruction.34

Transversus abdominis plane blocks using nonliposomal forms of local anesthetic can
produce clinically useful analgesia for only 12 to 24 hours.3%:36 To provide analgesia

of longer duration, we began using a continuous postoperative infusion of bupivacaine
through catheters placed within the transversus abdominis plane as described previously by
Zhong et al.37-39 To maximize the benefit of the catheters, they were left in place until
postoperative day 3, at which point the catheters were removed and, if all other criteria were
met, the patient was discharged to home. Using this technique, average length of stay was
significantly decreased from the historic controls but did not decrease below 3 days because
of the reluctance to send patients home with the cumbersome external pump.

Most recently, transversus abdominis plane blockade using single-dose liposomal
bupivacaine (Exparel; Pacira Pharmaceuticals, Inc., Parsippany, N.J.) has demonstrated
similar benefits of providing long-term analgesia without the need for infusion catheters and
cumbersome external pain pumps. Liposomal bupivacaine uses DepoFoam (Pacira), a lipid-
based delivery system that provides prolonged, sustained release of local anesthetic over

96 hours and has been shown to provide benefit up to 72 hours postoperatively.40-42 The
introduction of singe-dose liposomal bupivacaine to our practice in early 2014 allowed us to
provide long-term analgesia to the abdominal donor site without the need for transversus
abdominis plane—catheters and cumbersome external infusion pumps. In addition, this
removed the barrier preventing patients from being discharged before catheter removal on
postoperative day 3 while still providing the benefit of long-term locoregional analgesia.
Given the ease of delivery, it was also given locally in the breast region and at the drain sites
to further suppress postoperative pain.

In a recent study by Batdorf et al., use of an Enhanced Recovery after Surgery protocol
enabled the authors to reduce length of stay after abdominally based microsurgical breast
reconstruction from 5.5 days to 3.9 days. Similar to the current study, they used transversus
abdominis plane blocks with liposomal bupivacaine and a nonnarcotic postoperative pain
control regimen.3! However, the study was criticized because the Enhanced Recovery

after Surgery group had significantly more DIEP flaps versus free transverse abdominis
myocutaneous flaps when compared to the control group, which was felt to be a
confounding variable when looking at length of stay.43:44

In our study, there was no significant difference in DIEP versus free transverse abdominis
myocutaneous versus superficial inferior epigastric artery flaps between study groups, and
we were able to reduce our average length of stay significantly from 4.05 days in the control
group to 3.52 days in the transversus abdominis plane—catheter group and to 2.65 days

in the transversus abdominis plane—liposomal bupivacaine group. With each change in the
Enhanced Recovery after Surgery protocol, there was a lag phase in reducing the length of
stay, as the changes in discharge timing were driven by improvements in speed of patient
recovery. The shortened recuperative time led to changes in location of recovery from
surgical intensive care unit to step-down unit and timing of ambulation and advancement of
diet. This in turn allowed a reduction in time to discharge. In fact, when we compared
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the first 20 transversus abdominis plane-liposomal bupivacaine patients to the last 20
patients, the average length of stay dropped from 3.0 days to 2.3 days (Fig. 3). Similar

to other authors, we found decreased opioid consumption in the first 3 postoperative days

in the transversus abdominis plane—catheter group compared with the control group and a
further decrease in opioid use in the transversus abdominis plane—liposomal bupivacaine
group compared with the transversus abdominis plane—catheter group, perhaps related to the
addition of locoregional analgesia in the breast region. Overall, we found that patients in the
transversus abdominis plane—liposomal bupivacaine group not only were discharged earlier,
but also had subjectively less pain at follow-up and often did not take any narcotics after
discharge.

The transversus abdominis plane—catheter group had significantly more transfusions
compared with the other groups. There was an increased number of anticoagulant
medications given to patients in this group before adjustments were made to the
postoperative anticoagulation protocol; however, we could not identify a causal relationship
to the increased transfusion requirement.

Hivelin et al. reported that the additional operative time associated with transversus
abdominis plane blocks, from drawing the landmarks and preparing the probe to completing
the injections, averaged 21.3 minutes.33 Currently, it takes us 5 minutes to perform

bilateral transversus abdominis plane injections, and we are able to perform the injections
concomitantly with other portions of the procedure, such as flap inset.34

Risks associated with transversus abdominis plane block include intravascular injection

and intraperitoneal injury, which can be minimized by using ultrasound guidance.33:34:45.46
Using this technique, none of our patients experienced any complications associated with
this procedure. Use of liposomal bupivacaine for nerve blocks is still considered an off-
label use. Surgeons should be familiar with the prescribing information and warnings; in
particular, that mixing of lidocaine with liposomal bupivacaine can result in rapid release of
bupivacaine and inadvertent overdosage.

Study Limitations

As a retrospective study based on a single surgeon’s experience, there are inherent biases

in the study design. Increasing surgeon experience can affect the length and outcome of
procedures over time; however, the senior surgeon in this study had been in practice over a
decade and had performed hundreds of abdominally based free flap breast reconstructions
before starting this initiative. Another potential bias affecting length of stay is the surgeon’s
comfort with reducing duration of inpatient flap monitoring. We reviewed the literature on
microvascular flap reconstruction, which revealed that inpatient monitoring beyond 48 hours
provided rapidly diminishing returns in terms of flap salvage.11-2047 Also, the literature
suggests that increased length of stay increases the risk of nosocomial infections,*849 which
further supported an enhanced recovery protocol.

Although there was no significant difference in rate of flap loss between groups, there was
a slight increase in flap loss in the Enhanced Recovery after Surgery groups compared
with the control group, which might have reached significance if a larger sample size were

Plast Reconstr Surg. Author manuscript; available in PMC 2022 May 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jablonka et al. Page 10

studied. This raises the question, “What is the acceptable cost to salvage one additional
flap?” Extending inpatient monitoring past postoperative day 2 would only be expected

to achieve an additional 0.1 to 0.5 percent reduction in risk of flap loss. Depending on
how long monitoring is extended, this could amount to millions of dollars in added cost to
salvage a single flap.18:47.50

The grouping of consecutive patients, instead of randomization, may also incur a selection
bias. Although patient-reported pain scores during inpatient stay were reviewed for the
study, the data were too incomplete to allow for useful analysis, so supplemental opioid
consumption was used as a surrogate indicator for adequacy of pain control in the Enhanced
Recovery after Surgery groups. Certain aspects of our treatment protocol evolved during the
study period, and even though these were driven by the acceleration in patient recovery with
the Enhanced Recovery after Surgery protocols, they may have impacted our primary and
secondary endpoints. Use of liposomal bupivacaine in the breast region and the drain sites in
the transversus abdominis plane-liposomal bupivacaine group may have further suppressed
pain and may have accounted for some component of the opioid reduction compared with
the transversus abdominis plane—catheter group. However, breast pain usually does not
result in hospital stay longer than 2 days, as evidenced by the fact that most patients
undergoing implant-based reconstruction are able to leave on postoperative day 1 or 2.51
Therefore, it probably was not the major factor facilitating early discharge. Another factor
to be considered is that early discharge from the hospital might result in an increased
number of outpatient visits. Although this was not noted to be an issue during the study,

it was not specifically measured as a study outcome. Despite these limitations, this study
demonstrates that, by using a multimodal Enhanced Recovery after Surgery protocol that
incorporates transversus abdominis plane blocks with liposomal bupivacaine, it is possible
to consistently and safely discharge patients undergoing microvascular abdominally based
breast reconstruction on postoperative day 2.

CONCLUSIONS

Transversus abdominis plane blockade with liposomal bupivacaine, in conjunction with a
multimodal nonnarcotic approach to postoperative pain control, is effective in achieving
early patient mobilization, decreased inpatient opioid consumption, and reduced hospital
stay following microsurgical abdominally based breast reconstruction, without increasing
readmissions or complications. This approach enables patients to consistently leave the
hospital on postoperative day 2, which represents a significant reduction in length of stay
compared with other studies. The ability to achieve pain control without the use of narcotics
eliminates many untoward side effects that can delay recovery. These promising results
warrant further examination of Enhanced Recovery after Surgery protocols and long-acting
locoregional blocks in microsurgical abdominally based breast reconstruction.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
The transversus abdominis plane ( 7A4AP). The transversus abdominis plane is located between

the internal oblique muscle (/OM) and the transversus abdominis muscle (7AM). The
thoracoabdominal nerves T7 to L1 that provide sensibility to the anterior abdominal wall
from the xiphoid to the pubis are found within the transversus abdominis plane. SEA,
superior epigastric artery; D/IEA, deep inferior epigastric artery; EOM, external oblique
muscle; DCIA, deep circumflex iliac artery.
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Fig. 2.
Intraoperative transversus abdominis plane ( 7AP) blockade. Under ultrasound guidance, a

regional block catheter is passed into the transversus abdominis plane at the anterior-axillary
line, midway between the costal margin and iliac crest. Thirty cubic centimeters of the
liposomal bupivacaine solution is injected per side. An oblique cross-section at the level of
T11 is shown (right). EOM, external oblique muscle; /OM, internal oblique muscle; 7AM,
transversus abdominis muscle.
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Fig. 3.
Intraoperative view of transversus abdominis plane block injection.
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Fig. 4.

Length of stay following microsurgical abdominally based breast reconstruction (December
of 2010 through December of 2015) relative to changing locoregional analgesia methods.
LOS, length of stay; TAP-Cath, transversus abdominis plane—catheter; 7AP-LB, transversus
abdominis plane-liposomal bupivacaine; POD DC, postoperative day discharged.
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Fig. 5.
Inpatient opioid consumption: intravenous morphine equivalents (mg/day) following

microsurgical abdominally based breast reconstruction relative to changing locoregional

analgesia delivery methods.
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Table 2.

Clinical and Surgical Variables

Controls TAP-Cath TAP-LB p

No. 40 48 40

Clinical variable

Chemotherapy 0.8964
No 33 38 33
Yes 7 10 7

Radiotherapy 0.1129
No 35 34 28
Yes 5 14 12

Surgical variables

Laterality 0.1372
Unilateral 26 30 18
Bilateral 14 18 22

Timing 0.0111
Immediate 40 41 33
Delayed 0 7 7

Type of abdominal flap 0.2293
Total no. 54 66 62
MSI/II (TRAM) 1 3 5
MSIII (DIEP) 53 62 55
MSIY (SIEA) 0 1 2

Abdominall mesh 0.0250
No 40 47 35
Yes 0 1 5

MS, muscle-sparing; TRAM, transverse abdominis myocutaneous; DIEP, deep inferior epigastric artery perforator; SIEA, superficial inferior
epigastric artery; TAP-Cath, transversus abdominis plane—catheter; TAP-LB, transversus abdominis plane—liposomal bupivacaine.
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Average Length of Stay

Table 3.

No. LOS (days) p*
Group
Controls 40 4.05+1.26
TAP-Cath 48  3.52+0.92
TAP-LB 40  2.65+0.66
Global ! <0.0001
TAP-Cath vs. controls? 0.0234
TAP-LB vs. controls <0.0001
TAP-LB vs. TAP-Cath <0.0001

LOS, length of stay; TAP-Cath, transversus abdominis plane—catheter; TAP-LB, transversus abdominis plane—liposomal bupivacaine.

*
Models were adjusted for timing of surgery.

fDetermined using the Welch analysis of variance.

fPairWise comparisons were performed using the Welch #test with the Bonferroni correction value of p= 0.016.
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Table 5.
Major Complications
Controls TAP-Cath TAP-LB p

No. 40 48 40

Total major 2 6 3 0.4585
30-day readmission 0 3 1 0.3886
Return to OR7 2 7 3 0.7145
Flap loss (rate) 0 2 2 0.8550
Transfusions 1 11 1 0.0084
Other? 2 5 1 0.3061

TAP-Cath, transversus abdominis plane—catheter; TAP-LB, transversus abdominis plane-liposomal bupivacaine; OR, operating room.

*
Total number of patients experiencing major complications.

7‘May include multiple return trips to the operating room for a single patient.

’fOther complications include hematoma, surgical-site infections, and wound dehiscence.
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