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Introduction

Surgical care is not limited to the operating room. It has 
been proven that the care provided both before and after 
surgery affects outcomes in surgery (1). Providing quality 
perioperative care is an essential component of surgical 
intervention in plastic surgery. Particular attention to this 
fact has been paid regarding breast reconstruction patients 
over the last twenty years. These interventions have come 

to form in the shape of enhanced recovery after surgery 
(ERAS) pathways which pay particular attention to pre-
operative, intra-operative, and post-operative interventions 
that optimize patient care by reducing post-operative pain, 
decreasing opioid usage, shortening length of stay, and 
increasing mobility post-operatively (2). The Enhanced 
Recovery After Surgery Society publishes consensus 
guidelines to assist clinicians in shortening recovery times 
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for their patients. ERAS pathways are not limited to tertiary 
care centers and have also been applied with success in the 
private practice setting (3). 

History

The emphasis on the importance of perioperative care in 
the clinical pathway of plastic surgery has been relatively 
recent in the history of the specialty. A PubMed database 
query for “enhanced recovery after surgery plastic surgery” 
yields 66 results in the years 1994–2017 and 143 results 
from 2018-present day demonstrating increased utilization 
and awareness of the benefits in plastic surgery patient 
populations (4). It also shows attempts to improve and 
standardize these pathways and protocols for plastic surgery 
patients (5). The origins of ERAS come from Europe when 
clinicians and researchers worked in the late 1990’s and 
2000’s to begin collaborative study on perioperative care. 
Progression from there included evidence-based consensus 
protocols for patients undergoing colonic surgery in 2005, 
which progressed to evidence-based guidelines in urologic 
patients, gynecologic patients, lung, cardiac, and more 
patient populations. The first ERAS Society guidelines in 
plastic surgery were published in 2017, providing guidance 
on optimal perioperative care in breast reconstruction 
patients (1,6). 

Stratifying candidates for autologous breast 
reconstruction

Optimizing the perioperative care of a patient starts in the 
pre-operative setting with patient selection. Autologous 
breast reconstruction indications are surgeon dependent 
and tailored to the individual patient’s preference, history, 
and relevant anatomy. Breast volume and shape, body 
habitus, donor site considerations, prior surgery, oncologic 
treatments, and medical co-morbidities should all be 
considered in a holistic fashion. It is well understood that 
the rate of obesity in the United States has increased over 
the last several decades. This has affected perioperative 
considerations in breast reconstruction in two major 
ways. The abdomen is the most commonly used donor 
site in autologous breast reconstruction with the deep 
inferior epigastric artery perforator (DIEP) being most 
common. It has also been proven that there is a higher 
risk of complications in obese patients undergoing breast 
reconstruction, including delayed wound healing, seroma 
formation, flap failure, and need for reoperation (7).

Flap select ion is  another  imperat ive  aspect  of 
preoperative consideration. There are multiple autologous 
options that can provide a suitable breast reconstruction for 
patients. These range from abdominally based DIEP flaps, 
muscle-sparing transverse rectus abdominis muscle flap 
(ms-TRAM), TRAM flaps, or superficial inferior epigastric 
artery perforator (SIAE) flaps. Thigh flaps can be based on 
either the gracilis muscle as the transverse upper gracilis 
muscle flap (TUG), profunda artery perforator (PAP) flap, 
or lateral thigh perforator flap (LTP). Gluteal flaps based on 
either the superior gluteal artery perforator (SGAP) or the 
inferior gluteal artery perforator (IGAP) can be performed. 
Posterior thorax flaps include the myocutaneous latissimus 
dorsi, thoracodorsal artery perforator flap (TDAP), and 
lumbar artery perforator flap. These different options 
all have benefits and risks, different degrees of difficulty, 
and different indications. Of note, abdominal flaps may 
be contraindicated in patients with prior abdominal 
incisions near vascular pedicles, so pre-operative imaging 
may be warranted. It is common for patients to undergo 
pre-operative computed tomography (CT) or magnetic 
resonance imaging (MRI) to identify perforator vessels, 
especially in perforator based free flaps (8).

The informed consent process for autologous breast 
reconstruction is a unique process, and should involve a 
thorough discussion of risks, benefits, and alternatives. 
Patients should be counseled on specific benefits of a 
durable, aesthetic, and low maintenance reconstruction, 
against specific risks of flap loss, bleeding or hematoma, 
infection, donor site wound, or recipient side wound. As 
with any surgical procedure, there is are risks associated 
with anesthetic that should be discussed as well. Alternatives 
that should be discussed include implant-based breast 
reconstruction and no reconstruction at all.

Patient education

There is inherent benefit to patient education in the process 
of autologous breast reconstruction. Well-informed patients 
do better post-operatively and have better outcomes (9). 
Patient education resources in breast reconstruction have 
proven to be beneficial. Specifically, education resources 
providing context on post-operative care and expected body 
image. Other aspects of breast reconstruction in which 
patient education is important is duration of the full process 
of breast reconstruction, specifics of surgical techniques, 
and post-operative instructions and restrictions. Another 
important point is that many patients want to meet with 
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their reconstructive surgeon more than once. The pre-
operative investment in patient education results in patients 
who feel more empowered in their decision making, have 
realistic expectations of the process and results, and more 
satisfied patients (9,10). 

Pre-habilitation

Pre-habilitation, or rehabilitation that occurs before surgery 
to help optimize patient physical strength, can be another 
beneficial intervention in autologous breast reconstruction. 
“Pre-hab” regimens can include general conditioning 
exercises, targeted exercise, nutritional interventions, 
psychological well-being, and smoking cessation (11). 
Studies have shown that in breast reconstruction patients 
pre-habilitation was beneficial in shoulder range of motion 
and upper extremity functional recovery. Other studies 
have shown that pre-operative exercises can reduce post-
operative pain and also increase chances of feeling recovered 
sooner after surgery (12). 

Antimicrobial prophylaxis

An infection, be it of the donor or recipient site, can have 
devastating complications for patients. In mastectomy 
cases the complication rate can be as high as 15% with 
the most common infections being due to skin microbes. 
Antimicrobial washes, most commonly with Hibiclens 
(Mölynlycke Health Care, Peachtree Corners, Georgia) are 
chlorhexidine washes typically by patients before surgery at 
set intervals. These skin decolonization protocols have been 
proven in multiple studies to decrease surgical site infection 
rates, especially those related to Staphylococcal infection (13).  
In addition, prophylactic antibiotics have been proven to 
reduce the rate of surgical site infections. Although there 
was common practice to continue antibiotics through the 
time drains were removed, there has not been proven to 
be benefit from prolonged antibiotic use beyond 24 hours 
duration (14-16). It should be noted that surgical site 
infections are proven to be more common in patients more 
advanced in age, patients who use tobacco, and also patients 
who underwent radiation therapy (16).

Venous thromboembolism prophylaxis

Reconstructive surgery poses a significant venous 
thromboembolism risk. In fact, this risk is almost twice 
that of a mastectomy or lumpectomy alone with large 

scale studies reporting rates of roughly 1/1,000 (17). 
Much of the research on venous thromboembolism 
risk in autologous breast reconstruction has focused on 
identifying risk factors for venous thromboembolism. 
Advanced age, history of venous thromboembolism, and 
current or prior malignancy have all been identified as 
risk factors for venous thromboembolism. In addition, 
immediate breast reconstruction patients are at higher 
risk for venous thromboembolism compared to delayed 
breast reconstruction patients (17). Using modified Caprini 
Score Index, low molecular weight heparin agents have been 
shown to be effective venous thromboembolism prophylaxis, 
typically used in concert with sequential compression devices 
and early ambulation (18). It should be noted that there is data 
supporting an increased rate of hemorrhagic complications in 
breast surgery patients when utilizing low molecular weight 
heparin as compared to unfractionated heparin (19).

Anesthetic and analgesic interventions

Regardless of donor site, multimodal pain control is 
critical to optimizing patient recovery and experience. 
Typical regimens include combinations of scheduled 
acetaminophen,  non-steroidal  ant i- inf lammatory 
(NSAIDs) medications, and gabapentin. Non-selective 
NSAIDs may be associated with increased hematoma 
risk and thus some programs prefer COX-II inhibitors 
as alternatives. A specific NSAID, ketorolac, has been 
found to be especially efficacious for postoperative pain 
control and a recent review demonstrated no difference 
in hematoma rates between patients who did and did not 
receive ketorolac (20). Opioids are typically used on an as 
needed basis (1,21-23). 

Regional anesthesia involves the injection of local 
anesthetic in proximity to regional nerves to provide 
pain relief for hours to days. With more pain relief being 
provided by regional anesthesia and from non-opioid 
agents, they can reduce opioid pain medication use post-
operatively (24). One study by Gatherwright et al. showed 
statistically significant decreases in narcotics in total use and 
per day use. In addition, patients were also able to get out 
of bed earlier (25). There are a variety of types of blocks 
that can be used in autologous breast reconstruction. The 
most common types include transversus abdominis plan 
(TAP) blocks, paravertebral blocks, erector spinae plane 
(ESP) blocks, and chest wall blocks of which there are two 
versions, PECS I and PECS II. Studies have shown that 
the addition of regional anesthesia, specifically of the chest 
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wall will decrease post-operative opioid requirements and 
decrease length of stay post-operatively (26). Specific to 
TAP blocks, a meta-analysis by Chi et al. showed that TAP 
blocks can decrease hospital stay by roughly 1.0 days and 
decrease opioid use without increasing complication rates 
or negatively affecting cost (27). ESP blocks have also been 
shown to decrease post-operative opioid consumption, 
while being similar in efficacy to paravertebral blocks 
(28,29). In a study specifically comparing PECS II blocks 
versus ESP blocks in breast surgery patients the PECS II 
block performed better, showing less opioid use, lower pain 
scores, and higher lengths of time to request opioids (30).

A specific note should be made about the use of 
liposomal bupivacaine in regional anesthesia for autologous 
breast reconstruction patients. Liposomal bupivacaine has 
the benefit of being able to extend pain relief provided by 
regional anesthesia due to its increased half-life compared 
to other commonly used local anesthetic agents (8). In 
implant-based breast reconstruction undergoing regional 
anesthesia with liposomal bupivacaine research has shown 
decreases in opioid use, length of stay, and improved cost 
savings for patients (31). A study by Haddock et al. showed 
that liposomal bupivacaine TAP blocks were an effective 
adjunct in addition to an ERAS protocol. In their study, 
while ERAS protocols decreased opioid and length of stay 
in autologous breast reconstruction patients, these benefits 
were made even more significant with the addition of 
liposomal bupivacaine TAP blocks (32). Additional evidence 
in favor of liposomal bupivacaine in breast reconstruction is 
assessing its effect on urinary retention. Clary et al. showed 
that liposomal bupivacaine, in addition to decreasing opioid 
consumption, allowed for earlier foley catheter removal in 
autologous breast reconstruction patients (33). There are 
several other reviews supporting the notion that liposomal 
bupivacaine is a safe intervention that can reduce narcotic 
use and improve pain control overall (34). However, a 
prospective randomized control trial by Ha et al. compared 
liposomal bupivacaine against bupivacaine hydrochloride 
in TAP blocks for abdominally based free flap breast 
reconstruction patients on ERAS pathways and found 
no significant difference between the groups in opioid 
consumption, pain scores, or length of stay (24). 

Operative efficiency

Effective operating room time management can limit 
complications associated with prolonged operating room 

time (35). There are several methods of decreasing 
operating time both preoperatively and intraoperatively that 
have proven to be effective. First, pre-operative imaging 
guided perforator identification. Pre-operative imaging 
has been proven to simultaneously decrease operating 
room time and provide cost savings to patients (36).  
Options for pre-operative imaging include ultrasound, 
computed tomography (CTA), magnetic resonance 
angiography (MRA), Doppler sonography, and colour 
Doppler ultrasonography. As the most commonly used 
method, CTA presents an excellent and reproducible results 
allowing for three-dimensional assessment of perforator 
anatomy. One should be sure to consider the potential 
ionizing radiation effects, potential contrast dilemmas in 
renal disease patients, and contrast sensitivity. MRA has 
been shown to be as effective at demonstrating perforator 
anatomy, without the potential ionizing radiation issues (35).  
CTA’s wide accessibility and positive predictive value of up 
to 100% make it the most commonly used modality (37). 
Pre-operative imaging has been proven to be of value in 
autologous breast reconstruction not only in DIEP flap 
patients, but also patients undergoing PAP flaps and SIEA 
flap reconstruction (32,38). 

Another intervention that can have a major impact on 
operative efficiency is the utilization of a co-surgeon. This 
allows for dedicated teamwork in the operating room, and 
progression of multiple surgical sites simultaneously. A study 
by Weichman et al. showed significant decreases in operating 
time, length of stay, and post-operative complications 
with the utilization of a co-surgeon in both bilateral 
and unilateral autologous breast reconstruction (39).  
Mericli et al. have also shown decreased complications 
and also reduced costs with the use of a co-surgeon in 
autologous breast reconstruction (40). One specific post-
operative complication that has been shown to be related to 
increased operating room time is deep vein thrombosis (17).  
Delayed breast reconstruction, which theoretically results 
in shorter operating room times, would help prevent 
complications associated with prolonged operating room 
times such as DVT and wound healing issues. It should be 
noted that obesity has also proven to be a risk factor for 
wound healing issues and deep vein thrombosis (17,41). 
Considering this, the utilization of a co-surgeon and 
the overall prioritization of operative efficiency is vitally 
important to the optimization of perioperative outcomes 
in patients at higher risk for complications associated with 
increased operating room times (17,39). 
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Flap checks

Monitoring of free flaps after surgery is an essential 
component of reconstructive microsurgery. It begins in 
the operating room, continues in the post-anesthesia care 
unit, and then progresses to the hospital floor. There are 
many different ways institutions execute this facet of patient 
care. The goal of effective free flap monitoring is to detect 
flap compromise early, allowing for early intervention and 
salvage. There are different methods of flap monitoring 
with variable invasiveness, however there is no gold 
standard method of flap monitoring. Clinical exam, hand-
held Doppler probe, implantable Doppler, Laser Doppler, 
tissue oxygen tension measurement, tissue pH levels, surface 
temperature, fluorescein dye mapping, microdialysis, near-
infrared spectroscopy, and nuclear medicine studies are all 
options available. The most commonly used methods are 
clinical exam and hand-held Doppler exam (42). These 
methods have the benefit of being able to be performed by 
the surgeon, residents, and nursing staff. All devices and 
techniques will have a certain “false-negative” and “false-
positive” rate. Studies on internal Doppler were initially 
plagued by high false positive rates which led to unnecessary 
re-explorations (43). They have benefits in buried flaps 
but do possess a higher false positive rate than hand-
held Doppler (1). Laser Doppler equipment is expensive, 
limiting availability, however the ability to follow a flap 
perfusion trend allows a surgeon to observe changes in flap 
perfusion and anticipate decline. Near-infrared angiography 
is useful for visualizing zonal perfusion, but only shows a 
static assessment of flap perfusion. Photography can be used 
to compare flap trends and can also be sent to the surgeon 
from bedside to allow for their assessment remotely. In 
breast reconstruction, data supports utilization of hand-held 
Doppler and clinical assessment for frequent monitoring 
in the initial 72 hours post-operatively. Intervals may vary 
between institutions, but hourly monitoring for the first 
24 hours, then every two-hour monitoring for the next  
24 hours, then intervals of 4 hours for the next 24 hours 
are supported by the ERAS Society. A note should be made 
that a well-trained and experienced nursing staff is an 
indispensable tool in patient monitoring in reconstructive 
microsurgery (1,42,43). 

Activity restrictions

While post-operative restrictions may help promote 
healing and pain control, there also known benefits to early 

mobilization after surgery. Studies have shown that early 
mobilization within 24 hours after surgery can help decrease 
pain levels and decrease total length of stay (1). There also 
psychological benefits to early mobilization after surgery. 
Post-discharge physical therapy has been shown to improve 
mobility and increase quality of life (44). 

Blood transfusion

The delivery of blood products can be a controversial 
issue in the post-operative setting after free flap breast 
reconstruction. Literature from Appleton et al. has shown 
the patients undergoing bilateral free flap reconstruction 
and with overall longer operating room times are more 
likely to require blood transfusion in the post-operative 
setting. In the study, the authors note that patients 
either defined as obese or undergoing bilateral free 
flap reconstruction were more likely to require blood 
product administration. The authors also found that post-
operative complications, defined as flap loss, fat necrosis, 
seroma, hematoma, infection, venous congestion, arterial 
thrombosis, abdominal complication, and postoperative 
anemia were all more likely to occur in the transfusion 
population than the non-transfusion population at almost 
twice the rate (45). 

Length of stay and discharge

Evaluation of when a patient no longer requires inpatient 
hospital care is a multi-faceted decision-making process. 
It is essential in a patient’s post-operative course that 
they feel safe and comfortable mobilizing, have re-gained 
gastrointestinal function, are tolerating a diet, their pain is 
controlled with oral medications only, and also that they 
feel comfortable performing activities of daily living that 
they will have to do themselves at home. These are broad 
guidelines used by many institutions (21,22). Specific 
potential complications can result in delaying discharge are 
flap necrosis, ileus, and urinary retention. Clear discharge 
instructions set expectations with patients and allow for less 
visits to the emergency department or calls with questions 
to the clinic. The definite number of days a patient should 
remain hospitalized can be variable. Examination from the 
perspective of cost-effectiveness has shown that a three-day 
hospitalization may be optimal. Mericli et al. also showed in 
this study that when examining the optimal length of stay 
from a quality-of-life perspective a three-day hospitalization 
was most advantageous (46). A three-day length of stay 
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is also supported by the fact that research has shown that 
there is minimal cost effectiveness in attempting to salvage 
a flap after this amount of time. There was also shown to 
be minimal value in flap monitoring after 48 hours, due 
to flap thrombosis being most common within the first  
48 hours and poor flap salvage rates after this amount of  
time (47). Predictors of increased length of stay include 
increased OR time, need for reoperation, transfusion, surgical 
site infection, obesity, diabetes mellitus, and immediate 
reconstruction (48). Patients typically follow-up within two to 
four weeks after autologous breast reconstruction, however, 
this may vary institution to institution.

Conclusions

The success of an operation is not only dictated by what 
occurs in the operating room. Critical portions of patient 
care happen both before and after surgery. The principles 
of standardization and ERAS have allowed for improved 
outcomes and more streamlined care in this patient 
population at many institutions. 
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