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Abstract

Background Postoperative pain management following

aesthetic plastic surgery traditionally has been achieved by

systemic administration of several narcotic pain medica-

tions. Because this method can lead to undesirable side

effects such as sedation, nausea, vomiting, and respiratory

depression, a more efficacious method of postoperative

analgesia with fewer side effects needs to be implemented

in outpatient cosmetic surgery.

Methods From March of 2003 until December of 2008,

690 patients underwent augmentation mammaplasty and

215 patients underwent abdominoplasty. All of these

patients were equipped with an elastomeric continuous

infusion pump postoperatively and were prescribed oral

narcotics. Prior to 2003, patients were prescribed only oral

narcotics postoperatively. A retrospective chart review of

patients before and after implementation of the pain pump

was undertaken to review the perceived pain patients

experienced postoperatively with and without the pump.

The self-administration of oral narcotics was also assessed.

Results Patients equipped with the pain pump experienced

a statistically significant decrease in perceived pain com-

pared to those without the pump (augmentation mamma-

plasty: 2.27 vs. 3.68, p \ 0.05; abdominoplasty: 2.81 vs.

4.32, p \ 0.05). Similarly, patients with the pump saw a

statistically significant decrease in the use of the oral nar-

cotic VicodinTM at 72 h postoperatively (5 mg hydroco-

done/500 mg acetaminophen, Abbott Laboratories, Abbott

Park, IL) (augmentation mammaplasty: 26.5 mg/2650 mg

vs. 49 mg/4900 mg, p \ 0.01; abdominoplasty: 29.5 mg/

2950 mg vs. 56.5 mg/5650 mg, p \ 0.01).

Conclusion The utilization of a continuous-infusion pain

pump following augmentation mammaplasty or abdomi-

noplasty is an efficacious method to significantly reduce

both the amount of pain patients experience and the

quantity of narcotics used postoperatively.

Keywords Pain pump � Augmentation mammaplasty �
Abdominoplasty � Analgesia

Postoperative pain management following aesthetic plastic

surgery traditionally has been achieved by the systemic

administration of several narcotic pain medications [1].

This method, while generally effective, can often lead to

undesirable side effects, including sedation, nausea/vom-

iting, inadequate respiration [2], and occasionally insuffi-

cient analgesia [3]. The increasing demand for outpatient

cosmetic surgery requires the implementation of effective

pain management techniques that significantly reduce

postoperative pain and improve patient recovery time. The

most critical time period for controlling pain postopera-

tively is in the first 48 h [4]; therefore, it is imperative to

utilize an analgesic method that effectively reduces pain

during this time frame. The recent advent and utilization of

the elastomeric continuous-infusion pump (ECIP) in cos-

metic plastic surgery provides a promising avenue for

postoperative pain management and improved recovery

time for patients [5]. The ECIP is a drug delivery system

that provides continual release of a local anesthetic into the

surgical capsule following an operation [6].

Following elective augmentation mammaplasty and

abdominoplasty, it is routine practice to infuse a local
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anesthetic such as lidocaine (10 cc = 100 mg) or bupiva-

caine (10 cc = 50 mg) and antibiotics such as gentamicin

(80 mg) ? cephalotin (1 g) or erythromycin (500 mg) into

the surgical capsule before closing the incision site. This

provides 2–6 h of analgesia following the procedure [7].

Recently, the ECIP has been used increasingly for post-

operative pain control in many surgical specialties,

including orthopedic, cardiothoracic, and general surgery

[8]. In all of these fields the pain pump has proven to

reduce postoperative pain, nausea/vomiting, and the

amount of narcotics used [9–11]. In addition, there has

been increasing implementation of these devices in both

breast and abdominal surgery in the past few years with

similar positive results [10, 12].

The benefits of the ECIP for individuals who underwent

either augmentation mammaplasty or abdominoplasty are

assessed herein. Our data indicate that patients who use the

ECIP experience a statistically significant (as evaluated by

the Mann–Whitney U test) decrease in perceived pain

(p \ 0.05) and decreased use of oral narcotics (p \ 0.01).

To our knowledge, this is the largest study to be conducted

on the efficacy of the pain pump in cosmetic plastic sur-

gery. In addition, this is the first study to utilize lidocaine in

lieu of bupivacaine in the ECIP and demonstrate similar

analgesic properties at a fraction of the cost. Thus, the

ECIP is an excellent option for postoperative pain control

in many plastic surgical procedures, including, but not

necessarily limited to, augmentation mammaplasty and

abdominoplasty.

Patients and Methods

From April 1998 to January 2003, 675 consecutive patients

underwent augmentation mammaplasty and 200 consecu-

tive patients underwent abdominoplasty (types 2, 3, or 4)

performed by a single surgeon. Following these operations,

the patients were sent home with a prescription for Vicodin

(5 mg/500 mg) and were not equipped with the ECIP.

From March 2003 to December 2008, 690 consecutive

patients underwent augmentation mammaplasty and 215

consecutive patients underwent abdominoplasty (types 2, 3,

or 4) performed by a single surgeon. Following augmen-

tation mammaplasty, patients were equipped with an ECIP

infused with lidocaine and were also prescribed Vicodin

(5 mg/500 mg) for postoperative analgesia should it be

necessary to supplement the infusion pump. Following

abdominoplasty, patients were equipped similarly with an

ECIP and a supplemental Vicodin (5 mg/500 mg) pre-

scription. Following the procedure(s), the patients were

asked to rate their pain levels and narcotic use according to

the methods described below.

Augmentation Mammaplasty

All breast augmentations were performed using a ‘‘dual-

plane technique’’ as described by Tebbetts [13]. The

implants were placed subpectorally, providing coverage

of the implant by the pectoralis major muscle superiorly

and allowing the implant to descend inferiorly into the

subglandular breast pocket for a more natural appearance

and feel. An atraumatic surgical technique was utilized so

as to reduce postoperative pain: The surgeon was careful

to not disrupt the nerve branches of the brachial plexus in

the region of the deltoid and pectoralis major muscles or

the lateral and medial pectoral nerves. Prior to insertion

of the pain pump catheter, a pectoralis intramuscular

lidocaine injection (*5 cc/breast) was given in all cases.

The catheter of the ECIP was placed in each surgical

capsule using a percutaneous method: A trocar was

inserted in the lateral aspect of the thoracic wall posterior

to the pectoralis major muscle. Subsequently, the trocar

was removed, the catheter was left in the pocket sur-

rounding the implant, and the insertion site was covered

with a small, sterile dressing. The ECIP was then infused

with lidocaine (200 cc of 1% plain lidocaine) and set to

deliver 2 cc/breast/h with the option of a 4-cc bolus per

hour.

Abdominoplasty

All abdominoplasty procedures were performed as either

type 2, 3, or 4; no type 1 procedures were performed.

Before the procedure, all patients were assessed individu-

ally for the need to correct surgically the laxity in the

musculoaponeurotic structures of the abdominal wall as

outlined by Matarasso [14]. In performing this procedure,

the anatomical–surgical considerations and an atraumatic

surgical technique are extremely important as abdomino-

plasty can be very painful postoperatively. The rectus

abdominis, internal oblique, and external oblique muscles

must be paid close attention during dissection, as well as

the many branches of the lower thoracic nerves that

innervate these structures. Before insertion of the pain

pump catheter, a subfascial rectus lidocaine injection

(*5 cc) was given in all cases. The placement of the

catheter for the ECIP following abdominoplasty is of

extreme importance. If placed subcutaneously, the ECIP

will do little good for the patient and proper analgesia will

not be achieved. However, there are many benefits from

placing the catheter within the rectus plication. The ECIP

was then infused with lidocaine (200 cc of 1% plain lido-

caine) and set to deliver 2 cc/h with the option of a 4-cc

bolus per hour.
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Results

We performed a retrospective cohort study comparing 690

consecutive augmentation mammaplasty and 215 consec-

utive abdominoplasty procedures performed from 2003 to

2008 by a single surgeon with 675 consecutive augmen-

tation mammaplasty procedures and 200 consecutive

abdominoplasty procedures performed from 1998 to 2003

by the same surgeon. The amount of perceived pain that

patients experienced 24 h after surgery was scored on a

subjective pain scale 1–5, with 1 being ‘‘no pain’’ and 5

being ‘‘intolerable pain’’; 2, 3, and 4 were scored as mild,

moderate, and severe pain, respectively. Following both

procedures, patients equipped with the ECIP (Accufuser

PLUS�, Woo Young Medical Co. Ltd., Korea) (Fig. 1)

experienced a statistically significant reduction in per-

ceived pain and narcotics use when compared with those

patients who had the procedures performed prior to 2003

when postoperative analgesia was achieved solely with oral

narcotics. To validate the data, statistical analysis was

performed with the use of the Mann–Whitney U test for

ordinal data.

The number of complications that arose due to the

placement of the catheters was low. There was one breast

augmentation patient who developed an infection of one

catheter and this led to loss of the implant (\0.001%).

In addition, three patients (augmentation mammaplasty ?

abdominoplasty) experienced a rupture of a single catheter

as a result of the manufacturer’s instruction that the cath-

eters can be removed at home (\0.005%). Because of this

finding, we have changed our protocol so that all ECIP

catheters are now removed during a postoperative office

visit only.

Augmentation Mammaplasty

The patients who underwent augmentation mammaplasty

were divided into two groups: Br-Oral, which was com-

posed of all females (n = 675) with a mean age of

25.4 years, and Br-ECIP, which was composed of 99%

females (n = 687) and \1% transgendered males (n = 3)

with a mean age of 26.2 years (Table 1). Patients in Br-

Oral underwent augmentation mammaplasty between 1998

and 2003 and were prescribed only Vicodin (5 mg/500 mg)

postoperatively. Patients in Br-ECIP had augmentation

mammaplasty performed between March 2003 and

December 2008 and were equipped with the ECIP and

additionally prescribed Vicodin (5 mg/500 mg). Patients in

Br-Oral had an average self-assessed pain score (at 24 h

postop) of 3.68 (out of 5), and Br-ECIP patients’ self-

assessed pain score averaged 2.27 (Table 2; Fig. 2). This

Fig. 1 The ECIP. Top the Accufuser administration button. Bottom
the Accufuser pump

Table 1 Distribution of patients in demographic groups

Male/female Total

no. (n)

Mean age

(years)

Breast augmentation

Br-Oral 100% Female 675 25.4

Br-ECIP 99% Female 687 26.2

1% Transgendered male 3

Abdominoplasty

Ab-Oral 100% Female 200 49.7

Ab-ECIP 99% Female 214 47.3

1% Male 1

Table 2 Pain scores and oral narcotic use

Average pain

scorea
Average hydrocodone

(mg)/acetaminophen (mg)b

Breast augmentation

Br-Oral 3.68 49/4900

Br-ECIP 2.27 26.5/2650

Abdominoplasty

Ab-Oral 4.32 56.5/5650

Ab-ECIP 2.81 29.5/2950

a On a scale of 1–5, with 1 being no pain and 5 being intolerable pain
b Average Vicodin self-administration by 72-h postop visit
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reduction in perceived pain was found to be statistically

significant using the Mann–Whitney U test (p \ 0.05).

Postoperative oral narcotic use (at 72 h postop) was also

closely monitored. Patients in Br-Oral had used an average

of 49 mg of hydrocodone and 4900 mg of acetaminophen

postoperatively; patients in Br-ECIP utilized on average

26.5 mg of hydrocodone and 2650 mg of acetaminophen in

the same amount of time (Table 2; Figs. 3, 4). These

results were verified as statistically significant using the

Mann–Whitney U test (p \ 0.01).

Abdominoplasty

The patients who underwent abdominoplasty were divided

into two groups: Ab-Oral, which was composed of all

females (n = 200) with a mean age of 49.7 years, and

Ab-ECIP, which was composed of 99% females (n = 214)

and \1% males (n = 1) with a mean age of 47.3 years

(Table 1). Patients in Ab-Oral underwent abdominoplasty

between 1998 and 2003 and were prescribed only Vicodin

(5/500) postoperatively. Patients in Ab-ECIP underwent

abdominoplasty between March 2003 and December

2008 and were equipped with the ECIP and additionally

prescribed Vicodin (5/500). Patients in Ab-Oral had an

average self-assessed pain score of 4.32 (out of 5), and

Ab-ECIP patients’ self-assessed pain score averaged 2.81

(Table 2; Fig. 2). This reduction in perceived pain was

found to be statistically significant using the Mann–Whit-

ney U test (p \ 0.05). Postoperative oral narcotic use (at

72 h postop) was also documented. Patients in Ab-Oral

used an average of 56.5 mg hydrocodone and 5650 mg

acetaminophen postoperatively; on the other hand,

Ab-ECIP patients utilized on average 29.5 mg hydroco-

done and 2950 mg acetaminophen in the same amount of

time (Table 2; Figs. 3, 4). These results were verified as

statistically significant using the Mann–Whitney U test

(p \ 0.01).
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Discussion

Postoperative pain management following elective cos-

metic surgery continues to be of paramount importance and

often presents challenges. However, new research into

improving pain management is shedding light on the ways

in which it can be improved. In a study of 350 patients

conducted by Pacik et al. [15], patients who underwent

augmentation mammaplasty and who were equipped

postoperatively with the ECIP experienced decreased

length of pain cycles and less reliance on narcotics. Our

data confirm these results. Although the risk of developing

narcotic dependence from a single postoperative course of

Vicodin is extremely low, narcotics such as Vicodin have

other drawbacks such as nausea, vomiting, and respiratory

depression that ought to be avoided if possible.

Postoperative pain management is a complex and diffi-

cult issue that must be adequately addressed in order to

improve postoperative recovery time and allow patients to

return quickly to everyday activities. Surgical manipulation

of musculoaponeurotic structures such as the pectoralis

muscles, rectus abdominis, and external/internal oblique

muscles in breast augmentation and abdominoplasty con-

tributes significantly to the amount of postoperative pain

experienced by patients [16]. The reduction of postopera-

tive pain is a task that must be handled with both an

improved surgical technique [17] and proper analgesia

postoperatively [18]. In addition, the significance of patient

education with regard to proper postoperative behavior and

management must be stressed [19].

Improvement of surgical technique may contribute to a

reduction in postoperative pain following augmentation

mammaplasty or abdominoplasty. It is of utmost impor-

tance for surgeons to utilize a minimally invasive and

atraumatic technique [20]. Improved surgical techniques

that reduce patient recovery time and postoperative pain

include, but are not limited to, using only electrocautery for

dissection following the initial incision, reducing the

amount of intraoperative time [20], and avoiding contact

with both the periosteum and perichondrium [21].

Although not comprehensive, attention to detail such as

these refinements in surgical technique may reduce the

amount of tissue trauma patients experience during surgery

and subsequently may contribute to a reduction in post-

operative pain.

In order for the ECIP to be most effective, the catheter

must be correctly placed and anchored within the fascia of

the surgical wound [22]; successful use of the ECIP fol-

lowing abdominoplasty has been documented when the

catheter is properly anchored within the rectus plication

[23]. However, the efficacy of the ECIP has been ques-

tioned in situations where the catheters were incorrectly

placed subcutaneously, as is the case in a study by Bray

et al. [24]. Therefore, improper placement of the catheter

may result in inadequate postoperative pain control.

The purpose of adequate postoperative pain manage-

ment is twofold. First and foremost, we would like to

provide the patient with comfort. Second, we would like to

provide the patient with the potential for a speedy recovery:

Within 24 h according to Tebbetts [16]. Accelerating

patient recovery may reduce the problems associated with

missing time at work (i.e., monetary losses [25] and social

stigmas) and the amount of time spent sedentary after

surgery. In a recently published article by Keyes et al. [26],

pulmonary embolism (PE) following elective abdomino-

plasty was cited as the most frequent cause of death in

outpatient cosmetic surgery from 2001 to 2006. If we can

reduce recovery time through the use of the ECIP, we are

effectively reducing the amount of time a patient is

immobilized, and perhaps we can reduce the risk of deep

vein thrombosis (DVT) and subsequent PE. Although we

did not actively investigate the incidence of DVT/PE in our

own study, reduction of DVT/PE risk (by accelerating

recovery time through the use of an ECIP in abdomino-

plasty) had been postulated in a 2005 article by Mentz et al.

[27]. Certainly, this is an interesting and important point of

contention that needs to be verified or refuted with future

outcomes studies.

While many others have proposed the use of bupiva-

caine in the ECIP, we used lidocaine in our study and we

suggest that lidocaine can be used with equally beneficial

results at a fraction of the cost. Lidocaine and bupivacaine

are chemically very similar and are thought to have similar

mechanisms of action [28]. While lidocaine does have a

half-life that is roughly 1/2 that of bupivacaine, it is

markedly less cardiotoxic (bupivacaine was found to be

almost four times as cardiotoxic in an in vivo sheep model

[29]) and is approximately 1/3 the price of bupivacaine.

Furthermore, the analgesic effects of lidocaine can be

prolonged with the addition of epinephrine (1:200,000)

[30]. Recently, the FDA announced that there has been a

link (although not proven causal) between intra-articular

bupivacaine injection and subsequent chondrolysis in

orthopedic surgery [31]. If bupivacaine does turn out to be

a causal factor in cartilage loss, all pain pumps would need

to be filled with a local anesthetic other than bupivacaine;

lidocaine may be the answer.

Although we did not use other local anesthetics in the

ECIP in our study, two others that may show similar effi-

cacy are ropivacaine and levobupivacaine. In an in vivo

sheep model, ropivacaine was found to be about twice as

cardiotoxic as lidocaine [29] and thus was not used. We did

not consider levobupivacaine because it is considerably

more expensive than lidocaine, although it does have a

slightly better safety profile. However, lidocaine still

maintains a high therapeutic index. Also, lidocaine exhibits
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toxicity in direct proportion to its concentration, [32] and

because we utilize low-concentration (1%) plain lidocaine

in the ECIP, the toxicity potential is minimal. That being

said, any patient-controlled analgesia does have the

potential for overdose although we have not experienced

this with our patients.

The major contention most surgeons face when deciding

whether to implement the ECIP is the cost of the device:

The average ECIP ranges between $200 and $300. Cer-

tainly, this sort of expense ought to factor into a surgeon’s

decision of whether to use the device. A study by Rawlani

et al. [8] found that 94% of patients were satisfied with the

pain pump and would use it again after breast reconstruc-

tion surgery. Because patient satisfaction plays an integral

role in whether these patients return for subsequent pro-

cedures, we feel that the positive patient response out-

weighs the cost of the ECIP. Also, the cost of the ECIP has

been steadily declining, and it almost certainly will con-

tinue to do so as it becomes more mainstream in surgical

specialties. Finally, we have infused the ECIP with lido-

caine in lieu of bupivacaine in order to help somewhat

reduce the cost of the device to the patient.

Because our study is a retrospective chart review, it is

limited in its capacity to follow patients concurrently with

data collection. In addition, we relied on patients to assess

their own pain levels and there is some inherent uncertainty

with this method. However, any study of pain perception is

limited in this manner. Further research to elucidate exactly

why/how the ECIP is an effective postoperative pain con-

trol method will help to identify patients who will respond

most favorably to this analgesic technique.

Cumulatively, our data indicate that with proper surgical

technique, proper anatomical catheter placement, and

successful patient education, the elastomeric continuous-

infusion pump can be an excellent method for postopera-

tive analgesia following elective plastic surgery.

Conclusion

This retrospective study demonstrates that use of the ECIP

significantly decreases postoperative pain as well as oral

narcotic use following elective augmentation mamma-

plasty or abdominoplasty. To our knowledge, this is the

largest study of its kind and also the first to suggest the use

of lidocaine in lieu of bupivacaine as the local anesthetic

for infusion of the ECIP. Our findings suggest that the use

of the ECIP following elective augmentation mammaplasty

or abdominoplasty enhances the recovery experience for

patients on many levels.
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