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ABSTRACT: 210 female abdominoplasty patients were randomly provided with perioperative supplementation consisting of arnica and 
bromelain, or Vivanta (a three-stage nutraceutical regimen). Narcotic use in recovery and post-operative drainage were measured, and both 
groups completed a self-assessment of bruising coloration, days to independent activity, perceived pain, and documented the quantity of 
narcotic and non-prescription pain killers they took over a 14-day recovery period. There were 130 patients in the Vivanta group and 80 in 
the arnica and bromelain group.  The patients taking Vivanta reported a significantly shorter duration of pain and had a 41% reduction in 
narcotic use in recovery and experienced 48% less post-operative drainage. Home use of narcotic pain killers decreased by 25%. There also 
was a trend to decreased and earlier clearing/maturation of bruising as well as return to daily activates without assistance. Patients also 
reported an increase in satisfaction with the surgical experience overall. 

Introduction 

Most models of wound healing agree that it occurs in phases, with 
the appearance of different cell types performing different 
functions [1].  These are generally divided into an inflammatory 
response, followed by a proliferative phase, and finally a 
regenerative phase [1] (Figure 1).  This appears to be a generic 
biological response as clean surgical wounds produce a similar 
biological profile as open traumatic wounds.  

Nitric oxide (NO) is a critical mediator of wound healing and is 
upregulated during the inflammatory phase [2].  It has been shown 
to be of critical importance as a vasodilator, regulator of vascular 
permeability, angiogenesis, tissue perfusion, immune defense and 
collagen synthesis [2-7].  Arginine is the biological precursor to nitric 
oxide [8].  Studies have shown that surgical trauma as well as 
periods of intense stress can impair arginine production, making it 
a conditionally essential amino acid [10-13]. However, oral 
supplementation of arginine alone fails to increase blood arginine 
levels due to the first by-pass effect, and must be taken in 
conjunction with its precursor: citrulline [8]. Citrulline can be 
produced by the body from the precursor glutamine, through the 
‘glutamine-citrulline-arginine pathway’ [10]. Glutamine is 
converted in the intestine to citrulline, which is then converted in 
the kidney to arginine. Perisurgical arginine and glutamine 
supplementation have been shown to have significant positive 
effects on morbidity, wound healing, hospital length of stay and 
mortality and have been described as immunonutritional agents 
[10,14-25]. Existing perisurgical nutritional products focus on this 
pathway with little effect on nitric oxide [9].  

Other supplements such as bromelain, a proteolytic enzyme, have 
been used perioperatively to reduce hemolytic and necrotic 
byproducts, as well as reduce inflammation and pain [26]. 
Perioperative oral supplementation has been shown to reduce 
ecchymosis and edema after rhinoplasty [27] and episiotomy [26]. 
Bromelain has also been shown to reduce pain and inflammation in 
oral surgery comparably to diclofenac sodium [28].   

Arnica is a homeopathic remedy which is popularly recommended 
to patients for the reduction in bruising, however recent reviews 
have shown that these claims are questionable [29].  

The aim of this study was to determine if a staged supplementation 
of nitric oxide precursors, proteolytic enzymes and antioxidants  

 

would have a synergistic effect on influencing recovery after 
cosmetic surgery - specifically abdominoplasty - compared to 
bromelain and arnica alone.  

The endpoints measured were pain as determined by narcotic use 
in recovery and upon discharge, as well as self-reported pain scale 
(Figure 2), amount of exudate drainage post operatively, time to 
independent activity, and visual clearing of bruising. 

Figure 1: Phases of wound healing. 

Methods and Materials 

Patients were randomized into two groups (detailed in Table 1) 
receiving either the nutritional supplement Vivanta (Allexon 
Health Sciences Inc.); a three-stage regimen of varying ratios of: 
arginine, citrulline, glutamine, bromelain and vitamin C; or a 
combination of arnica (30X) and bromelain (500mg, 1500GDU/g) 
perioperatively. The dosing schedule was 3 days preoperatively, 
and 6 days postoperatively.  

All patients underwent an abdominoplasty procedure under general 
anesthesia with overnight post-operative recovery.  All patients 
received multimodal pain control consisting of acetaminophen 
500mg po, celocoxib 200mg po, and ondansetron 16mg po 
preoperatively, and intraoperative transverse abdominus plane and 
epigastric blocks using 0.25% bupivacaine. Drains were removed 
upon discharge home the following day.   Narcotic use and drainage 
was monitored until discharge and patients completed a self-
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assessment of pain, documented narcotic and non-prescription 
medication use, visual bruising coloration and recorded their daily 
activities. Follow up visits were at one week, two weeks and one 
month three months postoperatively. 

Figure 2: Self-assessment pain scale. 

Results 

A total of 210 female abdominoplasty patients were enrolled in this 
study and operated upon by a single surgeon (Table 1). 

 Vivanta Arnica/Bromelain 

Number of patients 130 80 

Age (Mean) 47.3 45.8 

Sex 130 Female: 0 Male 80 Female: 0 Male 

Table 1: Patient demographics. 

Narcotic use was normalized to 1mg morphine equivalents.  In the 
post-operative recovery period, patients supplemented with 
Vivanta required 41% less narcotic that those supplemented with 
arnica and bromelain.  This trend continued upon discharge with 
Vivanta patients using 25% less Tylenol with codeine than their 
counterparts (Table 2), with the Vivanta group also reporting a 
faster reduction in pain scores (Figure 2). 

There was a dramatic reduction of post-surgical drainage in the 
Vivanta patient group.  Patients also reported being able to function 
independently approximated 2 days earlier when supplemented 
with Vivanta. 

Outcomes (Mean 
values) 

Vivanta Arnica/Bromelain Change % 

Recovery Narcotic 
Use (Morphine 
Equivalents) 

3.85 7.8 41% * 

Post-operative 
Drainage (mL) 

144 277 48% ** 

Home Tylenol #3 Use 
(# of pills) 

12.89 17.25 25% * 

Days to Independent 
Activity 

3.5 5.6 37% ** 

Key:  * P<0.001, ** p<0.05 

Table 2: Results of measured outcomes. 

 

 

Figure 3: Rate of decrease in patient reported pain. Rate of 
change is approximately 10% faster for Vivanta. 

Discussion 

The importance of nutritional supplementation, in particular with 
arginine and glutamine, has received significant attention because 
of the positive effects on wound healing, morbidity, mortality, and 
hospital length of stay when given perioperatively [10,14-25]. The 
mechanistic action of arginine, citrulline and glutamine center 
around their roles in nitric oxide production and the role nitric oxide 
mediation of various metabolic pathways [2-6]. Nitric oxide 
mediates host immune defense [2,3,30] while also exhibiting 
protective effects on the cardiovascular system by acting as a 
vasodilator [31].  Nitric oxide is also a potent mediator of vascular 
permeability both by acting directly on vascular endothelium, and 
by modulation of blood flow [36]. The role of nitric oxide is of great 
importance in wound healing [2] but the natural glutamine-
citrulline-arginine pathway can be impaired after surgical trauma 
[31]. Pre-surgical fasting also results in a drop in glutamine, arginine, 
and citrulline levels as well as the production of a number of 
inflammatory mediators [12,13]. The combination of these two 
factors requires an exogenous source of arginine to correct [10-13], as 
deficiencies can lead to immunosuppression, impaired recovery 
and altered vascular function [3,6]. Nutritional supplementation can 
influence the inflammatory phase of wound healing by its direct 
effects on nitric oxide levels. 

The regenerative phase of wound healing is characterized by the 
removal of inflammatory products, angiogenesis and collagen 
synthesis [1,4].  Tissue ischemia, induced by surgical trauma causes 
an anaerobic cellular metabolism, leading to acidosis, as well as 
decreased cellular glycogen and ATP levels that cause reduced cell 
membrane function, vascular endothelial adhesions, and an 
upregulation of clotting pathways [2,33]. After the restoration of 
blood flow by angiogenesis, free radicals cause further damage to 
the ischemic tissue by neutrophil influx and depletion of nitric 
oxide, aggravating interstitial edema, vasoconstriction, the 
accumulation of toxins, and the production of pro-inflammatory 
mediators [34,35]. This ischemia-reperfusion process diminishes cell 
function and impairs wound healing.  Nitric oxide and glutamine 
supplementation has been shown to protect against both ischemia-
reperfusion injury and further modulate collagen synthesis [2,4,35,36]. 

This study examined the role of staged nutritional supplementation 
on post-surgical recovery.  While most studies concentrated on the 
immune modulating role of arginine and glutamine 
supplementation, this study was the first to show a significant 
reduction of pain and narcotic requirements. 
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Reduction in narcotic use 

Supplementation with Vivanta reduced narcotic use both in the 
post-surgical recovery room and after the patient was discharged 
home (Table 2). A drastic reduction of 41% in morphine 
equivalents in recovery was observed and a 25% reduction in 
Tylenol #3 use upon the two weeks of home recovery. Patients self-
assessed pain who took Vivanta also decreased on average 10% 
faster than the arnica/bromelain group (Figure 3). Most patients in 
the Vivanta group stopped taking Tylenol #3 after three days, 
indicated that pain severity as well as the duration was decreased. 
Patients also reported a faster return to independent activity.  This 
reduction in pain was unexpected as the compounds in Vivanta 
have no analgesic properties. We would hypothesize that the 
supplementation with Vivanta led to a blunting of the inflammatory 
response to tissue injury, resulting in less edema/exudate, and less 
pain postoperatively. This observation may also be due to a 
synergistic effect of the antioxidant supplementation. 

Reduction in bruising 

Patients also reported faster clearing of bruising the role of 
proteolytic enzyme supplementation is still not certain as the design 
and reporting mechanism of this study makes interpretation of this 
data highly subjective. 

Future work 

As the control group also took the proteolytic enzyme bromelain, 
these results may suggest that an increase in nitric oxide and the 
subsequent antioxidant and vasodilation effects may work 
synergistically to improve the outcomes measured. The mechanism 
of action of proteolytic enzyme supplementation has not been well 
studied and further research focusing on inflammatory biomarkers 
and vascular permeability is required to confirm this hypothesis. 

Conclusions 

This study demonstrated that perioperative supplementation with 
nitric oxide precursors, antioxidants and proteolytic enzymes in a 
staged fashion, can positively affect post-operative outcomes. 
Vivanta reduced recovery narcotic use by 41%, post-operative 
drainage by 48% and home Tylenol #3 use by 25%. This in turn 
reduced the time it took for the patient to return to regular activities. 
More research is needed to support the mechanism behind this 
marked reduction in pain.  
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