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The Effect of Perioperative Dimethyl Sulfoxide Efficacy on
Regional and Local Flaps Viability
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Abstract

Background: The purpose of this study was to analyze the effects and results
of dimethyl sulfoxide (DMSQ) usage on viability and perfusion of local and
regional flaps in rabbits, via this study we are going to conclude whether DMSO
could be effective after flap operations in human or not.

Materials and Methods: Local and regional DMSO spray was used on
rabbit’s dorsum flaps immediately after the operation and once per day up to 7
days post-op in 14 rabbits, divided equally to control group (saline solution
spray) or experiment group (DMSO spray). The results were compared 3 and 7
days after operations.

Results: There were improved results attributed to the DMSO effects
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Conclusion: We concluded that topical application of DMSO reduces skin flap
ischemia in rabbits and we highly advise the use of it after operations in which

skin flaps are created.
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Introduction

Tissue circulation has been a favorite for plastic
surgeons, especially due to its role in decreasing the
chance of tissue flap ischemia. In several studies,
following abdominoplasty and facelift operations
topical Dimethyl sulfoxide (DMSO), have improved
chances of success to increase skin perfusion; so they
have advised DMSO in procedures with risks for
ischemia (1-3). DMSO has several applications in
medicine and also, in industry. Though controversial,
using DMSO in flaps has been quoted frequently;
however, the last word is to be said yet (4, 5).
Furthermore, the mechanism of DMSO action
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rarely has been discovered; the role of DMSO in tissue
histamine release has been quoted by some authors,
leading to vasodilation of flap vessels. Different use
forms of DMSO (injectable, topical, intravenous) have
been studied on animal and human models (6).

This experimental study was performed on rat
tissue flaps to assess the role of perioperative local
DMSO on cellular and tissue viability (7-9).

Methods

The study protocol was assessed and approved by the
Research Ethics Committee of Shahid Beheshti
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University of Medical Sciences (IRB Ethics Code:
IR.SBMU.RETECH.REC. 1399.262; June 30, 2020).
This study was performed in the animal lab, 15
Khordad Center (a referral hospital dedicated to plastic
and reconstructive surgery affiliated to the Shahid
Beheshti University of Medical Science).

To investigate the efficacy of perioperative
application of DMSO on regional and local flaps
viability, we designed an experimental study,
consisting of 14 rabbits, of which seven were allocated
to the control group (just Saline solution sprayed on the
tissue); however, the other group included 7 rabbits,
which received DMSO spray on the tissue cells. We
used DMSO spray-on local and regional flaps in
rabbits’ dorsum immediately after an operation and
once per day up to 7 days postop.

In the next study step, we cut elevated cutaneous
flaps with diameters about 8*2 cm on the dorsum of
each rabbit and sutured it again; afterward, we
followed up the flaps by applying saline in one group
and DMSO in another group, with especial concern on
ecchymosis, edema, and necrosis. Topical DMSO with
a density of 60% in combination with 10% urea and
30% water was applied for skin flaps in examined
group 3 times per day up to 7 days; whereas in the
control group, we applied saline on the skin flaps
similarly. Therefore, we examined flaps every day till
1 week regarding flap perfusion, color, and secretion
around flaps.

Allocation of the animals to each of the study
groups was performed using a random table of
numbers. All steps in the application of DMSO and
saline were performed by just one of the members of
the team; while, all the perioperative assessments were
performed by another member of the team who was
unaware of the study group. The post-op status of the
flaps was compared using the Chi-square test. All
statistical analyses were performed by SPSS; while a
p-value less than 0.05 was considered statistically
significant.

Results

In our study, we compared the results of two groups
after 7 days of applying DMSO for examined group
and saline in the control group. Among 7 rabbits in the
examined group, just 1 of them had necrosis around the
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flap on 3th day and also infected flap in this case;
however, the rest of them had viable flaps. Meanwhile,
among the other 7 rabbits in the control group, 3 rabbits
had flap necrosis after 3 days of surgery, which one
infected rabbit was observed. So the survival of flaps
in the examined group was 86% in comparison with
57% in the control group (P value<0.05). In each
group, only one case of infection (odor, secretion, and
erythema) was observed (15%); demonstrating no
significant difference between the two groups. Also, no
other flap-related complication was reported in the two
groups.

Discussion

In our study, the use of DMSO 60% decreased
ischemic flaps in the examined group (86%), the
results in our study are considered similar to the results
of other previous studies which had applied topical
DMSO with a variety of concentrations from 50% to
95%. More knowledge about skin circulation and
physiology causes surgeons to perform the best
methods and technics for surviving microscopic
anastomosis of flaps and prevent flap necrosis,
especially considering the role of cellular and
molecular mechanisms of organ protection and the
potential role of DMSO (10).

The previous studies have shown that the ability
of DMSO to cross all membranes varies according to
DMSO strength. The most effective DMSO strength
for penetrating the skin is a solution between 70-90%.
For reasons unknown, concentrations higher than 90%
are less effective. Much lower concentrations of
DMSO -in the range of 1% to 8%- are sufficient for
crossing membranes other than skin. McFarlen et al
(1968) reported the DMSO effect on preventing
experimental pedicle flaps. One study of abdominal
island flaps in rats compared control animals that
received saline injections with rats injected with
intraperitoneal DMSO. Flaps in the treatment group
showed significantly increased blood perfusion by
postoperative day 3 as measured by laser velocimetry
and perfusion fluorometry (11-12).

In another study on rats, 9*4 cm pedicle
abdominal flaps were assessed. Occlusion of the
epigastric vein was done for 8 hours and then, the flap
was resutured to its bed. Two groups received
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intraperitoneal saline; while three others received

intraperitoneal DMSO at different time points:

o only reperfusion time

o at reperfusion time and then every day for 5 days

o Dbefore the operation, at operation, and till 5 days
after the operation.

A sonic digitizer was used for the assessment of results

(flap survival). Two groups that received DMSO at

reperfusion and 5 days after surgery had better

outcomes regarding flap survival (13).

In one study topical DMSO efficacy was
examined on 10* 2.5 cm elevated and resutured flaps
of rabbit dorsum, as 4 groups:
saline control group
DMSO 50% treated group
H202 8% treated group
e DMSO and H202 treated group.

Flap survival was compared using planimetry 7 days
after surgery. There were no differences among the
groups' survival that received saline, H202, or DMSO
alone; however, flaps treated with DMSO+H202 had
a greater area of survival; also, the PtcO2 amount had
improved for the DMSO+H202 group (14).

Rand Luby et al performed prospective research
for skin flap viability in patients who had undergone a
mastectomy, using topical 60% DMSO. The mean area
of ischemia for the DMSO group was significantly
smaller than the control group (15).

Rasposio and Santi performed a study on 40
patients who had undertaken immediate breast
reconstruction  (tissue  expansion)  following
mastectomy. Twenty patients had standard tissue
expansion while another 20 patients received DMSO
60% sponges on the skin overlying the expander 30
minutes before the expansion. A significant difference
was found in the number of expander filling sessions
and the mean inflated volume for each session (16).

Vinnik had a study on mastectomy patients,
which applied topical DMSO immediately after
placement of large permanent expanders; they
observed great results after surgeries. Similar results
regarding flaps perfusion were seen in patients under
abdominoplasty (17).

Different types of free radicals are mediators for
cell damages and are produced in ischemic or
reperfused tissues due to the structure of DMSO
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(Figure 1); on the other hand, DMSO has a proper
structure in oxidizing and scavenging free radicals, and
theoretically, DMSO could be effective in scavenging
free radicals in skin and island flaps, leading to
increased flap survival. However, the main drawbacks
of DMSO are:

e hemolysis after intravenous use (less than 2g/Kg)
and rapid injection of it (30 min>) (18)

e chance of ophthalmologic toxicity (18, 19)

e DMSO could penetrate from the Stratum Corneum
(upper layer of skin) and it performs as a carrier,
which also, increases the substances penetrations
(20-22)

e some studies have cited the potential effects of
DMSO regarding its effects on cellular proteomics,
epigenomics, and microRNAs; which might affect
the role of cell fate in its future life (23, 24)

Figure 1. chemical formulation of Dimethyl sulfoxide
(DMSO0).

Conclusion

In our study, we observed significant results after
topical DMSO 60% on skin flaps, which had a
substantial impact on reducing tissue damages due to
loss of perfusion and surgery trauma. Based on the
results of this study we suggest that topical DMSO is
an appropriate and effective solution for the protection
of cutaneous flaps in the perioperative period; a result
supported by prior researches.

It is considered wise to apply DMSO on
cutaneous or pedunculated flaps while other traditional
methods for flap perfusions such as tension releases on
the pedicle, decrease kinks, and remove load pressure
on flaps have been defeated. By appearing some signs
of ischemia in flaps, topical DMSO might be effective
to improve tissue perfusion. This product is not
expensive and could be reachable for patients at home,
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even though it cannot repair necrosis areas of flaps and
recur the circulation of these regions; though some
controversies exist (7-9, 23, 24). More sophisticated
studies are still needed.

Acknowledgment

None.

Conflicts of Interest

The authors declare that they have no conflict of
interest.

References

1. Kollerup Madsen B, Hilscher M, Zetner D, Rosenberg J. Adverse
reactions of dimethyl sulfoxide in humans: a systematic review.
F1000Res. 2018;7:1746.

2. Sandborn EB, Stephens H, Bendayan M. The influence of dimethyl
sulfoxide on cellular ultrastructure and cytochemistry. Ann N Y Acad Sci.
1975;243:122-38.

3. Atiba A, Ghazy A, Hamad MH. Evaluating the efficacy of surgical
excision and topical dimethyl sulphoxide (DMSO) in the treatment of
equine cutaneous pythiosis. Iran J Vet Res. 2020;21(4):301-7.

4. Dujovny M, Rozario R, Kossovsky N, Diaz FG, Segal R. Antiplatelet
effect of dimethyl sulfoxide, barbiturates, and methyl prednisolone. Ann
N'Y Acad Sci. 1983;411:234-44.

5. Haller J, Trachy R, Cummings CW. Effect of dimethyl sulfoxide on
island flap perfusion and survival in rats. Arch Otolaryngol Head Neck
Surg. 1987;113(8):859-63.

6. Colucci M, Maione F, Bonito MC, Piscopo A, Di Giannuario A, Pieretti
S. New insights of dimethyl sulphoxide effects (DMSO) on experimental
in vivo models of nociception and inflammation. Pharmacol Res.
2008;57(6):419-25.

7. Jacob SW, Herschler R. Pharmacology of DMSO. Cryobiology.
1986;23(1):14-27.

8. Elisial, Nakamura H, Lam V, Hofs E, Cederberg R, Cait J, etal. DMSO
Represses Inflammatory Cytokine Production from Human Blood Cells
and Reduces Autoimmune Arthritis. PLoS One. 2016;11(3):e0152538.

9. Perez M, Zuurmond AWW, Bezemer DP, Kuik JD, van Loenen CA,
de Lange JJ, et al. The treatment of complex regional pain syndrome type
I with free radical scavengers: a randomized controlled study. Pain.
2003;102(3):297-307.

92

10. Montaguti P, Melloni E, Cavalletti E. Acute intravenous toxicity of
dimethyl sulfoxide, polyethylene glycol 400, dimethylformamide,
absolute ethanol, and benzyl alcohol in inbred mouse strains.
Arzneimittelforschung. 1994;44(4):566-70.

11. Kolb KH, Jaenicke G, Kramer M, Schulze PE. Absorption,
distribution and elimination of labeled dimethyl sulfoxide in man and
animals. Ann N Y Acad Sci. 1967;141(1):85-95.

12. McFarlane RM, Laird JJ, Lamon R, Finlayson AJ, Johnson R.
Evaluation of dextran and DMSO to prevent necrosis in experimental
pedicle flaps. Plast Reconstr Surg. 1968;41(1):64-70.

13. Carpenter RJ, Angel MF, Morgan RF. Dimethyl sulfoxide increases
the survival of primarily ischemic island skin flaps. Otolaryngol Head
Neck Surg. 1994;110(2):228-31.

14. Raposio E, Santi PL. Topical application of DMSO as an adjunct to
tissue expansion for breast reconstruction. Br J Plast Surg.
1999;52(3):194-7.

15. Rand-Luby L, Pommier RF, Williams ST, Woltering EA, Small KA,
Fletcher WS. Improved outcome of surgical flaps treated with topical
dimethylsulfoxide. Ann Surg. 1996;224(4):583-9; discussion 9-90.

16. Raposio E, Santi PL. Pharmacological enhancement of cutaneous flap
survival with topical dimethyl sulphoxide and hydrogen peroxide. Br J
Plast Surg. 1998;51(7):551-4.

17. Vinnik CA, Jacob SW. Dimethylsulfoxide (DMSO) for human
single-stage intraoperative tissue expansion and circulatory enhancement.
Aesthetic Plast Surg. 1991;15(4):327-37.

18. Santos NC, Figueira-Coelho J, Martins-Silva J, Saldanha C.
Multidisciplinary utilization of dimethyl sulfoxide: pharmacological,
cellular, and molecular aspects. Biochem Pharmacol. 2003;65(7):1035-41.
19. Gémoéri K, Szabados T, Kenyeres E, Pipis J, Foldesi |, Siska A, et al.
Cardioprotective Effect of Novel Matrix Metalloproteinase Inhibitors. Int
J Mol Sci. 2020;21(19).

20. Denner DR, Udan-Johns ML, Nichols MR. Inhibition of matrix
metalloproteinase-9 secretion by dimethyl sulfoxide and cyclic adenosine
monophosphate in human monocytes. World J Biol Chem. 2021;12(1):1-
14.

21. Uddin MJ, Vemulapalli A, Niitsu H, Crews BC, Oltman CG,
Kingsley PJ, et al. Molecular Imaging of Inflammation in Osteoarthritis
Using a Water-Soluble Fluorocoxib. ACS Med Chem Lett.
2020;11(10):1875-80.

22. Almeida KG, Oliveira RJ, Dourado DM, Filho EA, Fernandes WS,
Souza AS, et al. Morphological study of rat skin flaps treated with
subcutaneous dimethyl sulfoxide combined with hyperbaric oxygen
therapy. Genet Mol Res. 2015;14(4):18160-71.

23. Verheijen M, Lienhard M, Schrooders Y, Clayton O, Nudischer R,
Boerno S, et al. DMSO induces drastic changes in human cellular
processes and epigenetic landscape in vitro. Sci Rep. 2019;9(1):4641.

24. Hanslick JL, Lau K, Noguchi KK, Olney JW, Zorumski CF,
Mennerick S, et al. Dimethyl sulfoxide (DMSO) produces widespread
apoptosis in the developing central nervous system. Neurobiol Dis.
2009;34(1):1-10.

Journal of Cellular & Molecular Anesthesia (JCMA)




