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Introduction

The issue of tissue ischemia and tissue necrosis. How tissue, 
organs and whole organisms died has been somewhat mysterious. 
Ancient and more recent concepts such as ‘humors’, medicinal 
herbs, ‘blood-letting ‘arose [1,2]. Once anatomy was slowly evolving 
over several centuries, it became obvious as Aristotle posited in 
antiquity that, every living thing has form [anatomy, the modern 
term] and and function [physiology, the modern term] [3]. J. Muller 
established an early department of physiology with his book, 
“Handbuch der Physiologie des Menschen” published in 1830’s [4]. 
Subsequently, Virchow in 1858, conceived the cell as the focal point 
of pathological changes [5] This replaced previous nonscientific  

 
ideas. Multiple authors present up to date data on this topic [6-
8]. They document multiple pathways: inflammatory response to 
damage, apoptosis. autophagic cell death, lysosomal cell death etc. 
Our work in this field commences in the 1980’s. We were deeply 
influenced by other renown faculty at The University of Pittsburgh 
at the time: Starzl [9], Safar [10], Maroon [11] who were concerned 
with these issues. Our work first started with the dorsal rat flap, 
which we standardized and concluded is a model for incomplete 
[partial] ischemia [12-15]. We found involvement of oxygen derived 
free radicals as the prime etiological mechanism. Hematomas under 
partially ischemic, lead to tissue necrosis by the same mechanism 
[16,17]. We published a review/hypothesis of these issues [18]. We 
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then studied pedicle rat flaps under various conditions. Necrosis 
is caused by the type of ischemi, and the presence of re-perfusion 
injury [19-20]. We then studied various methods to improve tissue 
survival: vasodilation agents [21,22]; use of DMSO [23], and Fluosol 
[24], which was used experimentally in transplant surgery. Other 
transplantation strategies for liver, were studied by us: cold/
hyperbaric O2 storage [25], and the administration of L-NAME [26].

We studied prior elevation of skin flaps [27], flap delay [28] 
and effect of tissue ex-pansion on ischemic tolerance- it improves 
it [29,30]. This allowed us to construct expanded flaps for patients 
[31,32]. Arteriovenous fistulae surgically we created were useful 
for several reasons [33]. We found the ideal hematocrit for highest 
blood flow ie balancing oxygen carrying capacity vs viscosity is 30 
[34]. We studied the role of free radicals and eicosonoid pathway 
species in flap surgery [35-38]. We studied these issues in muscle 
[39,40], and venous flaps, often used in hand surgery [41,42]. 
We then studied compressed optic nerves and peripheral nerves 
[43,44]. Knowing from other literature that diabetes mellitus is a 
cause of increased oxidant stress, sought methods to further study 
this issue [45-47]. We had previously been interested in venous 
insufficiency, wondering why it often resulted in ulceration, while 
this was less common in lymphedema. We proposed possible 
mechanisms [48]. Biopsies in patients confirmed our suspicions 
[49] which has been confirmed years later. We next studied patients 
with Carpal Tunnel Syndrome [CTS], sampling tenosynovium 
obtained at time of surgery, and obtaining blood for markers of 
inflammation [50]. We found elevated free radical markers both 
in the tissue, but interestingly in blood, suggesting that CTS has 
a systemic component! Molecular markers found elevated are 
those, others have subsequently found involved. Researchers 
at the University of Michigan, found similar results in bone [51]. 
This leads to the next issue -deeper analysis of the microvascular 
structure and function.

Aspects of Vascular Structure and Function

Arteries, which carry blood from the heart to the rest of the body 
are of 2 types. Elastic arteries, closest to the heart have fibers, which 
catch blood and absorb this force [52]. Muscular arteries carry 
blood to the microvascular system. Their anatomy is: tunic intima, 
tunica media, and tunica externa. The intima has endo-thelial cells, 
and a network of connective and elastic tissue [53]. Intact intima 
is crucial to maintain normal blood flow. The endothelial cells are 
present with a small amount: fibrocytes, smooth muscle, elastic 
fibers, collagen in a sub-endothelial stroma [54]. Normal blood flow 
supports an environment that inhibits

the formation of clots. If the underlying stroma is exposed, 
chemical mediators and cellular response can lead to thrombus 
formation [55,56]. This has several ramifications. One, this affects 
flow to tissue, whatever type, when surgery is commenced. I 
discuss above some of these issues. Two, this opens a second area, 
which is germane to most physicians especially cardiologists, 
and primary care - atherosclerosis. Montinari presents a recent 

article, concerning this over the centuries [56m]. She documents 
this story from antiquity, which has had many ‘innovations’ [my 
word, because these can be described as 3 steps forward/ 2 steps 
back]. The state of the knowledge from 1980 -recently routinely 
included avoiding fats, butter, eggs and milk was discouraged, use 
of statins etc. The Johns Hopkins University issued new guidelines, 
very different only seven months ago [57]. These include early 
screening, particularly for high genetic risk people, but most telling 
is the conclusion that ‘80-90%’ of disease has at least some life style 
choices which can be modified. This is a ‘first and foundational’ 
approach. An appreciation of inflammation being a prime cause 
whether from autoimmune disease or diabetes mellitus, which has 
an immune effect. There are also calculations based on biological 
age, which has substantial validity and reliability from decades of 
study. This is praise-worthy, but a major issue, I have is that this 
alone is insufficient. Biological ‘clocks’ are also crucial. This is an 
assessment of the age of your cells. There are several approaches, 
most recent being telomere length [58], and subsequently from 
work at MIT, that gene function over time gets blocked by methyl 
groups [59]. They found ‘typical’ 40 ,50 ,60 …year olds had a 
pattern, which a swab of buccal mucosa could detect. I personally 
did the swab, and with 45+ history of taking supplements, I found 
my cells were decades younger. A related topic is the renin/
angiotensin system summarized in 2025 [60]. This system has 
been studied for decades. Several yrs ago receptor blockers were 
developed ie losartan, which I was prescribed by my LMD. I have 
had excellent control, without side effects. Of note, during the 
recent Covid episode [virus / ‘vaccine’, which is a construct allowing 
the transportation and incorporation of genetic material to foster 
cellular production of factors to combat Covid. Developers of this 
process, received the Nobel Prize in 2023 [61]. It now opens the 
door to begin treating a wide range of disease including cancer [62]. 
A personal observation of mine was after I had Covid [evident by 
antibody tests, still positive 2 1/2 yrs later], I noted several things: 
1/2 of my tablet was sufficient to control BP [safe to assume my 
receptor was altered]; my allergy pro-file changed; I, despite being 
able to adequately function, had a tachycardia of 90 bpm, for 6 mo, 
presumably caused by microvascular dysfunction. The mechanism 
of its resolution is, unclear because of multiple factors. Time to 
resolve is obviously important; however, my recipe of supplements 
and use of natokinase [to lyse clots in micro-arterial systems [63], 
might have also played a role. Welldesigned studies are needed to 
resolve this issue. 

Extravascular Space

It is well established that between the smallest arteries 
and veins, there is leakage of fluid and cells documented by 
fluorecein [64], and devices such as the spy [65]. Decades ago, we 
hypothesized a relationship between free radicals [major action 
vasoconstriction] and the eicosinoid pathways, affecting leakage. 
This work, as noted above, has been confirmed. However, things are 
much more complex now, as stated multiple times, throughout this 
paper. Nonetheless, several statements appear reason able.
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A Novel Means of Assessing Physiological Damage

This classification is based on work summarized above. It has 3 
parts. One, treat the parenchyma i.e. organs vary in multiple ways. 
Thus, there are tx protocols for stroke [66], Myocardial dysfunction 
[67], kidney failure [68], compartment syndrome [69] etc. Two, 
treat according to the degree of ischemia and +/- presence of 
the reperfusion injury [70,71]. Three, treat the extravascular 
space [72-75]. Note none of these reviews use, measures we have 
found useful. This is expected in these complex times. These are 
all excellent articles, but none of the authors are plastic surgeons, 
and presumably the audience has little to none representation. To 
repeat, this is a 3prong attack!. There is now an appreciation that 
patient care is now 2 sided- sx oriented i.e. standard allopathic 
medicine [76] and maintain wellness i.e. anti-aging medicine [77], 
functional medicine [78]. A summation and assorted thoughts are 
next.

Summation of this Brief Communication

One, when comparing chemical/ molecular mechanisms to 
physical factors, the physical ones are often more important. Two, 
when treating a condition, there are often 2 regimes, and as in 
1, the local choice is often the better course. Two examples are: 
the spraying of a nasal spray to kill the Covid virus [79]; topical 
treatment of skin diseases [80] and treatment of oral /oropharynx 
in dentistry [81]. The most important message of this paper, is that 
practicing medicine and medical research, is the most complex it 
has ever been, and this trend will continue into the foreseeable 
future. Thus stated, several principles are: 1 medicine/surgery 
and re-search are noble and important professions. One must try 
to maintain exemplary character and behavior realizing that we 
sometimes fail, but truly take responsibility for these actions and 
ask forgiveness. Realize, no one knows everything, and find people 
both professionally and personally who are trustworthy, and have 
comple-mentary skills. Two, life is a series of journeys. Cavafy, a 
renown Greek poet from early twentieth century in his poem, states 
the journey must be savored - be observant, respectful and learn 
from other. Even if Ithaca does not exist, is irrelevant, because life is 
a series of journeys [82].

Acknowledgement

None.

Conflict of Interest

None.

References
1.	 Rhodes P, Thompson WAR (2026) History of medicine. Encyclopedia 

Britannica. https;// www.britannica.com/science/ history-of-medicine. 

2.	 Haiar R (2015) History of medicine timeline. Heart views 16(1): 43-45.

3.	 Hennig B (2020) Form and Function in Aristotle. History of Philosophy 
and Logical Analysis 23(2): 317-337.

4.	 Steudel J, Johannes Muller (2026) Encyclopedia Britannica 10. https://
www.britannica.com/biography/Johannes-Muller.

5.	 Underwood EA, Rudolf Virchow (2026) Encyclopedia Britannica 9. 
https://www.britannica.com/biography/Rudolf-Virchow.

6.	 King TC (2007) Inflammation, inflammatory Mediators, and Immune-
Mediated Disease, ScienceDirect. https://wwwsciencedirect.com.

7.	 Wang YX (2027) Inflammation [book] from chemical mediators and 
pathophyiology to practice and treatment [pending].

8.	 Megha KB, Joseph X, Akhil V, Mohanan PV (2021) Cascade of 
immune Mechanism and consequences of inflammatory disorders. 
Phytomedicine 19: 153712.

9.	 (2026) Starzl.pitt.edu- official Dr Thomas E. Starzl website.

10.	Oransky I, Peter Safar (2003) Obituary. The Lancet 362(9385): 749 
https://www thelancet.com.

11.	Josephmaroon.com, official website. 

12.	Khouri RK, Angel MF, Edstom LE (1986) Standardizing the Dorsal Rat 
Flap. Surg Forum 37: 1986.

13.	Angel MF, Narayanan K, Swartz MW, SS Ramasastry, DB Kuhns, et al. 
(1986) Deferoxamine Increases skin flap survival: additional evidence 
of free radicals involve-ment in ischemic flap surgery. Brit J Surg 39(4): 
469-72.

14.	Angel MF, Ramasastry SS, Swartz WM, K Narayanan, RE Basford, et al. 
(1987) Augmentation of skin Flap Survival with Allopurinol. Ann Plast 
Surg 18(6): 494-498.

15.	MF Angel, SS Ramasastry, K Narayanan, A Zerbe, WM Swartz, et al. 
(1986) Studies on the nature of the flap bed interaction in rodents: Part 
II. Morphological and Fluorescein Kinetic Data. Ann Plas Surg 17: 437-
439.

16.	Angel MF, Narayanan K, Swartz WM, SS Ramasastry, RE Basford, et al. 
(1986) The Role of Free Radicals in Hematoma-Induced Flap Necrosis. 
Plast Reconstruct Surg 77: 795-803.

17.	Haddad J, Angel MF, Abramson M. Reduction of hematoma-induced flap 
necrosis by deferoxamine. Surg Forum 37: 563-564.

18.	MF Angel, SS Ramasastry, WM Swartz, RE Basford, JW Futrell (1987) 
Free Radicals: Basic Concepts Concerning Their Biochemistry, 
Pathophysiology and Relevance to Plastic Surgery. Plast Reconstruct 
Surg 79(6): 990-997.

19.	Angel MF, Ramasastry SS, Narayanan K. Biochemical Evidence of the 
Crucial Role of Free Radicals in Flap Necrosis. Surg Forum 37: 563-564.

20.	MF Angel, SS Ramasastry, WM Swartz, K Narayanan, DB Kuhns, et al. 
(1988) The Critical Relation-ship between Free Radicals and Degrees of 
Ischemia. Plast Reconstruct Surg 81: 233-239.

21.	MF Angel, G Schieren, M Jorysz, KR Knight, BM O Brien (1989) The 
Beneficial Effect of Chlorpromazine on Dorsal Skin Flap Survival. Ann 
Plast Surg 22: 492-497.

22.	RJ Carpenter, MF Angel, LR Amiss, TM Masterson, RF Morgan (1993) 
Verapamil Enhances the Survival of Primarily Venous Obstructed Rodent 
Skin Flaps. Arch Otolaryngol 119: 1015-1017.

23.	Carpenter RJ, Angel MF, Morgan RF. Efficacy of DMSO In Treating 
Ischemic Island Flaps. Surg Forum 43: 587-588.

24.	SS Ramasastry, P Waterman, MF Angel, JW Futrell (1985) Effect of 
Fluosol DS [20%] on Skin Flap Survival. Ann Plast Surg 15(5): 436-442.

25.	MF Angel, MJ Im, HK Chung, CA Vander Kolk, PN Manson (1994) Effects 
of combined Cold and Hyperbaric Oxygen Storage on Free Flap Survival. 
Microsurgery 15: 648-651.

26.	LK Knox, MF Angel, T Gamper, LR Amiss, RF Morgan (1996) Secondary 
Ischemic Tolerance Improved by the Administration of L-NAME in rat 
flaps. Microsurgery 17: 425-427.

https://pubmed.ncbi.nlm.nih.gov/25838882/
https://pubmed.ncbi.nlm.nih.gov/34511264/
https://pubmed.ncbi.nlm.nih.gov/34511264/
https://pubmed.ncbi.nlm.nih.gov/34511264/
https://pubmed.ncbi.nlm.nih.gov/3779193/
https://pubmed.ncbi.nlm.nih.gov/3779193/
https://pubmed.ncbi.nlm.nih.gov/3779193/
https://pubmed.ncbi.nlm.nih.gov/3779193/
https://pubmed.ncbi.nlm.nih.gov/3605984/
https://pubmed.ncbi.nlm.nih.gov/3605984/
https://pubmed.ncbi.nlm.nih.gov/3605984/
https://pubmed.ncbi.nlm.nih.gov/3273123/
https://pubmed.ncbi.nlm.nih.gov/3273123/
https://pubmed.ncbi.nlm.nih.gov/3273123/
https://pubmed.ncbi.nlm.nih.gov/3273123/
https://pubmed.ncbi.nlm.nih.gov/3754642/
https://pubmed.ncbi.nlm.nih.gov/3754642/
https://pubmed.ncbi.nlm.nih.gov/3754642/
https://pubmed.ncbi.nlm.nih.gov/3295917/
https://pubmed.ncbi.nlm.nih.gov/3295917/
https://pubmed.ncbi.nlm.nih.gov/3295917/
https://pubmed.ncbi.nlm.nih.gov/3295917/
https://pubmed.ncbi.nlm.nih.gov/3336655/
https://pubmed.ncbi.nlm.nih.gov/3336655/
https://pubmed.ncbi.nlm.nih.gov/3336655/
https://pubmed.ncbi.nlm.nih.gov/2624392/
https://pubmed.ncbi.nlm.nih.gov/2624392/
https://pubmed.ncbi.nlm.nih.gov/2624392/
https://pubmed.ncbi.nlm.nih.gov/8357582/
https://pubmed.ncbi.nlm.nih.gov/8357582/
https://pubmed.ncbi.nlm.nih.gov/8357582/
https://pubmed.ncbi.nlm.nih.gov/4083744/
https://pubmed.ncbi.nlm.nih.gov/4083744/
https://pubmed.ncbi.nlm.nih.gov/7845194/
https://pubmed.ncbi.nlm.nih.gov/7845194/
https://pubmed.ncbi.nlm.nih.gov/7845194/
https://pubmed.ncbi.nlm.nih.gov/9393660/
https://pubmed.ncbi.nlm.nih.gov/9393660/
https://pubmed.ncbi.nlm.nih.gov/9393660/


Am J Biomed Sci & Res Copyright©  Michael F Angel

American Journal of Biomedical Science & Research 1016

27.	Michael F Angel, Cary G Mellow, Kenneth R Knight, Bernard McC O’Brien 
(1989) Prior Elevation of Vascular Island Flaps: Intolerance to ischemia 
Caused by Venous Obstruction. J Reconstr Microsurg 5: 163-165.

28.	MJ Im, RJ Beil Jr, L Wong, MF Angel, PN Manson (1993) Effects of 
sympathetic Denervation and Free Radicals in Neovascularization in 
Skin Flaps. Plast Reconstr Surg 92(4): 736-741.

29.	S Babovic, MF Angel, MJ Im, AM Ress, PN Manson (1995) Effect of Tissue 
Expansion on Secondary Ischemic Tolerance in Experimental Free Flaps. 
Ann Plast Surg 34: 593-598.

30.	MF Angel, RM Bridges, PA Levine, RW Cantrell, JA Persing (1990) 
Serratus Anterior Free Tissue Transfer for Craniofacial Reconstruction. J 
Craniofacial Surg 3: 207-212.

31.	Kenny JG, DiMercurio S, Angel MF (1990) Expanded Radial Forearm Free 
Flap in Cervical Neck Contractures. Burns 11: 443-445.

32.	Tanya M Oswald, Stephanie A Stover, Jacob Gerzenstein, MP Lei, Feng 
Zhang, et al. (2007) Immediate and Delayed Use of Arteriovenous 
Fistulae in Microsurgical Flap Procedures: A Clinical Series and Review 
of Published Cases. Ann Plast Surg 58(1): 61-63.

33.	Michael Angel, Bernard Chang, Norman Clark, Lesley K Wong, Paul 
R Ringelman, et al. (1993) Further clinical use of the interposition 
arteriovenous loop graft in free tissue transfers.

34.	Ramasastry SS, Narayanan K, Angel MF, et al. Role of Systemic Hematocrit 
in Survival of Skin Flaps in Pigs. Surg Forum 40: 536-537.

35.	Kenneth R Knight, Michael F Angel, Diana A Lepore, Paul A Abbey, 
Laurence I Arnold, et al. (1991) Secondary Ischemia in Rabbit Skin 
Flaps: The Roles Played by Thromboxane and Free Radicals. Clin Sci 80: 
235-240.

36.	Angel MF, Knight KR, Lepore (1991) Free Radical Formation Precedes. 
Thromboxane in Secondary Ischemia. Surg Forum 42: 542-543.

37.	CG Mellow, KR Knight, MF Angel, BM O’Brien (1990) The Effect of 
Thromoxane Synthetase Inhibition on the Tolerance of Skin Flaps to 
Secondary Ischemia Caused by Venous Obstruction. Plast Reconstr Surg 
Surg 86(2): 329-334.

38.	CG Mellow, KR Knight, MF Angel, BM O’Brien (1990) The Effect of 
Thromboxane Synthetase Inhibition on Tolerance of Skin Flaps to 
Primary Ischemia. Aust NZ J Surg 60: 293-297.

39.	MF Angel, M Hickey, G De Santis, B McC O Brien (1989) The deleterious 
effects of Arteriovenous Flow Reversal During Experimental Free 
Muscle Transfer. J Reconstruc Microsurg Reversal During Experimental 
Free Muscle Transfer. J Reconstruc Microsurg 5: 367-371.

40.	Khazanchi RK, Knight KR, Angel MF (1989) Effect of PEP and ATP on 
Skeletal Muscle After Ischemia. Microsurgery 108-114.

41.	Hede Yan, Feng Zhang, Ovunc Akdemir, Somjade Songcharoen, 
Nicholas I Jones, et al. (2011) Clinical application of venous flaps in the 
reconstruction of hands and fingers. Arch Orp Trauma Surgery 131(1): 
65-74.

42.	Angel MF, Mellow CG, Knight KR (1989) Biochemical Changes in Canine 
Venous Flaps. Surg Forum 40: 538-539.

43.	AM Ress, S Babovic, MF Angel, MJ Im, AL Dellon, et al. (1995) Free Radical 
Damage in Acute Nerve Compression. Ann Plast Surg 34: 388-395.

44.	S Babovic, MJ Im, MF Angel, PN Manson (1998) Role of Reactive Oxygen 
Species in Optic Nerve Injury: A Preliminary Study. Ann Plast Surg 40: 
156-159.

45.	Babovic S, Dellon AL, Angel MF (1995) Preliminary Observations of the 
Effect of Diabetes Mellitus on Nerve Regeneration. Ann Plas Surg 34: 
388-395.

46.	Babovic S, Ress AM, Dellon AL (1998) Nerve Regeneration in Diabetic 
Rats. Microsurgery 18: 9-11.

47.	TG Liszka, AL Dellon, M Im, MF Angel, L Plotnick (1998) Effect of 
Lipectomy on the Growth and Development of Hyperinsulinemia and 
Hyperplasia in the Zucker Rat. Plast Reconstruct Surg 102: 1122-1127.

48.	MF Angel, SS Ramasastry, WM Swartz, RE Basford, JW Futrell (1987) 
The Causes of Skin Ulcerations Associated with Venous Insufficiency: A 
Unified Hypothesis. Plast Reconstruct Surg 79(2): 289-97.

49.	Ramasastry SS, Angel MF, Nararanan K (1990) Biochemical Evidence of 
Lipoperoxidation in Venous Stasis Ulcers. AnnN Y Acad Sci 510: 506-507.

50.	Alan E Freeland, Michelle A Tucci, Rocco A Barbieri, Michael F Angel, 
Todd G Nick (2002) Biochemical Evaluation of Serum and Flexor 
Tenosynovium in Carpal Tunnel Syndrome. Microsurgery 22(8): 378-85.

51.	Moore NC (2026) Chemist receives $2 million Grant to Map Disease 
Causing ‘free radical’ Damage” [Brant Martin]. record.umich.edu/
articles.

52.	Oliver M, Rogers EM, Matthews BE (2026) Circulatory system. 
Encyclopedia Britannica. http: britannica. Com /science / circulatory-
system.

53.	Pan S (2026) Human Circulatory System- Definition, Structure, Organs, 
Functions. biologynotes online.com. https://biologynotesonline.com.

54.	Dahai P (2026) Arteries: Structure, Types, Functions and Common 
Diseases. Microbe Notes. https://microbenotes.com/arteries.

55.	Tao Zeng, Guan Lan Lei, Mei Ling Yu, Ting Yu Zhang, Zong Bao Wang, 
et al. (2026) The role and mechanisms of various trace elements in 
atherosclerosis. International Immunopharm 142(Pt B): 113188.

56.	Weronika Frąk, Armanda Wojtasińska, Wiktoria Lisińska, Ewelina 
Młynarska, Beata Franczyk, et al. (2022) Pathophysiology of 
Cardiovascular Diseases: New Insightsinto Molecular Mechanisms of 
Atherosclerosis, Arterial Hypertension, and Coronary Artery Disease. 
Biomedicines[review] 10(8): 1938.

57.	(2026) Johns Hopkins Institute for Clinical and Translational Research. 
https://ictr.johnshopkins. .edu/news/announce/the/new-cholesterol-
guideline-what-to-know.

58.	Christopher E Mason, Maria A Sierra, Henry J Feng, Susan M Bailey 
(2024) Telomeres and aging: on and off the planet!. Bio-Gerontology 
25(2): 313-327.

59.	(2026) Elysiumhealth.com.

60.	(2026) Pdf.benchchem.com.

61.	Nobelforsamlingen -press release -K Kariko, D Weissman, Nobel Prize in 
Physiology/ Medicine.

62.	(2026) American Cancer Society -mRNA vaccines.cancer.org.

63.	Tirth Bhatt, Viral Mandaliya, Munir Ibrahim, Avani Bhimani (2026) 
Multifaceted microbial enzyme nattokinase: a comprehensive review on 
the therapeutic’s applications, production, technologies, and intellectual 
property landscape. sciencedirect.com.

64.	(2026) Pdf.benchchem.com.

65.	(2026) Pdf unique uses of SPY; https://www.ncbi.nim.gov-pmc articles.

66.	(2026) Pdf early management of patients with acute ischemic stroke: 
A guideline from the American Heart Association/Amerian Stroke 
Association. Stroke 57: 8.

67.	(2026) Jacc pdf chest pain guideline hub. META study 11/2017-5/2020.

68.	(2026) KDIGO Guidelines for renal disease. AAOS, guidelines for 
management of acute compartment syndrome. aaos.org.

https://pubmed.ncbi.nlm.nih.gov/7689235/
https://pubmed.ncbi.nlm.nih.gov/7689235/
https://pubmed.ncbi.nlm.nih.gov/7689235/
https://pubmed.ncbi.nlm.nih.gov/7661535/
https://pubmed.ncbi.nlm.nih.gov/7661535/
https://pubmed.ncbi.nlm.nih.gov/7661535/
https://pubmed.ncbi.nlm.nih.gov/1298423/
https://pubmed.ncbi.nlm.nih.gov/1298423/
https://pubmed.ncbi.nlm.nih.gov/1298423/
https://pubmed.ncbi.nlm.nih.gov/2246314/
https://pubmed.ncbi.nlm.nih.gov/2246314/
https://pubmed.ncbi.nlm.nih.gov/17197944/
https://pubmed.ncbi.nlm.nih.gov/17197944/
https://pubmed.ncbi.nlm.nih.gov/17197944/
https://pubmed.ncbi.nlm.nih.gov/17197944/
https://pubmed.ncbi.nlm.nih.gov/2367581/
https://pubmed.ncbi.nlm.nih.gov/2367581/
https://pubmed.ncbi.nlm.nih.gov/2367581/
https://pubmed.ncbi.nlm.nih.gov/2367581/
https://pubmed.ncbi.nlm.nih.gov/2322217/
https://pubmed.ncbi.nlm.nih.gov/2322217/
https://pubmed.ncbi.nlm.nih.gov/2322217/
https://pubmed.ncbi.nlm.nih.gov/20461524/
https://pubmed.ncbi.nlm.nih.gov/20461524/
https://pubmed.ncbi.nlm.nih.gov/20461524/
https://pubmed.ncbi.nlm.nih.gov/20461524/
https://pubmed.ncbi.nlm.nih.gov/7793785/
https://pubmed.ncbi.nlm.nih.gov/7793785/
https://pubmed.ncbi.nlm.nih.gov/9495464/
https://pubmed.ncbi.nlm.nih.gov/9495464/
https://pubmed.ncbi.nlm.nih.gov/9495464/
https://pubmed.ncbi.nlm.nih.gov/9734431/
https://pubmed.ncbi.nlm.nih.gov/9734431/
https://pubmed.ncbi.nlm.nih.gov/9734431/
https://pubmed.ncbi.nlm.nih.gov/3543982/
https://pubmed.ncbi.nlm.nih.gov/3543982/
https://pubmed.ncbi.nlm.nih.gov/3543982/
https://pubmed.ncbi.nlm.nih.gov/12497576/
https://pubmed.ncbi.nlm.nih.gov/12497576/
https://pubmed.ncbi.nlm.nih.gov/12497576/
https://pubmed.ncbi.nlm.nih.gov/39326296/
https://pubmed.ncbi.nlm.nih.gov/39326296/
https://pubmed.ncbi.nlm.nih.gov/39326296/
https://pubmed.ncbi.nlm.nih.gov/36009488/
https://pubmed.ncbi.nlm.nih.gov/36009488/
https://pubmed.ncbi.nlm.nih.gov/36009488/
https://pubmed.ncbi.nlm.nih.gov/36009488/
https://pubmed.ncbi.nlm.nih.gov/36009488/
https://pubmed.ncbi.nlm.nih.gov/38581556/
https://pubmed.ncbi.nlm.nih.gov/38581556/
https://pubmed.ncbi.nlm.nih.gov/38581556/


Am J Biomed Sci & Res Copyright© Michael F Angel

American Journal of Biomedical Science & Research 1017

69.	Meng Zhang, Qian Liu, Hui Meng, Hongxia Duan, Xin Liu, et al. (2024) 
Ischemia-reperfusion injury: molecular mechanisms and therapeutic 
targets. Signal Transduction and Targeted Therapy 9: 12.

70.	Wei L, Liao ,Y.,Jie,C., et al . (2026) Ischemia -Reperfusion Injury: a 
Roadmap to Precision Therapies. sciencedirect.com.

71.	Van den Heuvel, MGW Buurman, Aalt Bast, René RWJ van der Hulst 
(2009) Review: ischaemia-reperfusion injury in flap surgery. J Plas 
Reconstruct Surg 62: 721-726.

72.	Hiromichi Naito, Tsuyoshi Nojima, Noritomo Fujisaki, Kohei Tsukahara, 
Hirotsugu Yamamoto, et al. (2020) Therapeutic strategies for. Ischemia, 
repercussion injury in emergency medicine. Acute Med Surg 7(1): e501.

73.	Wei Z Wang, Richard C Baynosa, William A Zamboni (2011) Update on 
ischemia-reperfusion injury for the plastic surgeon. Plast Reconstruct 
Surg 128(6): p685-692e.

74.	Billingham MJ, Mittal R (2023) Peripheral venous extravasation injury. 
British J Anesthesia [BJA] 23(2): 42-45.

75.	Jung Tae Kim, Jeong Yun Park, Hyun Jung Lee, Young Ju Cheon (2020) 
Guidelines for management of extravasation. J Educ Eval Health 
Prof.2020 10(17): 21.

76.	Michael Francis A, Angelo S (2026) Southern Medical Association: a 
unique organization-needed now as ever before. Glob J Otolaryngol 
28(5): 556248.

77.	(2026) American academy of anti-aging medicine [a4m] website.

78.	(2026) The institute of functional medicine website.

79.	Guenezan J, Garcia M, Straters D (2021) Research letter, Povidone Iodine 
mouthwash, and nasal spray to reduce the naso- pharyngeal viral load in 
patients with Covid -19 -a ramdonized clinical trial. JAMA Otolaryngol 
Head Neck Surg 147(4): 400-401.

80.	Wlliamson DA, Carter GP, Howden BP (2017) Current and emerging 
topical antibacterials and antiseptics: agents, action and resistence 
patterns. Clin Microbiol Rev 30(3): 827-860.

81.	Soheyl Sheikh, Deepak Gupta, Shambulingappa Pallagatti, Isha Singla, 
Rajesh Gupta, Varun Goel (2013) Review: role of drugs in treatment of 
oral mucosal disease. NY State Dent J 79(6): 58-64. 

82.	Cavafy C (1911) Ithaca, 10/4/1976, paperback reprint, Penguin, New 
York, New York.

https://pubmed.ncbi.nlm.nih.gov/38185705/
https://pubmed.ncbi.nlm.nih.gov/38185705/
https://pubmed.ncbi.nlm.nih.gov/38185705/
https://pubmed.ncbi.nlm.nih.gov/19299216/
https://pubmed.ncbi.nlm.nih.gov/19299216/
https://pubmed.ncbi.nlm.nih.gov/19299216/
https://pubmed.ncbi.nlm.nih.gov/32431842/
https://pubmed.ncbi.nlm.nih.gov/32431842/
https://pubmed.ncbi.nlm.nih.gov/32431842/
https://pubmed.ncbi.nlm.nih.gov/22094770/
https://pubmed.ncbi.nlm.nih.gov/22094770/
https://pubmed.ncbi.nlm.nih.gov/22094770/
https://pubmed.ncbi.nlm.nih.gov/36686886/
https://pubmed.ncbi.nlm.nih.gov/36686886/
https://pubmed.ncbi.nlm.nih.gov/32668826/
https://pubmed.ncbi.nlm.nih.gov/32668826/
https://pubmed.ncbi.nlm.nih.gov/32668826/
https://pubmed.ncbi.nlm.nih.gov/28592405/
https://pubmed.ncbi.nlm.nih.gov/28592405/
https://pubmed.ncbi.nlm.nih.gov/28592405/
https://pubmed.ncbi.nlm.nih.gov/24600767/
https://pubmed.ncbi.nlm.nih.gov/24600767/
https://pubmed.ncbi.nlm.nih.gov/24600767/

