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Introduction

Most lacerated wounds faced in the emergency room are treated on an ambulatory 
care basis upon completion of skin sutures; however, severe wounds sustained from 
motor vehicle or industrial sites accidents, etc. are treated in inpatient care. The cases 
requiring inpatient care include irregular lacerations in tissues or crushing injuries 
with avulsion wounds that result in insufficient blood circulation in the injured tissues. 
There have been cases among inpatients wherein partial necrosis of sutured wounds 
occurred, for which debridement and revisional repair or application of local flap were 
conducted. Upon witnessing such cases, the authors explored the causes for unfavor-
able consequences and ways to ameliorate such consequences. Based on literature de-
scribing the application of prostaglandin E1 (PGE1, alprostadil) and supplemental ox-
ygen to clinical practice with promising therapeutic outcomes, we decided to employ 
the following therapies. 

PGE1 is a hormone-like substance, and the exact mechanism of action is not fully 
known. However, an experimental study demonstrated that it induces vasodilation 
and increases vascular flow [1]. It also has antiplatelet and fibrinolytic properties [2,3]. 
These mechanisms contribute to the anti-ischemic effects of PGE1 on flap survival 
[4]. The essential role of oxygen in wound healing may support vital processes such as 
angiogenesis, cell motility, and extracellular matrix formation [5].  
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Abstract

Background: When an avulsion wound is combined with a crushing injury or when a local flap is moved with significant tension, poor local 
blood supply may result in partial or complete necrosis of the involved tissue. This paper explores procedures to prevent tissue necrosis for 
the ischemic wounds.  
Methods: From March 2017 to December 2018, 29 hospitalized patients (group A) were treated with simple dressing change and adminis-
tration of antibiotics. From January 2019 to October 2020, 29 hospitalized patients (group B) were injected for the first 3 days intravenously 
once a day with 50 μg of stabilized prostaglandin E1. Prostaglandin E1 injections were combined with supplemental oxygen (4 L/min 
through nasal cannula for 24 hours per day for the first 3 days). Wound dressing and antibiotics administration were also combined. 
Results: Ten patients in group A developed partial wound necrosis, out of which four patients received local flap surgery after excision of 
the necrotic tissue. The average recovery time was 9.7 days. In group B, four patients developed partial wound necrosis, out of which one 
was treated with local flap surgery. The average recovery for the four patients in group B took 6.2 days.
Conclusion: Prostaglandin E1 and supplemental oxygen reduced the incidence of partial wound necrosis of ischemic wounds and local 
flap surgery after excision of the necrotic tissue, and also shortened the average recovery time. 
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We therefore aimed to compare the therapeutic results of 
administrating PGE1 and supplemental oxygen to inpatients 
with traumatic wounds with a control group receiving conven-
tional wound care. 

Methods

A total of 5,425 patients came to the emergency room to re-
ceive emergency plastic surgical treatment for traumatic 
wounds during the 44-month period from March 2017 to Oc-
tober 2020. Among them, 118 patients were subjected to inpa-
tient care. The 67 patients hospitalized from March 2017 to 
December 2018 were initially allocated to the control group 
(group A). Patients whose age and wound characteristics (lo-
cation, size, depth, clean or contaminated status) matched 
those from group A were selected from the 51 patients hospi-
talized between January 2019 and August 2020 as the experi-
mental group (group B). Through this matching process, 29 
patients each were finally designated to groups A and B. This 
was to minimize other external factors besides PGE1 and sup-
ply of oxygen that might affect recovery of the wounds. The 
study was approved by the Institutional Review Board of 
Dongkang Medical Center (IRB No. 2021-01-01) and per-
formed in accordance with the principles of the Declaration of 
Helsinki. Written informed consent was obtained upon ad-
mission of all patients included in the study. The proportion of 
patients of the age class likely to be exposed to outdoor activi-
ties or a risk-prone occupational environment was relatively 
dominant. Compared to wounds on other areas, facial wounds 
were most common, for which most patients were treated with 
skin suture or flap surgery before admission (Table 1). 

Patients in group A were treated with simple dressing chang-
es and antibiotics administration. Patients in group B were ad-
ministered an intravenous injection of 50 μg of Prostandin 
(Dong-A Pharm., Seoul, Korea) dissolved in 500 mL of nor-
mal saline once a day for the first 3 days. Prostandin is an al-
prostadil alfadex formulation developed as a stabilized analog 
of PGE1. In addition, group B patients were also treated with 
supplemental oxygen therapy (4 L/min through a nasal can-
nula for 24 hours per day for first 3 days). Wound dressings 
and antibiotics administration were the default treatment for 
both groups. Dressing was performed once a day in both 
groups, and the wounds were monitored according to stan-
dard flap monitoring. In checking the wound condition, the 
skin color of wound, temperature, and capillary refill time of 
each patient was watched, and the presence of necrosis was 

also observed.
As the study was conducted on a large number of hospital-

ized patients, it must be considered that differences in blood 
vessel resilience for patients of differing ages could have affect-
ed the outcome of the study. Therefore, patients were divided 
by age group and statistically analyzed for their association 
with age and partial necrosis using IBM SPSS Statistic version 
26.0 (IBM Corp., Armonk, NY, USA). The association be-
tween the use of PGE1, supplemental oxygen therapy and the 
occurrence of partial necrosis was also statistically analyzed.

Results

The patients in group A, at an average of 9.7 days, required a 
slightly longer treatment from the initial skin suture to com-
pletion of treatment compared to the average of 6.2 days for 
group B patients.  

Ten patients (34.5%) from group A and four (13.8%) from 
group B manifested findings of partial necrosis while in inpa-
tient care. As for the age groupings of the patients in group A, 
three patients between ages 18 and 40 years, five patients be-
tween 41 and 60 years, and two between ages 61 and 80 years 
manifested partial necrosis of wounds. Using SPSS 26.0 pro-
gram, cross-analysis (chi-square, χ2) was carried out to deter-
mine the association between age and partial necrosis, while 
the Fisher test was carried out to attain strict verification of the 
association. The values revealed no statistically significant dif-
ference (χ2=2.839, P=0.234). As for group B, one patient be-

Table 1. Demographics and characteristics of the patients

Characteristics Group A Group B Total

Sex 

   Male 19 17 36 (62.1)

   Female 10 12 22 (37.9)

Age (yr)

   18–40 12 12 24 (41.4)

   41–60 14 14 28 (48.3)

   61–80  3  3 6 (10.3)

Location

   Face & neck 27 27 54 (93.2)

   Upper limbs  1  1 2 (3.4)

   Lower limbs  1  1 2 (3.4)

Values are presented as number or number (%). Group A, the group of inpa-
tients treated with simple dressings and antibiotics administration; Group B, 
the group of inpatients treated with simple dressings, antibiotics administra-
tion, prostaglandin E1 and supplemental oxygen for 3 days upon admission.
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tween the ages of 18 and 40 years, two patients of the age 41 to 
60 years, and one patient between the ages 61 and 80 years 
manifested partial necrosis of wounds. The values also exhibit-
ed no statistically significant difference (χ2=1.690, P=0.563), 
with no association of the age with partial necrosis of wounds 
(Table 2). 

Regarding the difference between each group, 2.5 times 
more patients in group A experienced partial necrosis of 
wounds compared to patients in group B. The values revealed 
no statistically significant difference between patients in group 
A and group B (χ2=3.390, P=0.066) (Table 2). Six patients 
(20.7%) among 10 in group A presented with favorable out-
comes for the dressing provided after completion of debride-
ment and suture, and another four patients (13.8%) underwent 
the additional procedures of the local flap, out of which one 
patient exhibited complete necrosis. In group B, three patients 
(10.3%) among the four manifesting partial necrosis showed 
good outcomes from daily dressing after completion of simple 
debridement and suture, while one patient (3.5%) was treated 
with additional surgery of local flap (Table 3, Fig. 1). 

Consequently, the patients in group B, who were treated 
with the administration of PGE1 and supply of supplemental 
oxygen, exhibited less occurrence of necrosis, with a lower ra-

tio of patients requiring additional treatment such as debride-
ment and suture or local flap, thereby resulting in shorter peri-
ods of treatment.   

Case reports
Case 1
A 64-year-old female was injured by pieces of glass that left an 
avulsion laceration on her forehead. As no underlying diseases 
were present, simple dressing was performed to initiate perti-
nent treatment. On the 4th day from the start of treatment, 
partial necrosis was observed on the sutured area, and a local 
advancement flap was executed after completion of debride-
ment on the 7th day. The patient was discharged from the hos-
pital upon total suture removal on the 5th day from comple-
tion of the flap surgery, with favorable wound healing results 
(Fig. 2).

Case 2
A 41-year-old male patient visited the emergency room with 
left ear injuries sustained by a machine while he was working 
in a factory. A wide skin avulsion comprising the narrow part 
of the flap pedicle on the front side of the upper auricular end, 
including part of the superior helix, was observed initially. The 
wounds were sutured primarily at the emergency room; how-
ever, the color of the skin appeared unfavorable. As the patient 
had no underlying diseases, simple dressing wound care was 
provided; findings of ischemic change were observed later 
(Fig. 3A). With further advancement of necrosis, debridement 
was done on the 5th day from the day of the injury and beta-
dine (povidone-iodine) wet dressing was performed for 2 days 
for infection control (Fig. 3B). On the 7th day after the trau-
matic injury, a retro-auricular M-shaped skin flap was de-
signed and incised for reconstruction of the wound (Fig. 3C). 
The retro-auricular skin flap was transposed to the anterior 

Table 2. Number of patients in each age class who experienced partial necrosis 

Group A Group B

Total No necrosis Partial necrosis χ2 P-value Total No necrosis Partial necrosis χ2 P-value

Age (yr) 2.839 0.234 1.690 0.563

   18–40 12 9 3 12 11 1

   41–60 14 9 5 14 12 2

   61–80 3 1 2 3 2 1

Total 29 (100) 19 (65.5) 10 (34.5) 29 (100) 25 (86.2) 4 (13.8)

Values are presented as number or number (%). Group A, the group of inpatients treated with simple dressings and antibiotics administration; Group B, the group of 
inpatients treated with simple dressings, antibiotics administration, prostaglandin E1 and supplemental oxygen for 3 days upon admission.
Statistically significant, P<0.05.  

Table 3. Types of additional treatment provided to patients who 
experienced partial necrosis 

Total 
Debridement & 

suture
Local flap

Group A 10 (34.5) 6 (20.7) 4 (13.8)

Group B 4 (13.8) 3 (10.3) 1 (3.5)

Values are presented as number (%). Group A, the group of inpatients treated 
with simple dressings and antibiotics administration; Group B, the group of in-
patients treated with simple dressings, antibiotics administration, prostaglan-
din E1 and supplemental oxygen for 3 days upon admission.
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skin defect of the auricle and sutured to the wound margins of 
the ear (Fig. 3D). Favorable wound healing was observed, 
leading to the discharge of the patient from the hospital on the 
7th day from the execution of flap surgery. 

Case 3
A 49-year-old male patient fell from a height, and half of the 
upper part of his left ear was separated from the temporal re-
gion, with the edge of separated tissue manifesting ischemic 
changes when the patient arrived at the emergency room. The 

patient was treated by administration of PGE1 and also sup-
plemental oxygen after initial skin sutures, which led to the re-
covery of normal color of the ischemic tissue. No additional 
specific findings were observed, and the patient was dis-
charged from the hospital on the 5th day of admission (Fig. 4). 

Discussion

Skin wounds caused by injuries frequently affect subcutaneous 
connective tissue and microcirculation as well as the epider-

Fig. 1. Chart of each group. (A) Chart of the proportion of pa-
tients with partial necrosis in each group. (B) Ratios of occur-
rence of partial necrosis and the additional treatment that was 
given to group A patients. (C) Ratios of occurrence of partial ne-
crosis and the additional treatment that was given to group B pa-
tients. 
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Fig. 2. Avulsion laceration caused by broken glass. (A) Wound after partial stitch removal due to ischemic changes after 4 days from 
skin repair. (B) Application of an advancement flap after debridement of necrotized tissue on the 7th postoperative day from the day of 
skin suture.
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mis and dermis. The wounded parts then undergo several 
steps of innate recovery; depending on the degree and depth 
of each wound, a recovery period from a few days to weeks are 
needed to complete wound healing. Physiological wound 
healing typically undergoes the following stages: the inflam-
matory phase, proliferative phase (neoangiogenesis, tissue for-
mation, re-epithelization), and tissue remodeling phase [6,7].

Oxygen needs to be supplied to each stage of wound heal-
ing; the speed of recovery and prognoses depends on the de-
gree of oxygen supply [8]. Oxygen is used by the mitochondria 
in the cells to produce adenosine triphosphate that is required 
for cell metabolism and synthesis of proteins, etc. in normal 

cells [5]. Injured tissue typically exhibits constriction of vessels 
and blood coagulation by platelets, thereby resulting in the 
formation of the platelet plug. This stage generally would last 
for a few minutes from tissue injury initiation. By such vascu-
lar reactions, diverse kinds of chemokines (prostaglandins, 
histamine, cytokine, serotonins, 5-hydroxytryptamine, leukot-
riene) including cytokines are secreted to initiate inflammato-
ry reactions [9]. At the initial stage of the inflammatory reac-
tion, oxygen is used essentially to produce reactive oxygen 
species (ROS; H2O2, and O2) through nicotinamide adenine 
dinucleotide phosphate-linked oxidase, which is critical for 
the oxidative killing of bacteria. Going further, ROS promotes 

Fig. 3. Avulsion laceration caused by a factory machine. (A) Worsening ischemic changes after 3 days from skin suture. (B) Betadine 
wet dressings applied to the infected wound after removal of necrotized tissue. (C) Retro-auricular M-shape flap designed and incised for 
wound reconstruction on the 7th day from skin suture. (D) Wound healed by retro-auricular flap transposition to the pre-auricular defect. 

Fig. 4. Laceration of the upper left ear caused by a fall. (A, B) Half of the upper part of the left ear was separated from the temporal 
region and displayed ischemic color changes. (C, D) Wound on the 3rd day of prostaglandin E1 and supplemental oxygen therapy. As 
the patient exhibited no other problems, he was discharged after 5 days from treatment upon completion of total stitch-out. 
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the secretion of growth factors during the proliferative and tis-
sue remodeling phases following the inflammatory phase [10]. 

Along with the increasing amount of oxygen in cells at stag-
es of initial vascular disruption and vasoconstriction and re-
sulting active inflammatory reaction and proliferation as men-
tioned before, a hypoxic microenvironment is created around 
the wound, thereby increasing the oxygen demand [11,12]. 
The supply of a sufficient amount of oxygen is mandatory for 
the sustainment and progress of subsequent recovery and 
healing stages; otherwise, the probability of necrosis would in-
crease as the wound would progress into a chronic state 
[13,14]. The supply of an appropriate amount of oxygen to 
wounds depends on pO2 in the adjacent tissue and the circu-
lating blood [15]. Methods to supply oxygen to patients can be 
broadly categorized into two; hyperbaric oxygen therapy and 
topical oxygen therapy [16]. Both methods require pertinent 
equipment and facilities, and in particular, hyperbaric oxygen 
therapy entails a risk of oxygen toxicity. Therefore, we em-
ployed supplemental oxygen therapy by intranasal cannula 
rather than hyperbaric oxygen therapy [11].

Part of the inpatients who received skin sutures for avulsion 
wounds at the emergency room from March 2017 to Decem-
ber 2018 exhibited necrotized wounds; it was hypothesized 
that the cause was insufficient blood supply of the wound. In 
cases of multiple deep lacerations, avulsion wounds from 
crushing injuries, or wounds reconstructed with local flaps, 
the tension remaining in each skin margin resulted in poor 
blood supply. As a means to cope with this problem, from Jan-
uary 2019, patients who needed inpatient care were adminis-
tered PGE1 and supplemental oxygen during the first 3 days of 
admission, which appeared to decrease the frequency and de-
gree of necrosis. PGE1 relaxes thin blood vessels and increases 
blood flow, which helps with peripheral circulation [3,4]. 
PGE1 may have increased the supply of immune substances 
and nutrients to wounds through expanded blood vessels that 
had previously been constricted, and the supplemental oxygen 
that fulfilled the demand for the oxygen needed for the wound 
healing resulted in reduced flap necrosis. 

In conclusion, ischemic wounds displayed signs of im-
proved healing in patients who were treated with administra-
tion of PGE1 and supplemental oxygen through a nasal can-
nula. Although there were no statistically significant differenc-
es, the authors of this study believe that this was because the 
sample size was not large. Even after the conclusion of this 
study, the authors continue to use PGE1 and supplemental ox-
ygen for trauma inpatients. In addition, the same treatment is 

also being applied to patients who have received flap surgery 
for skin defects and pressure sores, to be discussed in a follow-
up study. We expect such research on post-operational care 
will help secondary or smaller hospitals as well. 

The present study has some shortcomings. The individual 
differences in patients such as fluid gas exchange, blood hemo-
globin level, cardiac output, peripheral perfusion rate, and 
capillary density in wound tissue have not been considered. In 
addition, the absence of equipment to measure the partial 
pressure of oxygen in the tissue after the supply of oxygen 
through a nasal cannula and PGE1 needs to be addressed. 
However, it was identified that the treatment helped the 
wound healing of inpatients who were hospitalized due to 
poor blood circulation after flap procedures or those who suf-
fered from lacerations, particularly avulsion wounds. The 
present paper suggested the clinical significance of employing 
an additional treatment for a relatively reduced ratio of pro-
gression to necrosis in wounds.
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