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INTRODUCTION

Breast reconstruction after mastectomy continues to become 
more common, especially after the introduction of public health 

insurance coverage for breast reconstruction in Korea in 2015. 
A variety of methods have been developed for breast recon-

struction, ranging from autologous tissue transfer, including the 
latissimus dorsi flap and the free transverse rectus abdominis 
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myocutaneous flap, to inserting a tissue expander or silicone im-
plant. Nonetheless, mastectomy is performed prior to all such 
operations, and the viability of skin flaps after mastectomy is 
very important for the patient’s therapeutic and cosmetic prog-
nosis. During mastectomy, blood supply to the skin is compro-
mised. This may lead to areas with mastectomy flap necrosis 
(Fig. 1) [1]. These areas may need additional surgical proce-
dures, including surgical debridement and skin grafting. This 
may delay adjuvant treatment and diminish the cosmetic out-
comes.

There are several reasons for vascular compromise and skin 
flap necrosis, but the main cause is thinned mastectomy skin 
flap. At the time of mastectomy, the breast surgeon performs 
surgery with the goal of completely removing the cancer. For 
this reason, breast surgeons tend to over-remove soft tissue in 
addition to the breast parenchyma.

Several studies have analyzed the relationship between the 
thickness of the remaining skin flap and the cancer recurrence 
rate after mastectomy to determine the optimal skin flap thick-
ness in mastectomy [2,3]. However, the relationship between 
the thickness of the remaining skin flap and the cancer recur-
rence rate after mastectomy remains controversial. Therefore, 
skin flap thickness after mastectomy may vary depending on the 
preference of the breast surgeon.

Skin flap thickness plays an important role in skin flap survival. 
Arterial supply and venous drainage are accomplished through 
the subdermal plexus and underlying soft tissue. In thin flaps, 
the vascularity can be compromised and necrosis can occur. To 
overcome these problems, numerous agents have been studied 
with the goal of preventing flap necrosis and increasing the flap 
survival rate [4].

Nitroglycerin (NTG) ointment is not widely used for prevent-
ing skin flap necrosis, despite its potential for increasing skin flap 

survival, ease of application, and rapid onset time. The effects of 
topical NTG ointment on skin flap survival remain controver-
sial. Several animal and clinical studies have reported negative 
effects of NTG ointment on skin flap survival. Hwang et al. [5] 
concluded that NTG ointment had no effect on skin flap surviv-
al. In a clinical study, Dunn et al. [6] reported that a single post-
operative application of NTG was not more effective than a 
control ointment for preventing flap and graft complications.

However, a study by Rohrich et al. [7] showed that topical 
NTG could improve random flap survival in a rat model.

After the first study on NTG in human skin flaps was pub-
lished by Scheuer and Hanna [8] in 1986, several clinical trials 
followed. Wong et al. [9] reported that topical NTG could in-
crease the skin flap survival rate in humans. More recently, Gda-
levitch et al. [1] reported that patients who received NTG oint-
ment after mastectomy and immediate reconstruction showed a 
marked reduction in flap necrosis.

Several articles have reported the efficacy of NTG ointment 
[1,10-13]. However, both the doses and the dosing interval of 
the NTG ointment were different in these studies. Currently, 
there are no established guidelines for NTG ointment applica-
tion.

In addition, NTG can cause side effects. Several studies have 
reported complications such as headache, dizziness, and hypo-
tension, which can make patients stop using NTG ointment 
[10-15]. Moreover, these side effects are dose-dependent.

Therefore, we planned to reduce the dose of NTG ointment 
compared to the doses used in previous studies and determine 
whether NTG ointment could be effective at a low dose. The 
primary objective of this study was to evaluate whether a low 
dose of a NTG ointment (Rectogesic 4 mg/g [Kyowa Hakko 
Kirin Co., Ltd.], 4.5 mg) after primary breast reconstruction 
could decrease the rate of mastectomy flap necrosis in patients 

Fig. 1. Skin flap necrosis after immediate breast reconstruction  
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undergoing mastectomy with immediate breast reconstruction 
compared to patients receiving conventional fusidic acid oint-
ment application.

METHODS

Inclusion and exclusion criteria
A total of 73 patients who underwent immediate breast recon-
struction after mastectomy between March 2012 and January 
2017 at our institution were retrospectively enrolled in this 
study. Starting in August 2015, NTG ointment was used at our 
institution. Therefore, patients who underwent breast recon-
struction before August 2015 were analyzed as controls. Those 
who were treated after August 2015 were analyzed as the NTG 
group.

In order to reduce the bias from differences in surgical meth-
od, only cases of 2-stage alloplastic reconstruction using tissue 
expander placement were included, while cases of other types of 
autologous reconstruction, in which a latissimus dorsi flap or a 
transverse rectus abdominis flap was used, were excluded. Acel-
lular dermal matrix was placed in all cases with tissue expander 
placement.

All reconstructions were performed by the senior author of 
this study. Mastectomies were performed by 2 different senior 
breast surgeons.

Patients with a medical history of conditions such as hypoten-
sion, heart or blood vessel disorders, closed-angle glaucoma, mi-
graine or recurrent headaches, increased intracranial pressure 
(e.g., head trauma or cerebral hemorrhage) or inadequate cere-
bral circulation, and anemia, and patients who took medications 
such as sildenafil citrate, tadalafil, vardenafil, amyl, or butyl ni-
trite were excluded from this study for safety [16]. A medical 
chart review was performed retrospectively to collect the neces-
sary data.

Data collection
The following information was collected: age; body mass index; 
smoking status; radiation exposure; chemotherapy exposure; 
medical comorbidities; breast size; dates and details of surgery, 
including the breast and plastic surgeon; type/size of alloplastic 
device and acellular dermal matrix; mastectomy incision; timing 
of drain removal; early complications such as infection, seroma, 
and hematoma; and the presence and details of skin flap necro-
sis (location, size, degree of skin flap necrosis, and treatment). 
Breast size was measured using the casting method with vinyl 
wrap and cotton plaster. In order to ensure accurate measure-
ments with minimal bias, breast volume was measured by a sin-
gle nurse in our clinic in all cases.

Surgical and dressing method
Mastectomy was performed by 2 senior breast surgeons who 
utilized electrocautery followed by immediate reconstruction 
by a single senior plastic surgeon.

All mastectomies were done through periareolar and lateral 
extension incisions. 

In all cases, dental lidocaine diluted with saline at a 1:3 ratio 
was used. A 2-stage procedure consisting of tissue expander in-
sertion followed by permanent silicone implant was employed.

All reconstructions were performed using the standard sub-
muscular approach while minimizing dissection of the medial 
fibers of the pectoralis muscle. For each operation, the tissue ex-
pander or permanent implant was completely covered with 
muscle and acellular dermal matrix.

All tissue expanders began to be inflated 2 weeks after the op-
eration. Thereafter, expansion of the tissue expander was con-
tinued at intervals of 2 weeks until the target volume was 
reached.

All cases were drained with 10-Fr Barovac drains (Sewoon 
Medical, Cheonan, Korea) either until the consecutive 24-hour 
output was less than 30 mL or until 2 weeks postoperatively.

All patients received intravenous antibiotics 30 minutes before 
the surgical incision, along with a 7-day course of intravenous 
antibiotics postoperatively.

All patients received the same postoperative dressing, except 
for the type of ointment used. In the NTG group, at the time of 
dressing application after surgery, the senior surgeon (E.S.Y.) 
applied NTG ointment from the center of the breast to the pe-
riphery at a dose of 4.5 mg of NTG ointment (equivalent to 7.5 
cm on the measuring strip) (Fig. 2). Each patient was treated 
with individually unpacked NTG ointment to reduce the risk of 
infection or contamination. The patient’s blood pressure was 
monitored in the immediate postoperative setting. Antibacterial 
petrolatum gauze was then used to cover the incision site. Final-
ly, 2 rolls of 6-inch elastic bandage were wrapped around the pa-
tient’s chest and back for mild compression to prevent hemato-
ma formation. All patients received dressing changes every other 
day as described above. NTG ointment was applied 3 times (on 
postoperative days 2, 4, and 6). After that, antibacterial fusidic 
acid ointment was used instead of the NTG ointment. At 2 
weeks after surgery, all stitches were taken out. No dressing was 
needed. In the control group, all dressing procedures were the 
same as those used for the NTG group, except for the type of 
ointment. Antibacterial fusidic acid ointment was applied to all 
patients in the control group.

Patients with areas of skin necrosis continued to receive dress-
ing changes every other day with NTG or fusidic acid ointment 
until the ischemic skin change resolved or the necrotic skin was 
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demarcated. 
If the ischemic change did not heal spontaneously, patients 

with skin necrosis underwent surgical debridement after the le-
sion was completely demarcated.

Statistical analysis
In order to show the efficacy of NTG ointment on mastectomy 
skin flap survival and to exclude other factors, 10 independent 
variables known to be risk factors for skin flap necrosis were ana-
lyzed together: age, body mass index, smoking, diabetes melli-
tus, hypertension, previous chemotherapy, previous radiothera-
py, the breast surgeon, the reconstruction modality, and breast 
volume.

To obtain a final model, binary logistic regression was per-
formed. Backward selection was then performed based on Wald 
statistics to remove non-significant terms from the model. All 
results are presented as odds ratios (ORs) with 95% confidence 
intervals (CIs). The Pearson chi-square test was used to com-
pare the proportions of side effects between the 2 groups. P-val-
ues < 0.05 were considered to indicate statistical significance. 
All data were analyzed using SPSS ver. 20.0 for Windows (IBM 
Corp., Armonk, NY, USA).

RESULTS

Patient characteristics
A total of 73 patients were included in this study, including 21 in 
the control group and 52 in the NTG ointment group.

No statistically significant differences in patient demographics 
were found between the 2 groups (Table 1). The mean ages of 
the control group and the NTG group were 45.0 and 47.0 years, 

respectively. The mean body mass index of the control group 
was 21.0 kg/m2, and that of the NTG group was 24.0 kg/m2. 
Two (9.5%) patients in the control group and 1 (1.9%) in the 
NTG group were current smokers. No (0%) patients in the con-
trol group and 3 (5.8%) in the NTG group had diabetes melli-
tus. One (4.8%) patient in the control group and 3 (5.8%) in 
the NTG group had hypertension. Preoperative chemotherapy 
was administered to no (0%) patients in the control group and 
2 (3.8%) patients in the NTG group. There were no cases of 
preoperative radiation therapy in either group.

The breast size of patients was grouped according to 100-mL 
units. Breast size showed a tendency to be larger in the NTG 
group than in the control group. In both groups, the percentage 
of patients who underwent mastectomy by surgeon A was 
slightly higher than the percentage of patients operated on by 

Fig. 2. Application of nitroglycerin ointment

(A) When the dressing was applied after surgery, 7.5 cm of nitroglycerin ointment, which was equivalent to 4.5 mg of nitroglycerin, was prepared 
with a ruler. (B) The senior surgeon applied the nitroglycerin ointment from the center of the breast to the periphery.

A B

Demographics Control group
(n=21)

NTG group
(n=52)

Age (yr)
   Mean±SD 45.0±8.1 47.0±9.6
   Median 44.0 46.0 
BMI (kg/m2)
   Mean±SD 21.0±2.3 24.0±3.7
   Median 20.7 23.0
Smoking history (%) 2 (9.5) 1 (1.9)
Diabetes (%) 0 3 (5.8)
Hypertension (%) 1 (4.8) 3 (5.8)
Preoperative chemotherapy 0 2 (3.8)
Preoperative radiotherapy 0 0

Values are presented as mean± standard deviation (SD) or number (%).
NTG, nitroglycerin; BMI, body mass index.

Table 1. Patient demographics in the control and 
nitroglycerin ointment groups
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surgeon B (Table 2).

Risk of skin flap necrosis
Binary logistic regression was performed to eliminate covariates 
in the final model. 

The final model of logistic regression analysis (Table 3) dem-
onstrated that application of the NTG ointment was significant-
ly and independently associated with mastectomy skin flap ne-
crosis. The control group had a significantly higher risk (OR =  
7.81; 95% CI, 1.38–44.23; P = 0.02) of mastectomy skin flap 
necrosis than the NTG group. 

Full-thickness skin flap necrosis was only observed in the con-
trol group, in which there were 3 cases of full-thickness necrosis 
and 2 of superficial-thickness necrosis. The 3 patients with full-
thickness skin necrosis required surgical debridement and de-
layed repair after demarcation of the wound. There were 2 cases 
of skin flap necrosis in the NTG group, all of which were super-
ficial-thickness necrosis.

In both groups, the ischemic skin changes in cases of superfi-
cial-thickness skin flap necrosis were resolved by dressing 
changes every other day with ointment. 

Explantation of an alloplastic device was not necessary in any 
skin flap necrosis cases (Table 4).

Side effects
Common side effects of NTG ointment application are head-
ache, dizziness, and hypotension [10-15]. In our study, no hy-
potension was reported in either group. Headache and dizziness 
were likewise not correlated with NTG ointment application 
(Table 5). Two (9.5%) of the 21 patients of the control group 
and 11 (21.2%) of the 52 patients in the NTG group experi-
enced headache (P = 0.24). Three (14.3%) patients in the con-
trol group and 5 (9.6%) patients in the NTG group experienced 
dizziness. There was no statistically significant difference be-
tween the 2 groups in terms of dizziness (P = 0.56).

DISCUSSION

Skin flap necrosis is a relatively common complication after 
mastectomy. It occurs in 2.5% to 60% of all patients. The rate 
varies greatly depending on the breast and reconstructive sur-
geon, patient selection, surgical technique, and other factors 
[17-20]. Different agents have been used to improve the surviv-
al of flaps. In this study, the effect of NTG ointment at a low 
dose was studied. 

It is known that topical NTG can induce smooth muscle relax-
ation in vessel walls, resulting in venous and arterial vessel dila-
tion [21]. Topical NTG can also cause endothelial cells to syn-
thesize prostacyclin, which can inhibit platelet activation. Pros-
tacyclin is an effective vasodilator, which may contribute to flap 
survival by decreasing the thrombosis of smaller vessels [22].

Dent et al. [23] reported that the patient factors associated 
with higher rates of nipple-areolar complex ischemia were simi-
lar to those associated with a high skin necrosis rate. In their 
study, older age, higher body mass index, greater breast volume, 

Varaible Odds 
ratio

95% Confidence interval 
for odds ratio P-value

Lower Upper

NTG ointment (No) 7.81 1.38 44.23 0.02

This was obtained from the model including the covariates such as age, BMI, 
smoking, DM, HTN, previous chemotherapy, previous radiotherapy, breast surgeon, 
reconstruction modality, breast size and NTG ointment application using the 
backward variable selection.
NTG, nitroglycerin; BMI, body mass index; DM, diabetes mellitus; HTN, hypertension.

Table 3. Factors associated with skin flap necrosis in the 
final model

Varaible Control (%) Nitroglycerin (%) P-value

Headache 2 (9.5) 11 (21.2) 0.24
Dizziness 3 (14.3)   5 (9.6) 0.56
Hypotension 0   0

Table 5. Complication rate in the control and nitroglycerin 
groups

Variable Control group
(n=21)

Nitroglycerin group
(n=52)

Breast size (mL)
   <200  6 (28.6) 12 (23.1)
   201–300 5 (23.8) 26 (50.0)
   301–400 9 (42.9) 9 (17.3)
   400<   1 (4.8) 5 (9.6)
Breast surgeon
   A   12 (57.1) 29 (55.8)
   B 9 (42.9) 23 (44.2)

Table 2. Surgical factors in the control and nitroglycerin 
ointment groups

Varaible Control (%) Nitroglycerin (%)

Skin flap necrosis 5 (23.8) 2 (3.8)
  Superficial thickness 2 (9.5) 2 (3.8)
  Full thickness 3 (14.3) 0
Surgical debridement 3 (14.3) 0
Explantation 0 0

Table 4. Post-mastectomy flap necrosis in the control and 
nitroglycerin groups
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and a history of diabetes were found to have negative effect on 
flap survival. Thus, we collected data regarding these factors and 
performed binary logistic regression to exclude the effect of 
such variables in our evaluation of the effect of NTG ointment 
on the flap survival rate.

The objective of our study was to determine whether low-dose 
application of NTG ointment contributed to skin flap survival 
without causing side effects. Therefore, we reviewed articles in 
attempt to find the optimal dose and dosing interval of NTG 
without causing side effects.

Dunn et al. [6] showed that application of an NTG ointment 
on skin flaps or grafts was not more effective than the control 
ointment. In their study, the NTG ointment was applied at a 
dose of 6 mg just once as part of the immediate postoperative 
dressing [10]. However, Zhuang et al. [24] observed a gradual 
increase of compensatory skin flap blood perfusion and a dilat-
ed vascular network over the course of 7 days after flap elevation 
in a rat model. Furthermore, a single application of NTG oint-
ment is known to be effective for up to 12 hours [10]. Thus, we 
hypothesized that more frequent applications, instead of a single 
application, would be necessary to aid flap survival.

Gdalevitch et al. [1] reported promising results regarding the 
flap survival rate after NTG ointment application. In their study, 
patients were given a single application of NTG ointment with a 
dose of 45 mg. However, severe headache or hypotension oc-
curred in several patients. 

Many studies have proved that even low doses of NTG can 
cause frequent side effects including hypotension, flushing, and 
dizziness, suggesting that NTG is not well tolerated by some pa-
tients [10-15]. Dalsgaard-Nielsen [25] described a topical per-
cutaneous NTG test, in which migraine attacks were provoked 
by an NTG ointment that was applied to the forehead and the 
temporal region. The threshold for headache was 6 mg for 
healthy patients and 2 mg for migraine patients. Hyman and 
Cataldo [13] reported that 29 of 33 patients experienced ad-
verse reactions (specifically, headaches and light-headedness) 
after the application of a small amount of 0.3% NTG ointment 
(with 1 cm equivalent to 1 mg of NTG) into their anoderm. 
Coperchini and Kreeger [11] suggested that the application of a 
small amount of 0.2% NTG ointment (with 1 cm equivalent to 
0.75 mg of NTG) onto the anus could cause postural hypoten-
sion and dizziness. Based on these results, we determined the 
dose of NTG ointment and the interval of application to be 4.5 
mg once every 2 days, which was lower than the threshold dose 
for headache with a longer interval than the NTG ointment ac-
tion time presented above. We investigated whether such a dose 
and interval were effective for flap survival.

Applying 4.5 mg of NTG ointment once every 2 days signifi-

cantly reduced the flap necrosis rate. The control group had a 
risk of mastectomy skin flap necrosis that was more than 6times 
higher than the risk in the NTG group. Nevertheless, side effects 
in the NTG group were not significantly more common than in 
the control group.

This study has several limitations. First, it was a retrospective 
study. Second, we selected an NTG ointment dose of 4.5 mg af-
ter reviewing previously published articles on the effects of topi-
cal NTG ointment on skin flaps. However, it is possible that 
NTG could also be effective for skin flap survival at even lower 
doses and longer intervals. Therefore, a further prospective 
study is necessary to investigate the application of various NTG 
ointment doses on patients and to compare the skin necrosis 
rates among various dose groups.

Furthermore, flap necrosis is closely associated with the breast 
surgeon’s surgical skill and experience. In our study, we retro-
spectively analyzed patient data from a period of 6 years. There-
fore, it is possible that the accumulation of technical experience 
by the breast surgeon during that period influenced the results 
of this study. However, the breast surgeons in this study were se-
nior surgeons who had already passed the learning curve. The 
accumulation of technical experience by the breast surgeons 
during the study likely had a limited impact on the outcomes of 
this study.

Despite these limitations, our study provided evidence that 
the low-dose application of NTG ointment might be beneficial 
for skin flap survival after immediate breast reconstruction.

As outlined previously, despite its promising anti-skin flap ne-
crosis effect, NTG ointment does have important side effects 
that merit consideration.

Using an appropriate dose and dosing interval when applying 
NTG ointment is crucial for patient safety. Thorough patient 
monitoring after administration of this agent is also essential.
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