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Abstract
The aim of this study was to evaluate the effects of vapocoolant spray 
administration prior to subcutaneous (SC) low molecular weight heparin 
injection on local ecchymosis, hematoma, and pain. This randomized controlled 
study was carried out on 64 patients (n = 128 injections) in an orthopedics 
and traumatology clinic. After randomization, vapocoolant spray and then 
heparin injection was applied on one arm. The second necessary dose of 
heparin was applied to his or her other arm as a placebo by a water spray. 
Then, the pain of the patients was assessed. After 2 days, ecchymosis and 
hematoma were evaluated. Significant lower pain scores were determined in 
applications in which the vapocoolant spray was used. There was no statically 
significant difference between the mean diameter values of ecchymosis in both 
arm groups. There was no hematoma on the injection site after injections. 
However, this method did not create any significant reductive effect on 
ecchymosis. Nurses are advised to take advantage of vapocoolant spray effects 
prior to SC heparin injection.
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Introduction

In orthopedic surgery, to avoid thrombosis and emboli, subcutaneous (SC) 
low molecular weight heparin (LMWH) injection is used once or twice a 
day as prophylaxis (Testroote, Stigter, Janssen, & Janzing, 2014; Zee, van 
Lieshout, van der Heide, Janssen, & Janzing, 2017). LMWH, which has 
many adverse effects on different systems, has common local adverse 
effects such as ecchymosis, hematoma, and pain (Zee et  al., 2017). 
Ecchymosis, so-called bruises, is a result of leaking blood into the sur-
rounding tissue after capillary injury in the injection site (Zaybak & 
Khorshid, 2008). Hematoma is a solid swelling within the tissue that can be 
palpated and is a result of the accumulation of clotted blood in the SC  
tissue. The frequency of ecchymosis is reported to be 42% to 90% in stud-
ies on patients using SC LMWH (De Campos, da Silva, Beck, Secoli, & 
Melo Lima, 2013; Nair, Kaur, & Sharma, 2008; Rızalar et al., 2007; Zaybak 
& Khorshid, 2008).

Another common adverse effect is pain at the injection site. Free nerve 
endings, freely found in superficial layers of the skin, cause acute pain during 
injection. Local pain, bruising, and deterioration of skin integrity may cause 
discomfort in patients (Avşar & Kaşikçi, 2013).

Bruising, hematoma, and pain due to injection are problems not only from 
the patients’ perspective, but also for nursing interventions. Pain, ecchymo-
sis, and hematoma may cause anxiety, deterioration in body image, limita-
tions in the injection site, rejection of the treatment, and loss of the patient’s 
confidence toward the nurse (Ciftci & Avsar, 2017; Rızalar et  al., 2007). 
Therefore, nurses have an important role in sustaining safe medication man-
agement and minimizing potential adverse effects of medical treatment 
(Smeulers, Onderwater, van Zwieten & Vermeulen, 2014). These facts give 
additional responsibility to nurses to search out safe and standardized injec-
tion techniques to minimize unnecessary pain and potential complications 
(Avşar & Kaşikçi, 2013; Yi et al., 2016).

Background

There are various methods for a variety of factors to minimize ecchymosis, 
hematoma, and pain during SC LMWH reported in the literature (Avşar & 
Kaşikçi, 2013). Some of these methods include injection site selection (Ciftci 
& Avsar, 2017; Zeraatkari, Karimi, Shahrzad, & Changiz, 2005), changing 
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the needle (Klingman, 2000), practicing or not practicing aspiration, the air-
lock technique (Avşar & Kaşikçi, 2013), length of injection duration (Akpınar 
& Çelebioğlu, 2008; Chan, 2001), time spent when the needle is in the SC 
tissue after medication administration (Akpınar & Çelebioğlu, 2008), and 
cold application (Amaniyan, Varaei, Vaismoradi, Haghani, & Sieloff, 2016; 
Kucukguclu & Okumus, 2010; Kuzu & Ucar, 2001).

Cold application is a simple and cheap nonpharmacological method used 
not only to improve injection technique, but also to decrease adverse effects. 
Cold application avoids pain sensation by affecting sensual nociceptors 
(Olive, Hollis, Mattson, & Topp, 2010; Ozveren, 2011). This method has 
been shown to decrease pain in acute soft tissue injuries (Olive et al., 2010; 
Perry, 2010). As a nonpharmacological intervention, local cold application 
prior to SC LMWH administration is shown to control bleeding, thus decreas-
ing ecchymosis and hematoma by maintaining arteriolar vasoconstriction and 
increasing blood viscosity (Kucukguclu & Okumus, 2010; Kuzu & Ucar, 
2001; Perry, 2010). Furthermore, cold application inhibits sending pain sig-
nals by gate control theory and diversion of attention to cold instead of pain 
(Avşar & Kaşikçi, 2013; Guyton & Hall, 2005).

Vapocoolant spray including chloroethyl used to prevent pain due to acute 
muscle injury is one of the nonpharmacological pain-control methods (Cohen 
et al., 2009). The spray immediately evaporates in seconds, decreases skin 
temperature, and maintains analgesia on the skin (Collado-Mesa, Net, 
Arheart, Klevos, & Yepes, 2015). It has been shown that this local interven-
tion is safe and effective not only in adults but also in children (Boroumandfar, 
Khodaei, Abdeyazdan, & Maroufi, 2013; Cohen et al., 2009; Mace, 2016). 
Vapocoolant spray before vaccination was found to be an effective method in 
decreasing pain in children aged 4 years to 6 years by Cohen et al. (2009) and 
in adults by Mawhorter et al. (2004). In addition, vapocoolant spray before 
intravenous injection was found to decrease pain and to not show any side 
effects in adults by Fossum, Love, and April (2016). In the literature, there is 
no study on the effects of vapocoolant spray prior to SC LMWH administra-
tion in adults. There is a need for a study evaluating the effects of cold prac-
tice on pain, ecchymosis, and hematoma that can be achieved by vapocoolant 
spray instead of cold pack using a more standardized and practical approach.

Method

Aim

The aim of this study was to evaluate the effects of vapocoolant spray admin-
istration prior to SC LMWH injection on local ecchymosis, hematoma, and 
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pain. The hypothesis of this study is as follows: “compared to the results of 
the placebo group, vapocoolant spray administration prior to LMWH injec-
tion reduce ecchymosis, hematoma and pain on the injection site.”

Study Design and Participants

This randomized controlled study was conducted in the orthopedics and trau-
matology clinic in a training and research hospital between December 2014 
and May 2015 in Ankara, Turkey. The study sample consists of 64 patients 
who were hospitalized between the abovementioned dates, used SC LMWH, 
volunteered to participate in the study, were eligible for inclusion criteria, and 
were enrolled in a randomized approach by a random number table. Sample 
size was calculated using the literature (Amaniyan et al., 2016; Fossum et al., 
2016; Mawhorter et al., 2004) and G-power program pack with the assistance 
of a statistician. The frequency of ecchymosis was assumed to be 40% on the 
arm on which cold spray was applied prior to injection and 60% on the arm 
on which cold spray was not applied; the difference between mean pain 
scores was assumed to be 0.6 cm on a 10-cm pain ruler with a standard devia-
tion ± 1.5 cm. One hundred twenty-eight SC LMWH injections on 64 
patients were estimated to be the sample with a 95% confidence interval and 
80% power. A summary of the study process based on the CONSORT flow 
diagram (2010) is presented in Figure 1.

Inclusion criteria included being older than 18 years of age, undergoing sur-
gical intervention for lower extremity, having a thrombocyte count more than 
150,000/mm3, not having a coagulation disorder, not having scar tissue, having 
an incision or a sign of infection on the injection site, not being allergic to cold, 
for each administration same dose LMWH prescribed patients, being commu-
nicable in Turkish, and volunteering to participate in the study (Figure 1).

Ethical Considerations

The study was approved by the clinical research ethics board at an authorized 
hospital affiliated with the Turkish Ministry of Health. Permission to perform 
the research was granted by the chief of the orthopedics and traumatology 
clinic in the study hospital. Written informed consent was obtained from each 
patient who met the inclusion criteria.

Intervention

In this clinical experimental study, the patients were themselves the con-
trol group. A random number table was used to select the patients to be 
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enrolled in the study among the hospitalized patients. In our study, stan-
dard dose of LMWH was prescribed by the physician for all of our patients 
enrolled in the study till their discharge. One or two dose of 4,000 anti-Xa 
/ 0.4 ml or 6,000 anti-Xa / 0.6 ml LMWH administration was ordered by 
the physician for the patients (Table 1). Same dose of LMWH injection 

Figure 1.  Study flow diagram.
Note. SC = subcutaneous; VAS = visual analog scale; LMWH = low molecular weight 
heparin.
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was performed for each administration of each patient during their hospi-
talization period. To eliminate the confounding factor effect of dose, same 
dose of LMWH was administered to right and left arm. Also patients were 
control of themselves. Enrolled patients were allocated to the intervention 
group or the control group by a block randomization table. First, SC 
LMWH injection was performed on the right arm, and the second injec-
tion was performed on the next day on the left arm. However, in our 
clinic, the assessment of the injection area by the nurse and the choice of 

Table 1.  Descriptive Characteristics of the Participants.

Characteristics n(%) M ± SD

Age (years) 45.65 ± 23.51
Gender
  Male 41 (64.1)  
  Female 23 (35.9)  
Marital status
  Married 25 (39.1)  
  Single 39 (60.9)  
Education status
  Primary school and less 39 (60.9)  
  High school 15 (23.5)  
  College and more 10 (15.6)  
Diagnosis
  Hip fracture 15 (23.4)  
  Tibia, fibula fracture 12 (18.8)  
  Gonarthrosis/coxarthrosis 11 (17.2)  
  Lower extremity gunshot injury 7 (11.0)  
  Ankle fracture 6 (9.4)  
  Amputation 4 (6.3)  
  Mass in lower extremity 4 (6.3)  
  Calcaneus fracture 3 (4.7)  
  Other 2 (3.1)  
Thrombocyte (mm3) 280.95 ± 85.79
Additional chronic disease
  Yes 24 (37.5)  
  No 40 (62.5)  
Low molecular weight heparin doze
  Enoxaparine sodium 4000 anti-Xa / 0.4 ml × 1/day 59 (92.2)  
  Enoxaparine sodium 6000 anti-Xa / 0.6 ml × 1/day 3 (4.7)  
  Enoxaparine sodium 6000 anti-Xa / 0.6 ml × 2/day 2 (3.1)  
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patient are taken into account. In the routine practice, abdominal region is 
the primary and the lateral side of the arm is the secondary choice for 
LMWH injection due to thick SC tissue, less neurovascular elements, and 
less possible complications (ecchymosis, hematoma, and pain) in these 
sites (Avşar & Kaşikçi, 2013; Ciftci & Avsar, 2017; Ogston-Tuck, 2014). 
In our study, lateral side of the right and the left arm was chosen for SC 
injection for a few reasons such as (a) only two injections were to be 
assessed; (b) injections sites were far enough to make an easy comparison 
of ecchymosis, hematoma, and pain; (c) possible local side effects of 
vapocoolant spray that could spread on abdominal region was not fore-
seen by the researcher nurses; and (d) arms were far enough from routine 
injection sites (practitioner nurses were informed about the study so they 
would perform routine consecutive LMWH injections on the other pos-
sible injection sites as part of the treatment process). The appropriate 
injection site was selected, with exception to bruised, tender, hard, 

Table 3.  Comparison of Ecchymosis on Injection Site After SC LMWH Injections.

Groups

Ecchymosis

Test (p)Yes No

Water spray (placebo) 12 52 χ2 = 0.948
Vapocoolant spray (intervention) 8 56 p = .330

Note. SC = subcutaneous; LMWH = low molecular weight heparin.

Table 2.  Comparison of Mean VAS Pain Score and Mean Diameter of Ecchymosis 
on Injection Site After SC LMWH.

Parameters

Groups

Test (p)

Water spray 
(placebo)
M ± SD

Vapocoolant spray 
(experimental)

M±SD

VAS pain score 3.06 ± 2.08 2.37 ± 0.811 z = 2.053
p = .040*

Ecchymosis (cm) 1.24 ± 0.42 0.70 ± 0.611 z = 1.592
p = .111

Note. VAS = visual analog scale; SC = subcutaneous; LMWH = low molecular weight 
heparin; z = Mann–Whitney U test.
*p < .05.
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swollen, inflamed, or scarred areas. In the intervention group, prior to SC 
LMWH injection, vapocoolant spray was performed for 10 s at a distance 
of 30 cm, and the site was cleansed with an antimicrobial swap after the 
next 10 s using a firm, circular motion while moving outward from the 
injection site. The area surrounding the injection site was grasped and 
bunched; then, the needle was injected at a 45° to 90° angle with the 
dominant hand. After the needle was placed, the tissue was released, the 
lower end of the syringe was steadied with the nondominant hand, and the 
injection was performed at a rate of 10 s/ml with the dominant hand. The 
needle was withdrawn quickly at the same angle at which it was inserted 
while supporting the surrounding tissue with the nondominant hand.

The tissue surrounding the injection site was marked at a diameter of 5 
cm with a water-resistant pen. Patients were warned not to scratch or rub the 
injection site, while health care providers were informed not to administer 
any medication on the same injection site. The visual analog scale (VAS) 
was used to assess the pain. The next day, prior to SC LMWH injection, the 
water spray with identical packing was applied as a placebo on the other 
arm. The inspection for ecchymosis and hematoma was performed after 48 
hr with a transparent measuring tool and noted on the inspection form. 
Patients were hospitalized postoperatively for a limited time (3-4 days) and 
the researchers needed at least 48 hr after the LMWH injections for a proper 
inspection so only first two postoperative injections were to be assessed in 
the study. Thirteen patients who were discharged or transferred to other clin-
ics within 48 hr and whose skin inspection was not performed were excluded 
from the study (Figure 1). Both applications prior to injections and the SC 
LMWH injections were performed by the same nurse to avoid any variance. 
The skin inspection was performed by another nurse blinded to the interven-
tion or control group.

Measures

Patient descriptive information form.  The first part of the data collection form 
consisted of 17 questions on demographic characteristics, physical condition, 
and medical history of the patients.

VAS.  The VAS is a commonly used assessment tool to evaluate variables 
ranging across a continuum of values such as acute pain severity (Breivik 
et al., 2008). Two extreme descriptions of the parameter are written on the 
two ends of a 100-mm line, and the patients are asked to mark where his or 
her state is on the line. For instance, “no pain” and “severe pain” can be writ-
ten on the two ends of a line as extreme descriptions of the amount of pain felt 
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by the patients, and the patients are then asked to indicate his or her pain 
experience. The VAS score is determined by measuring the distance from no 
pain to the point that the patient has marked (Hjermstad et al., 2011). VAS is 
not a routine assessment tool used in our clinic for LMWH injections but a 
plastic ruler of 10 cm horizontal line on one side with verbal descriptors 
(word anchors) at each end on the other side was used by the researchers for 
study purposes.

Transparent measuring tool.  Transparent measuring tool, which is a regular 
transparent plastic ruler, was used to measure the diameter of ecchymosis and 
hematoma. It is not a routine assessment tool used in our clinic but it was 
used by the researchers for study purposes.

Statistical Analyses

SPSS for Windows Version 22.00 (SPSS Inc., Chicago, IL, USA) Program 
Package was used for statistical analysis of the collected data. A normal dis-
tribution of the data was tested with the Shapiro–Wilk test. To present the 
descriptive statistics, the mean ± standard deviation (95% confidence inter-
val) was used. Categorical variables were presented by number and percent-
age. In intergroup comparisons of continuous variables, the Mann–Whitney 
U Test (z) was used for nonnormally distributed variables. Pearson’s chi 
square test (χ2) was used for comparing categorical variables. p ≤ .05 was 
accepted as significant.

Results

The study was completed with 128 SC LMWH injections on 64 patients. The 
mean age of the patients was 45.65 ± 23.51 years, 64.1% (n = 41) of them 
were male, 60.9% (n = 39) were single, and 60.9% (n = 39) were primary 
school graduates or less educated. The most common diagnoses in our par-
ticipants were hip fracture (23.4%, n = 15) and tibia/fibula fracture (18.8%, 
n = 12). Mean platelet count was 280.95 ± 85.79/mm3, and 62.5% (n = 40) 
of them did not have any additional chronic disease. Almost all of the patients 
(92.2%, n = 59) were prescribed Enoxaparin sodium 4000 anti-Xa / 0.4 ml 
× 1/day. Because each patient was in both intervention and control groups, 
there was no difference between groups (Table 1).

Regarding the comparison of pain according to VAS among patients 
using topical water spray and vapocoolant spray, after water spray, the 
mean pain score of patients was 3.06±2.08, and after vapocoolant spray, it 
was 2.37 ± 0.81; the difference was significant (z = 2.053, p = .040) 
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(Table 2). Regarding the assessment of ecchymosis on the injection site, 
ecchymosis was observed in 12 patients after water spray, while it was 
observed in 8 patients after vapocoolant spray, and there was no significant 
difference (χ2 = 0.948, p = .330) (Table 3). In comparison with the diam-
eter of ecchymosis, after vapocoolant spray, the mean diameter of ecchy-
mosis was 0.70 ± 0.611 cm, and after the placebo water spray was applied, 
the mean diameter of ecchymosis was 1.24 ± 0.42 cm; the difference 
between the mean diameters of ecchymosis was not significant (Table 2). 
There was no hematoma on the injection site in 64 patients after 128 injec-
tions. Temporary skin rash due to vapocoolant spray was observed in only 
four patients, and no allergic reaction or complications were observed.

Discussion

In our study, it was found that vapocoolant spray prior to SC LMWH was 
more effective in minimizing pain compared with the placebo (water 
spray), while the outcomes of the groups were similar in the means of 
hematoma and ecchymosis. There are no data on the outcomes of vapo-
coolant spray prior to SC LMWH in the literature, while administration of 
ice is reported to decrease pain (Avşar & Kaşikçi, 2013; Kuzu & Ucar, 
2001; Varghese, Walia, Sharma, & Kaur, 2006). Furthermore, vapocool-
ant spray provides transient anesthesia via evaporative skin cooling, 
which suppresses pain receptor sensitivity and results in decreased pain 
perception. In addition, cold sensations transmitted via delta cold-specific 
fibers exert central gating on pain sensation transmitted via C fibers 
(Moon, Kim, & Choi, 2013). Because the pain relevant effect of vapocool-
ant spray became known, this approach has been used in immunization in 
children and adults, venous cannulation, and other medical interventions 
with needles (Cohen et al., 2009; Collado-Mesa et al., 2015; Fossum et al., 
2016; Mace, 2016; Moon, Lee, & Kim, 2017). Fossum et al. (2016) has 
reported that vapocoolant spray is more effective compared with aerosol 
spray before venous catheterization for health care workers. Moon et al. 
(2017) has shown that vapocoolant spray had an effect on propofol-induced 
pain similar to the anesthetic effects of topical lidocaine. In addition, 
Collado-Mesa et  al. (2015) has shown that vapocoolant spray prior to 
intradermal anesthetic injection in patients undergoing breast biopsy 
prompted decreased procedural pain and prevented negative experiences 
during intervention. Moon et al. (2013) had also shown that there was no 
significant difference in pain severity between vapocoolant spray and topi-
cal anesthetic ointment prior to needle electromyography examination. 
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Furthermore, it has been reported in a systematic review that vapocool-
ant spray administration prior to immunization in adults decreased pain 
(Shah et al., 2015).

Administration of ice is thought to have positive effects on ecchymo-
sis and hematoma due to its physiological effects. The local physiologi-
cal effect of ice is shown to decrease hemorrhage and blood flow by 
vasoconstriction and to decrease edema by decreasing metabolism, his-
tamine discharge, and inflammatory processes (Amaniyan et  al., 2016; 
Kucukguclu & Okumus, 2010; Moon et al., 2017). Moreover, it is a fact 
that cold achieves clotting by increasing the viscosity of blood and 
decreasing hemorrhage by contracting capillary surfaces (Guyton & 
Hall, 2005; Perry, 2010; Zaybak & Khorshid, 2008). However, it is 
known that it is impossible to completely eliminate ecchymosis by 
administering cold alone (Avşar & Kaşikçi, 2013). In our study, there 
was no hematoma in any of our patients, the mean number of ecchymo-
ses observed and the mean diameter of ecchymosis were less than the 
data reported in the literature, and there was no significant difference 
between two groups. The reason for these findings may be the fact that 
none of our patients had clotting problems, and the platelet count number 
was above 150,000/mm3 in all of them. Moreover, the possibility of 
ecchymosis and hematoma might have been minimized because all injec-
tions were performed by the same nurse with a standardized method in 
accordance with the clinical guidelines.

Despite the fact that there is no study on the effects of vapocoolant spray 
prior to SC LMWH administration on hematoma and ecchymosis, there are 
contradictory results in some studies on the effects of topical cold. Kuzu & 
Ucar (2001) reported no significant difference in hematoma and ecchymo-
sis among patients who were administered cold before or after and both 
before and after SC LMWH injection in the control group. Kucukguclu and 
Okumus (2010) reported that the number of ecchymoses and the diameter 
of ecchymosis were smaller in patients who were administered ice packs 
before SC LMWH injection compared with the outcomes of the control 
group. Meanwhile, Avşar and Kaşikçi (2013) reported that the air-lock 
technique, not performing aspiration, and administering ice for 2 min 
decreased ecchymosis.

In our study, there were temporary rashes on the skin in four of our patients 
due to vapocoolant spray. Similar temporary and tolerable skin complications 
(rash, irritation, cold intolerance, and temporary skin-color changes) have 
been reported in studies on the effects of vapocoolant spray (Mace, 2016; 
Mawhorter et al., 2004; Shah et al. 2015).
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Limitations

However our study has strong aspects, there are some limitations too. The 
enrollment of the patients undergoing lower limb surgery, comparison of only 
two administrations, only one injection site (lateral side of the arm), popula-
tion of relatively young patients, patients not having coagulation problems 
and patients having a platelet count above 150,000/mm3, as well as compar-
ing only two groups, are the limitations of this study.

Conclusion

Safe and correct administration and injection methods for medications that 
will avoid negative outcomes on patients are important responsibilities of 
nurses. Optimal pain management interventions during injection should be 
effective, safe, and require minimal resources. Applying a vapocoolant spray 
is a method that fulfills these features and is currently being used in clinical 
practice for different purposes. This approach requires less time (approxi-
mately 20 s) to have positive effects compared with using a cold pack and is 
relatively inexpensive and easy to use.

Our study, which reveals the positive effect of vapocoolant spray on pain, 
has evidence-based value for nursing practice. Recognizing the positive 
effects of vapocoolant spray, including the decrease of pain, the number of 
ecchymoses, and the diameter of ecchymosis, we recommend using vapo-
coolant spray as a precaution before anticoagulation injection. We suggest 
that vapocoolant spray administration before SC LMWH should be investi-
gated with larger sample sizes in patients with coagulation risk to find stron-
ger evidence of its effects on ecchymosis and hematoma.
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