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a b s t r a c t

Objective: This study was conducted to determine the effect of the application of cold on hematoma,
ecchymosis, and pain in patients undergoing percutaneous coronary intervention.
Methods: It is a quasi-experimental study with a control group. A total of 200 patients (100 in the control
group and 100 in the experimental group) were included in the research. In the experimental group, a
cold pack was applied to the bottom of the sandbag for the first 15min after withdrawing the femoral
arterial catheter. Both groups were assessed and followed up at the first 15th minute and 4th, 48th and
72 nd h.
Results: After the femoral arterial catheter was withdrawn, ecchymosis and hematoma were smaller and
pain was less in the experimental group at the catheter entry site compared to the control group, and the
difference was statistically significant (P< 0.01).
Conclusion: It was determined that the application of cold reduced the formation of hematomas, ec-
chymoses and pain in patients after the withdrawal of the femoral arterial catheter.
© 2019 Chinese Nursing Association. Production and hosting by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
What is known?

� Hematomas, ecchymoses and painwere common complications
at the catheter entry site of patients after PCI.

� These complications cause patients to undergo additional
diagnostic procedures, the length of hospital stay to prolong,
and hospital costs to increase.

What is new?

� The application of cold reduces hematoma, ecchymosis and pain
developed after the withdrawal of the femoral arterial catheter.

� The application of cold provides nonpharmacological, effective,
cost-effective and practical care that nurses can easily apply for
preventing of possible vascular complications after PCI.
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1. Introduction

Percutaneous coronary intervention (PCI) is a procedure that
involves revascularization of coronary artery procedures, such as
balloon angioplasty and stent placement, which are widely
accepted in the treatment of coronary artery disease [1,2]. Com-
plications after PCI are more frequent compared to other diagnostic
cardiac catheterizations. The fact that revascularization of PCI has
become more complex over time has increased the severity and
frequency of complications [3,4]. In recent years, the radial and
brachial arteries have started to be used in PCI. Femoral artery is
still the most preferred access site artery because it is larger and
wider [5e7]. The use of the femoral artery in PCI has increased the
incidence of vascular complications, which are among the extrac-
ardiac complications [8,9]. Life-threatening vascular complications
are seen in 2%e6% of patients undergoing invasive intervention via
the femoral artery [10e12]. The most common vascular complica-
tions following PCI performed via the femoral artery are hematoma
(15.5%), bleeding (1.5%), arteriovenous fistula (1.0%), and pseudoa-
neurysm (0.7%) [13]. In addition, leakage and ecchymosis are
complications that are common but do not require serious treat-
ment after the withdrawal of the catheter from the femoral artery
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[13]. However, hematoma is a major complication that canmanifest
with pain and swelling [14e17]. In the emergence of vascular
complications after PCI, the use of complex techniques in PCI,
insufficient hemostasis after PCI [10,18e20], use of antiplatelet or
anticoagulant drugs during or after the procedure, application of a
long catheter to the femoral artery, long duration of catheter stay,
and quality of nursing care provided [21,22] play a role. These
vascular complications, leading to an increase in morbidity and
mortality, cause patients to undergo additional diagnostic and
treatment procedures, thereby prolonging their hospital stay and
increasing hospital costs [2,23e25]. Because of these complica-
tions, care should be taken after PCI. Therefore, managing most of
post-PCI femoral arterial catheter complications is one of the main
responsibilities of nurses in acute and critical care settings [13,26].
In this context, nurses endeavor to minimize the risk of complica-
tions after cardiac catheterization and check for complications of
PCI at the entry site [27]. However, they should first avoid bleeding
and hematoma formation with care after PCI [2]. Despite medical
and nursing practices, vascular complications are frequently seen
[28]. Nevertheless, there are very few studies on nursing in-
terventions that can be applied to prevent vascular complications,
can contribute to the literature, and are valid and accepted
[13e15,26]. When these studies were examined, it was found that
the use of various vascular closure devices for compression after
catheter withdrawal had a decreasing effect on bleeding [29e31].
Also, the different bed rest positions given to patients after stop-
ping bleeding following catheter withdrawal did not affect bleeding
[32]. In addition, the bed rest time after catheter withdrawal and
the ambulation time after rest were not found to be effective in
bleeding and hematoma [33,34]. It has been reported that the use
of a cold pack is more effective in reducing hematomas after
bleeding [35]. One strategy to prevent or reduce complications such
as bleeding, hematoma, ecchymosis, and pain is the application of
cold [36,37]. The application of cold is widely used because of its
physiological effects such as vasoconstriction, slowing of tissue
metabolism, increase in blood viscosity, and local anesthesia
[37,38]. The application of cold reduces the blood flow and capillary
permeability by causing vasoconstriction of arterioles, thereby
reducing bleeding. In addition, it reduces blood flow velocity and
increases viscosity and coagulation. Increased blood coagulation
and decreased capillary permeability and metabolic requirements
facilitate the control of hemorrhage and reduce ecchymosis and
hematoma formation [36,37,39]. In this sense, it is thought that the
application of cold may be useful in reducing bleeding, ecchymosis,
hemorrhage, and pain commonly seen after PCI. No study has re-
ported on the application of cold to prevent or reduce complica-
tions at the catheter site of the femoral artery after PCI. It has been
determined that there is a need for interventional studies to
determine the effectiveness after PCI, shorten the treatment dura-
tion, and prevent possible complications.

This study was designed to determine the effect of the appli-
cation of cold on hematoma, ecchymosis, and pain after the with-
drawal of the femoral arterial catheter in patients undergoing PCI.

2. Methods

2.1. Study design

It was an experimental study with a control group.

2.2. Population and sample

This study was conducted between August 2011 and January
2012 at the Coronary Intensive Care Unit of the Thoracic and Car-
diovascular Surgery Training and Research Hospital of the
University of Health Sciences. The hospital performs more than
6000 angiograms per year.

The sample of the study consisted of patients who were
admitted to the Coronary Intensive Care Unit because of the diag-
nosis of myocardial infarction; the patients underwent PCI and
agreed to participate in the study. The level of powerwas set at 0.94
with an a level of 0.05, at the 95%confidence interval and the
sample size was calculated about 100 people in each control and
intervention group, met the appropriate sample size. As a result of
the power analysis, the 200 patients were determined as 100 pa-
tients for the experimental group and 100 patients for the control
group. In the coronary intensive care unit, the first 100 patients
meeting the inclusion criteria were included in the control group
and the last 100 patients were included in the experimental group.

2.3. Inclusion and exclusion criteria

The inclusion criteria were as follows: aged 18 years and older;
having an open consciousness; having a femoral arterial interven-
tion, having a single catheter on their femoral region; having
platelet count within normal range; and agreeing to participate in
the study. The exclusion criteria were oozing hemorrhage, hema-
toma, and ecchymosis of the femoral artery region prior to catheter
withdrawal; patients treated without a cold pack; use of throm-
bolytic drugs and glycoprotein 2b/3a; and presence of coagulation
disorder and plegia.

2.4. Data collection instruments

Data collection tools included a patient identification form to
record the sociodemographic characteristics, a patient follow-up
form to record the hematoma and ecchymosis measurements
(cm), the OPSITE FLEXIGRID (Smith & Nephew, Hull, UK) mea-
surement device to determine the ecchymotic area (mm2), and the
Numeric Pain Rating Scale (NPRS) to measure the patients’ pain.

� Patient identification form: The form was prepared by the re-
searchers on the basis of the literature [13,14,23,30,40e42]. Age,
gender, height, weight, day of hospitalization, time of starting
coronary angiography, diagnosis, previous angiography, medi-
cations used, and some blood values were included in the form.

� Patient follow-up form: The form was developed by the re-
searchers based on the literature [13,14,23,30,40e43]. Numb-
ness and pain were determined by the subjective expression of
the patients at first. For the presence of numbness and pain
“present” and for the absence of numbness and pain “absent”
responses were recorded. The state of occurrence of hemor-
rhage was defined as the presence of outward bleeding and
evaluated as “present” or “absent” from the catheter insertion in
the femoral artery region after catheter withdrawal. The state of
occurrence of color change in the femoral artery region was
evaluated as “present” or “absent” by observation after catheter
withdrawal. The presence of color change was defined as
ecchymosis. The form included the dimensions of ecchymotic
area (mm2), hematoma size measurements (cm), pain scores,
and pre- and post-PCI vital signs during the withdrawal of the
femoral arterial catheter at the 15thminute and 4th hour and on
the 2nd and 3rd days.

� OPSITE FLEXIGRID measurement device: This device was used to
measure ecchymosis after the withdrawal of the femoral arterial
catheter. It is a millimetric sliceable, plastic film that is made of
polyethylene and can calculate surface area in square
millimeters.

� Numeric Pain Rating Scale: It was used to determine the intensity
of pain in the femoral artery region after the withdrawal of the
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femoral arterial catheter. The validity of NPRS was established
by Ferreria-Valente et al. [44]. In NPRS, the pain is scored be-
tween 0 and 10: “0” signifies no pain; “5” signifies moderate
pain; and “10” signifies worst pain [45,46].

� Hematoma measurement method: Hematoma measurement in
the femoral artery region after the withdrawal of the femoral
arterial catheter was calculated in centimeter via palpation.

The application of cold tool selection. A pilot study was performed
to determine the tools in the application of cold to the femoral
arterial catheter entry site before starting the study. Ten patients
who gave written consent were included in the pilot study. After
the femoral arterial catheter was withdrawn and hemostasis was
achieved by compression, a frozen 100-ml physiological saline so-
lution package (measuring 11.3 cm � 13.3 cm, 117 g) was applied to
five patients and a gel-shaped packwas applied to five patients. The
application of cold was continued for 15min for both groups. He-
matoma, ecchymosis, and painweremore common in patients who
used cold gel-shaped pack. It was decided to use the frozen 100-ml
physiological saline solution package (cold pack) for this study.

Application process. The patients were recruited first to the
control group and then to the experimental group. The post-PCI
femoral arterial catheters were routinely withdrawn by the physi-
cian, with manual pressure applied 6 hours after the procedure.
After hemostasis was achieved, the researcher evaluated the pa-
tients' femoral artery region in terms of hemorrhage, ecchymosis,
and hematoma. The routine protocol of a sandbag (5 kg) placed in
the femoral artery region was performed in the control group.
Immediately after the catheter was withdrawn and hemostasis was
achieved in the experimental group, a cold pack covered with
sterile gauzewas placed under the sandbag for a duration of 15min.
The cold pack was removed from the region after 15min later. The
femoral artery region of the patients in the experimental and
control groups was assessed immediately at the 15th min. Numb-
ness, hemorrhage, color change, hematoma, ecchymosis, pain, and
vital signs were recorded in Patient follow-up form. The routine
application of the sandbag was continued in both groups. It was
completed at the 4th hour, and the femoral artery region of both
groups was assessed again for numbness, hemorrhage, color
change, hematoma, ecchymosis, and pain, and the patients’ vital
signs were recorded. Shortly after the catheter was withdrawn and
bleeding was stopped by compression, the femoral artery region of
both groups continued to be observed at the 48th and 72nd hour.
Data were recorded on the patient follow-up form. The duration
and type of hemorrhage were also recorded on the patient follow-
up form. Ecchymosis was measured using OPSITE FLEXIGRID, and
the area was calculated and recorded. The presence of hematoma
was manually palpated and the measurement was recorded (cm)
on the form. For pain assessment, the intensity of pain was rated
and recorded using NPRS.

2.5. Ethical considerations

This study had the approval (numbered 2.1/24) of the Uni-
versity's Institute of Health Sciences' Ethics Committee. Written
permission from the management of the hospital was obtained. In
addition, the patients were informed about the aims and proced-
ures of the study before data collection, and their questions were
answered before written consent was obtained.

2.6. Data analysis

Characteristics of the patients were analyzed using the chi-
squared test to compare the descriptive data between the experi-
mental and control groups, the independent samples t-test was
used to determine the correlation between normally distributed
data, and the ManneWhitney U test was used to determine the
correlation between non-normally distributed numeric data. The
ManneWhitney U test was used to compare hematoma, ecchy-
mosis, and pain measurement results of the groups, whereas the
Friedman test (15th min, 4th, 48th, and 72nd hour) in repeated
measures and theWilcoxon rank sumW-test as posttest were used.
The results were evaluated at a confidence interval of 95% and
significance was at a level of P< 0.05.

3. Results

Gender, age, body mass index (BMI), medical history, drug use
status, and previous angiographic status of the patients in the
experimental and control groups were similar and there was no
significant difference between the groups (P> 0.05; Table 1). No
significant difference was found between the patients in the
experimental and control groups in terms of the type of PCI, cath-
eter number, duration of PCI, duration of catheter dwell time,
withdrawal time of the catheter, heparin dosage used during PCI,
Plavix loading dose, and APTT, PT, hemoglobin, erythrocyte, he-
matocrit, platelet, and calcium laboratory values before catheter
withdrawal (P> 0.05; Table 1).

When the experimental and control groups were compared in
terms of color change at the catheter entry site after the femoral
arterial catheter was withdrawn, a statistically significant differ-
ence was found at the 4th, 48th and 72nd hour (P< 0.05; Table 2).

Statistically significant (P< 0.01) ecchymosis surface area and
hematoma size were observed in the control group than in the
experimental group at the 48th hour and 72nd hour (Table 3).
When the experimental and control groups were compared in
terms of pain rates, a statistically significant differencewas found at
the 15th minute and 4th to 72nd hour (P< 0.01). The experimental
and control groups were similar in terms of numbness and hem-
orrhage characteristics at all time intervals.

4. Discussion

Nurses play an important role in preventing complications from
admission to discharge. Early recognition and prevention of com-
plications after PCI are key. However, the number of studies related
to nursing interventions that are effective, feasible, and validated
for vascular complications is limited [14,15,26]. For this reason, it
was found to be useful to carry out research on practices that would
prevent vascular complications after PCI. In this study, the effect of
a 15-min application of cold on the femoral artery region after
catheter withdrawal was evaluated in patients undergoing PCI. The
study determined that the application of cold decreased hema-
toma, ecchymosis, and pain (Table 2).

According to this study, it was found that the application of cold
to the femoral artery region after catheter withdrawal decreased
the incidence of drowsiness in the region, although not significant.
In Lunden's study (2006), it was reported that there was leg
numbness, including the femoral artery region, after coronary
angiography [40]. It can be said that this situation is related to
deterioration in the circulation of the leg that has been inactive for a
long time. Many studies evaluating hemorrhage after the with-
drawal of the femoral arterial catheter have reported it to occur as a
minor [21,47]. Among the factors that increase hemorrhage, there
are studies showing that drug use is effective in reducing coagu-
lation [9,30,42,48]. In this study, it was suggested that the reason
for the low rate of hemorrhage was that the study did not include
patients who used thrombolytic drugs and glycoprotein 2b/3a. In
addition, blood coagulation was within normal limits, and this may
explain the low rate of hemorrhage (Table 1).



Table 1
Sociodemographic and disease characteristics of patients and patients' laboratory values before catheter withdrawn and characteristics related to percutaneous coronary
intervention procedure.

Characteristics Experimental Group (n¼ 100) Control Group (n¼ 100) c2/t/z P

Sociodemographic characteristics, n (%)
Gender
Female 22 (22) 21 (21) 0.030 0.863
Male 78 (78) 79 (79)

Age
55 and below 44 (44) 29 (29) 5.339 0.069
Between 56 and 65 21 (21) 31 (31)
66 and over 35 (35) 40 (40)

BMI
18.5e24.9 22 (22) 30 (30) 4.029 0.133
25.0e29.9 52 (52) 38 (38)
30.0 and over 26 (26) 32 (32)

Medical History
Having Any Chronic Disease 72 (72) 67 (67) 0.590 0.443
Hypertension 44 (44) 43 (43) 0.020 0.887
Diabetes Mellitus 20 (20) 18 (18) 0.130 0.718

Drug Use Status
The Use of Antihypertensive Drug 36 (36) 31 (31) 0.561 0.454
The use of Antidiabetic Drug 14 (14) 11 (11) 0.411 0.521
The use of Anticoagulant Drug 14 (14) 14 (14) 0.000 1.000

Previous Angiography Status 24 (24) 33 (33) 1.987 0.159
Catheter Number
7 French 88 (88) 88 (88) e e

6 French 12 (12) 12 (12) e e

Plavix Loading Dose
300mgr 29 (29) 40 (40) 2.677 0.102
600mgr 71 (71) 60 (60)

Laboratory Values, Median (P25, P75)
Hemoglobin (g/dl, Mean± SD) 13.9± 1.6 13.9± 1.3 0.105 0.917
Hematocrit (%, Mean± SD) 41.4± 0.4 42.6± 4.0 1.929 0.055
APTT (sec) 30.30 (26.20, 40.55) 31.55 (26.57, 41.92) �0.883 0.377
PT (sec) 13.10 (12.20, 13.97) 13.30 (12.80, 14.20) �1.638 0.101
Erythrocyte (1012/mm3) 4.55 (4.20, 5.00) 4.60 (4.30, 4.90) �0.213 0.831
Thrombocyte (10 3/mm3) 217.50 (182.50, 276.75) 216.00 (188.25, 246.50) �1.044 0.297
Calcium (mg/dl) 9.05 (8.80, 9.50) 9.30 (8.90, 9.60) �1.890 0.059
Characteristics Related to PCI
PCI Processing Time (min) 50.00 (40.00, 60.00) 60.00 (40.00, 60.00) �1.362 0.173
Duration of Catheter in Femoral Region (hour) 4.30 (4.00, 6.00) 4.12 (4.00, 5.00) �1.910 0.056
Withdrawn Time of Catheter (min) 9.00 (6.00, 10.00) 9.00 (7.00, 10.00) �0.838 0.402
Heparin Dosage Used in PCI Procedures (IU) 10.00 (7.50, 10.00) 8.00 (7.50, 10.00) �0.377 0.706
Risk Factors After Catheter Withdrawn
Systolic Arterial Pressure (mmHg) 112.00 (100.00, 125.00) 115.00 (102.00, 128.75) �0.969 0.333
Diastolic Arterial Pressure (mmHg) 74.00 (67.00, 84.00) 73.00 (65.25, 80.75) �0.103 0.918
Body Temperature (� C) 36.30 (36.20, 36.60) 36.60 (36.42, 36.70) �0.706 0.480

Note: c2¼ Chi- Square; z¼Mann-Whitney U test; t¼ Student's t-test; 1mmHg¼0.133kPa.
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Catheter withdrawal from the femoral artery region creates a
trauma effect, often resulting in extravasation of blood and color
change [49]. In addition, the thickness of the catheter is a factor in
vascular complications [14,23,41,42]. Monitoring of color change is
one of the standard evaluations at the intervention site after PCI
[15]. In this study, a femoral arterial catheter of 7F thickness was
used in almost all patients (Table 1). This may have created a
trauma to the arteries. In addition, the application of cold decreased
the incidence of color change in the catheter entry site in the pa-
tients. This difference in the experimental group can be explained
by reducing capillary blood flow and permeability by vasocon-
striction of arterioles between the physiological effects of the
application of cold [36e39].

Hematoma is another complication that may cause pain after
PCI [2,14,15]. In this study, it was found that the application of a cold
pack reduced hematoma formation in the femoral artery region
after catheter withdrawal and the size of the developing hema-
tomas was small. The low rate and small size of hematoma in the
experimental group were thought to be a result of the application
of cold, facilitating coagulation by reducing blood flow veloc-
itydone of the physiological effectsdand increasing its viscosity
[36e39]. Although there is no study evaluating the hematoma
associated with the application of cold applied to the femoral artery
region after coronary angiography. King's study showed that the
application of cold compress was an effective and tolerable method
in the treatment of hematoma developing after coronary angiog-
raphy [35]. In addition, studies investigating the effect of the
application of cold on hematoma formation reported that 2-min ice
application to the region after subcutaneous heparin administra-
tion was effective in decreasing hematomas as well as ecchymosis
[50] supports the results of this study.

In this study, it was found that the application of cold decreased
the frequency of ecchymosis formation in the femoral arterial
catheter site, and the size of the ecchymoses developing after the
application of cold was smaller. These results confirm the conclu-
sion that ecchymosis formationwas prevented by the physiological
effects of the application of cold. Although there is no study to date
that includes the application of cold to reduce ecchymosis forma-
tion after coronary angiography, there are studies on subcutaneous
injection sites. In Küçükgüçlü and Okumuş’s study, it was found
that the frequency of ecchymosis statistically significantly
decreased at the site where cold was applied before 2min after



Table 2
Comparison of numbness, hemorrhage, color change, ecchymosis, hematoma and pain occurring in patients [n (%)].

Characteristics of Catheter Entry Site Experimental Group (n¼ 100) Control Group (n¼ 100) c2 P

Numbness
At 15th min 0 (0) 1 (1) e e

At 4th hour 0 (0) 1 (1) e e

At 48th hour 0 (0) 1 (1) e e

At 72nd hour 0 (0) 0 (0) e e

Hemorrhage
At 15th min 0 (0) 1 (1) e e

At 4th hour 2 (2) 4 (4) e e

At 48th hour 0 (0) 3 (3) e e

At 72nd hour 0 (0) 2 (2) e e

Color change
At 15th min 1 (1) 3 (3) 1.020 0.312
At 4th hour 7 (7) 16 (16) 3.979 0.046
At 48th hour 12 (12) 45 (45) 6.721 <0.001
At 72nd hour 20 (20) 48 (48) 18.542 <0.001
Ecchymosis
At 15th min e e e e

At 4th hour 1 (1) 5 (5) 2.749 0.097
At 48th hour 21 (21) 55 (55) 24.533 <0.001
At 72nd hour 43 (43) 73 (73) 20.540 <0.001
Hematoma
At 15th min e e e e

At 4th hour 5 (5) 9 (9) 1.229 0.268
At 48th hour 19 (19) 44 (44) 14.483 <0.001
At 72nd hour 20 (20) 49 (49) 20.078 <0.001
Pain
During removal of the catheter 99 (99) 99 (99) e e

At 15th min 14 (14) 43 (43) 20.636 <0.001
At 4th hour 1 (1) 23 (23) 22.917 <0.001
At 48th hour 0 (0) 18 (18) 19.780 <0.001
At 72nd hour 0 (0) 17 (17) 18.579 <0.001

Note: c2¼ Chi- Square.

Table 3
Comparison of ecchymosis, hematoma and pain average in patients.

Experimental Group (n¼ 100) Control Group (n¼ 100) z P

Min P25 Median P75 Max Min P25 Median P75 Max

Ecchymosis (mm2)
At 15th min e e e e e e e e e e e e

At 4th hour 0 0 0 0 1.0 0 0 0 0 62.0 �1.373 0.170
At 48th hour 0 0 0 0 116.0 0 0 2.0 19.8 296.0 �4.981 <0.001
At 72nd hour 0 0 0 0 300.0 0 0.5 17.0 65.0 885.0 �5.360 <0.001
Hematoma (cm)
At 15th min e e e e e e e e e e e e

At 4th hour 0 0 0 0 1.0 0 0 0 0 2.0 �1.158 0.247
At 48th hour 0 0 0 0 1.5 0 0 0 1.0 3.0 �4.127 <0.001
At 72nd hour 0 0 0 0 1.5 0 0 0.5 1.0 3.0 �4.873 <0.001
Pain
At 15th min 0 0 0 0 8.0 0 0 0 0 5.0 �4.211 <0.001
At 4th hour 0 0 0 0 2.0 0 0 0 0 4.0 �4.736 <0.001
At 48th hour 0 0 0 0 0 0 0 0 0 4.0 �4.432 <0.001
At 72nd hour 0 0 0 0 0 0 0 0 0 2.0 �4.344 <0.001

Note: z¼Mann-Whitney U test.
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(2min with 4min total) the subcutaneous injection of an antico-
agulant drug, and the size of the ecchymoses was smaller in pa-
tients who had cold applied [51]. In another study, it was
determined that the 2-min application of cold on areas of ecchy-
mosis after subcutaneous injection led to a decrease in the size of
ecchymoses, and ecchymosis did not occur in 50% of the patients
[50]. The result of the present study indicated that the rate of
ecchymosis formation was low and the area was smaller after the
application of cold, which was performed for 15min. Effective re-
sults may have been obtained because the amount of subcutaneous
tissue in the femoral artery region was small, the fat layer was
thinner, and the application time of cold was 15min.

In this study, it was seen that the application of cold after PCI
decreased the incidence of pain in the femoral artery region. In
other studies, pain associated with coronary angiography devel-
oped mostly on the back during catheter withdrawal and at rest
[2,14,32,52,53]. In addition, the patients reported that the use of a
sandbag and staying in bed for a long time was disturbing and
painful [35]. In our study, pain occurring in the femoral artery re-
gion after catheter withdrawal decreased with the application of
cold. The application of cold induces local anesthesia by stimulating
cold receptors in the skin and inhibiting pain formation [36e39].
Using this information, many studies have been conducted to
measure the effect of cold on pain. The results of these studies
[39,50,54] indicating that the application of cold performed after
subcutaneous heparin administration increases the loss of
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sensation at the injection site, provides adequate analgesia, and
decreases the perceived pain also supported the results of our
study.

5. Study limitations

The limitation of this study is that it was conducted on patients
with PCI in the Coronary Intensive Care Unit of Thoracic and Car-
diovascular Training and Research Hospital affiliated with Health
Sciences University. For this reason, the results of this study can
only be generalized to similar settings.

6. Conclusion

This study found that a 15-min application of cold along with
the routine application of a sandbag had a positive effect on
decreasing vascular complications. Evaluations at the 15th minute
and 4th hour and on the 2nd and 3rd days showed that the fre-
quency and size of hematoma, ecchymosis, and pain formation
decreased significantly at the femoral arterial catheter site. In
addition, hematomas and ecchymoses formed after the application
of cold were found to be smaller in size.
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Bakım Hemşireli�gi Dergisi. 2009;13(2):47e54.

[48] Subherwal S, Peterson ED, Dai D, Thomas L, Messenger JC, Xian Y, et al.
Temporal trends in and factors associated with bleeding complications among
patients undergoing percutaneous coronary ıntervention. A Report From the
National Cardiovascular Data CathPCI Registry 2012;59(21):1861e9. https://
doi.org/10.1016/j.jacc.2011.12.045.

[49] Akgül F, Batyraliev T, Serçelik A. Perkütan koroner girişimlerden sonra
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