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Abstract
AIM: The aim of this study was to evaluate the effect of cold sand pack on vascular complications and pain in patients who undergoing percutaneous 
coronary intervention.
METHODS: This randomized controlled interventional trial was conducted in a hospital between November 30, 2021 and April 3, 2022. The 
patients were randomly assigned to CSP and NSP. A 5 kg sand pack was applied on the femoral area of the patients in the CSP group at an average 
temperature of 18.9°C for the first 20 minutes. A 5 kg sand pack was applied at an average temperature of 24.1°C after the procedure on the 
femoral region of the patients in the NSP group.
RESULTS: After percutaneous coronary intervention, less bleeding developed in the CSP group at hours 2, 3, and 12 when compared to the NSP 
group, and the ecchymosis diameters measured at hours 1, 2, 3, 4, 5, 6, 12, and 24 were higher than those of the NSP patients (p<0.05). It was 
detected that the pain score of the NSP group was higher at hours 1, 2, 3, 4, 5, 6, 12, and 24 on the femoral region when compared to the CSP 
group.
CONCLUSION: It was detected that the cold sand pack applied for the first 20 minutes prevented bleeding and reduced ecchymosis diameter and 
pain intensity.
Keywords: Bleeding, cold sand pack, ecchymosis, hematoma, pain, percutaneous coronary intervention

Introduction

Coronary artery disease (CAD) is the most common cardiovascu-
lar system disease (T.C. Ministry of Health General Directorate of 
Primary Health Services, 2010). Percutaneous coronary interven-
tion (PCI) is performed for the definitive diagnosis of CAD and 
for the detection of coronary vessel stenosis (Turkish Society of 
Cardiology, 2022). PCI is the manual delivery of contrast material 
through a catheter sent to the coronary arteries under fluoros-
copy, recording the resulting image on a compact disc (Adalet, 
2019), and balloon and stenting when occlusion and stenosis are 
observed in the coronary arteries (Aazami et al, 2016; Ludman, 
2006). Although vascular complications related to PCI are rare, 
the most common complications are bleeding, hematoma, 
ecchymosis, pseudoaneurysm, retroperitoneal bleeding, and 
arteriovenous fistula (Numasawa et al., 2017). The length of stay 
of the patient is prolonged and the cost of treatment increases 
due to these complications (Numasawa et al., 2017).

Preventing of the complications before they appear is the most 
successful method (Bitargil et al., 2014). Therefore, it is recom-
mended to use a small-diameter catheter during PCI, to insert 

into the common femoral artery carefully, to interrupt antico-
agulant treatment before the procedure, to apply manual com-
pression to the area for at least 20 minutes after the procedure, 
and to use percutaneous closure devices (Ateş et  al., 2006). 
After the procedure, pressure is applied using sand packs, man-
ual compression, and pneumatic compression devices (Bektaş, 
2017; Valikhani et al., 2020).

Local cold application together with pressure applications, are 
also effective in preventing perivascular complications (Kurt & 
Kaşıkçı, 2019; Wentworth et  al., 2013). The cold application 
controls bleeding by reducing capillary blood flow and capillary 
permeability by vasoconstriction of arterioles. Furthermore, it 
reduces the flow rate of the blood and increases its viscosity, 
thereby providing coagulation. The cold applications reduces 
the development of ecchymosis and hematoma (Kazan, 2011). 
Furthermore, cold applications may be preferred to prevent 
and treat perivascular complications since they are practical 
and inexpensive, they are reported as comfort-enhancing by 
patients, they reduce pain and edema significantly on the inter-
vention area, and the application accelerates recovery (Çürük 
et al., 2017; Kazan, 2011; King et al., 2008).
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This study was conducted to evaluate the effect of a cold sand 
pack application to the femoral region on the prevention of 
bleeding, hematoma, ecchymosis, and pain in patients under-
going PCI through the femoral artery.

Hypotheses

The hypotheses of the research were identified as follows; 

H1: A cold sand pack application is more effective than a normal 
sand pack application to prevent bleeding on the PCI interven-
tion area.

H2: A cold sand pack application is more effective than a normal 
sand pack application to prevent hematoma on the PCI inter-
vention area.

H3: A cold sand pack application is more effective than a normal 
sand pack application to prevent ecchymosis on the PCI inter-
vention area.

H4: A cold sand pack application is more effective than a nor-
mal sand pack application to prevent pain in the PCI interven-
tion area.

Methods

Study Design
This single-center, randomized controlled intervention trial 
conducted according to Consolidated Standards of Reporting 
Trials 2010 Guidelines (http​s://w​ww.eq​uator​-netw​ork.o​rg/re​
porti​ng-gu​ideli​nes/c​onsor​t/). This study was registered at https​
://cl​inica​ltria​ls.go​v.:NCT05553821. The clinical trial registration 
number of this study is NCT05553821.

Sample
The study was performed on patients meeting the sample selec-
tion criteria who were registered for PCI in a hospital between 
November 30, 2021, and April 3, 2022.

GPower analysis was used to determine the number of samples 
in the study by using the results of the study of Çürük et  al. 
(2017) as reference. It was calculated in the analysis that 210 
patients needed to be included in two independent groups, 
with 105 patients in each group, an effect size of 0.5, a power of 
95%, an alpha error of 0.05.

Inclusion Criteria
Inclusion criteria included being over 18 years of age, being con-
scious, undergoing PCI for the first time and/or having had no 
PCI in the last year, having platelet values within normal limits, 
and having had heparin at a dose of 10,000 units or less admin-
istered during angiography.

Exclusion Criteria
Exclusion criteria included patients who did not accept to par-
ticipate in the study and/or wanted to leave the study, those 
who developed vascular complications in the region before 
sheath catheter extraction, patients who regularly used anti-
coagulant drugs, those who received antithrombotic drug 

treatment, and those who had peripheral vascular disease 
were excluded from the study.

Randomization
The patients who met the sample selection criteria were 
assigned to the normal sand pack (NSP) and cold sand pack 
(CSP) groups, with 105 individuals in each group. For this pro-
cess, the numbers from 1 to 210 were written on small papers by 
a person independent of the researchers and these papers were 
placed in a bag. The numbers on the first 105 papers randomly 
selected from the bag by this person were assigned to the NSP 
group, and the numbers on the next 105 cards were assigned 
to the CSP group. The patients were assigned numbers from 1 
to 210 according to the PCI application order, and each patient 
was allocated to a group in line with his/her assigned number 
(Figure 1).

Blinding
Due to the direct application of normal and cold sand packs in 
this study, it was not possible to anonymize the patients and 
the researchers. However, the outcome evaluators were anony-
mized to avoid biases about the research results. The data col-
lection was done by an outcome evaluator independent of the 
researchers. The outcome evaluator was not informed about 
the interventions applied to the groups.

Study Procedure
This study was carried out in the cardiology and coronary inten-
sive care services in a hospital between November 30, 2021 and 
April 3, 2022. The interventions applied to the patients in two 
groups in the study were performed in each patient’s room in 
the clinic. 

The patient information form was provided to all patients who 
met the sample selection criteria using the personal interview 
technique. The femoral PCI application was completed by the 
physician, the sheath catheter was removed, and a 15-min-
ute manual compression application was completed accord-
ing to the standard treatment, follow-up and care steps for 
PCI in the Cardiology and Coronary Intensive Care services of 
the hospital. Following this stage, a cold sand pack was applied 
locally on the femoral intervention area of the patients in the 
CSP group at 18°C to 20°C for 20 minutes, and then at an 
average temperature of 24.1°C for 3 hours and 40 minutes. A 
sand pack with an average temperature of 24.1°C was applied 
locally on the femoral region of the patients in the NSP group 
for 4 hours.

The treatment plan determined by the doctor was applied to 
both groups of patients as stated and no change was made in 
the treatment plan during the study. The PCI area of all patients 
was recorded by monitoring with a PCI follow-up form for 24 
hours. Vital signs were monitored every 15 minutes in the first 
hour according to the PCI follow-up form, bleeding, hematoma, 
ecchymosis, and pain in the intervention area, every hour for the 
next 6 hours, and every six hours thereafter.

Data Collection
Research data were collected in the first 24 hours after PCI 
using the patient information form and PCI follow-up form, the 
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cold sand pack, the room temperature sand packet, and a tape 
measure. In the PCI follow-up form, bleeding was classified as 
major and minor bleeding according to REPLACE (Randomized 
Evaluation in Percutaneous Coronary Intervention Linking 
Angiomax to Reduced Clinical Events) 2 trial (Wells et al., 2019). 
Major bleeding was intracranial, intraocular or retroperitoneal 
bleeding with a hemoglobin decrease of more than 3 g/dL, any 
decrease in hemoglobin more than 4 g/dL, or bleeding that 
required transfusion of two units of blood product or more; 
minor bleeding was considered as bleeding that did not meet the 
criteria for major bleeding (Wells et al., 2019). Hematoma was 
defined as swelling of varying sizes, pain and palpable stiffness 
at the femoral catheter insertion site (Shoulders-Odom, 2008). 
Ecchymosis was represented by skin discoloration without any 
signs of mass at the femoral catheter insertion site (Sabo et al., 
2008). Pain was marked with a score of one or higher on the 
visual analog scale.

Patient introduction form: In accordance with the literature, 
the form, developed by the researchers, included 13 ques-
tions related to sociodemographic and disease-related features 
(Çürük et al., 2017; Kurt & Kaşıkçı, 2019).

PCI monitoring form: There were 12 questions on peripheral 
pulse monitoring, peripheral temperature and color change, 
bleeding, ecchymosis, hematoma, and pain during and after PCI 
in the form developed by the researchers in accordance with 
the literature (Kurt & Kaşıkçı, 2019). Peripheral pulse, peripheral 
temperature and color change, bleeding, ecchymosis, hema-
toma, and pain were evaluated hourly before sheath removal 

and 6 and 12 hours after sheath removal. Since the patients 
were discharged on the second day, the last follow-up was 
made at the 24th hour (Valikhani et al., 2020).

Cold sand pack: It is a 23 cm long, 14 cm wide, 5 kg sand bag 
at 18–20°C. The pack was placed in the freezer of the refrig-
erator at least two hours before the procedure and was kept 
ready for use at temperature of 18–20°C. The temperatures 
of the sand packs removed from the freezer were checked 
using the surface measurement mode of a thermometer at 
0, 10, and 20 minutes. It was detected that the average tem-
perature of the cold sand packs was 18.1°C per minute and 
19.2°C at 10th minute. It changed with an average of 19.5°C 
at the 20th minute and the average of these measurements 
was 18.9°C.

Normal sand pack: It was a sand pack with a length of 23 cm, a 
width of 14 cm, and a weight of 5 kg, kept at room temperature. 
The temperatures of the sand packs were 24.1°C.

Statistical Analysis
Frequency tables and descriptive statistics were used for inter-
pretation of the findings in the study. Measurement values of 
two independent groups were analyzed using the independent 
sample t-test for measurement of values suitable for a normal 
distribution. The Mann–Whitney U-test was used to compare 
the measurement values of the two independent groups with 
the measurement values that did not comply with a normal 
distribution. The association between two qualitative vari-
ables was analyzed using Pearson-χ2 cross tables. Situations 

Assessed for eligibility (n=400)

Excluded (n=187)
• Not meeting inclusion criteria (n=107)
• Declined to participate (n=80)
• Other reasons (n=3)

Analysed (n=105)
• Excluded from analysis (n=0)

Lost to follow-up (n=0)

Discontinued intervention (Don’t want to
leaving) (n=1)

Allocated to intervention (n=108)
• Received allocated intervention (n=105)
• Did not receive allocated intervention 

(Complications before sheath catheter
removal) (n=2)

Lost to follow-up (give reasons) (n=0)

Discontinued intervention (give reasons)
(n=0)

Allocated to intervention (n=105)
• Received allocated intervention (n=105)
• Did not receive allocated intervention (give 

reasons) (n=0)

Analysed (n=105)
• Excluded from analysis(n=105)

Allocation

Analysis

Follow-Up

Randomized (n=213)

Enrollment

Figure 1.
Consort Flow Diagram (http​s://w​ww.eq​uator​-netw​ork.o​rg/re​porti​ng-gu​ideli​nes/c​onsor​t/).
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with analysis results of p < .05 were considered significant. 
The effect size of the results in which a statistically significant 
difference was determined in the study was calculated using 
Cohen’s d.

Ethical Considerations
Written permission was obtained from the Eskişehir Osmangazi 
University Clinical Research Ethics Committee (Approval No: 
E-805 58721 -050. 99-19 4216, Date: June 30, 2021), and 
written permission with the number E-22205031-799 dated 
April 9, 2021, was obtained from the relevant hospital prior to 
the study. Written informed consent was obtained from the 
patients included in the study after the required information 
was provided about the purpose of the study and the method 
of application. 

Results

Characteristics of Patients
In the present study, 69.5% of the patients were male; 52.9% 
of them had elementary school level of education and 86.7% 
of the patients were married. According to the International 
Statistical Classification of Diseases (ICD) codes, the cause of 
hospitalization for majority of the patients was (70.4%) chest 
pain. The distribution of gender, education level, marital sta-
tus, ICD code, presence of chronic disease, type of disease of 
patients with chronic disease, smoking, alcohol use, previous 
coronary angiography, PCI type, and blood pressure control 
status was homogeneous among the groups (p > .05) (Table 1).

The age average of the patients in the CSP group was 57.28 
± 11.46 years, and the age average of the patients in the NSP 
group was 58.03 ± 11.39 years. The two groups were similar in 
terms of body mass index, bleed​ing-c​oagul​ation​-rela​ted labora-
tory values, and mean age of the patients (p > .05) (Table 2). It 
was detected within the scope of the study that 56.1% of the 
patients were treated with LDA and 72.4% of them had coro-
nary angiography. The patients in the CSP and NSP groups were 
similar and homogeneous for the insertion vessel, the type of 
intervention, the diameter of the catheter, the number of inter-
ventions, the length of stay of the sheath catheter, the use of 
heparin, and the dose of heparin used (p > .05) (Table 3).

Percutaneous Coronary Intervention-Induced Vascular 
Complications of Patients
No major bleeding developed in the study sample. Minor bleed-
ing developed at the femoral catheter insertion site of 54.8% 
of the patients at the first hour, 26.7% of patients at the 
second hour, 3.8% of patients at the third hour, and 0.5% of 
patients at the fourth hour. However, less minor bleeding was 
detected in the CSP group when compared to the NSP group at 
the second, third and 12th hours after PCI (p < .001, p = .0031, 
p = .013, respectively) (Table 4). It was detected that hema-
toma developed in the femoral region with a ratio of 1% in the 
first hour, 1.4% in the second hour, 1.9% in the third hour, and 
2.4% in the fourth hour after PCI. This rate decreased in the 
following hours and there was no difference between the two 
groups in terms of hematoma development at all time points 
when the hematoma development status was controlled (p > 
.05) (Table 5). The ecchymosis diameters measured at the first, 

Table 1.
Distribution of the Patients According to Sociodemographic and 
Medical Variables (N = 210)

Variable

CSP
(n = 105)

NSP
(n = 105)

Total 
(n = 210) Statistical 

Analysis
Probabilityn % n % n %

Gender
  Female 34 32.4 30 28.6 64 30.5 χ2 = 0.360

p = .549  Male 71 67.6 75 71.4 146 69.5
Education level
  Illiterate 6 5.7 6 5.7 12 5.7 χ2 = 1.841

p = .765  Elementary 
school

56 53.3 55 52.4 111 52.9

  Middle school 11 10.5 10 9.6 21 10.0
  High school 22 21.0 18 17.1 40 19.0
  University 10 9.5 16 15.2 26 12.4
Marital status
  Married 92 87.6 90 85.7 182 86.7 χ2 = 0.165

p = .685  Single 13 12.4 15 14.3 28 13.3
ICD code*
  Hypertension 2 1.8 1 0.8 3 1.3 χ2 = 4.681

p = .322  Chest pain 77 69.4 85 71.4 162 70.4
  Cardiac 

arrhythmia
12 10.8 5 4.3 17 7.4

  Tiredness 11 9.9 15 12.6 26 11.3
  Dyspnea 9 8.1 13 10.9 22 9.6
Chronic disease
  Yes 73 69.5 73 69.5 146 69.5 χ2 = 0.000

p = 1.000  No 32 30.5 32 30.5 64 30.5
Diagnosis of patients with chronic diseases
  DM 7 9.6 5 6.8 12 8.2 χ2 = 4.933

p = .424  HF 6 8.2 5 6.8 11 7.6
  HT 21 28.8 29 39.8 50 34.2
  COPD - - 1 1.4 1 0.7
  Cancer 2 2.7 - - 2 1.4
  Multiple 37 50.7 33 45.2 70 47.9
Smoking
  Yes 34 32.4 43 41.0 77 36.6 χ2 = 1.661

p = .436  No 48 45.7 42 40.0 90 42.9
  Quit 23 21.9 20 19.0 43 20.5
Alcohol use
  Yes 9 8.6 9 8.6 18 8.6 χ2 = 0.000

p = 1.000  No 96 91.4 96 91.4 192 91.4
Previous PCI
  Yes 29 27.6 40 38.1 69 32.9 χ2 = 2.612

p = .106  No 76 72.4 65 61.9 141 67.1
Blood pressure control with HT
  Yes 24 41.4 28 45.2 52 43.3 χ2 = 0.175

p = .676  No 34 58.6 34 54.8 68 56.7

ICD: International Statistical Classification of Diseases and Related 
Health Problems.
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Table 2.
Distribution of the Patients According to the Groups for Age, Body Mass Index, and Some Laboratory Values (N = 210)

Variable

CSP (n = 105) NSP (n = 105) Statistical Analysis
ProbabilityX ± S.S. Median (IQR) X ± S.D. Median (IQR)

Age (years) 57.28 ± 11.46 58.5 (15.0) 58.03 ± 11.39 59.0 (17.0) t = −0.475
p = .635

BMI (kg/m2) 29.71 ± 5.05 29.3 (5.7) 29.21 ± 4.35 29.1 (6.1) t = 0.766
p = .445

Platelet (mm3) 257346.15 ± 57865.39 255500 (75750) 249764.15 ± 54009.8 254000 (96000) Z = −0.592
p = .554

PT (seconds) 50.03 ± 245.95 25.6 (3.8) 25.48 ± 3.35 24.8 (4.2) Z = −1.029
p = .303

PTT (seconds) 12.22 ± 1.46 12.4 (1.8) 12.27 ± 1.45 12.3 (1.4) Z = −0.207
p = .836

INR 1.00 ± 0.09 1.0 (0.1) 1.02 ± 0.09 1.0 (0.1) Z = −1.552
p = .121

Note: t = Independent sample t-test; Z = Mann–Whitney U-test. BMI: Body mass index. INR: International normalized ratio

Table 3.
Distribution of the PCU Characteristics of the Patients According to the Groups (N = 210)

Variable

CSP (n = 105) NSP (n = 105) Total (N = 210)

Statistical Analysis Probabilityn % n % N %

PKG vessel
χ2 = 1.753
p = .416  LDA 21 53.8 25 58.1 46 56.1

  RCA 13 33.4 16 37.2 29 35.4

  CX 5 12.8 2 4.7 7 8.5

Intervention χ2 = 1.525
p = .217  PCI 80 76.0 72 68.9 152 72.4

  PCI + PTCA 25 24.0 33 31.1 58 27.6

Catheter diameter #

  6F 105 100.0 105 100.0 210 100.0

Number of procedures χ2 = 1.844
p = .174  1 104 99.0 101 96.2 205 97.6

  2 1 1.0 4 3.8 5 2.4

Sheath catheter duration χ2 = 3.723
p = .155   <1 hour 70 66.7 57 54.3 127 60.5

  1–4 hours 22 21.0 27 25.7 49 23.3

  >4 hours 13 12.3 21 20.0 34 16.2

Heparin χ2 = 0.897
p = .343  Yes 24 22.9 30 28.6 54 25.7

  No 81 77.1 75 71.4 156 74.3

Heparin dose χ2 = 2.658
p = .265  5000 units 8 33.3 5 16.7 13 24.1

  10,000 units 16 66.7 25 83.3 41 75.9

Note:LDA: Left coronary artery. RCA: Right coronary artery. CFX: Circumflex artery. PCI: Percutaneous coronary intervention. PTCA: Percutan trans-
luminal coronary angioplasty. χ2 = Pearson χ2.
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second, third, fourth, fifth, sixth, 12th, and 24th hours of the 
CSP group patients after PCI were significantly smaller than 
the ecchymosis diameters of the NSP group (p < .05) and the 
effect size of this result was large (d > .8) (Table 5).

Percutaneous Coronary Intervention-Induced Pain Level of 
Patients
The severity of pain evaluated with the visual analog scale was 
found to be lower in the CSP patients than in the NSP patients 
at the first, second, third, fourth, fifth, sixth, 12th, and 24th 
hours (p < .001) and the effect size of the result determined in 
the first five hours was wider (d) > 0.8) (Table 6).

Discussion

In this study, the results of the effect of cold sand pack 
applied on the femoral region after PCI on bleeding, hema-
toma, ecchymosis, and pain were reported. No major bleeding 
was detected in the femoral catheter insertion site after PCI in 
this study. However, minor bleeding developed in 81.5% of the 

patients in the first two hours, and 3.8% of the patients devel-
oped bleeding after the third hour with gradually decreasing 
rates. Hematoma was present with ratios varying between 1% 
and 2.4% within the first 24 hours in all patients. It has been 
reported in the literature that the risk of major bleeding due to 
PCI is low (Loh et al., 2014; Natsuaki et al., 2018; Özger & Olgun, 
2009). The incidence of major bleeding after PCI varies between 
%0.6 (Özger & Olgun, 2009), 1.6% (Loh et al., 2014), and 3.1% 
(Numasawa et  al., 2017). The hematoma ratio was detected 
between 5% and 23% (Bektaş, 2017; Merriweather & Sulzbach-
Hoke, 2012; Özger & Olgun, 2009). However, it was detected 
as 27.1% (Numasawa et al., 2017) and 50% (Sayed Ibraheem, 
2016) in some studies. The prevalence of vascular complications 
after PCI is affected by the use of anticoagulants, the length of 
stay of sheat catheter in the femoral artery, advanced age, gen-
der, the presence of hypertension, the type of intervention, the 
duration of manual compression, physician experience (Açıkel 
et al., 2010; Loh et al., 2014; Rolley et al., 2011), chronic kidney 
failure, heart failure, diabetes, and so on (Natsuaki et al., 2018) 
The development of bleeding, hematoma, and ecchymosis was 

Table 4.
Distribution of Bleeding Status of Patients After PCI According to Groups (N = 210)

Bleeding Status

CSP (n = 105) NSP (n = 105) Total (N = 210) Statistical Analysis
Probabilityn % n % N %

Assessment 
time

First hour

  Yes 51 48.6 64 61.0 115 54.8 χ2 = 3.249

  No 54 51.4 41 39.0 95 45.2 p = .071

Second hour

  Yes 13 12.4 43 41.0 56 26.7 χ2 = 21.916

  No 92 87.6 62 59.0 154 73.3  p < .001

Third hour

  Yes 1 1.0 7 6.7 8 3.8 χ2 = 4.678

  No 104 99.0 98 93.3 202 96.2 p = .031

Fourthhour

  Yes - - 1 1.0 1 0.5 χ2 = 1.005

  No 105 100.0 104 99.0 209 99.5 p = .316

Fifth hour

  No 105 100.0 105 100.0 210 100.0 #

Sixth hour

  Yes - - 2 1.9 2 1.0 χ2 = 2.019

  No 105 100.0 134 98.1 208 99.0 p = .155

12th hour

  Yes - - 6 5.7 6 2.9 χ2 = 6.176

  No 105 100.0 99 94.3 204 97.1 p = .013

24th hour

  Yes - - 1 1.0 1 0.5 χ2 = 1.005

  No 105 100.0 104 99.0 209 99.5 p = .316

Note: Values in bold indicate statistical significance. 
χ2 = Pearson χ2.
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not evaluated according to these factors, and the patients in 
the NSP and CSP groups were similar to each other in terms of 
some of these characteristics.

It was detected in this study that the cold sand pack applied for 
the first 20 minutes after PCI prevented minor bleeding in the 
femoral catheter region, reduced the diameter of the ecchy-
mosis and reduced the severity of pain when compared to the 
normal sand pack. It was determined that the effect size of the 
20-minute cold sand pack application on the curative effect of 
the ecchymosis diameter and pain intensity was larger. It was 
thought that this result was due to the vasoconstriction and 
analgesia effects of cold. It is stated in the literature that cold 
is used to control bleeding due to its vasoconstriction effect 
(Kurt & Kaşıkçı, 2019; Sayed Ibraheem, 2016).

It was stated previously that pressure and cold applications 
are effective (Bektaş, 2017; Moeinian et al., 2020; Robertson 
et  al., 2016), in addition to pressure applications, after the 
procedure in preventing possible vascular complications 

due to trauma deliberately created on the vessel wall during 
the PCI procedure, and in maintaining hemostasis (Bayındır 
et  al., 2017; Çürük et  al., 2017; Ginanjar et  al., 2018; Kurt & 
Kaşıkçı, 2019; Valikhani et al., 2020; Wentworth et al., 2013; 
Wicaksono et  al., 2020). However, no study could be found 
in which both pressure and cold packs were applied by using 
a single material to prevent vascular complications after PCI. 
Previous studies included manual applications of pressure 
with an ice pack (Bayındır et  al., 2017; Çürük et  al., 2017), a 
sand pack application along with the ice pack (Kurt & Kaşıkçı, 
2019; Valikhani et al., 2020), and sand pack applications along 
with the cold packs (Ginanjar et al., 2018). It was reported in 
two of these studies that ice packs and sand packs applied 
together were significantly more effective than the sand pack 
application alone (Ginanjar et al., 2018; Kurt & Kaşıkçı, 2019). 
It was reported that combined use of the cold pack and 
pressure to the femoral catheter area prevented hematoma 
(Ginanjar et al., 2018; Sayed Ibraheem, 2016). Another study 
reported that there was no significant difference in terms of 
hematoma between the ice pack, sand packet and patient 

Table 5.
Distribution of Hematoma Status of Patients After PCI According to Groups (N = 210)

Hematoma Status

CSP (n = 105) NSP (n = 105) Total (N = 210) Statistical Analysis* 
Probabilityn % n % N %

Assessment 
time

First hour

  Yes 1 1.0 1 1.0 2 1.0 χ2 = 0.000

  No 104 99.0 104 99.0 208 99.0 p = 1.000

Second hour

  Yes 1 1.0 2 1.9 3 1.4 χ2 = 0.338

  No 104 99.0 103 98.1 207 98.6 p = .561

Third hour

  Yes 1 1.0 3 2.9 4 1.9 χ2 = 1.019

  No 104 99.0 102 97.1 206 98.1 p = .313

Fourth hour

  Yes 1 1.0 4 3.8 5 2.4 χ2 = 1.844

  No 104 99.0 101 96.2 205 97.6 p = .174

Fifth hour

  Yes 1 1.0 3 2.9 4 1.9 χ2 = 1.019

  No 104 99.0 102 97.1 206 98.1 p = .313

Sixth hour

  Yes 1 1.0 1 1.0 2 1.0 χ2 = 0.000

  No 104 99.0 104 99.0 208 99.0 p = 1.000

12th hour

  Yes 1 1.0 1 1.0 2 1.0 χ2 = 0.000

  No 104 99.0 104 99.0 208 99.0 p = 1.000

24th hour

  Yes 1 1.0 1 1.0 2 1.0 χ2 = 0.000

  No 104 99.0 104 99.0 208 99.0 p = 1.000

Note: χ2 = Pearson χ2.
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groups without any intervention (Çürük et al., 2017). On the 
other hand, King et al. (2008) proved that cold application had 
a curative effect in patients who had hematoma two hours 
after cardiac catheterization by reducing the hematoma 
diameter. The application carried out in this research, a 5 kg 
sand pack was cooled in the freezer and the temperature was 
kept at ±18.9°C, and both the cold and pressure applications 
were done with a single material. Although hematoma rates 
were lower in the CSP group in this study, this difference was 
not statistically significant. The reason may be the lower tem-
perature of the ice pack used for the cold application in some 
studies (Kurt & Kaşıkçı, 2019; Valikhani et al., 2020) than the 
temperature of the sand pack used in the present study, as 

well as the repeated four-time application of the ice packs 
(Valikhani et al., 2020).

It was detected in the 24-hour follow-up of ecchymosis diame-
ters of the patients of this study that the ecchymosis diameters 
in the femoral catheter region of the CSP group were smaller 
than the ecchymosis diameters of the patients in the NSP 
group. It was observed in a previous study that the combined 
application of the ice and sand packs significantly reduced the 
ecchymosis diameter when compared to only using a sand pack 
(Kurt & Kaşıkçı, 2019). However, it was found that the preva-
lence of ecchymosis development decreased more when com-
pared to manual pressure and ice pack applications (Çürük et al., 

Table 6.
Distribution of Ecchymosis Status and Pain Scores of Patients After PCI According to Groups (N = 210)

Variable

CSP (n = 105) NSP (n = 105) Statistical 
Analysis 

Probability Effect size dX ± S.D. Median (IQR) X ± S.D. Median (IQR)

Assessment 
time

Ecchymosis diameter (mm)

First hour 11.00 ± 3.16 10.0
(0.0)

18.00 ± 8.34 20.0
(10.0)

Z = −2.563
p = .010

1.110

Second hour 10.91 ± 3.01 10.0
(0.0)

18.18 ± 7.95 20.0
(10.0)

Z = −2.900
p = .004

1.209

Third hour 10.77 ± 2.77 10.0
(0.0)

20.38 ± 8.23 20.0
(20.0)

Z = −3.696
p < .001

1.565

Fourth hour 11.67 ± 3.89 10.0
(0.0)

21.61 ± 8.60 20.0
(10.0)

Z = −3.706
p < .001

1.489

Fifth hour 13.08 ± 6.30 10.0
(5.0)

22.66 ± 10.19 20.0
(10.0)

Z = −3.041
p = .002

1.130

Sixth hour 12.86 ± 6.11 10.0
(3.0)

22.52 ± 10.43 20.0
(15.0)

Z = −3.129
p = .002

1.130

12th hour 11.78 ± 5.98 10.0
(0.0)

23.71 ± 10.31 20.0
(10.0)

Z = −4.083
p < .001

1.427

24th hour 11.74 ± 6.62 10.0
(0.0)

26.29 ± 11.90 30.0
(20.0)

Z = −4.225
p < .001

1.511

Pain score

Assessment 
time

First hour 1.96 ± 1.35 2.0
(2.0)

4.08 ± 1.91 4.0
(3.0)

Z = −8.088
p < .001

1.281

Second hour 1.50 ± 1.18 1.0
(1.0)

3.45 ± 1.73 4.0
(2.0)

Z = −8.062
p < .001

1.317

Third hour 1.00 ± 1.12 1.0
(2.0)

2.85 ± 1.70 3.0
(2.0)

Z = −7.775
p < .001

1.285

Fourth hour 0.49 ± 0.88 0.0
(1.0)

2.08 ± 1.73 2.0
(3.0)

Z = −7.059
p < .001

1.159

Fifth hour 0.26 ± 0.65 0.0
(0.0)

1.34 ± 1.64 1.0
(3.0)

Z = −5.366
p < .001

0.866

Sixth hour 0.15 ± 0.50 0.0
(0.0)

0.93 ± 1.42 1.0
(2.0)

Z = −4.639
p < .001

0.733

12th hour 0.14 ± 0.45 0.0
(0.0)

0.75 ± 1.24 1.0
(2.0)

Z = −3.966
p < .001

0.654

24th hour 0.13 ± 0.44 0.0
(0.0)

0.69 ± 1.14 1.0
(1.0)

Z = −4.068
p < .001

0.648

Note: t = Independent sample t-test; Z = Mann–Whitney U-test.
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2017). Furthermore, lower minor bleeding rates were observed 
in patients for whom cold and pressure applications were per-
formed at the same time by different materials (Bayındır et al., 
2017). The evaluation of the research findings and the results 
of the studies revealed that cold and pressure applied at the 
same time are effective in reducing the rate of minor bleeding 
and in keeping the ecchymosis diameter smaller. Based on this 
result, this research offers a practical solution of a single mate-
rial obtained by cooling the sand pack in the freezer to apply 
both cold and pressure.

It was detected in this study that cold sand packs applied for the 
first 20 minutes after sheat catheter removal in PCI patients was 
more effective in relieving pain in the femoral catheter insertion 
area when compared to normal sand packs. Considering that the 
20-minute cold sand packs applied to the CSP group patients 
had a direct pain-relieving effect through the door control mech-
anism (Kazan, 2011), it is acceptable that the pain scores of the 
CSP group were significantly lower in the first hour when com-
pared to the NSP group. However, the reason for the lower pain 
scores in the later hours in the CSP group, which did not apply 
cold pressure after the first 20 minutes, may be associated with 
indirect effect of the cold. It may be considered that the cold 
indirectly exerts a pain-relieving effect by reducing the trauma-
related swelling and muscle spasm on the femoral region due 
to PCI. Moreover, this assumption is supported by the fact that 
fewer hematoma occurrences, fewer minor bleeding occurrences 
and smaller ecchymosis diameters were observed in the CSP 
group than the NSP group. Along with the evidence supporting 
this result in the literature (Alikhani et al., 2020; Çürük et al., 2017; 
Kurt & Kaşıkçı, 2019; Wicaksono et al., 2020), it may be concluded 
that cold compression applied after PCI reduces pain.

Study Limitations
This study is the limitation of only including patients who under-
went PCI through the femoral artery. This limitation prevents 
generalization of the results of the study to the prevention of 
PCI-related minor bleeding, ecchymosis, and pain performed 
through the radial and brachial routes. The strength of this 
study is that it is a randomized controlled study.

Conclusion and Recommendations

According to the obtained information, this study is the first 
randomized controlled study to evaluate the effect of cold sand 
packs on vascular complications and pain associated with PCI.

Nurses can apply both pressure and cold in one session to pre-
vent bleeding and ecchymosis, and to reduce pain associated 
with the procedure by placing a sand pack cooled in the freezer 
at 18°C to 20°C for 20 minutes immediately after PCI through 
the femoral artery. The use of a cold sand pack for this process 
does not impose any economic burden on the patient or the 
health institution; however, it is also practical to use.
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