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Abstract: Background: Forearm hematomas are not uncommon after transradial coronary interventions. The pres-
ent study describes the incidence and predictors of forearm hematoma formation after transradial coronary inter-
ventions. Methods: This was a prospective study in 1754 patients undergoing angiography/angioplasty through 
transradial access. Each procedure was performed using optimum levels of anticoagulation, hydrophilic sheaths, 
and post-procedural patent hemostasis protocols. Patients were evaluated for forearm hematoma immediately af-immediately af-
ter the procedure, after radial band removal, and on the next day of the procedure. Severity of hematomas was 
graded according to the Early Discharge after Transradial Stenting of Coronary Arteries Study scale. Univariate and 
multivariate logistic regression analyses were done to determine the predictors of hematoma formation. Results: 
Mean age of the patients was 56.31 years and 82.2% were males. A total of 1374 (78.3%) patients underwent 
angioplasty while 380 (21.7%) underwent angiography. Forearm hematoma developed in 187 (10.7%) patients. 
Grade I hematoma was most common (3.53%) followed by Grade II (3.08%), Grade III (2.83%) and Grade IV (1.25%) 
hematoma. None of the patients required vascular or surgical interventions for this complication. Female gender, 
multiple puncture attempts, intensive antiplatelet therapy, complex procedure and longer hemostasis time were sig-
nificant predictors of forearm hematoma formation post transradial coronary interventions. Conclusions: Forearm 
hematoma developed in substantial proportion of patients undergoing transradial coronary interventions and inter-
ventional variables were predominantly associated with hematoma formation. Pre-emptive knowledge of modifiable 
interventional risk factors can help in reducing the burden of this complication.
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Introduction

Cardiac catheterization procedures, both diag-
nostic and therapeutic, primarily involve the 
transfemoral or the transradial approach. Since 
last two decades, transradial coronary inter-
vention (TCI) has become more popular owing 
to its minimal invasive nature, ease of perfor-
mance, minimum patient discomfort, early 
ambulation, shorter duration of hospital-stay, 
and potentially low cost and reduced risk of 
morbidity and mortality [1-3]. Due to the super-
ficial and readily compressible location of the 
radial artery, transradial access is associated 
with minimum complications when compared 

to other access sites for cardiac catheteriza-
tion. However, radial artery spasm/occlusion at 
access site and forearm hematoma are known 
complications associated with TCI. Incidence of 
forearm hematoma after TCIs ranges from 0.3% 
to 33%, although the incidence rates for a large 
forearm hematoma requiring blood transfu-
sions or vascular surgery are negligible [4-6]. In 
most of the cases, it is reported as a complica-
tion only when it requires an intervention. 
However, it is an established fact that even a 
smaller unresolved haematoma could lead to 
severe complications like compartment syn-
drome [5, 7, 8].
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Well-designed trials have not been conducted 
to study the occurrence of forearm hematoma 
after TCI procedures and experience for these 
hematomas has largely derived from previous 
single-centre reports [9]. There are currently no 
registries for reporting this complication after 
TCI.

Considering the limited available data for this 
complication, the current study was aimed to 
bring in more understanding of forearm haema-
toma as a complication of transradial cardiac 
catheterization. This study was done to under-
stand the true burden of forearm haematoma, 
its severity and possible predictors.

Material and methods

This was a prospective observational study 
conducted between October 2018 and Sep- 
tember 2019, at the King George Medical 
University, Lucknow, a tertiary care centre in 
India. The study was conducted in compliance 
with the International Ethical Guidelines for 
Biomedical Research Involving Human Sub- 
jects, Good Clinical Practice Guidelines, the 
Declaration of Helsinki, and local laws. All 
patients or their family members provided a 
written informed consent. The study protocol 
was approved by the Institutional Ethics 
Committee (95th ECM 11B-Thesis/P51, 11/01 
2016).

Study population

The study enrolled consecutive patients (aged 
>18 years) who were diagnosed with acute cor-
onary syndrome or stable coronary artery dis-
ease and were referred for diagnostic and/or 
therapeutic coronary catheterization. Patients 
who were planned through transradial route for 
coronary catheterization and had a normal 
Barbeau test were finally included. Patients 
with a negative Allen’s test, failed puncture of 
the radial artery, post coronary artery bypass 
surgery, decompensated heart failure, severe 
valvular disease, severe sepsis, prior history of 
transradial procedures, local site infections, 
high bleeding risk, cardiogenic shock, hemody-
namic instability, glomerular filtration rate (GFR) 
<30 ml/minute/m2, and patients on hemodialy-
sis and those requiring a switch to transfemoral 
access were excluded. For study purposes, 
high risk of bleeding was defined as platelet 
count <70000 cells/mm3 or use of anticoagu-
lants with INR >2.5.

Detailed medical history, demographic charac-
teristics, biochemical parameters, echocardio-
graphic and procedural characteristics were 
recorded for every patient. Routine hemogram 
and renal function tests were done for all 
patients. Serum creatinine level ≥1.5 mg/dl 
was defined as renal dysfunction for study pur-
pose. Coronary interventional procedures were 
performed as per standard practical guidelines 
and were performed by well-versed interven-
tional cardiologists with radial interventions.

Transradial access and procedure

The percutaneous access site was prepared 
sterile and anesthetized using 2% lidocaine. 
Transradial access was established by using 
5F, 6F, 7F sheaths (Radifocus introducer II; 
Terumo, Japan). All patients received 200 µg of 
nitroglycerin and 5 mg of verapamil intra-arteri-
ally through the introducer sheath. Patients 
who were planned for diagnostic angiogram 
received 5000 IU unfractionated heparin (UFH) 
through the arterial sheath. For urgent percuta-
neous coronary interventions (PCI), an addition-
al bolus of UFH was administered according to 
patient’s weight. For elective PCIs, 100 IU/Kg 
of UFH was administrated through the sheath 
before introducing the guiding catheter. Addi- 
tional boluses were then added intravenously 
according to the physician’s choice.

After angiography or angioplasty procedures, 
hemostasis was achieved by following the pat-
ent hemostasis protocol [10]. A plethysmo-
graphic probe was attached to the index finger 
and a TR band (Terumo, Japan) with a small 
green box indicator was placed proximal to the 
radial artery puncture site in the forearm. The 
sheath was removed, and total occlusion of 
radial artery was achieved by inflating the com-
pression balloon with 18 ml of air. The ulnar 
artery was manually compressed to block the 
flow in the palmar arch and compete loss of ple-
thysmographic signals at this stage suggested 
total occlusion of antegrade flow from the radi-
al artery. Pressure in the compression balloon 
of the TR band was gradually reduced by 
decreasing the amount of air in steps of 1 ml 
until the return of pulsatile plethysmographic 
signals or occurrence of bleeding. If bleeding 
occurred during this process, pressure in the 
compression balloon was again slightly incre- 
ased by injecting about 1 ml of air to ultimately 
achieve radial artery compression with “patent 
hemostasis”. Presence of pulsatile plethysmo-
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SD for continuous variables. Data were com-
pared for patients who developed and those 
who did not develop a hematoma. Continuous 
variables were compared using the Student’s 
t-test and categorical values were compared 
using the Chi-square test. Potential risk factors 
for hematoma formation were assessed using 
a univariate followed by a multivariate logistic 
regression analysis. Odds ratio (OR) and the 
inclusive 95% confidence intervals (CI) were 
estimated for all significant variables. All tests 
were performed as 2-sided at 5% level of sig-
nificant (P<0.05). All data were analysed using 
Statistical Package for Social Sciences (SPSS, 
Chicago, USA) version 21.0.

Results

Baseline and demographic characteristics

A total of 1754 consecutive patients underwent 
TCI, 380 (21.7%) having angiography alone. The 
flowchart of study patients is depicted in Figure 
1. Mean age of the patients was 56.31±10.58 
years and majority of the patients were males 
(82.2%). The demographic and clinical charac-
teristics of all patients are presented in Table 
1. About one-third of the patients were smok-
ers (32.5%) or had diabetes (35.5%) or hyper-
tension (38.0%).

Procedural characteristics

Table 1 shows the procedural characteristics 
for patients with and without the development 
of a hematoma after TCI. A radial sheath of 6F 
was used in most (77.95%) patients. About 
37% patients needed multiple puncture at- 
tempts and more than two-third (77.9%) pa- 
tients needed a contrast volume of 100 ml or 
more.

Forearm hematoma

Forearm hematoma was reported in 187 
(10.7%) patients. Maximum (n=62; 3.53%) had 
Grade I haematoma followed by Grade II (n= 
54; 3.08%), Grade III (n=49; 2.83%) and Grade 
IV (n=22; 1.25%). None of the patients devel-
oped compartment syndrome (Grade V hema-
toma). All patients with hematoma formation 
were successfully managed conservatively by 
manual or device compression, reversal of  
anticoagulation, and occlusive haemostasis 
according to the grade and progression of the 

graphic signals from the index finger while man-
ually compressing the ipsilateral ulnar artery 
indicated patent radial artery hemostasis. The 
patency of the radial artery was checked at 
least once every 15 minutes. The TR wrist band 
was removed as soon as compression balloon 
was deflated without puncture site bleeding. A 
light pressure bandage was applied. All patients 
were encouraged to squeeze and release the 
hand and to keep the arm in an elevated posi-
tion during the entire compression period.

Procedural details like diagnostic or therapeu-
tic procedure, number of attempts for radial 
artery access, sheath size, procedure time, IV 
heparin dose, type of antiplatelet drugs used, 
use of Glycoprotein IIb/IIIa inhibitors, number 
of catheter exchange, type of coronary lesion 
(chronic total occlusion, bifurcation lesion), 
contrast volume, and post procedure hemosta-
sis time were noted. Radial access in 2 or more 
attempts was labelled as multiple attempts. 
Procedure time >60 minutes, >3 catheters 
exchange, chronic total and bifurcation coro-
nary lesion interventions were considered com-
plex procedures. Intensive antiplatelet therapy 
was defined as use of dual antiplatelet therapy 
containing ticagrelor or prasugrel and/or use of 
Glycoprotein IIb/IIIa inhibitors.

Follow-up for hematoma

All patients were closely observed for the de- 
velopment of forearm or arm haematoma 
immediately after the procedure, after radial 
band removal and on the next day of the proce-
dure. Any incidence of pain or swelling at the 
local site was reported. Local haematoma was 
graded according to the severity based on the 
EArly Discharge after Transradial Stenting of 
CoronarY Arteries Study (EASY) hematoma 
scale: (i) Grade-I, <5 cm in diameter (nonsignifi-
cant); (ii) Grade-II, 5-10 cm diameter (mild); (iii) 
Grade-III, >10 cm but distal to the elbow (mod-
erate); (iv) Grade-IV, extending above the elbow 
(severe); and (v) Grade-V, anywhere with 
ischemic threat to the hand (compartment  
syndrome) [11]. All patients were followed-up 
every 2 weeks after discharge, till hematoma 
resolution.

Statistical analysis

Data were expressed as numbers and propor-
tions for categorical variables and as mean ± 
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hematoma. At discharge, the hematoma re- 
solved in majority of the patients (n=158; 
84.5%) and only 29 (15.5%) patients had a 
residual hematoma.

There were no significant age differences in 
patients who did and who did not develop a 
hematoma. Most patients who developed a 
hematoma were males, required multiple punc-
ture attempts, and received a 7F sheath. More 
patients who developed a hematoma received 
intensive antiplatelet therapy and underwent a 
complex procedure when compared to those 
who did not (31.6% vs. 15.3% and 18.2% vs. 
6.5%, respectively) (Table 1).

Predictors of forearm hematoma formation

On univariate analysis, female gender (OR: 
1.936; 95% CI: 1.369-2.738), haemostasis 
time >360 minutes (OR: 1.004; 95% CI: 1.002-
1.005), multiple puncture attempts (OR: 1.953; 
95% CI: 1.440-2.649), larger sheath size (OR: 
0.964; 95% CI: 0.665-1.398), intensive anti-
platelet treatment (OR: 2.549; 95% CI: 1.818-
3.572), and complex nature of procedure (OR: 
3.192; 95% CI: 2.092-4.869) were predictors 
for post TCI hematoma formation (Table 2). 
Multivariate analysis yielded similar predictors 
(Figure 2). Clinical factors like age, presence of 
risk factors like hypertension, diabetes melli-

Figure 1. Flowchart of patient enrolment in the study.
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tus, smoking, angiogram or angioplasty, low 
GFR (<60 ml/min/1.73 m2), body weight, hae-
moglobin and creatinine levels were not predic-
tors for hematoma formation.

Discussion

Forearm hematomas are a unique complication 
of TCI. To the best of our knowledge, present 

Table 1. Characteristics of study population and incidence of forearm hematoma with different 
clinico-demographic factors

Patient characteristics Total (n=1754)
Hematoma

Present (n=187) Absent (n=1567)
Age (mean ± SD, years) 56.3±10.6 56.2±11.3 56.3±10.5
Female, n (%) 312 (17.8%) 52 (27.8%) 260 (16.6%)
Body weight (mean ± SD, kg) 64.4±9.0 64.2±9.1 64.4±9.0
Hypertension, n (%) 666 (38.0%) 68 (36.4%) 598 (38.2%)
Diabetes mellitus, n (%) 622 (35.5%) 67 (35.8%) 555 (35.4%)
Smoking, n (%) 570 (32.5%) 70 (37.4%) 500 (31.9%)
Hemoglobin (mean ± SD, g/dl) 12.8±1.7 12.6±1.9 12.7±1.6
Serum Creatinine (mean ± SD, mg/dl) 1.06±0.46 1.02±0.26 1.06±0.47
GFR (mean ± SD, ml/min) 73.9±24.5 73.2+22.9 74.1±24.7
Homeostasis time, n (%)
    ≤360 min 802 (45.7%) 49 (26.2%) 753 (48.1%)
    >360 min 952 (54.3%) 138 (73.8%) 814 (51.9%)
GFR (ml/min), n (%)
    ≤60 542 (30.9%) 58 (31.0%) 484 (30.9%)
    >60 1212 (69.1%) 129 (69.0%) 1083 (69.1%)
Multiple puncture attempts, n (%)
    No 1091 (62.2%) 89 (47.6%) 1002 (63.9%)
    Yes 663 (37.8%) 98 (52.4%) 565 (36.1%)
Contrast volume (ml), n (%)
    <100 ml 388 (22.1%) 40 (21.4%) 348 (22.2%)
    ≥100 ml 1366 (77.9%) 147 (78.6%) 1219 (77.8%)
Sheath size, n (%)
    5F 378 (21.6%) 40 (21.4%) 338 (21.6%)
    6F 1367 (77.9%) 140 (74.9%) 1227 (78.3%)
    7F 9 (0.5%) 7 (3.7%) 2 (0.1%)
Antiplatelet treatment, n (%)
    Conventional 1455 (83.0%) 128 (68.4%) 1327 (84.7%)
    Intensive 299 (17.0%) 59 (31.6%) 240 (15.3%)
Heparin dose, n (%)
    5000 units 380 (21.7%) 40 (21.4%) 340 (21.7%)
    >5000 units 1374 (78.3%) 147 (78.6%) 1227 (78.3%)
Diagnostic vs. therapeutic procedure, n (%)
    Angiography 380 (21.7%) 40 (21.4%) 340 (21.7%)
    Angioplasty 1374 (78.3%) 147 (78.6%) 1227 (78.3%)
Complexity of procedure, n (%)
    Simple 1618 (92.2%) 153 (81.8%) 1465 (93.5%)
    Complex 136 (7.8%) 34 (18.2%) 102 (6.5%)
Continuous variables are reported in mean (standard deviation). GFR: Glomerular filtration rate; SD: Standard deviation. Inten-
sive antiplatelet therapy: Use of dual antiplatelet therapy containing ticagrelor or prasugrel and/or use of Glycoprotein IIb/IIIa 
inhibitors.
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study was largest single-centre prospective 
study which enrolled real-world patient popula-
tion to assess post TCI hematoma formation. In 
our study, forearm hematoma occurred in 
10.7% patients who underwent TCI. Similar 

branches. Tortuosity, spasm, or atherosclerotic 
lesions in the radial artery may increase the 
likelihood of a radial artery puncture and the 
subsequent development of a hematoma. Con- 
trary to the study by Garg et al., we report a 

Table 2. Binary logistic regression to evaluating predictors of forearm 
hematoma as a complication of transradial coronary intervention

Patient characteristics
Univariate Analysis

P-value
OR (95% CI)

Age (mean ± SD, years) 0.999 (0.985-1.013) 0.889
Female, n (%) 1.936 (1.369-2.738) <0.001
Body weight (mean ± SD, kg) 0.998 (0.981-1.015) 0.807
Hypertension, n (%) 0.926 (0.676-1.269) 0.632
Diabetes mellitus, n (%) 1.018 (0.742-1.397) 0.912
Smoking, n (%) 1.277 (0.932-1.749) 0.127
Hemoglobin (mean ± SD, g/dl) 0.953 (0.871-1.042) 0.287
Serum Creatinine (mean ± SD, mg/dl) 0.722 (0.423-1.231) 0.273
GFR (mean ± SD, ml/min) 0.998 (0.992-1.005) 0.629
Homeostasis time, n (%)
    ≤360 min
    >360 min 2.605 (1.853-3.663) <0.001
GFR (ml/min), n (%)
    ≤60 1.006 (0.725-1.396) 0.971
    >60
Multiple puncture attempts, n (%)
    No <0.001
    Yes 1.953 (1.440-2.649)
Contrast volume (ml), n (%)
    <100 ml 0.799
    ≥100 ml 1.049 (0.725-1.518)
Sheath size, n (%)
    5F 0.989 (0.684-1.432) 0.955
    6F 0.825 (0.581-1.173) 0.285
    7F 30.431 (6.274-147.594) <0.001
Antiplatelet treatment, n (%)
    Conventional <0.001
    Intensive 2.549 (1.818-3.572)
Heparin dose, n (%)
    5000 units 0.923
    >5000 units 1.018 (0.704-1.474)
Diagnostic vs. therapeutic procedure, n (%)
    Angiography 0.923
    Angioplasty 1.018 (0.704-1.474)
Complexity of procedure, n (%)
    Simple <0.001
    Complex 3.192 (2.092-4.869)
GFR: Glomerular filtration rate; OR: Odds ratio; SD: Standard deviation. Intensive anti-
platelet therapy: Use of dual antiplatelet therapy containing ticagrelor or prasugrel and/
or use of Glycoprotein IIb/IIIa inhibitors.

findings have been report-
ed in a recent study from 
North India by Garg et al. 
who used the EASY hema-
toma scale and reported a 
similar incidence of about 
10% in 520 patients who 
underwent TCI [9]. In previ-
ous studies, forearm hema-
toma has been reported 
with wide variability rang- 
ing from 0.3% to 33%; this 
is explained by the vary- 
ing and subjective defini-
tions of hematoma, lack  
of prospective multicentre 
studies, inclusion of highly 
variable patient popula- 
tion, and use of different 
type and level of anticoagu-
lation/antiplatelet therapy 
[4-6, 12-14].

In our study, most hemato-
mas were closer to the pun- 
cture area (Grade-I: 3.53% 
and Grade-II: 3.08%). Fe- 
wer patients developed a 
hematoma in the proximal 
forearm and arm (Grade- 
III: 2.83% and Grade-IV: 
1.25%) and no patients 
had a Grade-V hematoma. 
Access site hematomas 
are said to occur after the 
removal of arterial intro-
ducer sheath and the pro- 
ximal extension of bleed- 
ing from the access sites. 
Multiple puncture attempts 
and inadequate haemosta-
sis can possibly explain the 
occurrence of access site 
hematomas. More proximal 
forearm and arm hemato-
mas (Grades III and IV)  
can be caused by perfora-
tion of the radial artery or 
one or more of its small 
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higher incidence of Grade-IV hematomas (0.8% 
vs. 1.25%) [9].

We observed a high-resolution rate (84.5%) of 
haematoma after conservative management 
during the in-hospital period and only 15.5% 
patients were discharged with grade I/II residu-
al hematoma. In all these patients, the hemato-
mas completely resolved without further com-
plications at follow-up after two weeks of dis-
charge. Thus, findings of the present study are 
similar to those reported in previous studies 
with almost negligible rates of major forearm 
hematoma formation [4, 6, 15].

Predictors of forearm hematoma

Factors like clinical characteristics of patients 
and interventional features impact the develop-
ment of forearm hematoma after TCI. Both of 
these factors should be crucially considered 
before selection of radial artery access for cor-
onary catheterizations. Clinical factors like age 
[4, 9, 16], female gender [4, 17], body mass 
index [9], and renal dysfunction [4, 11] are 
reported as predictors for forearm hematoma 
formation after TCI in prior studies. Our study 
also found female gender as an independent 

predictor for hematoma formation; however, 
age, body weight, and renal dysfunction were 
not found to be significant predictors.

Various interventional factors are key predic-
tors of hematoma formation after TCI. In our 
study, intensive antiplatelet therapy, multiple 
puncture attempts, complex procedure, and 
longer time for haemostasis were significant 
independent predictors of hematoma forma-
tion (Figure 2). Earlier studies report similar 
predictors of forearm haematoma after TCI 
including intensive antiplatelet therapy [9], mul-
tiple puncture attempts [9], and longer duration 
or complexity of the procedure [4, 11], Dose  
of anticoagulation has shown variable effects 
on post TCI hematoma formation. A multicent- 
er, randomized study compared a high dose 
(100 IU/kg body weight) and a standard dose 
(50 IU/kg body weight) of heparin during 5F or 
6F coronary angiographies and reported no sig-
nificant differences for the formation of local 
hematomas [12]. In this study, local hemato-
mas in the radial artery were reported in 23.6% 
and 23.0% with the high (n=908) and standard 
(n=928) heparin doses, respectively. Similarly 
in our study, dose of heparin was not a predic-
tor for forearm hematoma after TCI. However, 

Figure 2. Forest plot based on multivariate logistic regression analysis showing predictors of forearm hematoma 
after transradial coronary intervention. CI: Confidence interval; OR: Odds ratio. Intensive antiplatelet therapy: Use of 
dual antiplatelet therapy containing ticagrelor or prasugrel and/or use of Glycoprotein IIb/IIIa inhibitors.
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we reported dose of heparin in form of >5000 
units or less than it. We did not record data for 
accurate total dose of heparin and any addi-
tional doses of heparin that may have been 
administered during prolonged procedures. On 
the contrary, Mattea et al. reported high intra-
procedural heparinization as well as higher 
value of post procedure activated clotting time 
(ACT) as a potential risk factors associated with 
post TCI haematoma formation [4]. Similarly, 
ACT values of <150 s (n=153), 150-249 s 
(n=528), and ≥250 s (n=156) were significantly 
(P<0.0004) associated with local hematoma 
formation in 5.8%, 4.7%, and 16.1% patients, 
respectively [13]. Cumulative dose of heparin 
(OR: 1.017, 95% CI: 1.011-1.023, P<0.0001) 
and ACT values (OR: 1.004, 95% CI: 1.001-
1.006, P=0.0004) were independent predic-
tors of occlusive hemostasis after transradial 
catheterizations for coronary procedures in an 
analysis of data collected prospectively for 837 
patients in an observational cohort registry 
[14]. Effect of sheath diameter on hematoma 
formation after TCI has been variably reported 
in different studies [4, 9, 11, 12]. We observed 
a significant association between use of 7F 
sheath and hematoma formation on univariate 
analysis (Table 1) but not on multivariate analy-
sis (Figure 2).

Study limitations

Our study has certain limitations for procedural 
and other factors which can potentially impact 
hematoma formation. In our study, radial artery 
angiogram or colour Doppler study was not 
done to assess the anatomy or diameter of the 
radial artery. We did not follow up on the prog-
ress of hematoma from beginning to discharge 
and have reported only maximum grade of 
hematoma during the in-hospital period. Use of 
thrombolytic agents before TCI, history of 
bleeding disorders, and periprocedural activ- 
ated clotting time value were not reported.  
Rate of radial artery spasm was not assessed 
which could influence the rate of hematoma 
formation.

Conclusions

Forearm hematoma is an easy to treat as well 
as preventable complication of TCIs but negli-
gence in identification and management may 
lead to catastrophic complications like com-

partment syndrome. Our study reported 10.7% 
cases of forearm hematoma but none of them 
required vascular or surgical interventions. 
Female gender, multiple puncture attempts, 
intensive antiplatelet therapy, complex proce-
dure, and longer hemostasis time were inde-
pendent predictors of forearm hematoma for-
mation after TCI.

The knowledge of possible risk factors can help 
to prevent hematoma formation after TCI and 
to formulate treatment strategies for hemato-
mas of different grades. Furthermore, appropri-
ate training, careful technique selection, timely 
recognition and immediate institution of cor-
rective measures might reduce the risk of 
development of severe forearm hematoma. In 
future, larger studies are required to validate 
and potentiate the findings of present study as 
well as to identify other possible risk factors.
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