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A b s t r a c t

Introduction: There is little information available on the clinical aspects, results, treatment and management of cardiac cathe-
terization-related retroperitoneal hematoma. Data on the subject are rather limited, and current publications are based on a limited 
number of retrospective cohort studies and case reports.

Aim: To perform a retrospective analysis of the demographic, clinical, and in-hospital results of patients who developed retro-
peritoneal hematoma (RPH) after cardiac catheterization (CC).

Material and methods: The cases of 124,064 patients who had CCs between January 2010 and October 2016 were retrospec-
tively analyzed. Patients diagnosed with RPH were classified into three groups depending on the method of treatment: conservative 
(group 1), endovascular stenting (group 2), and surgery (group 3). The independent risk factors, based on RPH-related mortality, 
were determined by logistic regression analysis.

Results: Of the 68 (0.054%) patients with RPH, 75% received conservative treatment, 13.2% underwent angiographic stent 
placement, and 11.7% had surgical treatment. Red blood cell packets (RBCPs) (p = 0.043), duration of hospitalization (p = 0.007), 
and mortality rates (p = 0.006) were statistically significantly higher in group 3 in comparison to the other groups. Multivariate 
subgroup analysis was conducted to determine mortality rates, with post-procedural highest creatinine ≥ 2 mg/dl and RBCPs ≥ 10 
established as independent risk factors.

Conclusions: Hemodynamically stable patients with no active hemorrhaging are shown to have good results with conservative 
treatment. We believe that endovascular methods should be used initially for hemodynamically unstable patients, while surgical 
treatment should be employed in cases where endovascular methods fail or abdominal compartment syndrome develops.
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Introduction
Retroperitoneal hematoma (RPH) most frequently oc-

curs as a complication of femoral arterial catheterization 
and pelvic or lumbar trauma. The number of serious ex-
tra-cardiac complications has been increasing in relation 
to the number of complex percutaneous coronary inter-
ventions (PCIs) performed. Major hemorrhaging complica-
tions, which are among the most common post-PCI com-
plications, are associated with prolonged hospitalization, 
morbidity, and mortality risks [1, 2]. Although some studies 
have reported that the incidence rate of post-PCI RPH var-
ied from 0.4% to 0.74%, the actual incidence rate could be 
higher because of unreported or undetected cases [3–5].

Contrary to other hemorrhaging areas, the retroper-
itoneal space can contain a  large volume of blood un-
til hypovolemic symptoms appear, an event that could 
lead to delayed diagnosis, morbidity, and mortal results 
[5]. Although there have been a number of studies on 
post-cardiac catheterization (post-CC) complications, 
the studies on RPH have been limited. As a  result, 
a suitable treatment for RPH patients has not yet been 
well defined.

Aim
The aim of this study was to apply a case-controlled 

study design in an analysis of the clinical reflections of 
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RPH, treatment procedure determinants, and factors af-
fecting mortality at a single center.

Material and methods
Study design
This retrospective observational study was conducted 

at Kartal Koşuyolu High Speciality and Training Hospital, 
a  tertiary-level training and research hospital. Informed 
consent documents were obtained from all the patients 
covered by the study for pre-procedural diagnosis and 
interventional coronary catheterization. Following the 
approval of Kartal Koşuyolu High Speciality and Training 
Hospital’s Board of Clinical Research Evaluation (Registra-
tion No; 2016.5/7-18), patients with CC-related RPH were 
included in the study. 

Study population and categorization
Inclusion criteria: cases with RPH following CCs that 

were conducted at our center between January 2010 and 
October 2016.

Exclusion criteria: cases with RPH unrelated to CC 
and patients with incomplete records.

The patients were divided into three groups depend-
ing on the method of treatment. Patients who received 
conservative treatment were assigned to group 1 (n = 51),  
those who had angiographic treatment were assigned to 
group 2 (n = 9), and those who underwent surgical treat-
ment were assigned to group 3 (n = 8). The diagnostic 
procedure scheme is shown in Figure 1. The subgroup 
analysis was conducted in two groups: those with mor-
tality (n = 14) and those without (n = 54).

Vascular closure devices
A  Bioabsorbable Polyglycolic Plug (EXOSEAL, Cordis 

Corporation, Bridgewater, NJ, USA) or a sutured (Perclose 
ProGlide; Abbott Vascular, Redwood Shores, Calif.) vascu-
lar closure device (VCD) was used to repair the femoral 
artery puncture defect depending on the operator prefer-
ence in selected patients.

Data
Data for the study were collected using standardized 

definitions and a non-standardized data collection form. 

Data on the patients’ pre-CC age, sex, comorbidity, CC 
indication, weight, body surface area, body mass index 
(BMI), left ventricular ejection fraction (LVEF), laboratory 
analysis results (hematocrit (hct), creatinine (cre), plate-
let (plt)), and antiaggregant and/or anticoagulant treat-
ments were recorded.

The post-CC time of RPH diagnosis, laboratory anal-
ysis results (minimum hct and plt levels, maximum cre 
level, and the amount of hct decrease), the maximum 
size and localization of the hematoma as shown by ab-
dominal computed tomography (CT), the need for blood 
transfusion, duration of hospitalization, and mortality 
cases were also recorded.

All the data were recorded in Excel tables without any 
identifying information in order to maintain the anonym-
ity of the patients.

Statistical analysis
Statistical Package for the Social Sciences (SPSS 22 

Inc., Chicago, IL, USA) software was used for the biosta-
tistical analyses. The data of the patients included in the 
study were reported in mean figures, standard deviation 
values, and percentages where necessary. The distribu-
tion of data was assessed by the Kolmogorov-Smirnov 
test. The ANOVA test was used in multi-group compari-
sons of normally distributed data. The multi-group com-
parisons of non-parametric data were evaluated using 
the Kruskal-Wallis analysis. Categorical groups were 
compared by the c2 test; p < 0.05 was set as the sta-
tistical significance level. At the development stage of 
the multivariate logistic regression model, a  univariate 
logistic regression analysis of each variable was conduct-
ed to ascertain the candidate variables for RPH-related 
mortality factors. In cases where the probability value 
of the Wald test statistic was smaller than the level of 
significance (p < 0.25), related variables were included 
in the multivariate model. The odds ratio (OR) and 95% 
confidence interval (95% Cl) were calculated, while sta-
tistical significance was set at p < 0.05.

Results
Of the 124,064 patients who had CCs during the years 

covered in the study, 68 (0.054%) contracted RPH. An 
evaluation of all the cases revealed that patients with no 

Figure 1. Choice of patient cohort and initial management of RPH cases

Conservative (n = 51; 75%) Surgery (n = 8; 11.7%)

No RPH, n = 123996 (99.946%)

Endovascular stenting  
(n = 9; 13.2%)

RPH, n = 68 (0.054%)

All consecutive patients undergoing cardiac  
catherization from 2010 to 2016 (n = 124 064)
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RPH had a mean age of 59 ±6.7, while there was no sta-
tistically significant difference between them and those 
with RPH (p = 0.526). Along the same lines, 68.9% of 
the patients with no RPH development were male, while 
31.3% were female; there was no statistically significant 
difference between them and the RPH group (p = 0.122). 
During the study, VCDs were used in 1325 patients in our 
hospital. Only 1 patient with VCD developed RPH. There 
was no significant difference in the use of VCD between 
these two groups (p = 0.745)

There were 51 RPH patients in group 1 who had been 
treated conservatively, 9 patients in group 2 who had 
received angiographic stents, and 8 patients in group 3 
who had undergone surgical treatment. 

Baseline demographics and characteristics
Of the 68 RPH patients (mean age of 63.13 ±13.89), 

41 (60.3%) were male and 27 (39.7%) were female. Indi-
cations for CC were myocardial infarction in 24 (35.3%) 
patients, acute coronary syndrome in 18 (26.5%) patients, 
stable angina pectoris in 15 (22.1%) patients, hemody-
namic studies for valvular heart disease in 8 (11.8%)  
patients, and right cardiac pathology in 3 (4.4%) pa-
tients. Forty-six of these patients had received percu-

taneous coronary procedures; however, there were no 
statistically significant differences among the groups  
(p = 0.341). In addition, there were no statistically signif-
icant differences between the groups’ clinical and demo-
graphic characteristics (Table I).

The most common symptom in the patients was ab-
dominal pain and the most common physical sign was 
abdominal tenderness. Symptoms and findings of RPH 
cases are summarized in Table II.

In-hospital outcomes
Pre-procedure (at the time of RPH diagnosis) and fol-

low-up laboratory results of the patients revealed that 
the only statistically significant difference between the 
groups was that seen in the highest cre (mg/dl) value  
(p = 0.013). An examination of abdominal CT results 
showing the maximum hematoma sizes in patients of 
all the groups revealed that there were no statistically 
significant differences between the groups, although 
the sizes of the hematomas in group 3 were larger than 
those of the other groups (p = 0.326). Moreover, despite 
the fact that 21 (30.9%) patients were diagnosed with-
in the first 24 h following the procedure, there were no 
significant differences among the groups (p = 0.143). 

Table I. Clinical and demographic characteristics of RPH patients according to treatment methods

Variable Conservative (n = 51) Stenting (n = 9) Surgery (n = 8) P-value

Gender Male 29 (56.9%) 6 (66.7%) 6 (75%) 0.569

Female 22 (43.1%) 3 (33.3%) 2 (25%)

Age 64.4 ±13.04 62.1 ±16.3 55.7 ±15.8 0.252

Comorbidities DM 18 (35.3%) 3 (33.3%) 2 (25%) 0.849

HT 27 (52.9%) 4 (44.4%) 2 (25%) 0.328

COPD 8 (15.7%) 0 3 (37.5%) 0.109

CRF 5 (9.8%) 1 (11.1%) 1 (12.5%) 0.970

CVD 5 (9.8%) 0 1 (12.5%) 0.587

AF 2 (3.9%) 2 (22.2%) 1 (12.5%) 0.128

Weight [kg] 80.63 ±10.94 74.44 ±9.4 78.13 ±10.96 0.270

BMI [kg/m2] 27.9 ±4.39 25.7 ±4.2 26.49 ±4.04 0.297

LVEF 55.2 ±6.8 53.89 ±10.8 53.75 ±13.02 0.840

Indication for PCI Acute MI 20 (39.2%) 1 (11.1%) 3 (37.5%) 0.716

Unstable angina 13 (25.5%) 3 (33.3%) 2 (25%)

Stable angina 11 (21.61%) 3 (33.3%) 1 (12.5%)

Valvular heart disease 5 (9.8%) 2 (22.2%) 1 (12.5%)

Right heart catheterization 2 (3.9%) 0 1 (12.5%)

PCI 33 (64.7%) 8 (88.9%) 5 (62.5%) 0.341

DM – diabetes mellitus, HT – hypertension, COPD – chronic obstructive pulmonary disease, CRF – chronic renal failure, CVD – cerebrovascular disease, AF – atrial 
fibrillation, BMI – body mass index, LVEF – left ventricle ejection fraction, MI – myocardial infarction, PCI – percutaneous coronary intervention.
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The RBCPs (unit), duration of hospitalization, and rate of 
mortality were statistically significantly higher in group 
3 compared to the other groups. In-hospital results are 
summarized in Table III.

Five of the 8 patients who had received surgical treat-
ment underwent the operations because of abdominal 
compartment syndrome due to giant retroperitoneal he-
matomas (an increase in intra-abdominal pressure and 
accompanying organ perfusion disorder), two underwent 
surgery because of instability following failed endovas-
cular treatment, and one patient underwent surgery be-
cause of indications of nerve compression.

The results of the significance tests, which were con-
ducted for the coefficients of the variables covered by 
each univariate model (Table IV), revealed that age ≥ 65, 
chronic obstructive pulmonary disease (COPD), a mean 
hematocrit drop ≥ 15%, a post-diagnostic highest creat-
inine ≥ 2 mg/dl, RBCP units ≥ 10, a diagnosis more than 
24 h following CC, and surgical treatment were found to 
be in a statistically significant relationship with the de-
pendent variable. These variables were set as candidates 
for the multivariate model.

The results of the multivariate analysis of the RPH 
dependent mortality-related factors, on the other hand, 
through logistic regression analysis (Table V), revealed 
post-procedural highest creatinine mg/dl ≥ 2 and RBCPs 
≥ 10 as independent risk factors. Other variables ascer-
tained to be significant via the univariate analysis, how-
ever, were not found to be significant based on the mul-
tivariate analysis.

The classification table, which was obtained by the 
inclusion of the variables covered by the mortality de-
velopment model in the model, is shown in Table VI. The 
rate of correct classification was found to be 88.2%. Re-
sults of the Hosmer-Lemeshow test, which was used to 
assess the goodness of fit of the model, showed that the 
model was adequate (c2 = 2.839, df = 7, and p = 0.899).

Discussion
Non-cardiac complications mostly were related to 

femoral artery puncture site in CCs by which the femoral 

Table II. Symptoms and physical findings of pa-
tients with RPH

Clinical features Cases, n (%)

Symptoms Abdominal pain 35 (51.4)

Groin pain 15 (22)

Back pain 12 (17.6)

Nausea/vomiting 10 (14.7)

Lower extremity pain 8 (11.7)

Physical 
signs

Hypotension 50 (73.5)

Abdominal tenderness 38 (55.8)

Groin hematoma 17 (25)

Flank ecchymosis 10 (14.7)

Femoral nerve palsy 1 (1.47)

Table III. Hospital outcomes according to groups

Variable Conservative (n = 51) Stenting (n = 9) Surgery (n = 8) P-value

Laboratory  
characteristics

Baseline hematocrit (%) 37.6 ±3.9 37.6 ±5.5 38.6 ±7.5 0.852

Baseline platelet count [G/l] 244.8 ±71 207.8 ±49.3 238.5 ±116.8 0.341

+Baseline creatinine [mg/dl] 0.83 ±0.22 1.01 ±0.26 0.92 ±0.20 0.117

Nadir hematocrit (%) 23.4 ±4.6 21.3 ±3.8 20.9 ±5.8 0.250

Nadir platelet count [G/l] 141.9 ±82.2 105.3 ±56.3 104.2 ±80.5 0.202

Mean hematocrit drop (%) 14.07 ±5.2 16.3 ±4.5 17.6 ±10.3 0.506

+Highest creatinine [mg/dl] 1.56 ±1.31 1.46 ±0.46 3.1 ±1.55 0.013*

Leukocytes at diagnosis 18780 ±32356 17500 ±8035 20150 ±9342 0.982

Maximum size detected in abdominal CT [mm] 142 ±59 138 ±42.8 189.7 ±83.5 0.326

Number of RBCP transfused [U] 5 ±5.7 5.7 ±4.1 10.1 ±8.06 0.043*

Time from procedure to CT, first 24 h 19 (37.3%) 1 (11.1%) 1 (12.5%) 0.143

Length of stay in hospital, mean ± SD [days] 18 ±13 14 ±8 51 ±47 0.007*

Mortality 7 (13.7%) 2 (22.2%) 5 (62.5%) 0.006*

CT – computed tomography, RBCP – red blood cell packs, +Patients with CRF were not included in the creatinine-related evaluation. *Differences between the groups 
statistically significant p < 0.05.
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artery route was used. Although its incidence generally 
varies according to study populations, the rate has been 
reported to be between 0% and 17% [6]. These vascular 
complications can be classified as minor or major. Minor 
complications include minor hemorrhaging, ecchymosis, 
and stable hematoma, while pseudoaneurysm, arteriove-

Table IV. Univariate logistic regression model analysis of mortality related factors in patients with RPH

Variable Total No mortality Mortality Odds ratio 95% CI P-value

Age (≥ 65 years) 36 25 (69.44%) 11 (30.55%) 4.255 0.059–0.938 0.04*

Male sex 41 33 (80.5%) 8 (19.5%) 0.848 0.258–2.793 0.787

LVEF < 55 23 17 (31.5%) 6 (42.9%) 1.632 0.490–5.443 0.425

BMI (≥ 25 kg/m2) 46 36 (78.2%) 10 (21.7%) 0.800 0.220–2.907 0.735

HT 33 26 (48.1%) 7 (50%) 0.929 0.287–3.009 0.902

DM 23 19 (35.2%) 4 (28.6%) 1.357 0.375–4.916 0.642

CRF 7 5 (71.4%) 2 (28.6%) 0.612 0.106–3.548 0.584

AF 5 3 (5.6%) 2 (14.3%) 0.353 0.053–2.351 0.282

COPD 11 5 (9.3%) 6 (42.9%) 7.352 0.033–0.553 0.005*

CVD 6 5 (9.3%) 1 (7.1%) 1.327 0.142–12.366 0.804

Localization of hematoma (right) 37 28 (52.8%) 9 (64.3%) 0.622 0.184–2.105 0.446

Mean hematocrit drop ≥ 15% 34 24 (70.5%) 10 (29.4%) 0.320 0.089–1.148 0.080*

Highest creatinine ≥ 2 mg/dl  
(CRF patients were not included)

23 11 (20.4%) 12 (85.7%) 23.255 0.008–0.219 0.001*

RBC transfusion ≥ 10 U 9 2 (3.7%) 7 (50%) 26.315 0.007–0.223 0.001*

RPH diagnosis more than 24 h following CC 47 34 (72.3%) 13 (27.7%) 0.131 0.016–1.076 0.059*

Pre-procedure 
medical treatment 

IV heparin 7 5 (71.4%) 2 (28.6%) 0.612 0.106–3.548 0.584

Clopidogrel 41 33 (61.1%) 7 (50%) 1.571 0.482–5.124 0.454

LMW heparin 29 23 (42.6%) 6 (42.9%) 0.989 0.302–3.245 0.986

Warfarin 6 6 (11.1%) 0 1.625 0.179–14.723 0.666

ASA 42 36 (66.7%) 6 (42.9%) 1.842 0.562–6.038 0.313

PCI 46 38 (70.4%) 8 (57.1%) 1.781 0.532–5.967 0.349

Surgical treatment 8 3 (37.5%) 5 (62.5) 9.433 0.021–0.523 0.006*

LVEF – left ventricle ejection fraction, BMI – body mass index, HT – hypertension, DM – diabetes mellitus, CRF – chronic renal failure, AF – atrial fibrillation, COPD 
– chronic obstructive pulmonary disease, CVD – cerebrovascular disease, CC – cardiac catheterization, PCI – percutaneous coronary intervention, IV – intravenous, 
LMW – low molecular weight, ASA – acetylsalicylic acid. *Differences between the groups statistically significant p < 0.05.

Table V. Multiple logistic regression model analysis 
of mortality related factors in patients with RPH

Variable OR 95% CI P-value

Age (≥ 65 years) 0.113 0.007–1.927 0.132

COPD 0.172 0.004–8.014 0.369

Mean hematocrit drop ≥ 15% 0.176 0.017–1.804 0.144

Highest creatinine ≥ 2 mg/dl 25.64 0.003–0.586 0.019

RBC transfusion ≥ 10 U  41.66 0.001–0.692 0.030

Diagnosis outside the first  
24 h after PCI

0.265 0.019–3.759 0.327

Surgical treatment 0.527 0.012–21.699 0.736

COPD – chronic obstructive pulmonary disease, PCI – percutaneous coronary 
intervention, RBC – red blood cell.

Table VI. Correct classification ratio table of mor-
tality model

Observed mortality Predicted mortality

None Present Verification ratio

None 51 3 94.4%

Present 5 9 64.3%

Overall classification 
ratio

88.2%
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nous (AV) fistula, hematoma-necessitating transfusion, 
retroperitoneal hemorrhaging, arterial dissection, em-
boli, thrombosis, infection, and extremity ischemia can 
be listed among the major complications. Hemorrhaging, 
the most common extra-cardiac complication observed 
in catheterizations using a  transfemoral approach, can 
appear as a stable or unstable hematoma, uncontrolled 
hemorrhaging, pseudoaneurysm, or retroperitoneal hem-
orrhaging [7, 8]. Major bleeding complications are also 
less common in procedures using the radial artery [9].

The risk factors for vascular complications of trans-
femoral catheterization can be divided into two types: 
patient-related and procedure-related. Patient-related 
risk factors include female gender, low body weight, 
obesity, low body surface area, advanced age, periph-
eral vascular disease, renal failure or increased cre, and 
low plt count [10]. Procedure-dependent factors include 
high-dose and long-term anticoagulant administration, 
thrombolytic agent administration, glycoprotein (Gp) 
IIb/IIIa inhibitors (especially abciximab), wide arterial 
sheath, simultaneous multiple invasive interventions, 
catheter sheath left in the groin for an extended period 
of time, prolonged procedure duration, recurrent PCI, and 
location of the arterial puncture [10, 11].

The RPH is most commonly observed as a  compli-
cation of femoral arterial catheterization and pelvic or 
lumbar trauma. Spontaneous hemorrhaging without 
a marked determinant factor is called spontaneous RPH, 
a condition most frequently related to anticoagulant or 
antiaggregant treatment, hemodialysis, and bleeding di-
athesis [12–14].

Consistent with previous literature, we believe that 
RPH occurring in patients after CC is a rare complication 
of the procedure [1–4]. Although RPH can accompany 
subclinical bleeding symptoms, such as pain in the lower 
abdominal quadrant, femoral neuropathy, hypotension, 
nausea, and inguinal sensitivity or fullness [1, 15], our 
study revealed that there is a significant relationship be-
tween RPH and the risk of mortality.

We ascertained that the incidence of RPH at our cen-
ter during the 6 years covered by the study was 0.054% 
(68 RPH cases out of a total of 124,064 CC cases). Pre-
vious studies have reported varying incidence rates for 
CC-related RPH. Sreeram et al. [15] reported a CC-related 
RPH incidence rate of 0.15%, while Kent et al. [1] report-
ed a  rate of 0.47%, Frank et al. [16] reported a  rate of 
0.13%, and Eisen et al. [2] reported a rate of 0.18%. Other 
studies have also reported a higher rate of RPH incidence 
after PCI [3, 5].

Although the controversy surrounding the treatment 
of RPH continues, conservative treatment is generally 
recommended for hemodynamically stable patients with 
no active bleeding symptoms [1, 2, 5, 16, 17]. There are 
no specific guidelines as to which patients should re-
ceive endovascular or open surgery, or under which cir-

cumstances it should be performed; in 1993, however, it 
was reported that endovascular treatment is an effective 
method for both iatrogenic and spontaneous RPH cases 
[17–22]. In their 2016 study, Seropian et al. [22] recom-
mended that patients suspected of having RPH after PCI, 
and whose hemodynamic stability could not be achieved 
within the first 30 min, should be transferred to the cath-
eterization laboratory for endovascular treatment with-
out further tests (USG, CT). Surgical treatment, on the 
other hand, has been recommended for hemodynamical-
ly unstable patients with failed endovascular treatment 
and for patients with abdominal compartment syndrome 
[2, 17, 22].

Seventy-five percent of the patients with RPH had 
received conservative treatment, 13.2% had received 
angiographic stents, and 11.7% had undergone surgical 
treatment. A  higher rate of in-hospital mortality incli-
nation was observed in RPH patients treated surgically 
compared with those who had received medical and 
stent treatments. It is probable that accompanying cardi-
ac problems, massive transfusion, and renal function dis-
orders in these patients, for whom hemodynamic stabili-
ty could not be achieved, increased the rate of mortality. 
We believe, however, that surgical treatment should be 
conducted when necessary (e.g., for unstable patients af-
ter endovascular stenting and for patients with abdomi-
nal compartment syndrome).

There were some significant limitations of our study. 
Ours was a retrospective observational study, which im-
plies limitations in the study design. The main limitation 
was the absence of a control group paired with patients 
without bleeding. Furthermore, the population of our 
study was heterogeneous, as it included CC patients with 
various etiologies, including right cardiac catheterization. 
An additional limitation was the possibility that some 
patients with bleeding but not diagnosed might have 
gone unnoticed. These patients could include those with 
small-scale hemorrhaging, normal clinical results, and an 
absence of radiological screening assessments. Finally, 
we did not have specific data on the location of femoral 
arterial puncture in patients with RPH.

Conclusions
There is no randomized study that can guide the treat-

ment strategies for RPH: evidence is based on small case 
series or on isolated case reports. Conservative treatment 
methods, such as follow-up in the intensive care unit, 
fluid resuscitation, blood transfusion, and the reversal 
of anticoagulant and/or antiaggregant treatment, have 
been used as effective strategies in most patients. In the 
cases of patients whose hemodynamic stability cannot 
be achieved in spite of aggressive resuscitation, however, 
we believe that the next step should be a percutaneous 
approach and that open surgery should be performed 
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only on patients whose bleeding cannot be controlled or 
who have abdominal compartment syndrome.
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