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inTroDucTion
Despite advances in diagnosis and treatment, acute arterial 
bleeding continues to pose a challenge in routine clinical 
practice.1–3 Besides endoscopic treatment of pulmonary 
or gastrointestinal hemorrhage and surgical repair, tran-
scatheter arterial embolization (TAE) has evolved into a 
mainstay in the management of acute bleeding.4–7 TAE is 
minimally invasive and combines excellent technical and 
clinical success rates with a low risk of complications.2,3 
With currently available catheter technology and embolic 
agents, it is possible to safely use TAE in all body regions and 
control nearly any form of acute bleeding.8–10 Nevertheless, 
performing TAE requires some technical skills, experience, 
and serenity of the interventional radiologist, especially 
when patients have profuse bleeding and/or are in poor 
condition. Knowing the different types of hemorrhages and 
their frequencies and awareness of risk factors are crucial in 
establishing the indication for TAE and making a reason-
able estimate of the chances of success (both technically and 

clinically). The outcome of TAE also depends on being able 
to honestly assess one’s own skills and those of beginning 
interventionalists before they can be relied on to perform 
TAE during off-hours.

The retrospective analysis presented here was conducted 
to obtain an overview of the spectrum of TAEs performed 
to control acute bleeding and their temporal distribution 
across regular workday hours and off-hours including 
weekends in a major hospital with the aim of investigating 
how the temporal distribution affects outcome and of iden-
tifying other factors affecting technical and clinical success 
and 30-day mortality.

MeThoDs anD MaTerials
Patients
All patients who underwent (super-)selective TAE to 
control acute arterial bleeding in the Department of 
Radiology and Nuclear Medicine of the University of 
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objective To analyze times of occurrence and identify 
risk factors (RFs) for technical and clinical failure and 
mortality of transcatheter arterial embolization (TAE) of 
acute bleeding in a major hospital. 
Methods All TAEs performed at our hospital from 2006 
to 2013 (n = 327) were retrospectively analyzed. 
results TAEs were performed during regular weekday 
hours in 165 (50%) and during off-hours in 162 (50%) 
cases. With 40 regular and 128 off-hours/week, 3.25 
times more TAEs were performed during regular hours. 
There was an even distribution across weekdays (Mon-
Fri:16.9 ± 1.5%), while fewer TAEs were performed on 
weekends (Sat: 8.3%, Sun: 7.3%). Technical success of 
TAEs was 93.9% with a clinical success of 79.2% and a 
30-day mortality of 18.4%. Shock was an RF for tech-
nical failure (p = 0.022). RFs for clinical failure were low 

hemoglobin (Hb) (p = 0.021) and transfusion of ≥6 units 
packed cells (p = 0.009). Independent RFs for mortality 
were clinical failure (p < 0.001), coagulopathy (p = 
0.005), and shock (p < 0.001). 
conclusion Our results provide no evidence for a subjec-
tively perceived increase in TAEs during off-hours but 
rather appear to show that most TAEs are performed 
during regular hours. Prompt TAE to control acute 
bleeding is crucial to prevent a drop in Hb with shock 
and the need for transfusion, which may promote coag-
ulopathy and rebleeding, all of which are risk factors for 
a negative outcome. 
advances in knowledge The presented analysis provides 
insights of occurrences and risk factors for success of 
transcatheter arterial embolization in acute bleeding in a 
large study population.
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Magdeburg from Jan. 2006 through June 2013 were retrospec-
tively included. TAE was performed in patients with acute arte-
rial bleeding not manageable surgically or endoscopically and/
or subacute non-varicose bleeding. Following the institutional 
protocol patients with clinical suspicion for sub/acute bleeding 
[e.g. hemoglobin (Hb) drop, decrease in blood pressure, tachy-
cardia, shock, hematemesis, rectal or vaginal bleeding] are trans-
ferred to the radiology department to receive contrast-enhanced 
three-phase (native, arterial, and venous) CT of the region of 
interest (contrast agent: Immeron 300, Braco, Milano, Italy; 2 
ml kg−1 body weight, maximum dose of 150 ml). Exceptions are 
made in case of polytrauma (mixed arterial-venous phase whole 
body CT), if bleeding is directly documented by visual means 
(e.g. endoscopy) or if patient is transferred from other hospital 
with documented bleeding in external CT. After verification of 
bleeding or if unclear in CT or if clinically highly suspicious but 
not visible in CT (e.g. vaginal bleeding, temporarily not visible 

due to tamponade, etc.) patients are directly transferred to the 
angio suite for angiography (see below). Time from documenta-
tion (CT or endoscopy) to angio (ready to puncture) is less than 
45 min during regular hours and off-hours (during off-hours 
interventional radiologist is consulted shortly after CT by phone 
-images can be assessed at home and if necessary angiography 
nurse (in house) and intensive care staff prepare patient for inter-
vention till arrival of the interventional radiologist). Different 
times apply to patients that are transferred from external hospi-
tals. The institutional protocol was not changed since 2006. Heads 
of the department of surgery, gastroenterology, gynecology, and 
radiology did not change between 2006 and 2013 (period of 
patient recruitment). This retrospective study was approved by 
the Ethics Committee of the Medical Faculty of the University of 
Magdeburg (reference: RAD243). 

Transcatheter arterial embolization (TAE)
TAE was most commonly performed via a transfemoral approach 
and, in rare cases, via a transbrachial access (5 F introducer 
sheath). Angiographic overviews were obtained with automated 
contrast agent injection (Imeron 300, Bracco Imaging, Milano, 
Italy) through a 5 F Omni Flush catheter (Angiodynamics, 
Latham, NY). 5 F selective catheters (Cobra, Sos, Aachen, or 
Roberts catheter; Angiodynamics or Boston Scientific, Natick, 
MA) were used to catheterize side branch vessels (first or second 
order). Microcatheters (2.4/3.0 F MicroFerret®, Cook Medical, 
Bloomington, IN) were used and coaxially introduced into the 
target artery to search for the site of bleeding or when the site 
was known. The choice of embolic agent depended on vascular 
anatomy, pathomechanism of bleeding, and the intervention-
alist’s experience with the different agents. The embolic agents 
used in the study patients included 0.018” microcoils (Cook 
Medical), Contour® PVA embolization particles (250–355, 
355–500, or 710–1000 microns, Boston Scientific), Histoacryl® 
glue (B.Braun, Melsungen, Germany), Embozene® microspheres 
(Boston Scientific), Onyx® liquid embolic system (Covidien, 
Dublin, Ireland), Amplatzer vascular plugs (8–12 mm) (St. Jude 
Medical, Saint Paul, MN), covered stents (GORE® VIABAHN® 
Newark, DE), and Gelaspon® sponge (Bausch + Lomb, Roch-
ester, NY). These embolic agents were used either alone or in 
various combinations. Contrast extravasation on digital subtrac-
tion angiography (DSA) was defined as positive evidence of 
bleeding. In patients with intermittently visible escape of blood 
from a vessel, empirical embolization was performed taking into 
account the patient’s clinical history, CT angiography findings, 
and possible prior placement of hemoclips during endoscopy, 
or indirect bleeding signs (e.g. tumor blush or vessel disconti-
nuity).11 Radiologists with at least 5 years of experience in tran-
sarterial therapeutic interventions performed (off-hours) or 
supervised (regular hours) all TAEs. 

Outcome parameters
The times when TAEs were performed were extracted from the 
department‘s RIS/PACS system. Regular hours are from 7:30 am 
to 3:30 pm on weekdays (Monday through Friday); off-hours 
include the period from 3:30 pm to 7:30 am the next day during 
weekdays and full 24 h periods during weekends and public holi-
days. Outcome parameters were defined in accordance with the 

Table 1. Basic patient characteristics and causes of bleeding

All patients/male/female 
[n (%)]

327(100)/211 
(64.5)/116 (35.5)

Age (SD) 63 ± 15.6 years

Cause of bleeding n (%)

Upper GI tract 39 (11.9)

  Peptic ulcer 37 (11.3)

  Aneurysm rupture 2 (0.6)

Lower GI tract 10 (3.1)

  Diverticulitis 7 (2.1)

  Ulcer 1 (0.3)

  Angiodysplasia 2 (0.6)

Pancreatitis-related bleeding 23 (7.0)

  Acute pancreatitis 5 (1.5)

  Chronic pancreatitis 18 (5.5)

Traumatic bleeding 14 (4.3)

Tumor-related bleeding 78 (23.9)

  Gynecological tumor 25 (7.6)

  Gastrointestinal tumor 23 (7.0)

  Urological tumor 8 (2.4)

  Hepatic tumor 7 (2.1)

  Pulmonary tumor 6 (1.8)

  Pancreatic tumor 5 (1.5)

  Other tumor 5 (1.5)

Latrogenic bleeding 153 (46.8)

  Post-operative 89 (27.2)

  Post-interventional 38 (11.6)

  Anticoagulation 26 (8.0)

Other 10 (3.1)

Total n (%) 327 (100)

GI, gastro intestinal; SD, standard deviation.
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Guidelines of the Society of Interventional Radiology.12 Primary 
endpoints were technical and clinical success/failure and 30-day 
mortality. Technical success was defined as complete occlusion 
of the target vessel(s) for first-time interventions and absence 
of contrast extravasation. Clinical failure of TAE was defined as 
rebleeding during the 30-day follow-up period. The mortality 
rate was calculated from deaths occurring within 30 days of TAE. 
Other parameters considered were defined as follows: concom-
itant diseases: arterial hypertension, renal failure, diabetes 
mellitus, cardiac arrhythmia, coronary heart disease, liver 
cirrhosis, pulmonary embolism, and chronic obstructive pulmo-
nary disease (COPD). Anticoagulant treatment: phenprocoumon, 

acetylsalicylic acid, heparin, and clopidogrel. Shock: RRsyst <100 
and heart rate >100 Hz. Coagulopathy: INR ≥1.5, PTT ≥ 45 s, or 
thrombocyte count ≤50 gigaparticles per liter (Gpt l–1). 

Statistical analysis
Encoded and anonymized primary data were collected and 
used for statistical analysis with SPSS Statistics, v. 22.0 (IBM 
Corp., Armonk, NY). Results for continuous variables are given 
as means (M) and standard deviations (SD) with ranges. The 
results of univariate analysis were tested for significance using 
the Chi-square test, Fisher’s exact test, and the Mann-Whitney 
U-test. Multivariate analysis was performed using binary logistic 

Figure 1. (A) Percentage of TAEs performed during regular hours and off-hours. (B) From Mondays through Fridays, there is a 
peak in the number of TAEs during regular hours with a drop beginning at the end of regular hours and continuing through the 
night to the morning of the next day (beginning of regular hours). (C) TAEs are evenly distributed across weekdays (Mondays 
through Fridays) with a smaller number during weekends. (D) shows the fairly even distribution of TAEs through the year. TAEs, 
transcatheter arterial embolizations.
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regression. For all statistical tests, p-values < 0.05 were consid-
ered to indicate significant differences. Factors with p < 0.05 
in univariate analysis were included in multivariate analysis. 
Patients for whom no clinical follow-up data were available were 
excluded from clinical analysis.

resulTs
Table 1 summarizes basic patient characteristics (age, sex) and 
the underlying causes of bleeding in the 327 TAEs performed 
in this retrospective analysis. Latrogenic bleeding (n = 153) and 
spontaneous tumor bleeding (n = 78) were by far the main causes 
in our study population.

In our patient population, 50% of TAEs were performed during 
regular hours and 50% during off-hours. Figure  1A shows 
the distribution of cases categorized by the cause of bleeding 
during regular hours and off-hours. Taking into account that 
a week has 40 regular hours and 128 off-hours, 3.25 times 
more TAEs were performed during regular hours compared 
with off-hours [(165/40)/(162/128) = 3.25]. Analysis by time 
of day identified a peak of TAEs during regular hours with a 
downward trend beginning after regular hours and continuing 
through the night (Figure  1B). There was a nearly even 
temporal distribution of TAEs across weekdays (Mon–Fri: 16.9 
± 1.5%) with a markedly lower number of procedures during 

weekends (Sat: 8.3%, Sun: 7.3%) (Figure  1C). Distribution 
through the year also appeared homogeneous (Jan–Dec: 8.3 ± 
1.5%) (Figure 1D).

Technical success of TAE was 93.9%. The results of univariate 
analysis of selected potential risk factors (RFs) for technical 
failure (6.1%) of TAE are summarized in Table 2. Only hemody-
namic shock before and during TAE was identified to be associ-
ated with technical failure (p = 0.022).

Clinical success of TAE was 79.2%. Univariate analysis of 
potential factors for clinical failure (20.8%) revealed three 
RFs— namely reduced Hb level before or during embolization, 
transfusion of six or more units of red blood cell concentrates, 
and TAEs performed in patients referred from other hospitals 
(time to angio) (Table 3). Multivariate analysis revealed reduced 
Hb and transfusion of ≥6 units as the only independent RFs 
(Table 3).

Regarding 30-day mortality (18.4%), univariate analysis iden-
tified five RFs: an Hb below 5.4 ± 1.3 mmol l−1, transfusion 
of >6 units, shock before and during TAE, coagulopathy, and 
rebleeding within 30 days of TAE (clinical failure) (Table  4). 
Independent RFs in multivariate analysis were coagulopathy, 
rebleeding, and shock (Table 4).

Table 2. Risk factors for technical failure-univariate analysis

Variable Success Failure p value 

All cases = 327  93.9% (307) 6.1% (20)   

Age in yearsa 63.3 ± 15.4 63.5 ± 20.0 0.671 

Sex (male)  65.8% (202/307) 45.0% (9/20) 0.060 

≥ 2 concomitant diseases 41.7% (120/288) 27.8% (5/18) 0.245 

Hb level in mmol/la 5.7 ± 1.3 6.1 ± 1.5 0.310 

FFPa 0.2 ± 1.3 0.0 0.351 

Red blood cell concentratesa 2.5 ± 6.0 1.6 ± 2.8 0.648 

≥ 6 units of red blood cell concentrates 12.9% (37/286) 17.6% (3/17) 0.478 

No bleeding evidence (CT) 23.6% (42/178) 12.5% (2/16) 0.532 

No bleeding evidence (DSA)  2.0% (6/307) 5.0% (1/20) 0.360 

TAE during off-hours including weekend 49.5% (152/307) 50.0% (10/20) 0.966 

Selective catheterization only 20.2% (62/307) 20.0% (4/20) 1.000 

Sole use of coils for embolization  51.5% (158/307) 55.0% (11/20) 0.759 

> 1 vessel embolized 13.0% (40/307) 25.0% (5/20) 0.132 

Anticoagulation 30.6% (88/288) 44.4% (8/18) 0.218 

Corticosteroids 6.6% (19/288) 5.6% (1/18) 1.000 

Shock  16.3% (47/289) 36.8% (7/19) *0.022 

Coagulopathy  16.7% (43/257) 33.3% (6/18) 0.075 

Referral from other hospital 15.4% (45/292) 15.8% (3/19) 1.000 

Referral from ICU 30.2% (87/288) 27.8 (5/18) 0.827 

DSA, digital subtraction angiography; FFP, fresh frozen plasma; Hb, hemoglobin; TAE, transcatheter arterial embolization; 
aMean and standard deviation; concomitant diseases: arterial hypertension, chronic renal failure, diabetes mellitus, cardiac arrhythmia, coronary 
heart disease, liver cirrhosis, pulmonary embolism, chronic obstructive pulmonary disease (COPD); *P-values <0.05 were assumed to be significant.  
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Discussion
The spectrum of bleeding and underlying mechanisms observed 
in our patient population (Table 1) can be assumed to be repre-
sentative of the spectrum likely to be encountered in other 
tertiary care settings. Conversely, the situation in our center may 
differ from that at other hospitals in terms of the distribution of 
case numbers, which depends not only on the philosophy of the 
radiology department (proactive vs reactive) and the available 
resources but also on the referral policy of the hospital’s clin-
ical specialties and their preferences (conservative/endoscopic/

surgical vs interventional treatment). Moreover, the spectrum of 
acute arterial bleeding encountered in the patients of a hospital 
also reflects the subspecializations of its clinical departments. 
Surprisingly, review articles covering the full spectrum of TAEs 
are rare, and most published studies are limited by the fact that 
the findings are no longer representative of current practice or 
are based on the investigation of small patient populations.3,13

An important result of our analysis is the temporal distribution 
of TAEs across regular hours and off-hours and across days of 

Table 3. Risk factors for clinical failure (rebleeding within 30 days after TAE)

Univariate analysis

Variable Success Failure p value

Cases included in analysis 
= 289 79.2% (229) 20.8% (60)
Age in yearsa 62.3 ± 15.7 64.6 ± 14.9 0.313

Sex (male) 65.5% (150/229) 66.7% (40/60) 0.866

≥2 concomitant diseases 41.0% (94/229) 44.1% (26/59) 0.675

Hb level in mmol/la 5.8 ± 1.3 5.3 ± 1.2 *0.025

FFPa 0.2 ± 1.1 0.4 ± 1.8 0.444

Red blood cell concentratesa 1.9 ± 4.0 5.0 ± 10.4 0.061

≥6 units of red blood cell 
concentrates 9.7% (22/227) 25.4% (15/59) *0.001

No bleeding evidence (CT) 23.0% (31/135) 24.3% (9/37) 0.862

No bleeding evidence (DSA) 2.2% (5/229) 1.7% (1/60) 1.000

TAE during off-hours including 
weekends 47.6% (109/229) 60.0% (36/60) 0.087

Selective catheterization only 19.2% (44/229) 25.0% (15/60) 0.322

Sole use of coils for embolization 52.4% (120/229) 55.0% (33/60) 0.720

>1 vessel embolized 11.8% (27/229) 20.0% (12/60) 0.098

Anticoagulation 31.0% (71/229) 28.8% (17/59) 0.745

Corticosteroids 7.4% (17/229) 3.4% (2/59) 0.382

Shock 14.4% (33/229) 23.3% (14/60) 0.095

Coagulopathy 16.8% (33/196) 15.8% (9/57) 0.852

Referral from other hospital 12.7% (29/229) 25.0% (15/60) *0.018

Referral from ICU 27.9% (64/229) 39.0% (23/59) 0.100

Multivariate analysis

Variable B p-value Exp(B)
95% confidence interval for 

Exp(B)

Lower Upper
Hb level (in mmol l–1) 0.30 *0.021 1.35 1.00 1.74

≥6 units of red blood cell concentrates –1.01 *0.009 0.37 0.17 0.78

Referral from other hospital –0.77 0.051 0.46 0.21 1.00

Constant 0.03 0.449 1.79

DSA, digital subtraction angiography; FFP, fresh frozen plasma; Hb, hemoglobin; TAE, transcatheter arterial embolization.
aMean and standard deviation; concomitant diseases: arterial hypertension, chronic renal failure, diabetes mellitus, cardiac arrhythmia, coronary 
heart disease, liver cirrhosis, pulmonary embolism, chronic obstructive pulmonary disease (COPD); *P-values <0.05 were assumed to be significant.
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the week. In absolute numbers, roughly the same numbers of 
TAEs in our patient population were performed during regular 
and off-hours; however, when calculating the proportions taking 
into account that only 40 h of the 168 h per week are regular 
hours, this means that roughly three times more TAEs are 
performed during regular hours compared with off-hours. The 
larger number of TAEs during regular hours reflects the hospi-
tal‘s activity during the day (primarily punctures/biopsies) and 
the tendency to shift the treatment of subacute bleedings to 

regular hours even when diagnosed during off-hours. Such 
bleedings are common in cancer patients.14,15 Post-operative 
hemorrhage, on the other hand, tends to be more acute with a 
longer delay between surgery and the event.16,17 After pancre-
atic resection, for example, bleeding occurs with a median delay 
of 8 days. Such hemorrhages can occur any time and, when 
diagnosed during off-hours, require immediate management.16 
What our data do not confirm is that, contrary to widely held 
belief, complications do not tend to predominantly occur during 

Table 4. Risk factors for mortality (death within 30 days after TAE)

Univariate analysis

Variable Success Failure p value
Cases included in analysis = 309 81.6% (252) 18.4% (57)

Age in yearsa 62.2 ± 16.0 65.8 ± 14.4 0.128

Sex (male) 65.5% (195/252) 59.6% (34/57) 0.407

≥2 concomitant diseases 38.8% (97/250) 50.0% (28/56) 0.123

Hb level in mmol l–1a 5.8 ± 1.3 5.4 ± 1.3 *0.045

FFPa 0.2 ± 1.2 0.2 ± 1.3 0.274

Red blood cell concentratesa 2.2 ± 5.0 3.8 ± 8.7 0.374

≥6 units of red blood cell 
concentrates 11.3% (28/247) 21.4% (12/56) *0.045

No bleeding evidence (CT) 23.8% (36/151) 16.2% (6/37) 0.318

No bleeding evidence (DSA) 2.4% (6/252) 1.8% (1/57) 0.774

TAE during off-hours including 
weekend 48.8% (123/252) 59.6% (34/57) 0.139

Selective catheterization only 20.6% (52/252) 19.3% (11/57) 0.821

Sole use of coils for embolization 54.0% (136/252) 47.4% (27/57) 0.367

>1 vessel embolized 13.1% (33/252) 19.3% (11/57) 0.226

Anticoagulation 30.0% (75/250) 37.5% (21/56) 0.274

Corticosteroids 7.6% (19/250) 1.8% (1/56) 0.112

Shock 13.1% (33/251) 35.7% (20/56) *<0.001

Coagulopathy 14.3% (32/223) 33.3% (16/48) *0.002

Referral from other hospital 15.9% (40/252) 14.3% (8/56) 0.767

Referral from ICU 28.8% (72/250) 35.7% (20/56) 0.308

Clinical success/recurrent bleeding 15.1% (36/239) 48.0% (24/50) *<0.001

Multivariate analysis

Variable B p-value Exp(B)
95% confidence interval for EXP(B)

Lower Upper
Hemoglobin level –0.247 0.111 0.781 0.576 1.059

≥6 units of red blood cell concentrates –0.066 0.896 0.936 0.351 2.499

Clinical success/rebleeding 2.046 *<0.001 7.738 3.568 16.779

Shock 1.25 *<0.001 3.480 1.695 7.150

Coagulopathy 1.239 *0.005 3.453 1.445 8.250

Constant –1.215 0.174 0.297

DSA, digital subtraction angiography; FFP, fresh frozen plasma; Hb, hemoglobin; TAE, transcatheter arterial embolization.
aMean and standard deviation; concomitant diseases: arterial hypertension, chronic renal failure, diabetes mellitus, cardiac arrhythmia, coronary 
heart disease, liver cirrhosis, pulmonary embolism, chronic obstructive pulmonary disease; *P-values <0.05 were assumed to be significant.
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off-hours or weekends because their diagnosis is unduly delayed 
during regular hours. Nor do our results confirm a subjectively 
perceived summer slump in the number of TAEs.

The technical success rate of 93.9% we found in our study is 
in the range of 90–100% identified in recent studies investi-
gating the management of bleeding in different body regions 
in smaller patient populations.18–20 Causes of technical failure 
reported in the literature include vascular spasm, stenosis of the 
bleeding artery, and complex anatomy.21 In our patient popula-
tion, we identified shock before and during TAE to be associ-
ated with technical failure. The mechanism is that hypovolemia 
triggers vasoconstriction, which in turn makes it more difficult 
to catheterize the bleeding artery. Overall, though, the success 
rate of TAE is very high, making TAE an excellent approach for 
controlling various types of acute arterial bleeding.

The clinical success rate (no recurrent bleeding within 30 days) 
in our patients was 79.2%, which is midway between the lowest 
rate of 51% and the highest rate of 92% published in the litera-
ture.18,20,22,23 Hb levels of less than 5.3 mmol l−1 and transfusion 
of six or more units of red blood cell concentrates were iden-
tified as negative prognostic factors for clinical success in our 
analysis. Similar findings regarding transfusion were reported 
by others,24,25 and a negative effect of low Hb levels was also 
observed by Defreyne et al26 and Hongsakul et al27 in patients 
with gastrointestinal hemorrhage. Overall, these findings suggest 
that timely control of arterial bleeding before a marked drop in 
Hb and a need for massive transfusion to occur is crucial for 
the clinical success of TAE. This assumption is corroborated by 
the significant negative prognostic impact of referral from other 
hospitals we found in univariate analysis (Table 3). However, this 
significance was not confirmed in multivariate analysis, since 
referral of patients from other hospitals is not an independent 
factor but merely implies a longer delay before TAE is performed, 
which in turn means a more marked drop in Hb and greater need 
for blood transfusion.

Mortality rates after TAE reported in the literature differ widely 
with the site of bleeding, ranging from 0 to 43%;18,23,24,28,29 
again the rate of 18.4% in our patients is midway between these 
extremes. The three RFs of mortality identified in our study–
shock, rebleeding (clinical failure), and coagulopathy–have also 
been described as highly relevant by other investigators.23,26 

Similar to its impact on clinical success, prompt control of 
arterial bleeding (time to angio) appears to be the overarching 
factor for success of TAE in terms of mortality as both shock 
and coagulopathy are direct sequelae of uncontrolled blood 
loss.

Finally, it is important to note that whether TAE is performed 
during regular hours or off-hours including weekends had no 
impact on technical and clinical success including mortality 
in our patient population. Poorer outcome due to weekend or 
off-hour effects, as reported for other types of acute bleeding, was 
not observed in our study.30

Our analysis was conducted retrospectively and has some other 
limitations. While our study is among the largest in this area, 
inclusion of 327 patients was achieved by pooling patient popu-
lations. Another limitation is that no standardized protocol was 
used for TAE. The interventional approach and choice of embolic 
agent(s) were at the discretion of the interventional radiologist 
performing the procedure, who decided based on the clinical 
presentation and etiology of bleeding.

This means that our insights cannot be generalized but must 
always be interpreted taking heterogeneity of etiologies and 
of procedural approaches into account. This limitation is 
outweighed by the advantage of a comprehensive data analysis in 
a patient population representative of bleeding management in 
the routine clinical setting.

conclusion
In our patient population, roughly half of all TAEs were performed 
during regular hours and the other half during off-hours. This 
means that 3.25 times more TAEs were performed during regular 
hours compared with off-hours and contradicts the widely held 
subjective assumption that more TAEs are performed during 
off-hours including weekends. Similar to other reports, our 
technical success rate of 93.9% in the management of acute 
bleeding is excellent. However, low Hb and massive blood trans-
fusion, shock, and coagulopathy are associated with lower clin-
ical success and a rather high mortality rate of 18.4%. What is 
crucial is the time from diagnosis to control of bleeding with a 
shorter interval reducing the negative effect of these factors on 
the outcome of TAE. Hence, embolization of arterial bleeding 
should be performed promptly.
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