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Abstract

Background: Postpancreatectomy hemorrhage is a potentially lethal complication after pancreatic

resection. The objective of this systematic review is to provide insight in the current status of incidence,

detection, management and clinical outcomes of late postpancreatectomy hemorrhage.

Methods: A systematic search was conducted on the literature from February 2007 to July 2018 in

PubMed, Embase and the Cochrane library. Included were clinical studies with clinical outcomes on late

postpancreatectomy hemorrhage defined according to the International Study Group of Pancreatic

Surgery definition (i.e. occurring >24 h after pancreatic resection).

Results: A total of 14 studies on 467 patients with late postpancreatectomy hemorrhage were included.

The incidence of late postpancreatectomy hemorrhage ranged from 3% to 16% (weighted mean: 5%).

Seventy-four patients received conservative treatment; 252 patients underwent primary endovascular

intervention; 82 patients underwent primary relaparotomy; 56 patients underwent primary endoscopic

intervention; and three patients died before any intervention could be performed. CT-scan and diagnostic

angiography were able to identify the source of hemorrhage in 67% (66/98) and 69% (114/166) of pa-

tients, respectively. The most frequent origin of the hemorrhage was the gastroduodenal artery stump

(79/275; 29%), followed by the common hepatic artery (51/275; 19%) and splenic artery (32/275; 12%).

Overall mortality was 21% (98/464 patients; range 0%–38%). Mortality was lower after primary inter-

ventional angiography as compared to primary relaparotomy (16% vs 37% respectively).

Conclusions: This systematic review provides a comprehensive overview of the current literature for

severe late postpancreatectomy hemorrhages. CT-scan and diagnostic angiography are equally sensi-

tive in detecting the bleeding source. Interventional angiography appears to be associated to lower

mortality as compared to relaparotomy and endoscopy as first intervention for postpancreatectomy

hemorrhage.
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Introduction

Pancreatic surgery is complex and remains, despite a drastic
decline in mortality rates to under 3% in high volume centers,1–3

associated with an undesirably high postoperative morbidity
(20–60%).4,5 Postpancreatectomy hemorrhage is one of the
most feared complications after pancreatectomy, for it is
HPB 2019, 21, 953–961 © 2019 Published by E
associated with a high mortality. In accordance to the Interna-
tional Study Group on Pancreatic Surgery (ISGPS) definition,
postpancreatectomy hemorrhage is graded based on onset,
location and severity. Where early postpancreatectomy hemor-
rhage (i.e. occurring <24 h after index pancreatic resection)
is often due to inadequate hemostasis or an underlying
lsevier Ltd on behalf of International Hepato-Pancreato-Biliary Association Inc.
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coagulopathy, late postpancreatectomy hemorrhage is often the
result of a multifactorial pathophysiological mechanism,
including an association with other pancreatectomy specific
complications, such as postoperative pancreatic fistula. Leakage
of activated amylase rich fluid in the close approximation of
peripancreatic vessels may lead to erosion of the vessels and
hemorrhages.6

Severe postpancreatectomy hemorrhage requires a fast and
effective management. The management of early post-
pancreatectomy hemorrhage is mostly through relaparotomy,
whereas the management of late postpancreatectomy hemor-
rhage is more complex.7,8 The general assumption is that a
minimally invasive endovascular approach currently offers the
best treatment available through embolization or covered stent-
ing.9–13 However, the incidence of postpancreatectomy hemor-
rhage is low and literature on postpancreatectomy hemorrhage
mostly consists of retrospective cohorts and small case series.
Therefore, a complete overview of the literature might provide
more insight in the best treatment strategy of this potentially
lethal complication.
The objective of this systematic review is to provide an over-

view of the incidence, detection, management and clinical out-
comes of treatment strategies for late postpancreatectomy
hemorrhage.
Methods

Literature search strategy
This study was performed in accordance to the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) guidelines.14 A systematic literature search was con-
ducted from February 2007 to July 2018. The search was
restricted to the publication date of the consensus definition of
postpancreatectomy hemorrhage established by the ISGPS in
February 2007.6 The search was applied to the following elec-
tronic databases: Pubmed/MEDLINE, Embase and Cochrane
Library using the subsequent terms, including their synonyms,
abbreviations and related spellings: ‘pancreatic surgery’,
‘pancreatic resection’, ‘pancreatoduodenectomy’, ‘post-
pancreatectomy hemorrhage’, ‘relaparotomy’, ‘angiography’,
‘endovascular’, ‘stent’, ‘coiling’, and ‘endoscopy’. Title and abstract
of all studies identified were screened for the eligibility criteria.
Possible, eligible studies were screened full text by two authors
(AFvO and FJS) before inclusion in this analysis. Additional
studies were identified by scanning reference lists of primary
studies.

Eligibility criteria
Included were studies evaluating clinical outcomes of late post-
pancreatectomy hemorrhage requiring (minimally) invasive in-
terventions, as well as conservative treatment. Excluded were
studies not reporting mortality or number of re-interventions
HPB 2019, 21, 953–961 © 2019 Published by E
after initial intervention for postpancreatectomy hemorrhage,
studies not using the ISGPS definition on postpancreatectomy
hemorrhage, studies reporting solely on pancreatic trans-
plantation or post-trauma pancreatectomy, non-English studies,
reports on less than five patients and studies not reporting
separate outcomes for early and late postpancreatectomy hem-
orrhage. Late postpancreatectomy hemorrhage was defined ac-
cording to the ISGPS definition as a postoperative hemorrhage
occurring at least 24 h after pancreatic resection.6

Assessment of risk of bias
The Newcastle–Ottawa Scale (NOS) for nonrandomized
studies was used to assess methodological quality of included
studies.15

Data extraction
A data extraction sheet was developed and pilot-tested on five
included studies and then refined accordingly. The following data
were extracted from included studies: (i) study characteristics
(i.e., publication year, study period, country of origin, study
design, number of included patients, incidence of post-
pancreatectomy hemorrhage, length of follow-up), (ii) patient
characteristics (i.e., age, gender, underlying pathology, details on
index pancreatectomy, and incidence of postoperative pancreatic
fistula), (iii) details on (minimally) invasive interventions for late
postpancreatectomy hemorrhage, and (iv) outcome measures
(including mortality, rebleeding and re-intervention rates). If
available, data on diagnostic accuracy of abdominal imaging,
including data on source of hemorrhage and incidence of other
(invasive intervention) related complications were extracted.
Authors were contacted if any of these data were not presented in
the paper.
Statistical analysis
Mean [standard deviation (SD)] or median (range) values for al
continuous outcomes were extracted or obtained from authors if
not available in the publications. Using the mean (SD) values, the
weighted mean (SD) values were calculated, or calculated from
median (range) values, using the method reported by Hozo
et al.16 Weighted incidences were calculated for dichotomous
outcomes. For statistical analysis, patients were divided into
groups based upon the initial invasive intervention for post-
pancreatectomy hemorrhage (i.e. endovascular interventions,
endoscopy, and relaparotomy). Primary outcome measure was
30-day mortality after first (minimally) invasive intervention.
Secondary outcome measures included success rate of first
invasive intervention, defined as discharge alive without need for
additional invasive intervention. Abstentions of angiographic
interventions due to an inability to find the source of the hem-
orrhage, were regarded as diagnostic failure instead of inter-
ventional failure, in which case the subsequent intervention was
considered to be the initial intervention.
lsevier Ltd on behalf of International Hepato-Pancreato-Biliary Association Inc.
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Results

The search identified 2.077 unique studies for title and abstract
screening. Forty-two studies were eligible for full-text reviewing,
after which a total of 14 studies were included (see Fig. 1 for a
summary of the selection process). The characteristics of the
studies are shown in Table 1. Seven studies described outcomes
after endovascular interventions, relaparatomy and endoscopic
interventions,7,9,10,17–20 three studies described outcomes
after endovascular interventions and relaparotomy,11,21,22 and
four studies only described outcomes after endovascular
interventions.12,13,20,23
Figure 1 Flow-chart depicting selection process of studies for review

HPB 2019, 21, 953–961 © 2019 Published by E
A total of 464 patients with late postpancreatectomy hemor-
rhage were included in this study (range 9–69 patients per
study). Seventy-five percent of patients was male, mean age was
63 years (range 32–85 years). Eleven studies reported both the
total number of pancreatectomies and the incidence of late
postpancreatectomy hemorrhage. The incidence of late post-
pancreatectomy hemorrhage ranged from 3% to 16% (weighted
mean: 5%). Pancreatic fistula rate was reported in 9 studies. In
161/284 (57%) patients with late hemorrhage suffered from
clinically relevant pancreatic fistula. Patient characteristics are
described in Table 2.
lsevier Ltd on behalf of International Hepato-Pancreato-Biliary Association Inc.



Table 1 Study characteristics

Study Year Study
Period

Country Study
Design

Pancreatectomies
(n)

Incidence
PPH (%)

Patients
Included
(n)

Therapy (n)

Cons. Endo. Endovascular Relap.

CSP Embo.

Asari et al.10 2016 2003–2013 Japan RR 553 35 (6%) 29 5 (17%) 3 (10%) – 17 (59%) 3 (10%)

Beyer et al.11 2009 2005–2008 France RR 87 9 (10%) 9 – – 1 (11%) 7 (78%) 1 (11%)

Ching et al.20 2016 2007–2014 USA RR NR NR 28 – – 18 (67%) 9 (33%) –

Correa-Gallego
et al.7

2012 2006–2011 USA RR 1.122 33 (3%) 26 11 (42%) 3 (11%) – 8 (31%) 3 (11%)

Darnis et al.19 2013 2005–2010 Germany RR 285 46 (16%) 46 15 (33%) 3 (7%) – 14 (30%) 14 (30%)

Feng et al.18 2014 2000–2010 China RR 840 73 (9%) 54 18 (33%) 12 (22%) 1 (2%) 11 (21%) 11 (21%)

Hassold et al.23 2016 2008–2015 Germany RR 366 NR 27 – – 16 (59%) 11 (41%) –

Huo et al.21 2015 2008–2013 China RR 357 29 (8%) 21 – – 8 (38%) 10 (48%) 3 (14%)

Jilesen et al.22 2014 1992–2012 NL RR 1.035 NR 47 19 (40%) – 14 (30%) 13 (28%)

Khalsa et al.9 2015 2003–2013 USA RR 337 10 (3%) 10 1 (10%) 3 (30%) 5 (50%) 4 (40%)

Pottier et al.12 2016 2005–2013 France RR NR NR 69 – – 6 (10%) 52 (90%) –

Sanjay et al.13 2012 2002–2011 UK RR 120 9 (8%) 9 1 (11%) – 3 (33%) 5 (56%) –

Wang et al.17 2017 2009–2014 China RR 1.056 78 (7%) 58 – 24 (41%) 27 (47%) 10 (17%)

Wei et al.24 2009 1980–2007 Taiwan RR 628 58 (9%) 31 2 (7%) – 9 (29%) 20 (65%)

Total 72 (16%) 56 (12%) 252 (54%) 82 (18%)

RR, retrospective review; NR, not reported; Cons., conservative; Endo., endoscopy; CSP, covered stent placement; Embo., embolization; Relap.,
relaparotomy; – , not performed; POPF, postoperative pancreatic fistula.
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Methodological assessment
The results of the methodological quality assessment are
presented in Table 3. All studies were retrospective cohort
studies, seven of these studies extracted data from a prospectively
maintained database.7,12,13,17,19,22 Ten studies failed to report the
source of their data, which may have led to inclusion bias. In 11
studies, the late postpancreatectomy hemorrhage patients were
selected in a consecutive matter within a fixed inclusion period.
Three studies only included late postpancreatectomy hemor-
rhage patients who received angiographic interventions, resulting
in an intermediate risk of selection bias.12,13,23 One study
included all patients with postpancreatectomy hemorrhage. The
researchers were, however, only able to trace back the time of
onset of 55% of the postpancreatectomy hemorrhage patients.24

Seven studies used multivariable regression analysis to correct for
confounders in the comparison of different interventions.
Ideally, all studies would have reported on predefined criteria for
late postpancreatectomy hemorrhage intervention, as well as re-
interventions. However, the report rates were low, and if they
were reported the criteria varied substantially per study. The
follow-up time was reported in 9 studies with a median duration
of 90 days (range 30 days to 21.6 months). In general, the
methodological quality was assessed to be low to moderate,
resulting in an uncertain risk of bias.

Diagnostic measures
Nine studies described the accuracy of diagnostic tests to identify
the source of late postpancreatectomy hemorrhage. Accuracy of
HPB 2019, 21, 953–961 © 2019 Published by E
abdominal computed tomography with angiography (CTA) was
described in two studies evaluating 55 patients with (suspected)
postpancreatectomy hemorrhage and was able to identify the
source of the hemorrhage in 31 patients (mean sensitivity 56%).
Conventional computed tomography (CT) was used in 5 studies
evaluating 126 patients with postpancreatectomy hemorrhage
and was able to identify the source of the hemorrhage in 66
patients (mean sensitivity 67%). Diagnostic angiography without
prior CT was described in 5 studies and diagnostic angiography
with prior CT was reported in 1 study evaluating in total 166
patients and was able to identify the source of the hemorrhage in
114 patients (mean sensitivity 69%). In addition, one study
correlated the initially identified vessels on CT-scan with sec-
ondary diagnostic angiography in 69 patients.12 In 48 patients
(70%), the identified vessel matched between the CT-scan and
diagnostic angiography.
The source of the hemorrhage was reported in 11 studies and

identified in 275/335 patients. The hemorrhage source was not
found in 11 patients in the endoscopy group (31%), 26 patients
in the endovascular radiology (13%) group and 2 patients in the
relaparotomy group (3%). Most hemorrhages originated from
the gastroduodenal artery stump (79/275; 29%), followed by the
common hepatic artery (51/275; 19%) and the splenic artery (32/
275; 12%; Table 2).

Clinical outcomes
Clinical outcomes are presented in Table 4. Overall mortality,
reported in all 14 studies, was 98 patients out of 464 patients with
lsevier Ltd on behalf of International Hepato-Pancreato-Biliary Association Inc.



Table 2 Patient characteristics

Patient Characteristics

Reported in (n) 10 studies, 299 patients

Male 223

Female 76

Age (mean (SD) of median (IQR)??) 63 (32–85)

Underlying Pathology

Reported in (n) 14 studies, 465 patients

PDAC 102 (22%)

Ampullary carcinoma 38 (8%)

Cholangiocarcinoma 34 (7%)

NET 25 (5%)

IPMN 24 (5%)

Papillary Carcinoma 11 (2%)

Pancreatitis (chronic or acute) 11 (2%)

Benign lesions 20 (4%)

Other 80 (17%)

Not reported 120 (26%)

Index pancreatectomy

Reported in (n) 12 studies, 465 patients

Pancreaticoduodenectomy 262 (57%)

PPPD 94 (20%)

Distal Pancreatectomy 23 (5%)

Central Pancreatectomy 11 (2%)

Total Pancreatectomy 9 (2%)

Enucleation 8 (2%)

Other 14 (3%)

Not Reported 44 (10%)

Location of the bleed

Reported in (n) 8 studies, 236 patients

Intraluminal 95 (40%)

Extraluminal 128 (54%)

Both 4 (2%)

Other 2 (1%)

Unknown 7 (3%)

Origins of the Bleeding

Reported in (n) 11 studies; 300 patients

Gastroduodenal Artery Stump (GDA) 79 (26%)

Common Hepatic Artery (CHA) 51 (17%)

Splenic Artery (SA) 32 (11%)

Superior Mesenteric Artery (SMA) 21 (7%)

Proper Hepatic Artery (PHA) 20 (7%)

Other 64 (21%)

Unknown 33 (11%)

Postoperative Pancreatic Fistula

Reported in (n) 9 studies; 284 patients

Co-occurrence with PPH 161 (57%)

Values reported as sum (percentage) or as median (range).

HPB 2019, 21, 953–961 © 2019 Published by E
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postpancreatectomy hemorrhage (weighted mean: 21%; range
0%–38%). Nine studies specified the mortality rate per primary
interventional group. Endovascular interventions, relaparotomy,
endoscopic interventions, resulted in 31/202 (15%), 14/38 (37%)
and 5/21 (24%) reported deaths, respectively. Mortality was
lower in the interventional angiography group as compared to
the relaparotomy group (16% vs 37% respectively). The number
needed to treat through angiography in order to prevent one
death is 5 patients.
Sixty-five patients underwent primary endoscopic interven-

tion, 82 patients underwent primary relaparotomy and 252
patients underwent primary endovascular intervention. Success
rates, defined as percentage of late postpancreatectomy hem-
orrhage patients discharged alive without need for re-
intervention, were described in 14 studies and did not differ
between the endoscopic group, with 23 out of 48 patients, and
interventional angiography groups, with 47 out of 84 patients
(48% vs 56% respectively). The comparison of interventional
angiography and relaparotomy was also similar. Interventional
angiography was successful in 81 out of 133 patients and rela-
parotomy in 46 out of 82 patients (61% vs 56% respectively)
(see Table 5).

Covered stent versus embolization
In the studies that evaluated specific subgroups of endovascular
treatment, 52 patients received a covered stent and 133 patients
underwent embolization. Covered stent placements were suc-
cessful in 36/52 patients (69%). A re-bleed occurred in 10 un-
successful stent placements, of which 7 occurred at a new site,
1 at the old site and 2 were not reported. Six patients died due to
multi-organ failure (n = 3), renal failure (n = 2) and acute
myocardial infarction (n = 1). Embolization was successful in 62/
94 patients (68%), and success rate was unreported in 39 pa-
tients. A re-bleed occurred in 27 patients and 4 patients died to
multi-organ failure (n = 3) and hepatic failure (n = 1). The
mortality after covered stent placement and embolization was at
21% (6/29) and 22% (15/69) respectively.
Discussion

This systematic review provides a comprehensive overview of the
current literature on severe hemorrhage after pancreatectomy.
According to the current literature, late postpancreatectomy
hemorrhage remains a relatively uncommon complication with a
mean incidence of 5%. However, overall mortality continues to
be high at 21%. This review showed that sensitivity of angiog-
raphy (69%) to identify the source of the hemorrhage was
comparable to the CT-scan (67%). Endoscopy failed to identify
the location of bleeding in 31% of patients with an overt luminal
bleeding. The mortality rate was lower after a primary endo-
vascular approach as compared to primary relaparotomy and
primary endoscopy (i.e. 15%, 37%, 24%, respectively). Endo-
vascular approach was the primary treatment for most late
lsevier Ltd on behalf of International Hepato-Pancreato-Biliary Association Inc.



Table 3 Methodological Quality Assessment.

RR, retrospective review; , Has met the criteria: low risk of bias; , has partly met the criteria, moderate risk of bias; failed to meet criteria, high risk
of bias; NA, not applicable.
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postpancreatectomy hemorrhage cases. However, 17% of pa-
tients is still primarily treated through relaparotomy. However,
these results should be interpreted with care, for included studies
were subjective to considerable confounding by indication.
Late postpancreatectomy hemorrhage is the result of a

multifactorial pathogenesis in which postoperative pancreatic
fistula play an important role. Intraoperatively, the peripancre-
atic vessels are often manipulated and injured due to lympha-
denectomy and the ligation of the arteries.25 This can lead to the
corrosion of the vessel wall and subsequent vascular lesions,
rendering the peripancreatic vessels vulnerable to further
damage. Postoperative pancreatic fistula is associated with late
postpancreatectomy hemorrhage for leakage of enzyme rich fluid
into the abdomen might cause vessel erosion, which can result in
the formation of a pseudoaneurysm. Pseudoaneurysms are
known to rupture and as a consequence can cause late
hemorrhage.26

A possible explanation for the difference in mortality rates
between the interventional strategies, might lay in their respec-
tive indications. In most cases, relaparotomy is used as a last
resort for hemodynamic instable patients.7,10,17,19 Major surgical
HPB 2019, 21, 953–961 © 2019 Published by E
trauma can lead to a lethal systemic inflammatory response,
especially considering that these patients are often severely ill and
potentially affected by postoperative pancreatic fistula.6,8,27

Moreover, identification of the source of the hemorrhage
during relaparotomy can be challenging, especially in a patient
with severe postoperative pancreatic fistula. In this systematic
review, especially the studies that focussed solely on an endo-
vascular approach for late postpancreatectomy hemorrhage,
started implementing embolization and covered stenting in he-
modynamic instable cases.7,23 As for endovascular treatment the
indications for different techniques (with respect to the origin of
the hemorrhage and preference of interventional radiologist)
often go unreported in most studies.11,22,23 Interventional
endoscopy, on the other hand, prevails as the first-line inter-
vention for intraluminal hemorrhage. Even in intraluminal
hemorrhage, endoscopy fails to adequately identify the source of
the hemorrhage and therefore almost always results in a delay of
the adequate treatment, resulting in possible fatal outcomes.
This systematic review has attempted to elucidate the best

diagnostic measure for late postpancreatectomy hemorrhage.
Controversy remains between the use of a CT-scan and the use of
lsevier Ltd on behalf of International Hepato-Pancreato-Biliary Association Inc.



Table 4 Mortality

Study Total
patients (n)

Overall Mortality
per Study

Mortality Initial Treatment

Before
Therapy

Cons. Endo. Endovascular Relap.

CSP Embo. NOS

Asari et al.10 23 6 (21%) 1/29 1/5 0/3 3/17 1/3

Beyer et al.11 9 0 (0%) 0/1 0/7 0/1

Ching et al.20 27 2 (7%) NR NR 2/28

Correa-Gallego et al.7 25 1 (4%) 1/26 0/11 0/3 0/8 0/3

Darnis et al.19 46 10 (22%) 0/15 NR NR NR

Feng et al.18 54 16 (30%) 0/18 4/12 0/1 6/11 6/11

Hassold et al.23 27 9 (34%) 3/16 3/11

Huo et al.21 21 5 (24%) 0/8 3/10 2/3

Jilesen et al.22 38 6 (13%) 1/47 1/14 4/13

Khalsa et al.9 13 2 (20%) 1/3 0/5 1/4

Pottier et al.12 58 6 (9%) NR NR 6/57

Sanjay et al.13 9 3 (33%) 0/1 3/3 0/5

Wang et al.17 61 22 (38%) NR NR NR

Wei et al.24 31 10 (32%) NR NR NR

Total 98 (21%) 3/3 (100%) 1/50 (2%) 5/21 (24%) 7/29 (24%) 15/69 (22%) 9/104 (9%) 14/38 (37%)

31/202 (15%)

NOS, not otherwise specified; CS, covered stents; Embo., embolization. Values presented as whole and as percentage per total interventions
performed.
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diagnostic angiography. Angiography appears to be the most
specific and sensitive diagnostic measure to detect late post-
pancreatectomy hemorrhage.27 On the other hand, the CT-scan
Table 5 Success rate primary intervention

Study Total n patients Success Rate Initial Treatm

Conservative Endoscop

Asari et al.10 23 3/3 (100%)

Beyer et al.11 9

Ching et al.20 27

Correa-Gallego et al.7 25 11/11 (100%) 3/3 (100%)

Darnis et al.19 46 15/15 (100%) 2/3 (67%)

Feng et al.18 54 18/18 (100%) 4/12 (33%)

Hassold et al.23 27

Huo et al.21 21

Jilesen et al.22 38 19/19 (100%)

Khalsa et al.9 13 1/1 (100%) 0/3 (0%)

Pottier et al.12 58

Sanjay et al.13 9 1/1 (100%)

Wang et al.17 61 11/24 (46%

Wei et al.24 31

Total 65/65 (100%) 23/48 (48%

NOS, not otherwise specified; Values represented as a whole and as perc

HPB 2019, 21, 953–961 © 2019 Published by E
is an effective, less invasive alternative to detect late post-
pancreatectomy hemorrhage, as well as related pancreatectomy
specific complications.8 However, the advantage of the use of
ent

y Angiography Relaparotomy

Covered Stent Embolization NOS

13/17 (77%) 2/3 (67%)

1/1 (100%) 4/7 (57%) 0/1 (0%)

12/18 (67%) 8/9 (89%)

8/8 (100%) 3/3 (100%)

7/14 (50%) 8/14 (57%)

3/13 (23%) 5/11 (46%)

11/16 (69%) 8/11 (73%)

8/8 (100%) 5/10 (50%) 1/3 (33%)

9/14 (64%) 9/13 (69%)

4/5 (80%) 1/4 (25%)

4/6 (67%) 34/52 (65%)

0/3 (0%) 4/5 (80%)

) 12/27 (44%) 1/10 (10%)

7/11 (64%) 16/20 (80%)

) 36/52 (69%) 91/133 (68%) 35/70 (50%) 46/82(56%)

162/255 (64%)

entage of total treatment group.

lsevier Ltd on behalf of International Hepato-Pancreato-Biliary Association Inc.
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diagnostic angiography is that it can immediately resolve a
postpancreatectomy hemorrhage once it is detected. Neverthe-
less, one study reports that diagnostic angiography fails to
identify the hemorrhage in 25% of the cases.12 This is likely due
to the intermittent nature of postpancreatectomy hemorrhage.
In these instances, a CT scan can provide extra information such
as location of hematoma and a (partially) thrombosed false
aneurysm. Future prospective trials should evaluate the true
sensitivity and specificity of CT-scans and diagnostic angiog-
raphy for late postpancreatectomy hemorrhage. Endoscopy fails
to identify the hemorrhage source in a substantial number of
patients and may therefore be of limited use as a first line
diagnostic measure for overt luminal bleeding. Diagnostic
angiography or CT-scan have a higher sensitivity and are more
informative for physicians.
This systematic review has several limitations. First, few

studies directly compare the clinical outcomes of different in-
terventions and usually have relatively small sample sizes. As the
decision on what invasive intervention should be performed is
most likely dictated by the clinical presentation of post-
pancreatectomy hemorrhage: i.e. confounding by indication.
Especially, since only a few studies report the indications of the
intervention, limiting our abilities to correct for this form of bias.
Second, all studies are designed as a retrospective review and this
introduces several forms of bias. However, it should be noted that
due to the lack of RCTs it remains difficult to properly compare
the invasive interventions and draw strong conclusions from the
results.
The current literature shows postpancreatectomy hemorrhage

is relatively rare, with an incidence of 5%, yet associated with a
mortality of 21%, making it the most lethal pancreatectomy
specific complication. Diagnostic accuracy of CT and angiog-
raphy are similar, both show a sensitivity of almost 70%. Hem-
orrhage occurs in about 30% of patients from the
gastroduodenal stump. Endovascular approach appears to be
superior to relaparotomy and endoscopy as primary treatment
for late postpancreatectomy hemorrhage, for this is associated
with a lower mortality.
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