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Abstract

Background: En bloc right hemicolectomy plus pancreaticoduodenectomy (PD) is administered for locally
advanced colon carcinoma that invades the duodenum and/or pancreatic head. This procedure may also be called
colo-pancreaticoduodenectomy (cPD). Patients with such carcinomas may present with acute abdomen. Emergency
PD often leads to high postoperative morbidity and mortality. Here, we aimed to evaluate the feasibility and
outcomes of emergency cPD for patients with advanced colon carcinoma manifesting as acute abdomen.

Methods: We retrospectively reviewed 4898 patients with colorectal cancer who underwent curative colectomy
during the period from 1994 to 2018. Among them, 30 had locally advanced right colon cancer and had received
cPD. Among them, surgery was performed in 11 patients in emergency conditions (bowel obstruction: 6,
perforation: 3, tumor bleeding: 2). Selection criteria for emergency cPD were the following: (1) age < 60 years, (2)
body mass index < 35 kg/mz, (3) no poorly controlled comorbidities, and (4) perforation time < 6 h. Three patients
did not meet the above criteria and received non-emergency cPD after a life-saving diverting ileostomy, followed
by cPD performed 3 months later. We analyzed these patients in terms of their clinicopathological characteristics,
the early and long-term postoperative outcomes, and compared findings between emergency cPD group (e-group,
n = 11) and non-emergency cPD group (non-e-group, n = 19). After cPD, staged pancreaticojejunostomy was
performed in all e-group patients, and on 15 of 19 patients in the non-e-group.

Results: The non-e-group was older and had a higher incidence of associated comorbidities, while other
clinicopathological characteristics were similar between the two groups. None of the patients in the two
groups succumbed from cPD. The postoperative complication rate was 63.6% in the e-group and 42.1% in
the non-e-group (p = 0.449). The 5-year overall survival rate were 15.9% in the e-group and 52.6% in the
non-e-group (p = 0.192).

Conclusions: Emergency cPD is feasible in highly selected patients if performed by experienced surgeons.

The early and long-term positive outcomes of emergency cPD are similar to those after non-emergency cPD
in patients with acute abdominal conditions.
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Background

The prevalence of colorectal carcinoma is increasing
worldwide [1]. In Taiwan, this cancer has ranked highest
among new malignant cases, especially over the last two
decades [2]. The only promising cure at early stages is
radical colectomy, performed for RO resection [3]. For
locally advanced colorectal carcinoma, en bloc resection
is required for the involved adjacent organ [4]. Multior-
gan resection for colorectal carcinoma is often associated
with higher postoperative morbidity and mortality [3-5].

When right colon cancer directly infiltrates the duode-
num near the ampulla of Vater or the pancreatic head,
radical resection consists of right hemicolectomy plus
pancreaticoduodenectomy (PD) [5-25]. We have called
this procedure colo-pancreaticoduodenectomy (cPD).

PD techniques were demonstrated first by Kausch in
Germany and by Whipple in the USA in the early twen-
tieth century. This complex procedure has remained
basically unchanged for nearly a century. The PD pro-
cedure, also known as the “Kausch-Whipple procedure”
[26], is the standard for treating neoplasms or complex
injuries or diseases involving the duodenum and pancre-
atic head [26-34]. Recently, despite lowering of the op-
erative mortality of PD to <5%, complication rates have
remained high (up to > 40%) [26—34]. The complexity of
cPD is greater than that of PD. In addition, cPD yields
more operative morbidities and mortalities [5-25], and
PD performed during emergency conditions poses fur-
ther risks [20, 27-31, 33]. The operative mortality of
emergency PD exceeds 20 to 40% [20, 27-31, 33]. Patient
preoperative conditions combined with the PD etiology are
important contributors to surgical outcomes [29-31, 33].

Emergency resection of a bowel tumor is indicated for
patients with acute abdomen caused by bowel obstruc-
tion, perforation or tumor bleeding [32].

Our hospital is the only government-supported tertiary
referral medical center in central Taiwan. Patients often
manifest life-threatening conditions related to colorectal
carcinoma. Few studies have yet reported on emergency
cPD for patients with locally advanced colorectal carcin-
oma presenting with serious acute abdominal conditions
[30-32]. To this end, we retrospectively reviewed pa-
tients to evaluate the feasibility of emergency cPD for
patients with locally advanced colorectal carcinoma pre-
senting with an acute abdomen.

Methods

Over a period of 25 years (from 1994 to 2018), we
admitted 4898 patients for radical curative resection to
treat their colorectal carcinoma. Of these patients, 30
had locally advanced colon carcinoma infiltrating the
duodenum and/or pancreatic head that needed cPD. Of
these 30 patients, 11 received cPD under emergency
conditions (e-group). Their detailed information is
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shown in Table 1. The causes of emergency cPD in this
group were as follows: 6 cases, acute bowel obstruction;
2 cases, tumor perforation following colonoscopic
biopsy; 1 case, spontaneous tumor perforation; and 2
cases, tumor bleeding.

During the same period, a total of 742 PDs were
performed in our hospital. Patients who received cPD
not due to locally advanced colorectal carcinoma or for
other diseases were excluded from our study. Patients
with locally advanced tumors extending to the duodenal
wall with a well-preserved ampullary area but no need
for ¢PD [9] were also excluded. The choice of classical
PD or pylorus-preserving PD [26] was made based on
the subjective evaluation of a gross negative margin
present at the duodenal wall.

A senior hepato-biliopancreatic surgeon (CCW)
performed or guided all 742 PDs during the study
period. All perioperative assessments and operative pro-
cedures of cPD were performed by two senior surgeons
(CCW and FKP), while colon cancer resection strategies
were determined by another two colorectal surgeons
(JBC and CCC), and two oncologists (CHC and YY)
designed chemotherapies and target therapies.

Preoperative assessments for elective cPD, ie., func-
tional examinations of the lung, heart, liver, and kidney,
were performed on all 19 patients in the non-e-group.
Their comorbidities were well controlled. The level of
carcinoembryonic antigen was measured. Computed
tomography (CT) or magnetic resonance imaging was
also performed.

Selection criteria for emergency cPD patients with
obstruction and perforation were as follows: (1) age < 60
years, (2) body mass index < 35 kg/m? (3) no poorly
controlled comorbidities in perforation cases, with an
estimated perforated duration of < 6 h with no severe
intra-abdominal contamination. For the other 19
patients (non-e-group), after well-examined preoperative
studies, their ¢PD procedure was performed under an
elective regular schedule.

The preoperative assessments of patients with locally
advanced colon cancer presenting with an acute abdo-
men were performed similarly for elective surgical treat-
ments. These procedures were completed within 2 h
following admission to the emergency department.
Emergency laparotomy was carried out to alleviate acute
abdominal conditions after fluid resuscitation and
systemic antibiotic treatments. Diagnosis of the invasion
severity of the colon cancer was typically made after
exploratory laparotomy.

Because the general conditions of the patients did not
meet the criteria outlined above, two patients with ini-
tially diagnosed perforation cases and one patient with
obstruction were treated via diverting ileostomy with an
omental patch to occlude perforation holes. Another,
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Table 1 Brief data of patients who underwent emergent colo-pancreaticoduodenectomy
Case Sex Age Serum Cause of Comorbidity PD Complications Hospital Operative blood Total Present
no. CEA emergency procedure stay loss (mL) B.T status
Level (days) (mL)
(ng/
mL)
1 M 59 114 latrogenic PPPD Wound infection, 28 1100 1000 DOD, 16
perforation POPF (B) m
2 M 59 23 latrogenic PD DGE (B) 33 550 0 NED, 34
perforation m
3 F 66 1.7 Tumor bleeding  Diabetes PPPD DGE (A) BPC 27 600 500 DOD, 14
mellitus m
4 M 50 612 Bowel PD 19 1000 2100  DOD, 52
obstruction m
5 F 44 369 Bowel PD 22 800 2600 DOD, 27
obstruction m
6 F 36 10 Spontaneous Lupus PPPD 11 500 0 NED, 68
perforation erythematosus m
7 F 50 634 Bowel PD Bowel abscess, 74 600 0 DOOD,
obstruction DGE (A) 54 m
8 M 43 16 Bowel PD 8 500 0 NED,
obstruction 120 m
9 M 52 198 Bowel PPPD Biliary leak (A) 13 600 0 NED, 49
obstruction abscess m
10 M 52 14 Bowel PPPD BPL Wound 16 500 0 DOD, 46
obstruction infection m
11 M 53 19 Tumor bleeding PPPD Wound infection 16 0 0 DOD, 52
m

Note: CEA carcinoembryonic antigen, PPPD pylorus-preserving pancreaticoduodenectomy, NED no evidence of disease, DOD died of disease, DOOD died of other
disease, DGE delayed gastric empting time, POPF postoperative pancreatic fistula, BPL biochemical pancreatic leakage

older patient with tumor obstruction was treated first by
diverting ileostomy. The c¢PD procedure was then per-
formed for these three patients 3 months later. They
were categorized to the non-e-group.
Pancreaticojejunostomy is the key procedure for
reconstructing pancreatic remnants and the gastrointes-
tinal tract. In four non-e-group patients, the procedure
involved the invagination method during the early pe-
riods of this study (prior to March 1996). For the later,
15 patients in the non-e-group and all patients in the e-
group, 3 months after ¢cPD, we performed staged pan-
creaticojejunostomy [30, 35, 36]. Regarding the manage-
ment of colon-related complications, colon leakage was
treated with diverting ileostomy, and intra-abdominal
abscess was treated with percutaneous drainage (by sur-
geons JBC and CCC). Any complication or death occur-
ring within 90 days after cPD was recorded as a surgical
complication or as mortality. Complication severity was
graded using the Dindo-Clavien classification [37]. Defi-
nitions and severities of pancreatectomy-related compli-
cations followed those of the International Study Group
of Pancreatic Surgery. These complications included
postoperative pancreatic fistula [38], postpancreatectomy
hemorrhage [39], delayed gastric emptying [40], and bile
leakage [41] and were graded based on the severity of

pancreatectomy-related morbidities. After patients had
recovered from cPD, they were followed-up monthly at
the outpatient clinic during the next year and thereafter
at intervals of 3—6 months. At each visit, CT or mag-
netic resonance imaging was performed, and serum
levels of carcinoembryonic antigen were measured.

Chemotherapy or targeted therapy was routinely ad-
ministered after cPD for a minimum of 2 years. All pa-
tients were followed-up until July 2020.

Resected specimens were sent to the pathology depart-
ment to determine the pathological characteristics and
cancer stages of colorectal carcinoma. For cancer cell
differentiation, the definition by the World Health
Organization [42] was used. For cancer staging, we used
the benchmark classification of the American Joint
Committee for Cancer (8th edition) [42]. The clinico-
pathological characteristics of patients and their early
postoperative and long-term results after cPD were com-
pared between the two groups.

Statistical analysis

Continuous variables are presented as medians (ranges)
and were compared using the Mann-Whitney U test.
Frequencies were compared using Fisher’s exact test or
Pearson’s x* test as appropriate. Rates of overall survival
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(OS) up to July 2020 were calculated using the Kaplan-
Meier life table method and compared across groups
using the log-rank test. Differences with p values < 0.05
were regarded as statistically significant.

Results
All cPD procedures were performed by open laparotomy.

Table 2 shows the clinicopathological characteristics
of the patients in both groups. Patient comorbidities
in the non-e-group were old stroke in 2 cases,
rheumatoid arthritis in 1 case, coronary artery disease
in 2 cases, hypertension in 3 cases, obstructive lung
disease in 2 cases, diabetes mellitus in 3 cases, end-
stage renal disease in 1 case, and chronic hepatitis in
1 case (4 patients had >2 comorbidities).

Table 3 shows the early postoperative results after
cPD. No patients succumbed from cPD in either group,
yet complication rates appeared high in both groups,
and there were no intergroup differences (64% in the e-
group vs. 42% in the non-e-group, p = 0.449).

One male patient in the non-e-group had dehis-
cence of an invaginated pancreaticojejunostomy (grade
C postoperative pancreatic fistula) with gastroduode-
nal artery stump bleeding (grade C postpancreatect-
omy hemorrhage). It was rescued by emergency total
separation and closure of both pancreatic and
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intestinal stumps, peripancreatic irrigation, and total
parenteral nutrition [43, 44]. Half a year later, he
developed a chronic pancreatic fistula that was treated
with fistulojejunostomy [45].

Although all ¢PD procedures were grossly curative,
pathological examination showed cancer exposure at
the retroperitoneal dissection surface of the pancreatic
head in three patients (1 in the non-e-group, 2 in the
e-group). These cases were categorized as R1 resec-
tion, and the patients survived < 2.5 years.

Figure 1 shows the OS rates of the two groups, with
no intergroup differences (p = 0.192).

Discussion

We reviewed our 25-year experience with c¢PD in
patients with locally advanced colon cancer. A nation-
wide survey in the Netherlands reported that the most
common indication of cPD is locally advanced pancre-
atic head cancer [23] that directly invades the colon or
mesocolon, followed by locally invaded colon cancer at
the duodenum and/or pancreatic head. The c¢PD proced-
ure is rarely performed in gastrointestinal surgery. This
is due to its complexity, difficulty, and high risks. In cer-
tain acute situations, cPD is the efficacious path forward.
According to surgeons at the Memorial Sloan Ketter-
ing Cancer Center, New York, the most complex

Table 2 The clinico-pathological characteristics of patients who underwent colectomy and pancreaticoduodenectomy

Clinical characteristics E-group Non-e-group (n = 19) p
(n=11)
Sex
Male 7 8 0449
Female 4 11
Age (years) 52 (36.1-66) 70 (46-86) < 0.001
Associated comorbidities 2 12 0.039
Serum carcinoembryonic antigen level (ng/mL) 114 (1.0-369.0) 8.0 (1.5-3498.0) 0.726
Body mass index (kg/mz) 23 (20.5-31) 22.5(19.6-30.5) 0.776
Tumor characteristics
Tumor size (cm) 75 (3.0-11.0) 75 (43-16.0) 0.331
Cancer differentiation
Moderately differentiated 4 9 0.631
Poorly differentiated 7 10
Depth of cancer invasion
T4a (serosa) 3 2 0327
T4b (adjacent organ) 8 17
Lymph node metastasis 9 10 0671
Dissected lymph node number 19 (13-46) 24 (15-69) 0.294
Radicality
RO 9 18 0.587
R1 2 1
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Table 3 Early postoperative outcomes after colectomy and pancreaticoduodenectomy
Early outcomes E-group Non-e-group (n = 19) p
(n=11)
PD type
Classical PD 6 9 0.867
Pylorus-preserving pancreaticoduodenectomy 7 7
Operative time (hr) 8.0 (5.5-10.9) 75 (6.2-11.8) 0.746
Operative blood loss (mL) 600 (400-1100) 420 (150-3130) 0.268
Blood transfusion (mL) 0 (0-2600) 0 (0-2250) 0.955
Need for blood transfusion (No) 4 6 0677
Complication 7 (63.6%) 8 (42.1%) 0.449
Wound infection 3 1
Intra-abdominal abscess 2 2
Postoperative pancreatic fistula 2 2
grade B + C
Delayed gastric empting 3 3
Postpancreatectomy hemorrhage 0 1
Grade B + C 0 1
Dindo-Clavien severity grade 3 + 4 1 4
Postoperative hospital day (days) 23 (18-74) 19 (9-45) 0331
90-day mortality 0 0 1.000

surgical procedures in cancer surgery are esophagec-
tomy, hepatectomy, pancreatectomy, and total pelvic
exenteration [44].

The above procedures are recommended as best per-
formed at well-experienced medical centers. From our
present study, we found similar postoperative courses
for both cPD and PD. Therefore, successful emergency
¢PD may be similar to successful emergency PD. Emer-
gency PD is associated with high postoperative morbid-
ity and mortality, reaching 30% and 50% [30-33].

Gulle et al. [29] reported their operation as applied to
10 patients with emergency PD to treat complex pan-
creaticoduodenal trauma with zero deaths. However,
their complication rate was high (80%). All their patients
were relatively young and healthy without challenging
comorbidities. Emergency PD for non-trauma cases has
higher risks than that for trauma cases because of the
often unrecognized preoperative poor conditions and
coexisting inflammation or organ dysfunction that lead
to failed emergency PD [30, 31, 33].

Managing postoperative complications after emer-
gency cPD is also an important issue after emergency
PD. Performing cPD is itself challenging and involves
high skill levels and long operation times. It requires me-
ticulous and experienced care during the preoperative
evaluation period to minimize complications and deaths.
Thus, the diagnosis and evaluation of preoperative gen-
eral conditions of these patients should be well surveyed
to prevent occurrences of potential postoperative

adverse events. Therefore, proper preoperative selection
of patients is critical for the success of cPD. Despite the
high complication rates of emergency cPD in our
patients, their rates of early and long-term survival
appear acceptable.

Abdominal CT scans play an important role in the
preoperative diagnosis of such advanced cancer. Attach-
ment of colon tumor to duodenum and/or pancreas may
lead us a suspicion of the disease. However, in patients
who present with acute abdomen, CT scans facilitate the
visualization of tumors due to marked intestinal dilata-
tion or marked intra-peritoneal free air. When right
colon cancer loosely adheres to the duodenal wall, it
may be regarded as a duodenal invasion. Such cases
were observed in our current study. Likewise, when a
right colon cancer directly invades the pancreatic head,
with a relatively small invaded area, the condition may
be regarded as “no invasion”. Therefore, a definite diag-
nosis of colon cancer with duodenal or pancreatic inva-
sion may be confirmed only after exploratory
laparotomy. Moreover, damage-controlled procedures
can be performed in patients not fulfilling our criteria
for emergency cPD.

Patients with advanced age, poorly controlled comor-
bidities, unstable vital signs, or obesity are typically at
risk of PD. They were therefore excluded from our
emergency cPD procedure when treating bowel obstruc-
tion or perforation. Moreover, if the perforation time is
long (> 6 h), severe intra-abdominal contamination



Chen et al. World Journal of Emergency Surgery (2021) 16:7

Page 6 of 9

1.0
-=""Non-E
~E
0.8
—
=
E 0.6
= '
1) :
]
L}
S 0.4+ lescccncnen
o
0.2
0.0 I T T T | T T I T |
0 1 2 3 4 5 6 7 8 9 10
Years
Group Oy ly 2y 3y 4y Sy 6y Ty 8y
E 11 10 7 4 1 1 0
Non-E 19 16 14 11 5 5
Fig. 1 Overall survival rate after colo-pancreaticoduodenectomy

could lead to edematous and fragile conditions. Long
periods of generalized peritonitis may destroy sutures in
the early postoperative period of cPD. These patients are
therefore not recommended for emergency cPD.

Acute massive bleeding from gastrointestinal malig-
nancy is very rare, but the sequelae are grave. Once it
occurs, emergency resection to stop the bleeding is most
likely the only life-saving option. The aforementioned
patient selection criteria and management of obstruction
and perforation are not applicable in bleeding cases.
Trans-arterial embolization may be temporarily helpful
for hemostasis [29, 46]. However, due to abundant vas-
cular collaterals in pancreaticoduodenal regions, total
hemostasis is difficult. The resection of a bleeding tumor
resection is still mandatory after embolic control of
hemostasis.

Tsai et al. reported that in emergency PD, intra-
peritoneal infections have outcomes worse than bleeding
[33]. In our series, we recommended 2-stage pancreati-
cojejunostomy after cPD.

Pancreaticojejunostomy has
“Achilles tendon” of PD. For successful cPD,

been considered the
the

management of the anastomosis is also crucial. During
the early period of our study (before March 1996), we
had a case of grade C catastrophic pancreatic leakage
with bleeding (disruption of pancreaticojejunostomy
with massive internal bleeding). The patient fortunately
survived after our timely and appropriate management.

Intra-operative management for cPD adverse events,
whether related or not related to techniques, is of great
importance to reduce chances of operative mortality.

Staged pancreaticojejunostomy was routinely used for
all PD after cases when the pancreatic duct size was
small (< 2 mm) or when the pancreatic parenchyma was
soft or associated with large vessel resection or a
controlled, troublesome comorbidity.

Staged pancreaticojejunostomy was first proposed by
Japanese surgeons, Miyagawa and Makuuchi, in 1994
[39]. They covered the common hepatic proper hepatic
artery and gastroduodenal artery stump using a sheet of
pedicled greater omentum or liver falciform ligament
[35, 36]. A thin plastic tube was then inserted into the
main pancreatic duct to totally exteriorize the pancreatic
juice. Pancreatic juice was fed into the intestinal lumen
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through another tube jejunostomy, with the seromuscu-
lature sutured with the posterior wall of the pancreatic
stump. The anastomosis was performed 3 months later
by inserting the aforementioned plastic tube into the
neighboring jejunal lumen.

The pedicled falciform ligament of the liver, or greater
omentum, is capable of covering the transected stump of
the gastroduodenal artery (the most common site of
postpancreatectomy hemorrhage after PD) [39]. This
vessel can be protected from erosion by leaked pancre-
atic juice. In fact, no catastrophic complications
occurred or even minor leakage occurred after staged
pancreaticojejunostomy. This further guaranteed the
safety of cPD.

The experience of treating acute necrotizing pancrea-
titis is also helpful for treating pancreatic leakage after
PD [46]. Appropriate and timely management of compli-
cations after PD may improve healing and prevent
operative death. The pancreatectomy procedure for dis-
rupted pancreatic anastomosis [28] has a high death rate
[28, 40]. It should therefore be avoided [43]. Even with
the development of chronic pancreatic fistula, treatment
by fistulojejunostomy can be effective without undesir-
able sequelae [45].

Delayed gastric emptying is also a problematic adverse
event in both PD and cPD. The event is likely related to
the destruction of the upper abdominal autonomic nerve
plexus during lymphadenectomy. The condition often
requires prolonged hospitalization, long-term nasogastric
decompression and total parenteral nutritional support.
These management protocols could cause other systemic
problems, such as catheter sepsis, electrolyte imbalance,
trace element deficiencies, aspiration pneumonia and
hepatic dysfunction. Some of these can be fatal. To avoid
such severe complications, efforts to preserve the upper
abdominal vagus nerve and sympathetic nerve plexus
could minimize delayed gastric emptying. Upper abdom-
inal lymphadenectomy, which is typically carried out for
periampullary or pancreatic cancer, is not mandatory for
colon cancer patients.

Total removal of locally advanced colon cancer is
essential to obtain microscopic RO resection. In our
experience, R1 resection for colon cancer (cancer cells
viewed microscopically after the operation) was actu-
ally palliative, as no patient who underwent R1 resec-
tion had survived for more than 3 years.

The 5-year OS for locally advanced colorectal cancer
is 51%. The reported 5-year OS rate after cPD for
advanced colon cancer is 50 to 60% [26]. Our non-e-
group patients showed a prognosis comparable to that
in the literature [4—11]. Because of the high incidence of
lymph node metastasis, the prognosis of e-group patients
is often poor. Nevertheless, both groups had similar OS.
Histological TNM staging, lymph involvement and
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cancer cell differentiation are prognostic factors [5-12,
14, 15, 17-21, 23-25]. The cancer conditions of our
patients receiving cPD were similar to those in the litera-
ture regarding colon cancer patients. The development
of new target agents or chemotherapeutic drugs is
helpful to prolong survival.

Several limitations of the current study are as follows.

First, our comparison of the two groups was not flaw-
less. Patient selection or the choice of emergency pro-
cedure was based on perceived comorbidities of patients
by the operating team, which could be quite arbitrary.
Nevertheless, no differences were found in other
variables.

Second, this was a longitudinal observational cohort
study. It was not a randomized controlled trial because
of the small sample size. Colon cancer that involves the
duodenum and/or pancreas is a distinctively unique
presentation. During the 25-year duration of our study,
diagnostic tools, surgical techniques, operative equip-
ment, and peri/preoperative assessments advanced
markedly. Thus, our initial case-selection criteria in the
e-group might have been too conservative. For example,
the patient age could have been extended, as the life
expectancy of the general population has increased by 5
years over the course of this study period [47]. It is rea-
sonable to assume that the safety range of emergency
cPD could have also been extended.

Third, treatment strategies for locally advanced colon
cancer were chosen by our experienced colorectal and
hepatopancreaticobiliary surgeons as well as oncologists.
Over the study period, some of the involved members of
this research study retired or shifted to other projects.
Although a senior surgeon (CCW) has led the treatment
strategy of individual patients in a constant manner,
there is an inherent discrepancy in the continuity of
management for this complex disease. For example,
adjuvant therapies after elective or emergency cPD may
have changed across different postoperative courses.

In the current study, we found no patients experi-
encing ileocolostomy (another important bowel anas-
tomosis in cPD) leakage. Most postoperative
complications were related to ileostomy, pancreatic,
or colonic leakage, which could be managed by
diverting the proximal presence of ileostomy necro-
sis. Nevertheless, abscesses could be treated by
percutaneous drainage. These complications should
be diagnosed early and promptly treated.

Fourth, although staged pancreaticojejunostomy may
improve the safety of cPD in patients, additional admis-
sions and operations are needed for a complete pancrea-
ticojejunostomy. Given new safe-guarded techniques for
dealing with pancreaticoanastomosis, the safety of ¢PD
in a single operation could be developed, reducing both
hospital costs and anesthetic risks.
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Despite high complication rates, our reviewed experi-
ences support the conclusion that emergency cPD is a
feasible procedure in highly selected patients with locally
advanced colon cancer presenting acute abdomen. The
long-term outcomes after emergency and nonemergency
cPD are comparable.

Conclusions

Emergency cPD is feasible in highly selected groups
when performed by only experienced colorectal and
hepato-biliopancreatic surgeons. The early and long-
term positive outcomes of emergency cPD are similar to
those after nonemergency cPD in patients with life-
threatening acute abdominal conditions.

Abbreviations
PD: Pancreaticoduodenectomy; cPD: Colo-pancreaticoduodenectomy;
CT: Computed tomography; OS: Overall survival

Acknowledgements
The authors would like to thank Ms. NY Huang and YL Lin for manuscript
preparation, and Mr. JP Chen for statistical assistance.

Authors’ contributions

Wu CC and Chen JB conceived and designed the study. Luo SC, Chen JB,
Chen CC, and Chen YA collected and assembled the data. YY, Chang CH,
and P'eng FK performed the data analysis and interpretation. Wu CC and
Chen JB contributed to the writing of the manuscript. All authors read and
approved the final version of the manuscript.

Funding
None.

Availability of data and materials
The datasets used or analyzed during the current study are available from
the corresponding author on reasonable request.

Ethics approval and consent to participate
This study was approved by the Institutional Review Board of Taichung
Veterans General Hospital, Taichung (No. CE19116A).

Consent for publication
Written inform consent for publication was obtained from all participants.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Surgery, Taichung Veterans General Hospital, Taichung,
Taiwan. “Department of Environmental Engineering, Dayeh University,
Changhwa, Taiwan. 3Institute of Medicine, Chung Shan Medical University,
Taichung, Taiwan. “Department of Surgery, Faculty of Medicine, National
Yang-Ming University, Taipei, Taiwan. °Cancer Translational Research Center,
Taipei Medical University, Taipei, Taiwan. ®Department of Surgery, Cheng
Hsin General Hospital, Taipei, Taiwan. /Depar‘[ment of Pathology, Taichung
Veterans General Hospital, Taiwan Boulevard Sec. 4, No. 1650, Taichung
40705, Taiwan.

Received: 19 October 2020 Accepted: 11 February 2021
Published online: 27 February 2021

References

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Cancer J Clin. 2019;
69(1):7-34.

2. Chiang CJ, Lo WC, Yang YW, You SL, Chen CJ, Lai MS. Incidence and
survival of adult cancer patients in Taiwan, 2002-2012. J Formos Med Assoc.
2016;115(12):1076-88.

20.

22.

23.

24.

25.

Page 8 of 9

Eldar S, Kemeny MM, Terz JJ. Extended resections for carcinoma of the
colon and rectum. Surg Gynecol Obstet. 1985;161(4):319-22.

Lehnert T, Methner M, Pollok A, Schaible A, Hinz U, Herfarth C. Multivisceral
resection for locally advanced primary colon and rectal cancer: an analysis
of prognostic factors in 201 patients. Ann Surg. 2002,235(2):217-25.
Perysinakis I, Nixon A, Katopodi A, Tzirakis E, Georgiadou D, Avlonitis S, et al.
Long term survival after right hemicolectomy and pancreatoduodenectomy
for locally advanced colonic cancer: Case report. Int J Surg Case Rep. 2011;
2(7):206-7.

Agalar C, Canda AE, Unek T, Sokmen S. En Bloc Pancreaticoduodenectomy
for Locally Advanced Right Colon Cancers. Int J Surg Oncol. 2017,2017:
5179686.

Berrospi F, Celis J, Ruiz E, Payet E. En bloc pancreaticoduodenectomy for
right colon cancer invading adjacent organs. J Surg Oncol. 2002;79(3):194-7
discussion 8.

Cirocchi R, Partelli S, Castellani E, Renzi C, Parisi A, Noya G, et al. Right
hemicolectomy plus pancreaticoduodenectomy vs partial duodenectomy in
treatment of locally advanced right colon cancer invading pancreas and/or
only duodenum. Surg Oncol. 2014;23(2):92-8.

Curley SA, Evans DB, Ames FC. Resection for cure of carcinoma of the colon
directly invading the duodenum or pancreatic head. J Am Coll Surg. 1994;
179(5):587-92.

Fuks D, Pessaux P, Tuech JJ, Mauvais F, Brehant O, Dumont F, et al.
Management of patients with carcinoma of the right colon invading the
duodenum or pancreatic head. Int J Color Dis. 2008;23(5):477-81.

Iwasaki Y, Moriya Y, Miyake H, Akasu T, Fujita S. En bloc surgery for colon
cancer: report of a case. Surg Today. 2000;30(2):191-4.

Izumi Y, Ueki T, Naritomi G, Akashi Y, Miyoshi A, Fukuda T. Malignant
duodenocolic fistula: report of a case and considerations for operative
management. Surg Today. 1993;23(10):920-5.

Kama NA, Reis E, Doganay M, Gozalan U, Yasti C. Radical surgery of colon
cancers directly invading the duodenum, pancreas and liver.
Hepatogastroenterology. 2001;48(37):114-7.

Kaneda Y, Noda H, Endo Y, Kakizawa N, Ichida K, Watanabe F, et al. En bloc
pancreaticoduodenectomy and right hemicolectomy for locally advanced
right-sided colon cancer. World J Gastrointest Oncol. 2017,9(9):372-8.
Khalili M, Daniels L, Gleeson EM, Grandhi N, Thandoni A, Burg F, et al.
Pancreaticoduodenectomy outcomes for locally advanced right colon
cancers: A systematic review. Surgery. 2019;166(2):223-9.

Kimchi ET, Nikfarjam M, Gusani NJ, Avella DM, Staveley-O'Carroll KF.
Combined pancreaticoduodenectomy and extended right hemicolectomy:
outcomes and indications. HPB (Oxford). 2009;11(7):559-64.

Koea JB, Conlon K, Paty PB, Guillem JG, Cohen AM. Pancreatic or duodenal
resection or both for advanced carcinoma of the right colon: is it justified?
Dis Colon Rectum. 2000;43(4):460-5.

Li D, Si X, Wan T, Zhou Y. A pooled analysis of en bloc right hemicolectomy
with pancreaticoduodenectomy for locally advanced right-sided colon
cancer. Int J Color Dis. 2018;33(6):819-22.

Loutfy A, Vasani S. Locally advanced colon cancer resulting in en bloc right
hemicolectomy and pancreaticoduodenectomy: case report and review of
literature. J Surg Case Rep. 2018;2018(5):rjy100.

Marsman EM, de Rooij T, van Eijck CH, Boerma D, Bonsing BA, van Dam RM,
et al. Pancreatoduodenectomy with colon resection for cancer: a
nationwide retrospective analysis. Surgery. 2016;160(1):145-52.

Meyer A, Behrend M. Pancreatic head resection for invasive colon cancer--
apropos of a case. Anticancer Res. 2007;27(3B):1733-6.

Noda H, Kato T, Kamiyama H, Toyama N, Konishi F. En bloc right
hemicolectomy and pancreaticoduodenectomy with superior mesenteric
vein resection for advanced right-sided colon cancer. Clin J Gastroenterol.
2010;3(5):259-61.

Yoshimi F, Asato Y, Kuroki Y, Shioyama Y, Hori M, Itabashi M, et al.
Pancreatoduodenectomy for locally advanced or recurrent colon cancer:
report of two cases. Surg Today. 1999;29(9):906-10.

Zhang J, Leng JH, Qian HG, Qiu H, Wu JH, Liu BN, et al. En bloc
pancreaticoduodenectomy and right colectomy in the treatment of locally
advanced colon cancer. Dis Colon Rectum. 2013;56(7):874-80.

Zhu R, Grisotti G, Salem RR, Khan SA. Pancreaticoduodenectomy for locally
advanced colon cancer in hereditary nonpolyposis colorectal cancer. World
J Surg Oncol. 2016;14(1):12.

Cameron JL, He J. Two thousand consecutive pancreaticoduodenectomies.
J Am Coll Surg. 2015;220(4):530-6.



Chen et al. World Journal of Emergency Surgery

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

42.

43.

44,

45,

46.

47.

(2021) 16:7

Birkmeyer JD, Stukel TA, Siewers AE, Goodney PP, Wennberg DE, Lucas FL.
Surgeon volume and operative mortality in the United States. N Engl J Med.
2003;349(22):2117-27.

Fuks D, Piessen G, Huet E, Tavernier M, Zerbib P, Michot F, et al. Life-
threatening postoperative pancreatic fistula (grade C) after
pancreaticoduodenectomy: incidence, prognosis, and risk factors. Am J
Surg. 2009;197(6):702-9.

Gulla A, Tan WP, Pucci MJ, Dambrauskas Z, Rosato EL, Kaulback KR, et al.
Emergent pancreaticoduodenectomy: a dual institution experience and
review of the literature. J Surg Res. 2014;186(1):1-6.

Grigorian A, Dosch AR, Delaplain PT, Imagawa D, et al. The modern trauma
pancraticodudenectomy for penetrating trauma: a propensity-matched
analysis. Updat Surg. 2020. https;//doi.org/10.1007/513304-020-00855-x.
Lupascu C, Trofin A, Zabara M, Vornicu A, Cadar R, Vlad N, et al. Emergency
Backwards Whipple for Bleeding: Formidable and Definitive Surgery.
Gastroenterol Res Pract. 2017;2017:2036951.

McArdle CS, McMillan DC, Hole DJ. The impact of blood loss, obstruction
and perforation on survival in patients undergoing curative resection for
colon cancer. Br J Surg. 2006,93(4):483-8.

Tsai CY, Lai BR, Wang SY, Liao CH, Liu YY, Kang SC, et al. The impact of
preoperative etiology on emergent pancreaticoduodenectomy for non-
traumatic patients. World J Emerg Surg. 2017;12:21.

You L, Zhao W, Hong X, Ma L, Ren X, Shao Q, et al. The effect of body mass
index on surgical outcomes in patients undergoing pancreatic resection: a
systematic review and meta-analysis. Pancreas. 2016;45(6):796-805.
Hasegawa K, Kokudo N, Sano K, Seyama Y, Aoki T, lkeda M, et al. Two-stage
pancreatojejunostomy in pancreaticoduodenectomy: a retrospective
analysis of short-term results. Am J Surg. 2008;196(1):3-10.

Miyagawa S, Makuuchi M, Kawasaki S, Ogiwara M. Second-stage
pancreatojejunostomy following pancreatoduodenectomy in high-risk
patients. Am J Surg. 1994;168(1):66-8.

Dindo D, Demartines N, Clavien PA. Classification of surgical complications:
a new proposal with evaluation in a cohort of 6336 patients and results of a
survey. Ann Surg. 2004;240(2):205-13.

Bassi C, Marchegiani G, Dervenis C, Sarr M, Abu Hilal M, Adham M, et al. The
2016 update of the International Study Group (ISGPS) definition and
grading of postoperative pancreatic fistula: 11 years after. Surgery. 2017;
161(3):584-91.

Wente MN, Veit JA, Bassi C, Dervenis C, Fingerhut A, Gouma DJ, et al.
Postpancreatectomy hemorrhage (PPH): an International Study Group of
Pancreatic Surgery (ISGPS) definition. Surgery. 2007;142(1):20-5.

Wente MN, Bassi C, Dervenis C, Fingerhut A, Gouma DJ, Izbicki JR, et al.
Delayed gastric emptying (DGE) after pancreatic surgery: a suggested
definition by the International Study Group of Pancreatic Surgery (ISGPS).
Surgery. 2007;142(5):761-8.

Koch M, Garden OJ, Padbury R, Rahbari NN, Adam R, Capussotti L, et al. Bile
leakage after hepatobiliary and pancreatic surgery: a definition and grading
of severity by the International Study Group of Liver Surgery. Surgery. 2011;
149(5):680-8.

Amin MB, Edge S, Greene F, Byrd DR, Brookland RK, Washington MK; et al.
(Eds.). AJCC Cancer Staging Manual (8th edition). Springer International
Publishing: American Joint Commission on Cancer; 2017. p. 251-74.

Wu CC, Hwang CR, Yeh DC, Hwang YC, Liu TJ, P'Eng FK. Treatment for
dehiscence of pancreaticojejunostomy after pancreaticoduodenectomy: is
resection of the residual pancreas necessary? Hepatogastroenterology. 1996;
43(7):271-4.

Yeh DC, Wu CC, Liu TJ, P'Eng FK. Management of acute pancreatitis: results
of a 15-year experience in Taiwan. J Hepato-Biliary-Pancreat Surg. 2001;8(3):
204-10.

Luo SC, Cheng SB, Wu CC, Huang CC, Lin YL, P'Eng FK. Embedding
fistulojejunostomy: an easy and secure technique for refractory external
pancreatic fistula. Asian J Surg. 2018;41(2):143-7.

Wu CC, Chen JT, Ho WL, Yeh DC, Tang JS, Liu TJ, et al. Liver resection for
hepatocellular carcinoma in octogenarians. Surgery. 1999;125(3):332-8.

Wu FH, Shen CH, Luo SC, Hwang JI, Chao WS, Yeh HZ, et al. Liver resection
for hepatocellular carcinoma in oldest old patients. World J Surg Oncol.
2019;17(1):1.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 9 of 9

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1007/s13304-020-00855-x

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

