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Objective: To consolidate the recent literature on pre-selected intra-operative factors and their impact on 
pancreaticoduodenectomy (PD) outcomes. 
Background: Despite recent advances, prognosis following a diagnosis of pancreatic ductal adenocarcinoma 
(PDAC) remains poor. About 85% of newly diagnosed patients are not candidates for surgical resection. 
For those who are, PD is an option but around half of patients will experience morbidity and median overall 
survival (OS) is less than two years. Many intra-operative factors affect short- and long-term PD outcomes. 
An appreciation for these will improve patient selection, guide risk/benefit discussions and allow surgeons to 
evaluate their operative approach. 
Methods: A comprehensive search of the English literature (PubMed database) was carried out. Articles 
from May 2011 through to May 2021 reporting on outcomes of PD performed for suspected PDAC were 
included. 
Conclusions: Patients who are classed as American Society of Anesthesiologists (ASA) grade III are high-
risk. Caution should be used when offering PD to these patients, especially if they are elderly. Further 
important non-modifiable factors include soft pancreas texture, absence of pancreatitis and small main 
pancreatic duct, all of which increase the risk of pancreatic fistula. A pylorus-preserving technique may 
reduce operation times and blood loss whilst increasing rates of delayed gastric emptying (DGE). Minimally 
invasive approaches have their advantages but are only available at certain units and are not appropriate for 
all patients. A pancreatico-gastrostomy (PG) may reduce blood loss and operation times whilst increasing 
post-operative bleeding risk. The benefits of concomitant vascular resection remain controversial and 
transfused patients have poor outcomes but this is difficult to quantify due to confounders. Efforts should be 
made to reduce intra-operative blood loss. Much of the literature on the factors discussed is based on studies 
affected by selection bias. A large, robust study which accounts for confounding variables is required so that 
models can be created to calculate risk in individual patients. 
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is the eleventh 
most common cancer worldwide and its incidence 
is set to rise (1). It is projected to become the UK’s 
fourth biggest cancer killer by 2030, with similar trends 
expected in high-income countries within Europe, North 
America and Oceania (1). Prognosis following a PDAC 
diagnosis is extremely poor; five-year survival is less than 
10% (1). In selected patients with early disease, PDAC 
affecting the head of the pancreas can be treated with 
pancreaticoduodenectomy (PD) with curative intent. 
This high-risk operation is associated with considerable 
morbidity and up to 80% of patients develop recurrent 
disease. This article reviews the recent literature on selected 
intra-operative factors and their impact on short- and long-
term PD outcomes. Although many of the factors discussed 
are non-modifiable, an in-depth understanding of their 
impact will improve patient selection and guide risk/benefit 
discussions. An appreciation for the modifiable factors 
discussed will allow surgeons to consider their operative 
technique and potentially optimise their outcomes. We 
present the following article in accordance with the 
Narrative Review reporting checklist (available at https://
apc.amegroups.com/article/view/10.21037/apc-21-16/rc).

Methods

The factors included were selected prior to carrying out 
the literature search. These were: pylorus-resecting versus 
pylorus-resecting technique, open versus minimally invasive 
technique, type of pancreatic anastomosis, concomitant 
vascular resection, pancreas texture, evidence of pancreatitis, 
dilatation of the pancreatic duct, and peri-operative blood 
transfusion. American Society of Anesthesiologists (ASA) 
grade was also included although this not strictly an intra-
operative factor. In the blood transfusion section, articles 
reporting on transfusions given in the intra- and early post-
operative periods were included. Pre-operative factors have 
not been included as these have been covered in a separate 
article.

A comprehensive online search of the English literature 
was carried out on 14th June 2021. The PubMed database 
was searched using the terms “factor in question”, 
“pancreaticoduodenectomy”, and “outcome” from May 
2011 through May 2021. The following articles were 
included: (I) English language; (II) human studies; (III) 
meta-analyses (MAs), systematic reviews and clinical studies 

reporting on outcomes of PD performed for suspected 
PDAC; (IV) in terms of risk factors/associations, only 
statistically significant results were included (P<0.05).

Results

ASA grade

The ASA physical classification system, or ASA grade, 
has been in use for more than 60 years. Its purpose is to 
categorise a patient’s pre-operative physiological status to 
guide clinical decision making. The system alone cannot 
quantify risk since it does not consider the operation being 
performed or physical factors such as a difficult airway, or 
a patient’s wish to refuse a blood transfusion. Furthermore, 
it is subjective and does not consider the impact of 
advancing age on physiological fitness. Nonetheless, it is a 
useful tool. ASA grade I patients are healthy and grade II 
patients have mild systemic disease (2). Grade III patients 
have severe systemic disease and grade IV patients have 
severe systemic disease which is a constant threat to  
life (2). It is very rare for patients with an ASA grade of IV 
or above to be offered PD. 

The impact of ASA grade on surgical outcomes is well 
documented (2). Morbidity and mortality rates increase with 
ASA grade in both the elective and emergency setting (3).  
Specific to pancreatic surgery, increasing ASA grade has 
been shown to correlate with adverse outcome following 
PD. Eeson et al. (4) (n=100) found that ASA grade III was 
associated with increased peri-operative mortality (P=0.012). 
However, this was no longer significant once increasing age 
was adjusted for (4). The authors concluded that, whilst 
age >80 years should not be an absolute contraindication, 
extreme caution should be used when considering resection 
in a patient of this age if they are ASA grade III (4). 
Other authors have shown that ASA grade III patients 
have significantly increased major morbidity rates (5,6). 
Concerning long-term outcomes, the Eeson et al. (4) study 
showed that increasing ASA grade correlated with reduced 
overall survival (OS). Compared with ASA grade I/II,  
median OS was significantly shorter in ASA grade III 
patients (12.0 vs. 19.5 months, P=0.042). 

In summary, ASA grade is a basic but useful tool for 
estimating risk in surgical candidates. One should consider 
the additional risks when offering PD to those with ASA 
grade ≥III, especially older patients. These patients have 
higher peri-operative morbidity and mortality rates, and 
reduced OS. 

https://apc.amegroups.com/article/view/10.21037/apc-21-16/rc
https://apc.amegroups.com/article/view/10.21037/apc-21-16/rc
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Pylorus-resecting versus pylorus-preserving technique

The classic PD (Figure 1A) refers to resection of the 
pancreatic head, gallbladder (and bile duct), duodenum, 
and the distal stomach, before formation of the three 
anastomoses. A modified approach is the pylorus-preserving 
PD (PPPD) which, as the name suggests, does not involve 
resection of the distal stomach (Figure 1B). The PPPD 
was popularised by the American surgeons L. William 
Traverso and William Longmire in the late 1970s and 
was initially intended for the management of chronic 
pancreatitis (7). Due to reports of shorter operation times, 
decreased intra-operative blood loss, and reduced incidence 
of dumping syndrome, it was proposed as an alternative to 
the classic approach for the management of peri-ampullary 
malignancies (7). 

Multiple MAs have compared the outcomes of the two 
procedures. Whilst there were initial concerns regarding 
the oncological outcomes of PPPD, it has been shown to be 
equivalent in terms of recurrence and long-term survival (8).  
Following a review of eight randomised controlled trials 
(RCTs), Hüttner et al. (9) (n=512) found that a pylorus-
preserving technique did not affect morbidity, mortality or 
OS. A less recent MA by Diener et al. (10) reached similar 
conclusions. A further MA by Yang et al. (11) (eight RCTs, 
n=662), suggested PPPD had short-term advantages, 
including reduced operation time (mean difference:  
53 min; P=0.01) and reduced intra-operative blood loss 
(mean difference: 365 mL; P=0.006). However, classic PD 
was associated with a lower rate of delayed gastric emptying 
(DGE; RR =2.35; P=0.04). Morbidity and mortality rates 

were similar, and OS was not studied (11). A MA by  
Zhou et al. (12) reached similar conclusions. 

In summary, the classic PD and the PPPD are both 
acceptable approaches which have similar recurrence and 
survival rates. It may be that the PPPD is associated with 
shorter operation times and reduced intra-operative blood 
loss. Classic PD may be associated with a reduced rate of 
DGE. 

Open versus minimally invasive techniques

In recent decades, minimally invasive surgical techniques 
have seen a meteoric rise. Many operations which were 
once performed open are now routinely performed 
laparoscopically or robotically. The first laparoscopic 
PD (LPD) was reported by Michel Gagner and Alfons 
Pomp in 1994. However, uptake has been slow due to 
the associated technical challenges of performing an 
oncological resection in a difficult-to-access anatomical 
location, and the need to perform three anastomoses as 
part of the reconstruction (13). Not all PD candidates are 
suitable for a laparoscopic resection; this includes those 
who are likely to require concomitant vascular resection, 
are obese, or have previously had abdominal surgery or 
pancreatitis (14). Unsurprisingly, a high proportion (up to 
10%) of laparoscopic procedures are converted to open (15). 
Multiple studies, including MA, have suggested that LPD 
is associated with longer operation times, shorter length of 
stay and reduced intra-operative blood loss (14,16-19). No 
statistically significant difference has been observed in terms 
of morbidity, mortality, or oncological outcomes (15,17,20). 

Figure 1 The pylorus-resecting (classic) and pylorus-preserving techniques are both acceptable PD approaches. Each has their advantages 
and drawbacks. (A) Classic PD. (B) Pylorus-preserving PD. 1, liver; 2, stomach; 3, remnant of pancreas; 4, loop of jejunum; 5, hepato-
jejunostomy; 6, pancreatico-jejunostomy; 7, gastro-jejunostomy (illustrations provided by John Peter Ovens). PD, pancreaticoduodenectomy. 
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Despite this, some specialists have concerns regarding the 
risk of major morbidity following LPD. A recent RCT 
by van Hilst et al. (21) was terminated early due to safety 
concerns as, although not statistically significant, LPD was 
associated with a higher number of complication-related 
deaths. 

Laparoscopic surgery creates several issues for the 
surgeon, including two-dimensional imaging, poor 
ergonomics, restricted range of movement, and a long 
learning curve. Robotic PD (RPD) has been developed as an 
alternative which has become popular in certain units. This 
method provides superior three-dimensional visualisation, 
instruments which mimic the surgeon’s own hands, an 
articulating “wrist”, and greater range of motion. The 
feasibility of RPD was first described in 2003 by Giulianotti 
et al. (22) who published a series of thirteen patients. A 
recent MA by Da Dong et al. (23) (24 studies, n=12,579) 
compared RPD to open surgery. RPD was associated 
with reduced intra-operative blood loss (mean difference:  
191 mL; P<0.001) and longer operation time (mean 
difference: 75 min; P<0.001). There was a strong association 
toward increased complete (R0) resection rate in the RPD 
group but this was not quite significant (15.6% vs. 19.9%, 
P=0.05). The surgical approach did not impact on major 
morbidity or mortality rates, and long-term outcomes 
were not studied (23). Survival outcomes following RPD 
are not well studied. Shyr et al., who compared the long-
term outcomes of 85 RPDs and 81 open PDs, found the 
former had improved one- (82.9% vs. 63.8%), three- (45.3% 
vs. 26.2%) and five-year (26.8% vs. 17.4%) survival rates 
(P=0.004). However, these findings will have been heavily 
influenced by selection bias (24). 

Aziz et al. (25) (n=11,218) compared the three approaches 
and found rates of surgical site infection (SSI) were lowest 
in LPD patients and highest in open patients (3.2% vs. 5.5% 
vs. 9.0%, P<0.01). Respiratory tract infection was lowest in 
the RPD group, and highest in the open group (0.9% vs. 
3.6% vs. 4.4%, P=0.04). Operation time was longest in the 
LPD group and shortest in the open group (482 vs. 463 vs. 
354 min, P<0.001), and 30-day mortality was lowest in the 
open group and highest in the LPD group (2.3% vs. 3.3% 
vs. 3.6%, P=0.02). Long-term outcomes were not studied 
and the authors concluded that smaller incisions did not 
improve outcomes. In a recent MA, Aiolfi et al. (26) also 
compared the three approaches (41 studies, n=56,440). Peri-
operative mortality and major morbidity rates were similar. 
Compared to an open approach, both LPD and RPD were 
associated with reduced peri-operative blood loss, reduced 

overall morbidity, shorter length of stay, and reduced rate 
of readmission (26). The authors advised that the choice of 
approach should be guided by the skillset of the surgeon but that 
minimally invasive approaches may improve outcomes (26). 

In conclusion, LPD has equivalent short- and long-
term outcomes when compared with open PD. However, 
it is only possible in selected patients and, despite the long 
learning curve, benefits are likely to be modest. When 
compared with an open approach, it may be that RPD 
results in improved histopathological outcomes at the 
expense of longer operating times and increased financial 
cost. Whilst selected authors have safety concerns regarding 
minimally invasive approaches, it is important to remember 
that safety profile during the application of these techniques 
is highly dependent on the experience and expertise of the 
operating surgeon and the centre within which they work. 

Type of pancreatic anastomosis

Following resection of the pancreatic head and duodenum, 
it is necessary to anastomose the pancreatic remnant to a 
loop of small bowel or the stomach to ensure pancreatic 
juice reaches the intestinal lumen and the risk of 
postoperative pancreatic fistula (POPF) is minimised. Some 
surgeons prefer a pancreatico-jejunostomy (PJ) whereas 
others prefer a pancreatico-gastrostomy (PG), both are 
accepted practice (Figure 2). Numerous techniques for 
forming a PJ have been described. The most recent position 
statement by the International Study Group of Pancreatic 
Surgery (ISGPS) does not endorse any particular technique 
but advises an invaginating approach in patients with a 
soft pancreas (27). This is supported by the findings of 
Cao et al. (28) who, in recent MA, found that invaginating 
techniques were associated with reduced rates of grade  
B/C POPF (7.4% vs. 12.4%, P=0.006). PG is a reasonable 
alternative to PJ. Whilst not backed-up by high-quality 
evidence, some authors claim this method is preferable 
since pancreatic enzymes are not activated in the acidic 
stomach, the stomach has a rich blood supply to support the 
anastomosis, and the join itself is not put under tension (29). 
Others argue that a PG may be less technically challenging, 
especially in a patient with a soft pancreas (30). 

Multiple MAs have compared PJ and PG outcomes and 
these have come to conflicting conclusions, possibly due to 
the high degree of heterogeneity between included studies. 
Menahem et al. (31) (seven RCTs, n=1,121) found PG 
reduced the risk of POPF (11.2% vs. 18.7%, P=0.0003), but 
only four studies used the standardised ISGPS definition. 
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Zhou et al. (32) (six RCTs, n=1,005) reached the same 
conclusion (OR =0.58; P=0.001). In contrast, Wang et al.  
(16 RCTs, n=2,396), Daamen et al. (six RCTs, n=1,086), and 
Jin et al. (11 RCTs, n=1,765) showed PG was not superior 
to PJ in terms of POPF risk (33-35). Ratnayake et al. (29)  
(15 RCTs, n=2,428), who compared and ranked five 
anastomosis techniques, found a PG duct-to-mucosa 
approach was associated with the lowest rate of clinically 
relevant POPF.

Concerning other short-term outcomes, Ratnayake 
et al. (29) found a PG duct-to-mucosa approach was 
associated with the lowest rates of intra-operative blood 
transfusion, DGE and intra-abdominal collection. This 
technique also had the shortest operation times and length 
of stay, and the lowest overall morbidity and mortality 
rates (29). Furthermore, Zhou et al. (32) found intra-
abdominal collection (OR =0.43; P<0.001) and biliary fistula 
(OR =0.28; P=0.01) were less common in PG patients. 
However, Jin et al. (35) found PG patients more commonly 
experienced post-operative haemorrhage (OR =1.47; 
P=0.03). 

More recently, the Blumgart-style PJ has gained 
popularity.  This technique uti l ises  ful l  thickness 
transpancreatic sutures to invaginate the jejunum and 
encapsulate the pancreatic parenchyma. This is thought to 
reduce the tension on the anastomosis and reduce the risk 
of a capsule tear. Double sutures are placed at the six and 
twelve o’clock positions and single sutures are placed at the 
three and nine o’clock positions. A recent MA by Li et al. (36) 
(11 studies) compared Blumgart-style PJ (n=1,155) to non-
Blumgart PJ (n=1,257) and found the former was associated 
with reduced risk of grade B/C POPF (OR =0.38; P=0.004). 

In conclusion, both PJ and PG are safe and accepted 

techniques used to fashion a pancreatic anastomosis 
following pancreatic head resection. PG is arguably less 
technically challenging and is associated with reduced risk 
of POPF. It may be that PG is associated with higher rates 
of postoperative haemorrhage. The impact of anastomosis 
type on long-term survival is unknown.

Concomitant vascular resection

PDAC commonly invades into the retroperitoneal space, 
where it can infiltrate the portal vein (PV) and/or the 
superior mesenteric vein (SMV). Whilst this is no longer 
an absolute contraindication to PD, the benefits of venous 
resection (VR) remain controversial. In a recent MA,  
Wang et al. (37) [41 studies, n=7,567, arterial resection (AR) 
cases excluded] found VR was associated with increased 
operation time (491 vs. 399 min, P<0.0001), intra-operative 
blood loss (929 vs. 581 mL, P=0.0001), risk of post-operative 
haemorrhage (rates not specified, P<0.0001), risk of DGE 
(rates not specified, P=0.03), and rate of re-operation (12.3% 
vs. 11.0%, P=0.008). Interestingly, VR was associated with a 
lower risk of POPF (7.9% vs. 10.7%, P=0.001) and overall 
morbidity rates were similar (37). Thirty-day mortality was 
marginally higher (3.84% vs. 3.17%, P=0.03) in the VR 
group but 90-day mortality rates were similar (37). Tumour 
size was significantly larger in the VR patients (35.7 vs. 
30.8 mm, P<0.0001), and reduced rate of R0 resection was 
observed in this group (60.5 vs. 68.7, p<0.0001) (37). One- 
(RR =0.86; P=0.0009) and five-year (RR =0.64; P=0.004) 
survival were significantly shorter in the VR group (37). 
The VR patients likely had more advanced disease although 
this was not studied. The authors concluded that VR is safe 
and feasible, and, given the benefit of a R0 resection on OS, 

Figure 2 The pancreatic remnant can be anastomosed to the jejunum or the stomach. Both approaches are acceptable. (A) PJ. (B) PG 
(illustrations provided by John Peter Ovens). PJ, pancreatico-jejunostomy; PG, pancreatico-gastrostomy.
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it may be necessary for the purpose of achieving a radical 
resection. 

In another recent MA, Peng et al. (38) (30 studies, 
n=12,031) also found VR was associated with longer operation 
times (mean difference: 69 min; P<0.0001), increased 
intra-operative blood loss (mean difference: 202 mL;  
P<0.0001), larger tumour size (mean difference: 2.43 mm; 
P<0.0001), and a lower rate of R0 resection (OR =0.64; 
P<0.0001). Overall morbidity rates, including POPF, were 
similar but VR was associated with higher rates of bile leak 
(OR =4.45; P=0.0003), reoperation (OR =1.56; P=0.0001), 
DGE (OR =1.36; P=0.02), and post-operative haemorrhage 
(OR =2.18, P<0.0001) (38). VR did not affect length of stay, 
but was associated with higher inpatient (OR =1.71; P=0.01) 
and 30-day mortality (OR =2.02, P<0.0001) (38). The 
authors concluded that VR is associated with considerable 
additional risk and that it is indicated only in selected cases. 
They also concluded that, although VR is associated with 
reduced OS, this likely reflects tumour, rather than intra-
operative, factors (38). Some authors have speculated that 
the length of resected vein is significant. Pan et al. (39) 
(n=118) studied PD patients who underwent resection of 
a named vein (SMV or PV) and found VR did not affect 
OS. However, patients who had >3 cm of vein resected had 
worse OS (11 vs. 18 months, P=0.02) (39).

AR is associated with significant additional risk. As such, 
most centres are reluctant to perform PD where there is 
arterial involvement since outcomes are poor. However, 
as neoadjuvant therapy (NAT) is now standard of care in 
patients with borderline resectable and locally advanced 
disease, this may increase the number of potential surgical 
candidates in this subgroup. In a recent MA, Rebelo et al. (40)  
(31 studies, n=7,111, VR cases excluded), showed AR (coeliac 
artery ± superior mesenteric artery ± common hepatic 
artery) was associated with higher rates of POPF (27% vs. 
14%, P<0.001), DGE (19% vs. 13%, P<0.001), reoperation 
(11% vs. 4.6%, P<0.001), and peri-operative mortality (5.3% 
vs. 1.1%, P<0.001). AR was also associated with lower R0 
resection rate (73% vs. 80%, P<0.001) and reduced OS 
(21.9 vs. 45.7 months, P=0.008) (40). Again, the authors 
concluded that the impact on survival likely reflected 
tumour factors, and that the need for AR should not be an 
absolute contraindication to PD (40). 

In summary, PD with concomitant vascular resection 
is associated with additional risk but this should not be an 
absolute contra-indication to resection. The number of 
potential surgical candidates with vascular involvement will 
likely rise due to the increased use of NAT.

Pancreas texture

Intra-operatively, the surgeon will often characterise the 
texture of the pancreas as either “soft” or “hard”. This is 
subjective, but it can be a useful predictor of post-operative 
outcomes. Marchegiani et al. (41) suggested that assessment 
of pancreatic stiffness using a durometer may be more 
consistent than using an individual surgeon’s subjective 
assessment. Martin et al. (42) (n=9,366) found patients 
with a soft pancreas texture had significantly higher rates 
of POPF (37% vs. 10%, P<0.001). These findings are 
supported by other recent studies (43-45). This is likely due 
to the fragility of the parenchyma and the secretion of high 
volumes of pancreatic juice (46). 

Although the association between a soft pancreas and 
POPF is well known, this can be difficult to assess pre-
operatively using non-invasive methods. Harada et al. (47) 
(n=16) found liver fibrosis index correlates with pancreatic 
fibrosis (P=0.018) and POPF (P=0.045), and that real time 
tissue elastography evaluation of pancreatic stiffness may 
be a useful predictor of POPF. Shi et al. (48) suggested that 
pre-operative magnetic resonance imaging (MRI) findings 
may also be useful for this purpose. 

Evidence of pancreatitis

Chronic pancreatitis results in fibrosis which stiffens the 
parenchyma. As discussed above, a hard pancreas texture 
is associated with reduced incidence of POPF since the 
anastomosis is usually less challenging to fashion and less 
pancreatic juice is secreted (49). Furthermore, chronic 
pancreatitis may be associated with duct dilatation which 
further aids the surgeon (see below). Schmidt et al. (50) 
(n=510, all pathologies) found those with a histological 
diagnosis of pancreatitis were significantly less likely to 
develop POPF than those with a malignant diagnosis (9.0% 
vs. 28%, P=0.02). 

Dilatation of the pancreatic duct

A dilated pancreatic duct has long been associated with 
reduced incidence of POPF. In the Martin et al. (42) 
study mentioned above, patients were categorised by duct 
diameter (<3, 3–6 or >6 mm). Patients with duct size of  
<3 mm were highest risk and those with a duct >6 mm were 
lowest risk (35.9% vs. 10.1%, P<0.0001). DI Martino et al. (51)  
(n=107) also concluded that patients who developed POPF 
had significantly smaller pancreatic duct diameters (2.8 vs. 
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4.0 mm, P=0.012). 
As with pancreas texture, prior authors have attempted to 

identify predictors of POPF using pre-operative imaging of 
the main pancreatic duct. Barbier et al. (52) (n=186) found 
median duct size on pre-operative computed tomography 
(CT) was significantly smaller in patients who developed 
a fistula (3.0 vs. 4.5 mm, P<0.01). Ratio of pancreas body 
thickness to main pancreatic duct size was also higher 
in POPF patients (5.7 vs. 3.4, P=0.04), and a value >3.8 
was associated with increased rates of post-operative 
haemorrhage (OR =4.3; P=0.01) and reintervention (OR 
=3.4; P=0.02) (52). 

Peri-operative blood transfusion

A number of studies have investigated the correlation 
between intra-operative blood transfusion and short-term 
PD outcomes. Dosch et al. (53) (n=6,869) found patients 
who received an intra- or peri-operative blood transfusion 
(within 72 h of surgery) were significantly more likely 
to experience infective complications (34.7% vs. 26.5%, 
P<0.001). This included SSI, urinary tract infection (UTI), 
pneumonia and sepsis. Zhang et al. (54) (n=212) reached 
the same conclusion (OR =3.2; P<0.01). After the exclusion 
of patients with POPF, blood transfusion remained an 
independent risk factor for serious infection (OR =5.8; 
P<0.01). The authors suggested that peri-operative blood 
transfusion rate should be considered a quality indicator for 
the performance of PD (54). Hallet et al. (55) (n=17,523) 
also reached similar conclusions. In this study, peri-
operative blood transfusion was associated with increased 
major morbidity (25.3 vs. 11.3, P<0.0001), length of stay  
(RR =1.29; P<0.0001) and mortality (5.6% vs. 1.0%, 
P<0.0001). 

The associat ion between peri-operat ive  blood 
transfusion and infective complications is well documented. 
This phenomenon is known as transfusion-related 
immunomodulation (TRIM); it was first described in the 
late 1980s when renal transplant patients were found to 
be less likely to reject recipient organs if they had received 
a peri-operative transfusion. Whilst the exact underlying 
mechanism is unknown, it is thought the suppression 
of natural killer cells, T-cells, and neutrophils plays an 
important role (53). Since PD is a high-risk operation 
and infective complications are common, further studies 
are required to investigate the factors which affect peri-
operative blood transfusion rates in order to minimise the 
number of transfusions given. 

I t  h a s  p r e v i o u s l y  b e e n  h y p o t h e s i s e d  t h a t 
immunosuppression induced by peri-operative blood 
transfusion may reduce host response to tumour cells 
and affect OS. This is difficult to investigate due to the 
impact of confounding factors and remains controversial. 
Concerning long-term outcomes, Clark et al. (56) (n=170, 
all pathologies) found peri-operative blood transfusion was 
not a predictor of OS. In contrast, Abe et al. (57) (n=148, 
PDAC only) found patients who received a peri-operative 
blood transfusion had significantly reduced survival at 
two (3.03% vs. 48.7%) and six (0.0% vs. 10.4%) years 
(P<0.001). However, the patients who did not receive 
a transfusion were younger (P=0.029), had higher pre-
operative haemoglobin levels (P<0.001), less advanced 
disease (P=0.001), shorter operation times (P<0.001), 
were less likely to undergo concomitant vascular resection 
(P<0.001), and were more likely to achieve a R0 resection  
(P=0.029) (57). Additional authors have reached similar 
conclusions (58,59). 

Peri-operative blood transfusion rate is often considered 
non-modifiable but it is arguably modifiable. For example, 
individual anaesthetists may have differing opinions on 
transfusion thresholds and individual units may have differing 
transfusion protocols. It has been hypothesised that one of 
the reasons larger centres have superior PD outcomes is that 
these units tend to have lower thresholds for transfusion and 
increased use of reserved blood units relative to the number 
given. This was investigated by Lammi et al. (60) (n=1,337, 
total pancreatectomies also included) and no differences 
were observed between high-, medium- and low-volume 
centres in terms of blood usage, transfusion trigger point, 
or use of reserved units. However, during the study period  
(2002–2011), the trigger points decreased (P=0.003) and the 
usage of reserved units increased (P<0.001) at high-volume 
centres relative to the other units. 

Due to the potential impact of peri-operative blood 
transfusion, a number of authors have investigated the 
effect of estimated intra-operative blood loss (EBL) on PD 
outcomes. EBL is known to be subjective and imprecise, 
and hence its use in studies if often criticised. Ghee et al. (61)  
recently found that surgeons tend to significantly 
underestimate EBL (P=0.009) whereas anaesthetists tend 
to overestimate (P=0.004). Seykora et al. (62) (n=5,323) 
categorised EBL into 0–300, 301–750, 751–1,300 and 
>1,300 mL, and found median EBL to be 400 mL. Intra- 
and post-operative transfusion rates were 15.8% and 24.8%, 
respectively. Progressive EBL corelated with intra- but not 
post-operative transfusion in a dose-dependent manner 
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(P<0.0001) and was associated with poor peri-operative 
outcomes (62). Hence, the authors concluded that efforts 
should be made to minimize intra-operative blood loss and 
that there are gains to be made by targeting modifiable 
factors (62). Furthermore, Casciani et al. (63) (n=7,706) 
matched 966 PD patients with EBL ≤700 mL to 966 with 
EBL >700 mL. The former had lower rates of clinically 
relevant POPF (19.4% vs. 12.6%), major morbidity (27.8% 
vs. 15.6%), transfusion (50.1% vs. 14.3%), reoperation 
(9.2% vs. 4.0%) and 90-day mortality (4.7% vs. 2.0%, all 
P<0.001). The authors suggested that blood loss should 
be minimised by careful transection of the pancreatic neck 
using transfusion sutures to control the pancreatic arcades, 
using electrocautery to dissect the parenchyma, and to 
combat any pulsatile bleeding with sutures (63). In addition, 
they advised an “artery first” approach when dissecting the 
pancreatic head from the mesenteric axis to allow early 
detection of gross vascular infiltration. They go on to 
conclude that operative techniques associated with reduced 
EBL may be preferrable as this may reduce the need for 
transfusion e.g., a PG rather than a PJ anastomosis, and the 
use of externalised trans-anastomotic stents, transperitoneal 
drainage, and prophylactic octreotide (63). 

In conclusion, PD patients who receive a peri-operative 
blood transfusion appear to be at higher risk of developing 
infective complications. Whether transfusion affects long-
term outcomes remains controversial as it is difficult to 
exclude confounding variables, but it may be associated with 
reduced OS. Where suitable, pre-operative anaemia should 
be corrected and efforts should be made to minimise intra-
operative blood loss. 

Discussion

Myriad intra-operative factors are known to affect PD 
outcomes (Table 1). Whilst some are non-modifiable, 
an appreciation for these allows informed assessment 
of potential surgical candidates and guides risk-benefit 
discussions. Patients with ASA grade III are high-risk and 
have poor short- and long-term outcomes. Patients should 
be optimised prior to surgery where possible and the 
appropriate members of the mutli-disciplinary team should 
be involved early so that the best possible outcome can be 
achieved. Whilst advanced age should never be an absolute 
contra-indication to PD, one should be very cautious when 
offering resection to a patient over 75-year-old with an ASA 
grade of III, as this sub-group have additional associated 
risks. These patients should be made aware of their 

additional risk prior to being consented. Further important 
non-modifiable factors include soft pancreas texture, 
absence of pancreatitis and small main pancreatic duct. 
Each of these is associated with an increased risk POPF. 
Surgeons may wish to adapt their practice in patients with 
these characteristics in order to optimise their outcomes. 

Many of the modifiable intra-operative risk factors 
discussed relate to surgical technique and approach. A 
pylorus-preserving technique may reduce operation times 
and intra-operative blood loss, whilst achieving comparable 
oncological outcomes. However, this likely results in higher 
rates of DGE. Minimally invasive techniques have become 
more popular in recent years but an open approach remains 
the standard of care. Some studies have demonstrated 
superior outcomes following LPD and/or RPD but these 
are likely affected by selection bias and these procedures are 
only available in certain units. 

PG and PJ are both acceptable and numerous studies 
have compared the two techniques. It may be that PG 
is associated with reduced blood transfusion rate and 
operation time, at the expense of increased risk of post-
operative haemorrhage. As with any surgical technique, it 
is important to weigh this up against the expertise of the 
surgeon performing the procedure and the team within 
which they work. Concomitant vascular resection remains 
a controversial topic. This is associated with increased peri-
operative morbidity and evidence supporting improved 
long-term outcomes is lacking. Whilst those who undergo 
concomitant vascular resection have reduced OS, this 
likely reflects tumour factors and the number of patients 
with vascular involvement who are appropriate surgical 
candidates is set to rise with increased use of NAT. 

Peri-operative blood transfusion rate is arguably a 
modifiable factor. Those who receive a transfusion are more 
likely to experience an infective complication and may have 
worse long-term outcomes. Whilst these findings are likely 
influenced by confounding variables, some authors suggest 
peri-operative transfusion rate should be a performance 
indicator for PD and argue surgeons should alter their 
approach where appropriate to minimise blood loss. 

The factors discussed in this review were pre-selected 
and are currently being investigated by the Recurrence 
After Whipple’s (RAW) study. This is an international, 
multi-centre, retrospective, analysis which aims to assess 
the impact of these variables on patterns of recurrence and 
surgical outcomes following PD (NCT04596865). Results 
are expected in 2022. Much of the evidence on the factors 
discussed is limited to small studies or those influenced by 
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selection bias or confounding variables. Hence, we argue a 
robust study is required so that models can be created which 
can estimate risk in individual patients. 

This article aims to provide the reader with a broad 
overview and has not attempted to answer a specific research 
question. We acknowledge that we have not considered 
all intra-operative factors which affect PD outcomes and, 
whilst we have attempted to summarise the most relevant 
studies and consolidate the recent evidence, we have not 
included all relevant studies. 

Conclusions

PD remains a high-risk operation associated with considerable 
morbidity. In the absence of surgical complications, few 

patients achieve long-term survival due to disease recurrence, 
so efforts should be made to optimise outcomes wherever 
feasible. A number of intra-operative variables affect short- 
and long-term PD outcomes. Given the limitations of the 
current literature, a robust study is required which considers 
confounding variables. A greater understanding of these 
variables will improve patient selection, guide risk-benefit 
discussions and allow surgeons to adjust their own practice to 
improve outcomes. 
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Table 1 Selected intra-/peri-operative factors which affect PD outcomes

Intra-/peri-operative 
factors

Risk of 
POPF

Risk of 
infection

Risk of 
DGE

Risk of post-
operative 

haemorrhage

Operation 
time

Intra-operative 
blood loss

Length of 
stay

Peri-
operative 
morbidity

Peri-
operative 
mortality

OS

ASA grade III (vs. ASA 
grade I/II)

↑ ↑ ↓

PP (vs. pylorus-
resecting) technique

↑ ↓ ↓

Laparoscopic (vs. 
open) approach

↑ ↓ ↓ ↑

Robotic (vs. open) 
approach

↑ ↓ ↑

PG (vs. PJ) 
anastomosis

↓ ↑ ↑ ↓ ↓

Concomitant VR ↓ ↑ ↑ ↑ ↑ ↑ ↑

>3 cm vein resection ↓

Concomitant AR ↑ ↑ ↑ ↑ ↓

Soft pancreas texture ↑

Evidence of 
pancreatitis

↓

Main pancreatic duct 
>6 mm diameter

↓

Peri-operative blood 
transfusion

↑ / ↑ ↑ ↓

Increased or decreased risk/overall survival compared to patients without the factor. References within the article text. Many of the effects 
demonstrated are likely influenced by selection bias and/or confounding variables. PD, pancreaticoduodenectomy; POPF, postoperative 
pancreatic fistula; DGE, delayed gastric emptying; OS, overall survival; ASA, American Society of Anesthesiologists; PP, pylorus-
preserving; PG, pancreatico-gastrostomy; PJ, pancreatico-jejunostomy; VR, venous resection; AR, arterial resection.
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