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Abstract:

Background:

There is ongoing debate regarding the usefulness of laparoscopic pancreaticoduodenectomy.
This study aimed to analyze all the randomized control trials published including the most

recent one.

Material and methods:

The study was conducted according to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement and MOOSE guidelines. Heterogeneity was
measured using Q tests and 12. The random-effects models were used to summarise the relative

risks, odds ratios, and mean differences as appropriate.
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Results:

4 RCTs were included consisting of 818 patients. 411 patients were in the laparoscopic group
and 407 in the open pancreaticoduodenectomy group. Weighted baseline patient characteristics
were similar except more patients with pancreatic adenocarcinoma and more males were there
in the open pancreaticoduodenectomy group. There was no difference in-hospital stay,90 days
complications rate, 90 days mortality, R1 resection, postoperative pancreatic fistula, delayed
gastric emptying, post pancreatectomy hemorrhage, bile leak between the two groups.
Operative time was more in the laparoscopic group. Blood loss [mean difference -132.12 ml (-
172.60,-91.65)] and surgical site infection [Risk ratio 0.41 ( 0.17-1.0)] were significantly

lesser in laparoscopic group.

Conclusion:

There was mno benefit in-hospital stay or clinical outcomes after laparoscopic
pancreaticoduodenectomy. Blood loss and surgical site infection were lesser in laparoscopic

pancreaticoduodenectomy.
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BACKGROUND:

Pancreaticoduodenectomy is the only curative option for pancreatic ductal adenocarcinomas,
duodenal carcinoma, ampullary carcinoma, lower common bile duct cholangiocarcinoma, and

various periampullary regions. It is still associated with very high morbidity and mortality. [1].

Gagner and Pomp first described laparoscopic pancreaticoduodenectomy in 1994.[2]. There
have been many technological advancements since then. Many centers are now performing
laparoscopic pancreaticoduodenectomy. However, it remains one of the most technically

challenging surgery. [3].

Although some retrospective cohort studies showed benefit in-hospital stay. [4]. Recent
Randomised control trials failed to show benefits about the hospital stay. The widely discussed
LEOPARD 1II trial showed more harm than benefit with laparoscopic
pancreaticoduodenectomy and raised a debate in the scientific world, regarding the usefulness
of laparoscopic pancreaticoduodenectomy. LEOPARD II had to be stopped earlier due to more

harm related to laparoscopic pancreaticoduodenectomy. [5]
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Ausania et al. [6] published a meta-analysis of randomized control trials which showed no
difference in mortality, morbidity, and hospital stay between laparoscopic vs open
pancreaticoduodenectomy. However, all the randomized control trials included in that were

having a limited number of patients.

Recently wang et al. [7] published a multicentre open-label randomized control trial with a
good sample size which showed laparoscopic pancreaticoduodenectomy was associated with
the significantly reduced hospital stay. However, the difference in-hospital stay was just one

day.

This study aimed to do an updated meta-analysis of all the randomized control trials including
the recently published randomized control trial. [7] to look for the difference in-hospital stay,

morbidity, and mortality between laparoscopic and open pancreaticoduodenectomy.

Material and Methods:

This study was conducted according to the PRISMA statement and Moose guidelines. [8,9].
We conducted a literature search as described by Gossen et al. [10]. Pubmed, Cochrane Library,
Embase, Google Scholar, Web of Science with keywords like ‘laparoscopic
pancreaticoduodenectomy’; ‘open pancreaticoduodenectomy’; ‘periampullary cancer”;
‘Whipple pancreaticoduodenectomy’; ’Pancreatic ductal adenocarcinoma’; ‘duodenal
carcinoma’. Two independent authors extracted the data (B.V. and H.P.) Discussions and

mutual understanding resolved any disagreements.

Statistical analysis:

The meta-analysis was conducted using Review Manager 5.4. Heterogeneity was measured

using Q tests and 12, and P < .10 was determined as significant, the random-effects model was
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used. The risk ratios (RR)/odds ratios (OR) were calculated for dichotomous data where ever
applied and weighted mean differences (WMD) were used for continuous variables. Both
differences were presented with 95% CI. For continuous variables, if data were presented with
medians and ranges, then we calculated the means and standard deviations according to Hozo
etal. [11,12]. If the study presented the median and interquartile range, the median was treated
as the mean, and the interquartile ranges were calculated using 1.35 SDs, as described in the
Cochrane handbook. Assessments of bias were done according to the Cochrane handbook. [11].

Publication bias was assessed using funnel plots. The review was not registered.

Inclusion criteria:

. Randomised control trials

. Trials  containing  laparoscopic  pancreaticoduodenectomy  and  open

pancreaticoduodenectomy

. English language studies

Exclusion criteria:

. Nonrandomised control trials

. Duplicate studies

. Where full text was not available

. Trials that did not mention short term outcomes
. Other languages studies.

Results:
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4 randomized control trials (5,7,16,17) consisting of 818 patients were included in the final
analysis. [Figure 1]. 411 in the laparoscopic arm and 407 in the open pancreaticoduodenectomy
group. Study characteristics are described in table 1. The risk of bias summary is described in

Figure 2.

We also did a weighted pooled analysis to compare basic characteristics of the patients between
laparoscopic pancreaticoduodenectomy and open pancreaticoduodenectomy. [Table 2]. There
was a significantly higher number of male patients in the open pancreaticoduodenectomy group
(p=0.005), a significantly higher number of patients operated for pancreatic ductal
adenocarcinoma in the open pancreaticoduodenectomy group (p=0.02), Tumor size was
significantly more in the open pancreaticoduodenectomy group. (Mean difference -2.93) (p<

0.00001).

Hospital stay(Primary Outcome): (Figure 3)

There was no significant difference in the hospital stay between laparoscopic and open
pancreaticoduodenectomy. [weighted mean difference: -0.91, 95% confidence interval (-

3.58,1.76), p=0.51].

Complication rates and mortality: (Figure 4)

There was no difference in 90 days mortality between the two groups. (p=0.93).[Figure 4(a)].
There was no difference in Clavien-Dindo garde >= 3. Complication rates between
laparoscopic and pancreaticoduodenectomy. (p=0.8). [Figure 4(b)]. There was no significant
difference in clinical significant postoperative pancreatic fistula rates, clinically significant
delayed gastric emptying clinically significant post pancreatectomy hemorrhage, and bile leak.
Surgical site infection was significantly less in laparoscopic pancreaticoduodenectomy. [Risk

ratio 0.41 (0.17-1.00), p=0.05](Table 3). Postoperative pancreatic fistula, postoperative
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delayed gastric emptying, and post pancreatectomy hemorrhage were defined according to

ISGPS (International study group of pancreatic surgery) Definitions. (13,14,15).

Other parameters: (Table 3)

There was no significant difference in Reoperations, Readmissions, lymph node harvest, and
R1 resection between both groups. Blood loss was significantly less in the laparoscopic
pancreaticoduodenectomy group [Mean difference -132.12ml (-172.60,- 91.65), p <0.0001],
and operative time was significantly more.[Mean difference: 70.67 minutes
(38.51,102.84),p<0.0001]. ICU stay was significantly less in the laparoscopic group. [ Mean

difference of -1 (-1.08,0.92), p <0.00001].

Discussion:

Surgeons are always attracted by technology. Minimal invasive techniques like laparoscopy
and robotics have revolutionized many fields of surgery. However, there is an ongoing debate
about the feasibility and usefulness of laparoscopic pancreaticoduodenectomy with various
observational studies showing conflicting results with some showing increased mortality and
morbidity. Whereas some showing lack of benefit in term of hospital stays whereas some

showing benefits. (18,19,20,21,22,23).

Our meta-analysis aimed to do an updated meta-analysis of randomized control trials including
a recently published meta-analysis by wang et al.(7) which was not included in an earlier meta-
analysis published. (6), but randomized control trial published by wang et al was the largest
until now. Both PLOT and PADULAP trials (16,17) were single-center analysis and also they
had a limited sample size. LEOPARD -2 (5) terminated their trial earlier owing to higher
mortality in the laparoscopic group but their primary outcome was earlier recovery and that

reduced power of the study. In that matter recently published meta-analysis by wang et al.(7)
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was far better evidence., the issue with the trial by wang et al was that significant crossovers
from laparoscopic to open hence the difference in sample size in their intention to treat and

per-protocol analysis. All the trials involved expert surgeons.

Out of 4 randomized control trials included in our metaanalysis LEOPARD-2 (5) had
functional recovery as the primary outcome rest all had a hospital stay as the primary outcome.
However, LEOPARD-2 mentioned hospital stay separately. There was no significant
difference in hospital stay between laparoscopic and open pancreaticoduodenectomy in the
meta-analysis. This was an important finding as PLOT, PADULAP and the largest trial by
wang et al showed that hospital stay was significantly less in laparoscopic
pancreaticoduodenectomy, only LEOPARD-2 showed no difference. However, wang et al
showed just a 1-day difference. but weighted meta-analysis showed no difference in hospital
stay between laparoscopic and open pancreaticoduodenectomy. ICU stay was significantly less

in the laparoscopic group but the difference was just half to one day.

There was no difference in mortality, total complications, clinical significant pancreatic fistula,
delayed gastric emptying, post pancreatectomy hemorrhage, and bile leak between

laparoscopic and open pancreaticoduodenectomy group in our meta-analysis.

Surgical site infections were lesser in the pancreaticoduodenectomy group but due to wider
confidence intervals and borderline significance, the quality of this evidence can be termed
low. Blood loss was significantly less in the laparoscopic group but in the pooled analysis of
patients’ characteristics, open pancreaticoduodenectomy had larger size tumors, more male
patients, and more pancreatic ductal adenocarcinoma and hence pancreatic head tumors, which

can be the cause.
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There was no significant difference in reoperation, readmissions, R1 resections or lymph node
harvest between both the group but all the surgeons involved in each trial were very
experienced surgeon so real-world implications are remained to be seen. Operative time was
significantly high in the laparoscopic group without visible benefits in clinical outcomes as per

our metaanalysis.

If we evaluate the component of pancreatic fistula risk score (24). Three Studies evaluated
pancreas gland structure (754 patients), all four evaluated histology (818 patients), three
studied evaluated blood loss (758 patients), two studies duct diameter (655 patients). Blood
loss was significantly more in the open pancreaticoduodenectomy group, more patients
operated for pancreatic ductal adenocarcinoma in the open pancreaticoduodenectomy group.
There was no difference in duct diameter or gland structure. So, despite higher pancreatic
fistula risk in the open pancreaticoduodenectomy group still, there was no difference in
postoperative pancreatic fistula rates. These findings need to be evaluated in larger studies with

pancreatic fistula, complications, mortality as primary outcomes.

The strength of this meta-analysis is that it is an updated metanalysis including the most recent
and largest randomized control trial. Publication bias was nonsignificant in Eager’s test in
every analysis. A limitation is very few randomized control trials available. Heterogeneity was
high and significant in-hospital stay, operative time, blood loss, and lymph node harvest. For

the other analysis heterogeneity was mild to moderate as per 12 analysis and nonsignificant.

In conclusion, laparoscopic pancreaticoduodenectomy had a little extra benefit over open
pancreaticoduodenectomy. There may be slight benefits in surgical site infections, ICU stays
and blood loss with low certainty but it seems there is hardly any benefits in-hospital stay or

clinically important outcomes but also it seems it is non-inferior to open

10
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pancreaticoduodenectomy concerning mortality, complications, pancreatic fistula rates,

delayed gastric emptying and post pancreatectomy hemorrhage.
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LEOPARD II PADULAP PLOT WANG ET
2019 (1:1 ] 2018 (1:1) 2017 (1:1) | AL.
randomisation) 2021 (1:1)
NUMBER OF | Laparoscopic Laparoscopic: 32, | Laparoscopi | Laparoscopic:
PARTICIPANTS | :50, Open:29 c: 32, 297,
IN EACH | Open: 49 Open:32 Open: 297
GROUP
TYPE Intention to treat | Intention to treat | Intention to | Intention  to
(INTENTIO TO treat treat
TREAT/PER
PEROTOCOL)
PRIMARY Functional Length of stay Length  of | Length of stay
OUTCOME recovery stay
BLINDING Single Nonw None None.

Surgeons were
not involved
in post

operative

management
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STUDY POWER | 80% for sample | 80% 80% 80%
size of 68 in each | Type lerror 0.05 | Type 1 error | Type 1 error
group. 0.05 0.05
Type 1 error 0.05
COMPLETED/T | Terminated due to | Completed Completed | 80%
ERMINATED high 2 in laparoscopic Type 1 error
complications in | and 3 in open 0.05
laparoscopic group did not
group receive
intervention
SINGLE Multicentric Single centric Single Multicentric
CENTER/MULTI centric
CENTER
SURGEON’S Atleast 20 | Single expert | Two expert | (1) performed
EXPERIENCE Laparoscopic surgeon each for | surgeons at least 104
pancreaticoduode | laparoscopic and LPD
nectomy,50 open | open operations and
pancreaticoduode 104 OPD
nectomy,20 operations;19
advanced (2) completed
laparoscopic ~ GI the MITG-P-
surgery CPAM LPD
training
programme;
and 3)
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submitted
unedited
videos of
themselves
doing  LPD
and OPD
procedures
that were
considered as
adeptly done
by
independent
expert

evaluation

Inclusion criteria | >18 years, | >18 years, | Patients of | Patients aged
benign,premalign | benign,premalign | either sex, 18-75 years
ant/malignant ant/malignant aged 30-70 | with benign,
years, with a | premalignant,
diagnosis or malignant
of resectable | resectable
periampulla | tumours of the
ry (distal pancreatic and
cholangioca | periampullary

rcinoma, or | region
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duodenal,
ampullary
or
pancreatic
head)
cancer,

no
radiological
involvement
of the
superior
mesenteric
vein and
portal vein,
and
preserved
fat planes
between the
tumour and
coeliac
axis, hepatic
artery and
superior
mesenteric

artery.
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without

previous

chemothera

pywithout

metastatic

disease

Exclusion Criteria | Tumor metastatic unresectable | (1)  patients

involvement  of | disease; locally disease at | with  distant
major vasculature | advanced tumor the outset, metastases;
(SMV,PV,SMA, | requiring (2)  patients
HA), BMI>35 | preplanned major | unresectable | who
kg/m2, receipt of | vascular disease at a | underwent

neoaduvant

therapy

resection; rescue
surgery after
neoadjuvant
treatment; Eastern
Cooperative
Oncology group
(ECOG)

score > 2; severe
chronic hepatic,
renal, pulmonary,

or cardiac

later stage of
the

procedure

left, central, or
total

pancreatectom
y, or palliative

surgery other

than
pancreatoduo
denectomy;

(3)  patients
with an
American
Society of
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disease; clearly
hostile abdomen
for laparoscopic
approach;
pregnancy;

and patient’s

refusal

Anesthesiolog
ists (ASA)
score of at
least 4; (4)
patients with
synchronous
malignancy in
other organs
or a second
cancer
requiring
resection
during the
same
procedure; (5)
pregnant
patients; and
(6)  patients
who
underwent or
required
neoadjuvant

chemoradioth

erapy

conversion

N=10 (20%)

N=8 (25%)

N=1 (3%)

N=11 (3.7%)
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Outcome or | Studies | Participants | Laparoscopic | Open p value
Subgroup

AMPULLARY (n) | 4 818 57 44 0.16
LOWER CBD | 4 818 66 63 0.79
CHOLANGIO (n)

DUODENAL(n) 4 818 71 61 0.32
Pancreatic Ductal | 4 818 124 153
Adenocarcinoma(n) 0.02
OTHER 4 818 92 88 0.81
HISTOLOGY (n)
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ASA>2 819 97 90 0.63
SOFT PANCREAS 754 235 202 0.08
SIZE OF TUMOR 224 Mean <0.00001
difference -
2.93
DUCT 655 200 187
DIAMETER LESS
0.4
THAN 3
AGE 818 Mean 0.81
difference
0.15
SEX 818 222 260 0.005
Outcome or Subgroup Stud | Particip | Statistical Method Effect p
ies ants Estimate value

OPERATIVE TIME 4 810 Mean Difference (IV, | 70.67 [38.51, | <0.00

Random, 95% CI) 102.84] 01
R1 RESECTION 4 818 Odds Ratio (M-H, |0.72 [0.40, | 0.28

Random, 95% CI) 1.31]
BLOOD LOSS 3 758 Mean Difference (IV, | -132.12 [- | <0.00

Random, 95% CI) 172.60, -1 001

91.65]
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PANCREATIC 818 Risk Ratio (M-H, |0.86 [0.60, | 0.4

FISTULA (B/C) Random, 95% CI) 1.23]

DELAYED GASTRIC 818 Risk Ratio (M-H, |0.95 [0.59,|0.82

EMPTYING Random, 95% CI) 1.53]

POST 818 Risk Ratio (M-H,|0.84 [0.54, | 0.43

PANCREATECTOMY Random, 95% CI) 1.30]

HAEMORRHAGE

BILE LEAK 818 Risk Ratio (M-H, | 1.20 [0.68, | 0.53
Random, 95% CI) 2.12]

SURGICAL SITE 163 Risk Ratio (M-H, |0.41 [0.17,|0.05

INFECTION Random, 95% CI) 1.00]

REOPERATION 818 Odds Ratio (M-H, | 0.90 [0.39, | 0.82
Random, 95% CI) 2.12]

READMISSION 818 Odds Ratio (M-H, | 1.16  [0.63, | 0.64
Random, 95% CI) 2.12]

ICU STAY 658 Mean Difference (IV, | -1.00 [-1.08, - | <0.00
Random, 95% CI) 0.92] 001

LYMPHNODE 818 Mean Difference (IV, | -0.39 [-1.88, | 0.61

HARVEST Random, 95% CI) 1.09]

Table 3: Secondary Outcomes.
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PRISMA 2020 flow diagram for updated systematic reviews which included searches of databases and registers

only
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From: Page MJ, McKenzie JE, Bassuyt PM, Bautren |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ 2021;372:n71. dgi: 10.1136/bmj.n71

For more information, visit: http://www.prisma-statement.org/
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FIGURE 1. PRISMA FLOW CHART.

Blinding of outcome assessment (detection bias)

LEQPARD Il 2019

@ | Other bias

PADULAP 201K

PLOT trial 2017

@ @ | ® | @ |Binding of participants and personnel (performance bias)

@ | ® | ® | @ | Alocation concealment (selection bias)
@ ®|® | @ |incomplete outcome data (attrition bias)

@ | @ | ® | @ | Random sequence generation (selection bias)

WANG et al. 2021

@ | ® | ® | @ |selective reporting (reporting bias)

FIGURE 2. RISK OF BIAS SUMMARY.

Laparoscopic

Study or Subgroup  Mean 5D Total Mean

open Mean Difference Mean Difference

SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

LEQPARD Il 2018 1z 35 50 10 35 a8 37.0% 2.00 [0.62, 3.38]

PADULAP 201K 13.5 12.25 iz 17 36 29 3.4% -3.50 [-17.27,10.27]

PLOT trial 2017 7 11.75 3z 13 ] 32 1B.6X -6.00 [-10.57, -1.43] 2

WANG et al. 2021 15 1.66 297 16 1.33 297 409X -1.00 [-1.24, H).7§]

Total (95% CI) 411 407 100.0%  -0.91[-3.58, 1.76]

Heterogenehy: Tau® = 4.52; ChE = 22.52, df = 3 {P < 0.0001); F = §7% Llﬂﬂ _!i‘u 9 'h 100=

Test for overall effect: Z = 0.67 (P = (.51}

Figure 3. Hospital Stay.

Favours [Laparoscopic] Favours [Open]
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Laparoscopic open Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
LEQPARD Il 2018 5 50 1 40 21.7% 4.90 [0.59, 40.44] e
PADULAP 2018 0 32 2 20 11.6X 0.18 [0.01, 3.64] +
PLOT trial 2017 1 32 1 32 13.B% 1.00 [0.07, 15.30]
WANG et al. 2021 5 297 & 207 52.9% 0.83 [0.26, 2.70]
Total (95% CI) 411 407 100.0% 1.05 [0.36, 3.05]
Total events 11

0.01 01 i 10 100
Favours [LAPAROSCOPIC] Favours [OPEN]

10
Hetzrogenehty: Tau® = 0.20; Che = 3,52, df = 3 (P = .32); F = 15X
Test for overall effect: Z = 0.08 (P = .93}

Figure 4(a) Mortality
Laparoscopic open Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
LEQPARD Il 2018 25 50 19 49 334X 1.29 [0.82, 2.02] T
PADULAP 2018 5 32 11 20 14.3% 0.41 [0.16, 1.04] [
PLOT trial 2017 3 32 4 3z 7.2% 0.75 [0.18, 3.09] ETE I
WANG et al. 2021 B9 297 60 207 45.0% 1.29 [0.98, 1.69] il
Total (95% CI) 411 407 100.0% 1.05 [0.70, 1.58]
Total events 122 103

Heterogenehy: Tay® = 0.08; ChEE = 5.90, df = 3 (P = 0.12); F = 48X

Test for overall effect: Z = (.25 (P = .80} 0.01 9.1 Ji 10 100

Favours [LAPAROSCOPIC] Favours [OPEN]

Figure 4(b) Complication rate
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