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EYXAPDTIEY

H ekmovnon g cvykekpluévng SIMA®UATIKNG Epyaciag dev Ba NTav epiktn ympig v
TOAOTIUN ovuPoA KAmowwv omovdainv oavOpodmwv Tovg omoiovg Bo MBeha va
EVYOPLOTNCM OLUTEPOC.

Ko’ apynv 6o 10ela va guxaplioto®m OAOLG TOVG O10UCKOVIEG GTO UETOTTUYLOKO
npoypappo «Kapkivog Iaykpéatog — amd 10 A g 10 Q» yiotl pe TS ddacKaAleg
T0UG  Gvolgav  Vvéovg OpOHOLG OKEYNG KOl yvodong mov pe Ponbncav  va
TPOGUVATOAIGT® OTN O1KN) OV EPEVVNTIKY| TOPEIQL.

Tig Beppég pov evyopiotieg Ba NBera va ekppdow oty Kupio EAEvn Apvaovtoyiov,
N omoia g emiPAémovca kadnynqtpla pe Bondnoe oy oAOKANpmO™ TG pyociog e

TNV EMGTNUOVIKT TNG KOOI YNOo™ Kot TIC ETOIKOSOUNTIKEG TNG VITOJEIEELS.

Emiong, evyopiot® moAd tov kobnynt| kot O1evbuvt TOL  TPOYPAUUOTOS
LETATTUYOK®OV GTOLODV KUPLo AnNuntplo ZoyopoOAn 7OV HE EUMGTEVONKE oTNV
emaoyn Bénatog ko pe otpiée pe apeimto evolapépov ko’ OAN T dapKEW NG
gpevvnTikng dwdwkaciog. Me tn dwackoiio Tov kol Tn cvveyn kabodnynon Tov
OmOTEAECE YlOL €UEVOL TN AVTANONG dVUVAUNG, VTOUOVNG KOl ETLUOVIG TOL UE
Bondnocav va 0AoKANPOG® TN GLYKEKPLUEVT EpYOia.

Oo NMbsha emiong va €LYOPIOTNCHO TOV EMiKOVPO KUOMYNTH KVPLO Anuntplo
YuUe®VION Yo TNV TOAVTIUN GLUTAPAGTOCT] TOV O LEAOS TNG TPYLEAOVS ETLTPOTTC.
EmnAéov 10witepeg evyapiotiec Bo MBeha vo amevbbhveo otov KaOnynt) kvplo
AAéEavdpo Mmpdtn yuo v Aplotn ovvepyacio mov Elyope, Kol T GLVEXY
vrootpign kot avektipn Pondeld tov.

Téhog, Ba NBeha Vo ekQplo® TOGO EVYVOUMOV VOIHO® OTEVAVTIL GTOLG YOVEIS LoV
l'sopyo kot EAévn Atotpn, mov pe v amépovtn oydmn Kot Katovonon Toug,
OTOTEAEGAV YO ELEVOL CNUOVTIKO NOKO oiprypo e OA To PAIATO TG EPEVVITIKNG

LoV TTopEiaG.
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Hepiinyn
Ewayoym

Ta mpoypdppota evicyvuévne peteyyxelpntikng avappwong (Enhanced Recovery after
Surgery, ERAS) PBoacilovtal 6TV amodeIKTIKN 10TPIKT KOl ATOGKOTOVY GTN HElmon
TOL YEPOLPYIKOD OTpeg Kol ot Pertimon g ékPaong Tov yepovpynuUévev
ac0evdv. LToy0g TG GLYKEKPYEVNG LEAETNG NTOV VO CLUYKPIVEL TNV ACPAAELD KOL TNV
BpoyvmpdBeoun éxPaon TV acBevav oV vrofdAriovron o€
naykpeotodmoekadoktvAektoun (ITA) kot axoAovBovv ta mpwtokoAia ERAS oe

oyéon e TN cvuPatikn epovTida.
Me0oooroyia

[Ipaypotomomoape pio S1e£001KN GCLGTNUATIKY avookOmTnoT TG PipAoypapiog oe 5
wTpkég Paoelg 0edopEVOV Kol avalnTNOOUE LEAETEG TOV GLYKPIVOLV TOL TPMOTOKOAAO
ERAS pe ™ ocvpPatikn wrpikr gpovtido oe eviilkeg acbeveic mov vroBdAlovtal ce
ITA. "Eywve eoymyn 6ed0UEVOV GYETIKG UE TIG UETEYYXEIPNTIKES EMTAOKES, TO YPOVO
VOONAEING, TIG EMOVEICOYW®YES, KOL TO YPOVIKO OldoTNuo HEYPL TV €vopén g
ynuewobepancioc. Ynoloyicoue pooled relative risk (RR) xou standardized mean
difference (SMD) pe t ypnon fixed- v random effects poviého peto-avaivong. O
POLOG TPOTOMOMTIK®V TAPOUYOVI®V, OM®G 1M YEPOVPYIKY TEYXVIKN, 1 MNTEWPOC
TPOEAEVONG TNG HEAETNG, Kal TO €100g TG HeAETng peketOnkay pe  ypnon meta-

regressions.
Amoteréopato

SvumephdPape 22 peréteg kot ovvoakd 4043 acbeveic pe Paon o Kprmmplo
emie&uomroc. H epappoyn tov mpotokdAlov ERAS elye g amotéhecpa
LKPOTEPO XPpOVIKO dtaotnua. puéxpt v évapén ynueobepanciog (SMD: -0.69; 95%
Cl: -0.88 to -0.5) ko Myodtepeg emmhokég (RR: 0.83; 0.75 to 0.91), 1dwaitepa Clavien-
Dindo (CD) grade 1 ot 2 esmumhoxég (RR: 0.82; 0.72 to 0.92), kot yopnAdtepa
nocootd kabvotepnuévne yootpikng kévoong (KI'K, RR: 0.69; 0.52 to 0.93) xat
HETEYXEPNTIKOD Taykpeatikoh ovpryyiov (MIIZ, RR: 0.76; 0.66 to 0.89). Ta
npwtokora ERAS dev emnpéacav tov kivovvo yia CD 3 and 4 smumhokéc (RR: 1.00;
0.72 to 1.38), peteyyepntikn awpoppayio petd toykpeatektopn (MAMII, RR: 0.88;
0.67 to 1.14), emaveicaywyn (RR: 1.01; 0.84 t0l.21), kou 6dvaro (RR: 0.81; 0.54 to

1.22). H fmelpog mpoérenong e LEAETNG TV TPOTOTOMTIKOS AP AYOVTUS 6TO POAO
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6
Tov apotokdrov ERAS otig CD 1 and 2 smumhoxég (p= 0.047) xor oto MIIX

(p=0.02).

YOPUTEPACNOTA

H epappoyn tov mpotokdiriwv ERAS oty TIA glottdver v mboavomta yio
ehdocoveg peteyyepntikés emmiokés, KI'K, ko MIIE, yopig va eanpealet tov
kivouvo yuo peiloveg emumlokéc, emaveicaywyn Kot 0dvato. To gpodtnpa mov ypnlet
nepaltépm €pguva glvar €dv ta mpwtokolha ERAS  emmpedlovv emiong v
oYKOAOYIKY] €kPoomn  péom g Mo ypnyopnsg  avlppwong kot - Evapéng
ynueodepaneiog.

A&Earc-Kiewona: EVIGYVLHEVY LETEYYELPTTIKN avappwon,

TOYKPEUTOOMOEKAOOKTUAEKTOUY,  GUOTNUOTIKY  OVOGKOTNGTY,  LETO-0VOALON
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Abstract

Introduction

Enhanced recovery after surgery (ERAS) is an evidence-based perioperative care
model that aims to attenuate surgical stress and improve postoperative outcomes. We
aimed to compare the safety and short-term outcomes of ERAS with standard care for
patients undergoing pancreatoduodenectomy (PD) based on literature published
following the first publication of ERAS guidelines for PD.

Methodology

To achieve our objective, we thoroughly searched five medical databases for studies
that compared ERAS to standard care in adult patients undergoing PD. We analyzed
the data on readmissions, length of hospitalization, time to chemotherapy, and
postoperative complications. We used a fixed- or random-effects model meta-analysis
to summarize the pooled relative risk (RR) and the standardized mean difference
(SMD) estimates. Additionally, we examined the role of modifiers, such as operative
technique, study origin, and study design, using meta-regressions.

Results

Our analysis included 22 studies involving 4043 patients. ERAS was associated with
a shorter time to chemotherapy (SMD: -0.69; 95% CI: -0.88 to -0.5) and fewer
complications (RR: 0.83; 0.75 to 0.91), particularly Clavien-Dindo (CD) grade 1 and
2 complications (RR: 0.82; 0.72 to 0.92), delayed gastric emptying (DGE, RR: 0.69;
0.52 to 0.93), and postoperative fistulae (POPF, RR: 0.76; 0.66 to 0.89). However,
ERAS did not affect the risk for CD 3 and 4 complications (RR: 1.00; 0.72 to 1.38),
post-pancreatectomy hemorrhage (PPH, RR: 0.88; 0.67 to 1.14), readmission (RR:
1.01; 0.84 to 1.21), and death (RR: 0.81; 0.54 to 1.22). We also found that the
continent of origin was an effect moderator in the role of ERAS in CD 1 and 2
complications (p= 0.047) and POPF (p=0.02).

Conclusions

In conclusion, implementing ERAS principles in PD may decrease minor
complications, DGE, and POPF without affecting the risk for significant
complications, readmission rate, and mortality. ERAS may also play a role in
oncological outcomes by accelerating recovery and time to chemotherapy, an
essential issue for future research.

Keywords: Enhanced recovery after surgery; Pancreatoduodenectomy; Systematic

review; Meta-analysis
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General part

Chapter 1  Introduction

1.1 Pancreatic

Pancreatic cancer (PC) is currently the twelfth most common cancer in the world.?
Unfortunately, the incidence of this cancer is increasing rapidly, and by 2030, it is
projected to be the second leading cause of cancer-related deaths (as shown in Figure
1).2 Despite significant research efforts to understand the tumor's molecular biology
and natural history, there have been no significant clinical advances, and the
prognosis remains generally poor. One of the biggest hurdles in addressing PC is that
it is usually a systemic disease by the time it is diagnosed, and there are no specific
symptoms or early screening methods to aid in early detection. The tumor's unique

biological behavior also contributes to treatment resistance, making progress

challenging.®#

cancer and surgery
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Figure 1. Projected cancer deaths of the deadliest cancers by 2030 (Rahib, 2014)
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Pancreatic cancer is typically treated using multimodal therapy, which combines

various treatment approaches for the best possible outcome. Surgery is a critical
component of curative treatment, and chemotherapy is also essential to the overall
treatment plan. For individuals with resectable pancreatic cancer, surgery is often
followed by adjuvant chemotherapy, while those with borderline resectable or locally
advanced disease may receive neoadjuvant chemotherapy followed by surgery.®
Additionally, recent research indicates that select patients with metastatic disease may
benefit from curative surgery, even if they were previously only offered palliative

chemotherapy.®

Thanks to advances in chemotherapy and surgical techniques, patients have improved
treatment options and better prognoses. More patients undergo surgery rather than
conservative management, significantly increasing survival rates over the past few
decades. For instance, the 5-year survival rate after tumor resection and adjuvant
therapy is now 30%." Importantly, a recent study found that early detection (stage 1A)
can lead to a survival rate of over 80%.8 Additionally, resection rates have increased
to almost 20% for patients with potentially resectable cancer, while over 50% of those
with borderline resectable and locally advanced disease can undergo surgery after

neoadjuvant therapy.’

Pancreatic surgery is a highly complex and technically challenging procedure that can
cure the disease. However, it is still considered a high-risk surgery despite significant
advances in surgical techniques, training, and perioperative care that have reduced
mortality rates from almost 30% three decades ago to less than 3% today.
Unfortunately, such surgery-specific complications as delayed gastric emptying
(DGE), postoperative pancreatic fistula (POPF), and post-pancreatectomy hemorrhage
(PPH) can still occur, resulting in a high morbidity rate of up to 60%.°° These
complications can significantly delay recovery and become life-threatening if not

adequately treated.

Although modern surgical techniques are designed to minimize tissue trauma and
utilize minimally invasive approaches, even the most experienced surgeons can
encounter complications during surgery. However, by addressing modifiable risk
factors such as smoking, alcohol consumption, diabetes, hypertension, obesity,

coronary artery disease, anemia, malnutrition, poor functional reserve, medications,
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surgical stress response, and quality of postoperative care and rehabilitation, many

postoperative complications can be avoided.! The term “operative risk" is

multifaceted and encompasses a range of risk factors, as depicted in Figure 2.

Surgery

Surgeon’s

knowledge, Anaesthesia

skills and Anaesthetic
experience technique

Complexity of B Pain management
procedure Fluid

Patient Surgical trauma management

Comorbidities

Functional
reserve

: : Follow-up
Lifestyle Ope}'atlve Rehabilitation

Disease risk Unnredictabl
. npredictable
Nature & Risk factors

severity Random factors

System

Quality of care

Figure 2. Risk factors for postoperative complications

Recent research indicates that innovative perioperative care models can effectively
mitigate risks and boost patient outcomes.*? The Enhanced Recovery After Surgery
(ERAS) care pathways have emerged as a promising strategy that addresses the entire
perioperative process, focusing on enhancing the well-being of individuals
undergoing complex surgical interventions, such as pancreatic surgery.*2® This novel
approach aims to minimize complications and optimize the quality of care while
facilitating speedier recovery and prompt return to daily activities.3
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1.2 ERAS and pancreatic surgery

The concept of minimizing the impact of surgical stress response and improving
outcomes was introduced more than thirty years ago.* Over the past two decades,
there have been significant advancements in perioperative techniques that modify the
stress response to surgery. These techniques and detailed care protocols have been
proven to promote faster recovery and reduce complications.*? In 2001, the concept of
Enhanced Recovery After Surgery (ERAS) emerged, revolutionizing perioperative
care. The ERAS society guidelines have since become the standard of care for various
procedures. Additional information regarding these guidelines can be found at

http://www.erassociety.org.1®

The stress response to surgery is intricate, involving metabolic and inflammatory
changes as shown in Figure 3.1416 Activation of the sympathetic nervous system and
hypothalamic-pituitary-adrenal axis leads to heightened cortisol and catecholamine
levels, along with activation of the renin-angiotensin-aldosterone system.®
Furthermore, tissue damage prompts the release of pro-inflammatory cytokines and
acute-phase proteins.'® Although this response is a natural way for the body to handle
stress, it can impede recovery, as shown in Figure 4. The heightened organ demands
during this reaction contribute to postoperative morbidity, potentially causing

complications even after a successful surgery.4
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In 2001, Professor Henrik Kehlet of the University of Copenhagen established the
first ERAS study group.!? Their goal was to enhance surgical outcomes by
challenging the traditional methods of postoperative management that involved
extended bed rest and fasting. The group tested protocols, organized symposia, and
collaborated with national health ministries to develop ERAS.!? Combining new
evidence-based best practices in perioperative care, ERAS protocols and guidelines
were created for various surgical procedures. Initially, there was skepticism
worldwide, but numerous publications verified the positive impact of ERAS on
patient outcomes across various surgical specialties.'>131% Recently, Professor Kehlet
was granted the prestigious BJS Society Award to acknowledge his innovative ERAS
protocols, which have transformed clinical practice in multiple fields of surgery and

elevated the quality of life for patients globally.’

Enhanced Recovery After Surgery (ERAS) pathways are a series of evidence-based
interventions to minimize surgical stress throughout the perioperative period - from
preoperative to intraoperative and postoperative, as shown in Figure 5. ERAS

protocols involve various professionals, including surgeons, anesthesiologists, nurses,
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and physiotherapists, who work together towards a common goal of achieving a fast

and quality recovery without complications.

To achieve this, ERAS initiatives prioritize preoperative optimization and patient
education, early removal of catheters and drains, and multimodal opioid-sparing
analgesia with early oral intake and mobilization. These approaches have been shown
to improve recovery quality and reduce hospital stay, complications, and costs.!?
However, it is crucial to note that choices made during one period may affect
outcomes in the following period. For instance, inadequate pain control may delay
mobilization and increase the risk of thromboembolic events, chest infections, muscle

wasting, and weakness, leading to a vicious cycle of morbidity.

Therefore, success in the improvement process requires a multimodal and
multidisciplinary approach. ERAS pathways rely on coordinated teamwork among
professionals who focus on their specific roles and work together towards a common

goal.

e  Patient education about
ERAS

e  Optimization of
comorbidities

e  Cessation of smoking and
alcohol

¢ Improvement of physical
activity and prehabilitation

Pre-
admission

e Minimal fasting e Ahealthy diet and
e  Selective bowel preparation nutritional support
e Carbohydrate loading P .
) re-operative
e  Thromboprophylaxis
e  Antimicrobial surgical e Minimally invasive surgical
prophylaxis approaches
e  Selective use of drains and
tubes

e Multimodal analgesia

Intra-operative Opioid-sparing anaesthesia

e Early removal of drains and

tubes

Early cessation of
intravenous fluids
Multimodal opioid-sparing
analgesia

Early oral intake

Early mobilization
Post-discharge follow-up

Post-
operative

Regional anaesthetic
techniques

Goal-directed fluid therapy
Depth of anaesthesia
monitoring

Avoidance of hypothermia
Postoperative nausea and
vomiting prophylaxis

Figure 5. Typical ERAS program elements
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The ERAS Society released its first pancreatoduodenectomy (PD) guideline in 2012.18
A recent meta-analysis discovered that using ERAS during PD can lead to reduced
complication rates and shorter hospital stay compared to traditional care.'® In 2019, an
updated guideline with 27 recommendations (as seen in Table 1) was published.?
While implementing all these guidelines can be challenging, research indicates that
achieving a compliance rate of 70% or higher can result in better outcomes.?* This can
prove challenging in PD, especially concerning managing postoperative drains,

nasogastric tubes, and oral feeding.

Table 1. Summary of updated ERAS guidelines for PD (Melloul, 2019) E R
1. Preoperative counseling M W

Dedicated multimedia preoperative counseling decreases fear and anxiety

and improves outcomes.
2. Prehabilitation M S

A preoperative program with exercise, nutrition & anxiety reduction may

reduce postoperative complications and preserve function.
3. Preoperative biliary drainage H S

Preoperative biliary drainage should be avoided unless necessary
(bilirubin > 250 mol/l, cholangitis, pruritus, neoadjuvant treatment), as it

increases postoperative complications.
4. Preoperative smoking and alcohol consumption M S

Four weeks of smoking cessation prior to surgery reduces respiratory and

wound healing complications.

Preoperative alcohol cessation for heavy drinkers reduces postoperative p g

complications.
5. Preoperative nutrition H S
5% weight loss is a significant predictor of complications.

Preoperative nutritional intervention is recommended for >15% weight
loss or BMI <18.5.

6. Perioperative oral immunonutrition H S

Institutional Repository - Library & Information Centre - University of Thessaly
20/05/2024 09:05:52 EEST - 3.146.37.111



It is not recommended due to a lack of unbiased evidence.
7. Preoperative fasting and treatment with carbohydrates

Fasting should be limited to 6h for solids and 2h for liquids (if no risk

factors exist).

Carbohydrate loading is safe and positively affects metabolic

conditioning, insulin resistance, thirst, and anxiety.
8. Pre-anaesthetic medication

Long-acting anxiolytics should be avoided due to concerns about

postoperative cognitive dysfunction.

Pre-anesthetic  multimodal non-opioid analgesic  administration
(paracetamol, NSAIDS, and gabapentinoid) reduces the need for
postoperative opioids and their side effects.

9. Anti-thrombotic prophylaxis

Chemical and mechanical thromboprophylaxis is recommended to
commence 2-12 hours preoperative and continue for 4 weeks after

surgery.
10. Antimicrobial prophylaxis and skin preparation

Single-dose iv antibiotics should be administered less than 60 min before
skin incision and repeated intraoperative depending on drug half-life and

surgery duration.

Postoperative antibiotics are not recommended for prophylaxis and

should be given only for therapeutic purposes.

Intraoperative biliary culture should be sent for all patients with

endobiliary stents.

Alcohol-based skin preparation and wound protectors may help reduce
the SSI rate.

11. Epidural analgesia

A mid-thoracic epidural is recommended for open PD due to its
metabolic effects and positive impact on intestinal function and the

respiratory system.

12. Postoperative iv and po analgesia
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A postoperative multimodal opioid-sparing analgesia strategy is
recommended (paracetamol, lidocaine infusion, ketamine,

dexmedetomidine).
13. Wound catheter and TAP block

Instead of epidural, alternative locoregional anesthetic techniques such as
continuous wound infiltration through a preperitoneal catheter or TAP

blocks are recommended for open PD.
14. PONV prophylaxis

Patients should receive a combination of two or more antiemetics

depending on the risk factors.
15. Avoiding hypothermia

Inadvertent hypothermia is associated with wound infections, cardiac
complications, bleeding, immunosuppression, delayed post-anesthetic

recovery, and higher mortality.

Active warming measures should be initiated before the induction of
anesthesia and should continue into the intraoperative and postoperative

periods to maintain temperature above 36 °C.
16. Postoperative glycemic control

Postoperative hyperglycemia is associated with adverse clinical
outcomes, such as: SSI, POPF, DGE, LOS, and re-admission.

Recommended perioperative treatments that reduce insulin resistance
without causing hypoglycemia are preoperative carbohydrate loading,
minimal period of fasting, continuous epidural analgesia for postoperative

pain, early feeding, and mobilization).
17. Nasogastric intubation

Nasogastric tubes should be removed before the end of anesthesia
because there is no evidence to support their routine maintenance after

surgery.
18. Fluid balance

Excessive fluid administration causes interstitial fluid shift and bowel

wall edema, triggering an inflammatory response with decreased
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anastomotic stability.

Avoidance of fluid overload and implementation of goal-directed fluid

therapy strategies improve outcomes.
19. Perianastomotic drainage

Due to conflicting evidence on a no-drain approach in pancreatic surgery,
a more conservative approach is recommended with the routine
placement of drains but early removal at 72 h if amylase content in the
drain is low on POD1 (low risk for POPF when drain amylase value is
less than 5000 U/L on POD1).

20. Somatostatin analogues
Not recommended due to lack of validated trial results.
21. Urinary drainage

The urinary catheter should be removed as soon as the patient is

independently mobilized.
22. Delayed gastric emptying (DGE)

There is conflicting evidence regarding modification of surgical
technique and the risk for DGE.

DGE is most commonly secondary and related to postoperative

complications such as POPF and intra-abdominal infections.

There are no acknowledged preventive strategies, however, timely

diagnosis and management may reduce the duration of DGE.

In persisting DGE, better outcomes are achieved when artificial nutrition,

either parenteral or enteral, is started within 10 days of operation.
23. Stimulation of bowel movement

Chewing gum is a simple and safe measure to accelerate bowel recovery
(3 times a day, for 30—60 min).

Alvimopan and mosapride appear to improve ileus.

Metoclopramide, bromopride and other drugs such as ghrelin receptor
antagonists, dihydroergotamine and neostigmine, and erythromycin
appear to have no effect in postoperative ileus and their routine used is

not justified.
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24. Postoperative artificial nutrition M S

Early normal diet according to tolerance is safe and feasible, even in the

presence of DGE or pancreatic fistula.

When intake of less than 60% of energy requirements for 7-10 days is

expected, artificial postoperative nutrition should be considered.
The enteral route should be preferred.

Either combined parenteral nutrition or total parenteral nutrition has been

suggested as alternatives when enteral nutrition is not feasible.
25. Early and scheduled mobilization L S

Bed rest and immobilization are associated with muscle atrophy,
thromboembolic and respiratory complications, insulin resistance and

delayed and complicated recovery.
Early mobilisation from the day of surgery should be encouraged.
26. Minimally invasive surgery M S

Laparoscopic PD should only be performed in highly experienced, high-
volume centers, and only within strict protocols. Safety is still a concern.

Currently, there is insufficient evidence to assess Robot-Assisted PD and |y
it cannot be recommended. Prospective studies from high-volume centers

are needed.
27. Audit M S

Regular audits and feedback are essential to improve compliance and

outcome.

E, Evidence level: L, Low; M, Moderate; H, High; R, Recommendation grade; W,
Weak; S, Strong; BMI, Body Mass Index; NSAIDS, Non-steroidal anti-inflammatory
drugs; TAP, Transversus Abdominis Plane; PONV, Postoperative nausea, and
vomiting; SSI, Surgical site infection; POPF, Postoperative pancreatic fistula; DGE,

Delayed gastric emptying; LOS, Length of stay; POD, Postoperative day.
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Specific part

Chapter 2 Methodology

2.1 Aim of the Systematic Review

Our study aims to compare the effectiveness and safety of ERAS versus conservative

management for patients undergoing PD.

Our primary outcome of interest is the incidence of complications, with secondary
outcomes including minor and major complications, DGE, POPF, PPH, readmission
rates, length of hospital stay (LOS), time to start adjuvant chemotherapy, and overall

postoperative 30-day mortality.

2.2 Inclusion/exclusion criteria

Table 2 summarizes the inclusion and exclusion criteria for our meta-analysis.

Table 2. PICOT criteria for our current meta-analysis

Study Inclusion Exclusion

Component

Participants Adult patients (>18 years of age)  Paediatric population
undergoing elective open PD

Intervention ERAS clinical pathway Peripheral and total
pancreatectomies, laparoscopic,
emergency, or palliative PDs,
and studies implementing fewer
than 9 ERAS items

Comparator Standard care Paucity of data

Outcomes Complications, DGE, POPF, Paucity of data
PPH, Readmissions, LOS, time to
Chemotherapy, and mortality

Study RCTs or observational studies In vitro studies, animal studies,

Design (prospective or retrospective) case reports, and underpowered
comparative studies (<10 patients
per treatment group)

Publication  Studies published in English in Abstracts, editorials, letters,
peer reviewed journals duplicate publications of the
same study which do not report
on different outcomes, White
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papers, narrative and systematic
reviews, and articles identified as
preliminary reports when results
are published in later versions,
non-English studies

Timing Studies published from January Older studies published before
2013 to date the publication of the first ERAS
guidelines for PD (2012)

2.3 Study design and Search Strategy

Study design

Our current meta-analysis was designed following the Preferred Reporting Items for
Systematic Review and Meta-analysis Protocol (PRISMA) to address our research
questions.?? Furthermore, it was registered in PROSPERO (CRD42023432293).2% We
prospectively designed the search methods, eligibility criteria, and data extraction
process. No patient informed consent or IRB/ethics committee approval was required,

as our study was based on published records.

Search strategy

Two authors (DL and AD) conducted a thorough search across five databases, namely
MEDLINE, Scopus, Web of Science, Cochrane, and EBSCO, to identify studies that
reported on the safety and effectiveness of ERAS in patients undergoing PD. We did
not perform a registry search, nor did we search multiple databases. We did not search
the grey literature or the “health data” on Google. We used the following terms,
including synonyms in all potential fields: “ERAS” OR “enhanced recovery after
surgery” OR “fast track recovery” OR “accelerated recovery” AND “open
pancreaticoduodenectomy” OR “duodenopancreatectomy” AND “complications” OR
“length of stay” OR “time to chemotherapy” OR “delayed gastric emptying” OR
“postoperative hemorrhage” OR “post pancreatectomy fistula” OR “readmissions”
OR “deaths” OR “mortality” in any possible combination and form. The search period
extended from 2013 until June 2023. The last search in all databases occurred on the
1st of July, 2023. No search filters were used. The references of eligible studies were

searched for additional relevant citations, and duplicates were manually removed.
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Eligibility criteria
We searched for randomized controlled trials (RCTs) and observational studies
comparing the ERAS (intervention arm) to standard care (control arm) in adult
patients (>18 years of age) undergoing elective open PD and reporting at least one
outcome of interest. We focused on studies written in English and published in peer-
reviewed journals during the last ten years (2013-2023). On the other hand, we
excluded i) underpowered studies (< 10 participants per arm) and studies with
inappropriate study design (non-comparative studies, Reviews, Meta-analyses,
Editorials), ii) inappropriate population (pediatric population), iii) inadequate or
inappropriate intervention (peripheral and total pancreatectomies, laparoscopic,
emergency, or palliative PDs), iv) studies implementing fewer than 9 ERAS items,

and v) studies published in other languages than English.

2.4 Data extraction and Quality assessment

Data extraction

Each study was identified by the first author's name and publication year. The
following data were collected: 1) the study’s hosting country, 2) the study type, 3) the
size of the patient sample and baseline demographic characteristics, 4) the type of the
surgical procedure, 5) the number of complications, including DGE, POPF, PPH, and
death, 6) the length of hospitalization, and 7) the time to chemotherapy. Notably, we
registered the reported complications according to the Clavien-Dindo grading.?* When
relevant summary data were provided in median and range, we estimated the mean
and standard deviations whenever data were not skewed according to Shi et al. and

Luo et al.?5 2627

Risk of bias assessment

Two review authors (DL and AB) were individually involved in the quality
assessment. Any disagreement between the review authors was resolved after
discussion with the senior author (EA). The risk of bias was assessed according to the
Cochrane risk-of-bias tools RoB-2 and ROBINS (I) for randomized and observational
studies.?®2° The former tools identify bias from the selection process, deviations from

the intended interventions, attrition, measurement, classification, and selective result
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reporting. The assessment was performed both at the study level and the meta-

analysis level. The results were visualized in traffic-light plots and weighted bar plots
of the distribution of risk-of-bias judgments within each bias domain for the primary
outcome using the online app Robvis.®® The overall body of evidence was graded
according to the GRADE recommendations based on the study design of all eligible
studies, the risk of bias, inconsistency, indirectness, publication bias, the magnitude of

effect, dose-response relationship, and screening for confounding factors.!

2.5 Definitions

Postoperative complications were defined as any complication within 30 days from
surgery, and their severity was graded according to the Clavien-Dindo classification
system. 2* Complications were divided into minor (Grades | and Il) and major

complications (Grades Il and V).

DGE was defined according to the International Study Group of Pancreatic Surgery
(ISGPS) as the requirement or re-insertion of NGT after the third postoperative day or
inability to tolerate oral diet by the seventh postoperative day.3? There are three grades
of DGE (A, B, C) as defined by ISGPS according to severity.%?

POPF was defined according to the International Study Group for Pancreatic Fistula
(ISGPF) as drain output of any measurable volume on or after the third postoperative
day with amylase content greater than three times the upper normal serum value.
There are three grades of POPF (A, B, C) as defined by ISGPF based on severity.33

PPH was also defined, according to the ISGPS guidelines, as early (<24 hours) or late
(>24 hours) intraluminal or extraluminal, and mild, moderate, or severe hemorrhage

post-PD.3* There are three grades of PPH according to severity and clinical impact.3*

The length of hospital stay referred to the time from the date of surgery to the date of

discharge.
Readmission was defined as a readmission within 30 days of discharge.

Time to chemotherapy referred to the time from the date of surgery to the date of start

of chemotherapy.

Mortality was defined as death within 30 days of surgery.
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2.6 Statistical analysis

The event incidence for each arm was pooled after a proportion meta-analysis. The
two treatment arms were compared using the relative risk (RR) and its 95%
confidence interval as the pooled estimate. A fixed- or random-effects model was
fitted to the data according to statistical heterogeneity. Heterogeneity was studied
using the Q-test and the Higgins I? statistic. We searched for potential sources of
heterogeneity after eyeballing the Baujat plots. The sensitivity analysis of our results
was carried out by re-running our meta-analysis, having excluded one study at a time.
A meta-regression and a subgroup analysis studied the effect of moderators
(continent, study design, and type of surgery) on the overall effect. We detected
potential sources of publication bias using the Beggs test. We used the fragility index
and a cumulative analysis to study the robustness of our results. Likewise, the net
benefit of the intervention was calculated using numbers needed-to-treat (NNT) based
on the RR. The results were plotted using forest and funnel plots. The statistical
analysis was carried out using an R statistical environment. Statistical significance
was set at 0.05, and we used a continuity correction of 0.5 for complications

associated with zero events.
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Chapter 3 Results

3.1 Study selection

After eliminating any duplicates, both DL and AD conducted separate evaluations of
the article titles and abstracts to determine their relevance. Our current literature
search identified 455 unique articles. After reading the title and abstract, we excluded
408 articles and sought the full text of the remaining 47 studies. We could not retrieve
five articles, and after reading the full text of the gathered studies, we excluded 25
other irrelevant studies. We excluded studies with inadequate descriptions of surgical
techniques and those without extractable data. If multiple techniques were studied, we
included studies reporting complication data for each technique separately. After
reading through the reference list of the collected articles, five more studies were
discovered. Ultimately, 22 articles formed the basis of our systematic review and
meta-analysis.3>-°¢ Any disagreement between the two reviewers was resolved through
discussion with the senior author, EA. The study selection process is outlined in a
PRISMA flowchart according to the PRISMA 2020 statement (Figure 6).22

of new studies via and registers. Identification of new studies via other methods

Records identified from:
5 Medline (n - 128)
Web of science (n =341) Records removed before sereening: Records identfied from:
é Scopus (n = 137) Duplicale records (n = 547) Gitation searching (n = 5)
Cochrane {n = 31)
ﬂ EBSCO(n - 270)
Records screened Records excluded
{n = 455) (n =408)
2 Reports sought for reirieval Reporis nol rerieved Reporis soughtfor retrieval Reporis nol retrieved
H (n-47) (n-5) (n-5) (n-0)
Reports excluded:
No comparative arm (n = 3)
\ Reports assessed for eligibility Study design (n - 9) Reports assessed for eligibility Reports excluded:
(n=42) » <9 ERAS items (n =2) (n=5) ™ (n=0)
Surgical procedure (n = 7)
Other n - 4)
g New studies included in review
3 (n=22)

Figure 6. PRISMA Flowchart of the study selection process

3.2 Patient selection

Twenty-two comparative studies with 2063 patients in the ERAS group and 1980

patients in the comparator arm fulfilled our eligibility criteria.*>> There were four
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RCTs and 18 observational studies from 2013 to 2022. Asia, Europe, and the US

contributed ten, nine, and three studies. The reported surgical intervention was
pylorus-preserved PD (PPPD) in three studies and Whipple in four, whereas it was
either PPPD or Whipple in five studies and mixed (PPPD, Whipple, or Stomach
preserved PD [SPPD]) in 2 articles and not specified PD in the remaining seven
articles. The mean patients’ age ranged from 51 to 77 years across studies, and the
male-to-female ratio was 1.26 and 1.3 for the ERAS and control groups. Table 3
summarizes the basic study characteristics of our eligible studies. Table 4 displays the

ERAS items implemented in each study.

Table 3. The table displays for each included study the citation, country, study design, sample

size, number of ERAS items implemented, and outcomes assessed

Study author Country Study Sample Number Outcomes assessed
(year) design size of ERAS
Items
ERAS/ Complications CD1-2 CD3-4 DGE POPF PPH LOS Readmissions Deaths Time to
control ChemoX

Abu  Hilal UK case- 20/24 17 N N N N N N N N N
(2013) control

study
Braga Italy case- 115/115 19 B \/ N N \/ R y \/
(2014) control

study
Coolsen The case- 86/97 17 R \/ N R V R y V
(2014) Netherlands control

study
Kobayashi Japan case- 100/90 11 N - - N N N N \/ V
(2014) control

study
Pillai India case- 20/20 10 N - - v N v v v
(2014) control

study
Joliat Switzerland case- 74187 21 v N N N N V
(2015) control

study
Williamsson Sweden case- 50/50 16 \/ N N R N N N N
(2015) control

study
Parteli Italy case- 22166 17 N v v N N - v v
(2016) control

study
Zouros Greece case- 75150 16 \/ N N N N N N N N
(2016) control

study
Aviles USA case- 40/140 20 - - - N v - v v
(2016) control

study
Dai China case- 68/98 13 N v v N N N v v
(2017) control

study
Deng China RCT 76/83 14 - - - N N N N N N N
(2017)
Su China case- 31/31 12 N N N \’ V v y V
(2017) control

study
Vander Kolk ~ The case- 95/52 20 - - N N - - N N
(2017) Netherlands control

study
Hwang Korea RCT 138/138 25 N N N - N R y V
(2019)
Lavu USA RCT 37/39 10 v - - v v - v v v
(2019)
Takagi Japan RCT 37/37 19 3 N N N N R N N J
(2019)
Li China case- 203/141 12 v - - v N N v v v
(2020) control

study
Lof UK case- 250/125 16 N - - - v N v v
(2020) control

study
Zhu China case- 64/69 16 - - - v N N v v v
(2020) control

study
Kim Korea case- 352/318 9 \/ - - R N R N N N
(2021) control

study
Takchi USA case- 110/110 11 N - - N v - v v
(2022) control

study
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Table 4. ERAS items implemented in each included study.

ERAS ITEMS as per updated 2019 ERAS guidelines for PD

STUDY 12 3 456 7 89 10 11
Abu Hilaletal v R N W
Braga et al v \ B A A A
Coolsenetal N AN AN
Kobayashi etal v NN N oW
Pillai et al N NN
Joliat et al R v N AN AN
Williamsson etal R NN
Partelietal v NN N
Zourosetal N N AN A A
Avilesetal NN N NN
Dai etal v v B NN
Deng et al \I NN A
Suetal N N AN A A
Van der Kolk etal \ v v R NN
Hwangetal NN A NNV A
Lavu etal N v
Takagietal Vv NA N VA AN
Lietal R v N \I
Lof etal v N oA A
Zhuetal N A v R Ny A
Kim et al R N W
Takchi et al v v
TOTAL
STUDIES 203 7 2 8 3 18 20 18 16

Risk of bias

12 13 14

NN
v
V

R

2222 2 2 2 2 2

2 2

v
N
N

V
N
N

17 3 14

15 16 17 18 19 20 21 22
N A I
A N A
N N A
v VoA
v v v
R R N BN
Voo VoA
N A N A
R R A A
VA A A A Vo
R v
voA N A YA
v
S A A I
R A N N
VoA v
VAN A A v
v v
N N B
e A A A A
v { Y
VoA v

15

N
N

17

N
=

13

=
©

1

TOTAL
23 24 25 26 27 ITEMS
NN A 17
NN 19
B R 17
v 1
N N 10
NN A \/ 21
NN A 16
NN 17
B R 16
NN A R 20
N 13

B 14

v N 12
NN N 20
NN A R 25
B B 10
R 19
NN A 12
x/ R 16

B 16

v 9
NN 11

©
-
13
IN)
o
o
o

The overall risk of bias in the 18 observational studies, according to ROBINS-I, was

moderate (75%) to high (25%) (Figure 7). More specifically, there was a potential for

a severe risk of bias due to confounding, reaching as high as 25%, while there was a

moderate risk from missing data (100%) and deviation from the intended

interventions (75%). Regarding the RCTS, the RoB-2 tool identified serious concerns

for risk of bias in 25% of the available evidence, mainly attributed to bias attributed to

the potential deviations from the intended interventions (Figure 8). The quality of

evidence according to the GRADE recommendations is shown in Table 5.
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Bias due to confounding
Bias due to selection of participants
Bias in classification of interventions

Bias due to deviations from intended interventions

Bias due to missing data

Bias in measurement of outcomes
Bias in selection of the reported result
Overall risk of bias

25% 50% 75% 100%

]
=
g

I.‘__Dm.«-w,.l

Figure 7. Risk of bias assessment of non-randomized studies using the ROBINS-I

tool.
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Domains:

® © O

Risk of bias domains

D1: Bias anising from the randomization process.
D2: Bias due to deviations from intended intervention.

D3: Bias due to missing outcome

D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result.

Bias arising from the randomization process

Bias due to deviations from intended interventions

Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

o
B

25% 50%

75%

100%
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Figure 8. Risk of bias assessment of randomized studies using the RoB-2 tool.
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Table 5. GRADE of the Evidence table

Parameter Starting  Risk  Inconsistency  Indirectness  Imprecision  Publication ~ Magnitude  Dose Confounding  Final

Grade of bias of effect response  factors grade

bias

Complications 4 1 0 0 0 0 0 1 4 DODD
CDh1-2 4 1 0 0 0 0 0 0 3 [SI15)
CD 3-4 4 1 0 0 0 0 0 0 2 (S]]
DGE 4 1 0 0 0 0 0 0 2 DD
POPF 4 1 0 0 0 0 0 1 3 CETE)
PPH 4 1 0 1 0 0 0 0 1 (&3]
Readmissions 4 1 0 0 0 0 0 0 2 DD
Deaths 4 1 0 1 0 0 0 0 1 [43)
LOS (days) 4 1 0 1 0 0 0 0 1 )
Time to 4 1 0 1 0 0 0 0 1 D
ChemoX

CD, Clavien-Dindo; DGE, Delayed gastric emptying; POPF, Postoperative pancreatic fistula; PPH, Postpancreatectomy

hemorrhage; LOS, Length of hospital stay; ChemoX, Chemotherapy
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3.3 Synthesis of Outcomes

Overall Complications

Eighteen studies reported overall postoperative complications (Figure 9). In total, 989
and 1080 complications occurred in the ERAS and control groups, corresponding to a
proportion incidence of 52% (44%-59%) and 66% (57% - 73%), respectively. In the
presence of significant heterogeneity (63%), the random-effect models showed that
the ERAS pathway was associated with fewer complications (RR 0.83; 95% CI: 0.75
— 0.91). The Beggs test did not identify significant concerns about publication bias
(p=0.198). The studies by Takchi et al. and Dai et al. contributed the most to the
statistical heterogeneity according to the Baujat plots.*® 56 After excluding each study
and re-running the meta-analysis, the pooled RR were 0.82 (0.77-0.86) and 0.86
(0.81-0.91), respectively. The meta-regression showed that the effect varied according
to the continent of the study origin (p=0.047). Indeed, the RR was more profound in
studies from Asia (0.74; 0.66 — 0.84), marginal in studies from Europe (0.91; 0.83 —
0.99), and not significant in studies from the US (0.95; 0.58 — 1.56). The present
results are robust and originate from high-quality evidence with a fragility index as
high as 29 (Table 6). At the same time, the NNT to avoid a single complication using
ERAS is as low as 9 (6 to 18).

o
Study or Experimental Control Weight  Weight Risk Ratio Risk Ratio =
Subgroup Events Total Events Total (fixed) (random) MH, Fixed + Random, 95% CI MH, Fixed + Random, 95% CI s
Abu Hilal ot 3l (2013) 8 20 16 24 13%  21% 0,60 [0.33: 1,10 e Kimetal (20210 |
Braga et al (2014) 69 115 76 115 69%  76% 0.91[0.74;: 1.11 . SR N
Coolsen et al (2014) 46 86 48 97 4% 58% 1.08 [0.82: 143 Ho— W » LY
Joliat ot al (2015) 0 74 T 87 59% 79% 0,83 (0,69 1.00 . , Tokete 22) 0
Willamsson et al (2015) 2 5 M 50 3% 58% 084 0.77; 1.25) o - ‘”“M&é&‘l?j;’?zﬂ )
Partol ot al (2016) 6 22 29 66 13%  16% 0,62 [0.30: 1.29) et s b M) 0
Zouros ot al 2016) 27 75 25 50 27%  38% 0.72 0.48; 1.08) e , \
Lof et al (2020) 155 250 77 125 04% 83% 1.01[0.85; 1.19) - Daietal 2017) @ ,”*W}M‘bﬂﬂw}v %
| (fixed eff 614 34 9 bl Takagi Goakst085piG2014) 0
o Kobayasnl ot SP{SS 0 MW GeatROMER201) O,
Suetak{2017) @ ) N
Kooay:sr‘ et ol (2014) 30 100 54 80 52%  55% 0.65(0.48: 0.88) e g o bt
Pilai et al (2014) 5 20 9 20 08% 1.1% 056 (0.23:1.37 — g ° Zonmsetel 2016}
Dai et al (2017) 34 68 89 98 66%  65% 0,85 [0.43: 0.70) . ] /
Suetal (2017) 1831 26 31 24%  48% 0,69 [0.49: 0,67 —et g
Hwang et al (2019) 64 138 68 138 62%  65% 0,94 [0.74; 1.20) Kl e
Takagi ot ol (2019) 23 37 32 37 29%  58% 072 [0.54: 0.95] —— 8
Li et al (2020) 81 203 61 141 66%  64% 052[0.72.1.19) —o— L
Kim et al (2021) 236 352 273 318 261%  10.1% 0.78 (0.72: 0.85) ] 5 3
tal (fixed off 4 : 2 - B ,
- 2 Abu Hial et phiZARYI ®019) ©
Lav et af 2019) 19 17 3 1s% 21% 0,68 [0.37:1.26] el 5
Takenl et al (2022) 85 110 75 110 68%  84% 1.13[0.96: 1.33] o /' Panelietal (2016) @
| (fixed of ‘ N 3 o /
i - |
3 )
Total (fixed effect, 85% C1) 1788 1636 100.0% - 084 (0.79; 0.88] .
Total (random effects, 95% CI) - 100.0% 083 [0.75; 0.91] -
Heterogeneity Taw' = 0.0236; Chi’ = 46.07, o = 17 (P < 0.01). F = 63% Pitai ot al (2014) ©
08 1. 2
Favours experimental Favours control T T T T
05 1.0 15 20
Risk Ratio

Figure 9. A. Forest plot demonstrating overall postoperative complications in terms
of ERAS versus conservative management after PD. B. Funnel plot of included

studies.
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Table 6. Results with a summary of the evidence

GRADE | Studies Events / Total Proportion meta-analysis Comparative meta-analysis Meta-regression Robustness NNT
K ERAS Control Pooled % Pooled % Pooled RR Heterogeneity | Publication bias | Type of Study | Continent | Fragility index
group group (ERAS) (Control) (%2,%) (Begg'stest,p) | Surgery | design
Complications | @@@® 18 | 989/1788 | 1080/1636 | 0.52(0.44;0.59) | 0.66(057;0.73) 0.83(0.75;0.91)* 63.1 0.198 0240 0831 0.047* 29 9(6;18)
12 200 11 251/716__| 345/793 035(0.29;,042) | _ 0.43(031; 0.56) 082 (0.72;0.92)" 3 0.436 06549 0719 0215 10 12(8;30)
w34 0 12 150/811 173/845 | 018(011;028) | 0.19(0.14;0.25) 100(0.72;138) 56 0,945 01579 0554 0328 26 3333 (18;-13)
DGE oo 20 254/1675 | 369/1717 | 0.14(0.1;020) 0.24(0.16;0.35) 0.69(0.52;0.93)* 73 0112 0803 0.439 0.651 7 12 (4;50)
POPF 00 21 260/1968 | 339/1928 | 013(011;,017) | 016(013;021) 0.76 (0.66; 0.89)* 23 0319 0.05* 0.365 0.02% 4 24 (16;50)
PPH o 16 104/1685 | 101/1486 | 0.06(0.05;0.07) | 0.07(0.06;0.08) 0.88(0.67; 1.14) [ 0829 0852 0566 0345 11 114 (43;-98)
Readmissions 0 2 208/1989 | 204/1893 | 0.06(0.03;0.10) | 0.07(0.05;011) 1.01(0.84; 1.21) o 0528 0280 0811 0373 12 1404 (68; -52)
Deaths o 2 39/2063 47/1980 | 0.02(0.01;,003) | 002(0.01;003) 081(054;1.22) o 0.36 0316 0819 0146 9 275 (112; -233)
GRADE 3 Total Pooled mean Pooled mean VD Heterogeneity | Publication bias | Type of Study | Continent | Fragility index NNT
(ERAS) (Control) (72, %) (Begg'stest,p) | Surgery | design
LS (days) ° 7 723 671 166(12.2;19.9) | 19.7(165;22.9) -0.56 (-0.26; 0.01) 95 NA 0474 0627 0.895 NA NA
Time to 2 258 200 536(50.7,55.4) | 67.9(65;70.87) 0,69 (-0.88; -05)" [ NA NA NA NA NA NA
ChemoX @

RR, risk ratio; SMD, standardized mean difference; NA, not applicable; NNT, numbers need to treat; POPF, postoperative fistula; DGE, delayed gastric emptying; PPH,
post-pancreatectomy hemorrhage; LOS, length of stay, ChemoX, chemotherapy

#,k>10;

*, statistical significant result

Minor complications CD 1-2

CD grade 1 and 2 complications were reported in 11 studies (Figure 10). In total, 252
and 345 CD 1 and 2 complications occurred in the ERAS and control groups,
corresponding to a proportion incidence of 35% (29%-42%) and 43% (31% - 56%),
respectively. In the absence of significant heterogeneity (3%), the fixed-effect models
showed that the ERAS pathway was associated with fewer CD 1 and 2 complications
(RR 0.82; 95% CI: 0.72 — 0.92). The Beggs test did not identify significant concerns
about publication bias (p=0.436). The studies by Abu Hilal et al. and Dai et al. mainly
contributed to the statistical heterogeneity according to the Baujat plots.3® 45 After
excluding these studies and re-running the meta-analysis, the pooled RR was 0.80
(0.71-0.91) and 0.85 (0.74-0.97), respectively. The meta-regression did not identify
any effect modifier among the studied parameters. The present results are robust and
originate from moderate-quality evidence with a fragility index as high as 10. At the
same time, the NNT to avoid a single CD 1 and 2 complication using ERAS is as low
as 12.
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00

Experimental  Control Weight Weight Risk Ratio Risk Ratio
Study Events Total Events Total (fixed) (random) MH, Fixed + Random, 85% CI MH, Fixed + Random, 85% CI
Abu Hilal et al (2013) 6 2 2 24 06% 07% 3,60 [0.81; 15.81] r
Braga et al (2014) 46 115 54 115 169% 16.9% 085 0.63; 1.15) .
Coolsen etal (2014) 20 8 17 97 50%  48% 1.33[0.74; 2.36) =
Joliat et al (2015) 18 74 30 87 B86% 6.3% 0.71[043; 1.16]
Wiliamsson et al (2015) 25 50 29 50 91% 114% 0.86 [0.60; 1.24] i
Parteli et al (2016) T2 2 66 41%  34% 0.81[041; 1.60] u
Zouros et al (2016) 15 75 15 50 56%  40% 067 [0.36; 1.24) iz
Dai etal (2017) 32 68 68 98 17.5% 18.3% 0.68[0.51; 0.90] g
Suetal (2017) 6 31 20 31 63% 83% 0.80 [0.52; 1.23)
Hwang et al (2019) 49 138 58 138 182% 16.7% 0.84[0.63; 1.14]
Takagi et al (2019) 17 3 2% 37 8% 9% 0.650.44; 0.98] .
3
Total (fixed effect, 95% Cl) 6 793 100.0% - 0.82[0.72; 0.92)
Total (random effects, 95% cl} - 100.0% 0.80[0.70; 0.91]
Heterogeneity: Tau’ = 0.0013; Chi* = 10.29, df = 10 (P = 0.42); = 3% : .
01 051 2 10 . . At
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Figure 10. A. Forest plot demonstrating postoperative complications CD 1 and 2 in
terms of ERAS versus conservative management after PD. B. Funnel plot of included

studies.

Major complications CD 3-4

CD grade 3 and 4 complications were reported in 12 studies (Figure 11). In total, 150
and 173 CD 3 and 4 complications occurred in the ERAS and control groups,
corresponding to a proportion incidence of 18% (11%-28%) and 19% (14% - 25%),
respectively. In the presence of significant heterogeneity (56%), the random-effect
models showed that the ERAS pathway was not associated with fewer CD 3 and 4
complications (RR 1.00; 0.72 - 1.38). The Beggs test did not identify significant
concerns about publication bias (p=0.945). The studies by Abu Hilal and Dai et al.
contributed the most to the statistical heterogeneity according to the Baujat plots.®> 4
After excluding these studies and re-running the meta-analysis, the pooled RR was
0.88 (0.73-1.08) and 1.05 (0.87 — 1.28), respectively. The meta-regression did not
identify any effect modifier among the studied parameters. The present results are
relatively robust and originate from high-quality evidence with a fragility index as
high as 26. At the same time, the NNT to avoid a single CD 3 and 4 complication
using ERAS is as high as 3333.
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Experimental Control Weight Weight Risk Ratio Risk Ratio

Study Events Total Events Total (fixed) (random) MH, Fixed + Random, 95% ClI MH, Fixed + Random, 95% CI
Abu Hilal et al (2013) 13 20 3 24 17% 5.8% 5.20[1.72; 15.72) ——
Braga et al (2014) 19 115 18 115 11.1% 11.0% 1.06 [0.58; 1.91] <

Coolsen et al (2014) 26 86 31 97 18.0% 13.1% 0.95[0.61; 1.46]

Joliat et al (2015) 29 74 37 87 21.0% 13.9% 0.92[0.63; 1.34)

Williamsson et al (2015) 7 50 5 50 31% 6.0% 1.40[0.48; 4.12) —fe—
Parteli et al (2016) 9 22 16 66 5.0% 10.1% 1.69 [0.87; 3.26) -
Zouros et al (2016) " 75 10 50 74% 8.7% 0.73[0.34; 1.60] -~

Dai et al (2017) 2 68 21 98 106% 4.1% 0.14 [0.03; 0.57] ——

Su etal (2017) 2 3 4 31 25% 3.3% 0.50 [0.10; 2.53) ——

Van der Kolk et al (2017) 11 95 12 52 96% 9.0% 0.50 [0.24; 1.06] =y

Hwang et al (2019) 15 138 10 138 6.2% 8.8% 1.50[0.70; 3.22) —+8—

Takagi et al (2019) 6 37 6 37 37%  6.3% 1.00 [0.35; 2.82) +

Total (fixed effect, 95% Cl) 81 845 100.0% - 0.96 [0.79; 1.16] *

Total (random effects, 95% Cl) - 100.0% 1.00 [0.72; 1.38]) i -
Heterogeneity: Tau’ = 0.1629; Chi* = 24,97, df = 11 (P < 0.01); I = 56% T T
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Figure 11. A. Forest plot demonstrating postoperative complications CD 3 and 4 in
terms of ERAS versus conservative management after PD. B. Funnel plot of included

studies.

DGE

DGE was reported in 20 studies (Figure 12). In total, 254 and 369 cases presented
DGE in the ERAS and control groups, corresponding to a proportion incidence of
14% (1%-20%) and 24% (16% - 35%), respectively. In the presence of significant
heterogeneity (73%), the random-effect models showed that the ERAS pathway was
associated with fewer DGE (RR 0.69; 0.52 — 0.93). The Beggs test did not identify
significant concerns about publication bias (p=0.112). The study by Van der Kolk et
al. contributed the most to the statistical heterogeneity according to the Baujat plots.*®
After excluding this study and re-running the meta-analysis, the pooled RR was 0.78
(0.67-0.91). The meta-regression did not identify any effect modifier among the

studied parameters. The present results originate from low-quality evidence and are
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characterized by a fragility index of 7. At the same time, the NNT to prevent a patient

from DGE using ERAS is as low as 12.

Experimental Control Weight Weight Risk Ratio Risk Ratio
Study Events Total Events Total (fixed) (random) MH, Fixed + Random, 95% CI MH, Fixed + Random, 95% CI
Abu Hilal et al (2013) 120 2 24 05% 1.3% 0.60 [0.06; 6.14] +
Braga et al (2014) 1 1s 17 115 4.8% 5.5% 0.65[0.32; 1.32] .
Coolsen et al (2014) 1 86 7 97 18% 4.6% 1.77[0.72; 4.37) e
Kobayashi ef al (2014) 2 100 9 90 2% 2.6% 0.20 [0.04; 0.90] —
Pillai et al (2014) 7 20 15 20 42% 5.8% 0.47 [0.24; 0.89] it
Joliat et al (2015) 20 74 29 87 T75% 6.8% 0.81[0.50; 1.31] .1
Williamsson et al (2015) 13 50 24 50 B7% 6.3% 0.54 [0.31; 0.94] L3l
Parteli et al (2016) 7 22 n 66 1.5% 5.0% 1.91[0.84; 4.32] T
Zouros et al (2018) 9 75 15 80 5.1% 5.3% 0.40[0.19; 0.84] ——
Aviles et al (2017) 17 40 40 140 50% 6.8% 1.49[0.95; 2.32) .
Dai et al (2017) 0 68 1198 27% 1.0% 0.06 [0.00; 1.04] - al
Deng et al (2017) 15 76 32 83 B6% 6.4% 0.51[0.30; 0.87] "
Su et al (2017) 2 3 T 31 20% 2.6% 0.29[0.06; 1.27) ——r
Van der Kolk et al (2017) 29 95 47 52 17.9% 7.4% 0.34 [0.25; 0.46] -1
Lavu et al (2019) 5 37 13 39 36% 4.5% 0.41[0.16; 1.03] —a7
Takagi et al (2019) 5 37 7T 37 20% 4.0% 0.71[0.25; 2.05) T
Li et al (2020) 39 203 21 141 T0% 6.6% 1.29[0.79; 2.10] -
Zhu et al (2020) 8 64 17 69 46% 5.2% 0.51[0.24; 1.09] -
Kim et al (2021) 26 352 16 318 4.7% 6.0% 1.47 [0.80; 2.69] 1=
Takchi et al (2022) 27 110 29 110 B.1% 6.8% 0.83[0.59; 1.46] 2
Total (fixed effect, 95% CI) 1675 1717 100.0% - 0.71[0.62; 0.81] *
Total (random effects, 95% CI) - 100.0% 0.69 [0.52; 0.93] . . | .
Heterogeneity: Tau” = 0.2798; Chi* =69.97, df =19 (P < 0.01): I = 73%
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Figure 12. A. Forest plot demonstrating DGE in terms of ERAS versus conservative

management after PD. B. Funnel plot of included studies.

POPF

POPF was reported in 21 studies. In total, 260 and 339 cases presented POPF in the
ERAS and control groups, corresponding to a proportion incidence of 13% (11%-
17%) and 16% (13% - 21%), respectively. In the absence of significant heterogeneity
(23%), the fixed-effect models showed that the ERAS pathway was associated with
fewer POPF (RR 0.76; 0.66 — 0.89). The Beggs test did not identify significant
concerns about publication bias (p=0.319). The studies by Kobayashi et al. and Aviles
et al. contributed the most to the statistical heterogeneity according to the Baujat
plots.38 44 After excluding these studies and re-running the meta-analysis, the pooled
RR was 0.80 (0.69-0.93) and 0.75 (0.64 — 0.87). The meta-regression identified that
the type of surgery (p=0.05) and the continent of study origin (p=0.02) were among

the effect estimate modifiers. Indeed, the beneficial effect of ERAS was evident in
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studies with mixed interventions (0.60; 0.48-0.76) but not with Whipple PD (0.96;

0.62-1.44) or PPPD (0.86; 0.64-1.28). Likewise, studies from Asia reported fewer
cases of POPF using ERAS (0.68; 0.52-0.82). However, this beneficial effect of
ERAS was not observed in studies from Europe (0.81; 0.62-1.05) and the US (1.77;
0.94-3.22). The present results originate from a moderate quality of evidence and are
characterized by a fragility index of 4. At the same time, the NNT to prevent a patient
from POPF using ERAS is 24.

Study or Experimental Control Weight Weight Risk Ratio Risk Ratio
Subgroup Events Total Events Total (fixed) (random) MH, Fixed + Random, 95% Cl MH, Fixed + Random, 95% CI
Abu Hilal et al (2013) 3 2 2 24 06% 1.1% 1.80[0.33; 9.73) S & e—
Braga et al (2014) 20 115 29 115 8.8% 8.2% 0.69[0.42; 1.15] —H
Coolsen et al (2014) 10 86 1 97 31% 4.2% 1.03 [0.46; 2.29) 88
Joliat et al (2015) 12 74 19 87 53% 5.8% 0.74 [0.39; 1.43) .
Williamsson et al (2015) 4 50 6 50 18% 21% 0.67 [0.20; 2.22] —
Parteli et al (2016) 4 22 21 66 32% 3.1% 0.57 [0.22; 1.48] -
Zouros et al (2016) 9 75 7 50 26% 3.3% 0.86 [0.34; 2.15] ——
Lof et al (2020) 34 250 18 125 7.3% 7.8% 0.94 [0.56; 1.60] :I

>
Kobayashi et al (2014) 9 100 25 90 8.0% 51% 0.32[0.16; 0.66] -
Pillai et al (2014) 3 2 1 20 03% 0.7% 3.00 [0.34; 26.45] —1
Dai et al (2017) 0 68 30 98 75% 5.9% 0.48[0.25; 0.92] —.-
Deng et al (2017) 1 76 30 83 87% 11.0% 1.13[0.76; 1.67] ¢
Suetal (2017) 7 A 8 31 24% 3.6% 0.88[0.36; 2.12) ——
Hwang et al (2019) 7 138 12 138 3.7% 3.4% 0.58 [0.24; 1.44] -
Takagi et al (2019) 7 37 10 37 3.0% 3.8% 0.70[0.30; 1.64] e
Li et al (2020) 26 203 21 141 7.5% 7.7% 0.86 [0.50; 1.47) -
Zhu et al (2020) 10 64 17 69 5.0% 5.2% 0.63[0.31; 1.28] —-—
Kim et al (2021) 34 352 53 318 17.0% 10.7% 0.58 [0.39; 0.87] '

4

-
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Figure 13. A. Forest plot demonstrating POPF in terms of ERAS versus conservative

management after PD. B. Funnel plot of included studies.
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PPH

PPH was reported in 16 studies (Figure 14). 104 and 101 cases presented PPH in the
ERAS and control groups, corresponding to a proportion incidence of 6% (5%-7%)
and 7% (6% - 8%), respectively. In the absence of significant heterogeneity (0%), the
fixed-effect models showed that the ERAS pathway was not associated with fewer
PPH (RR 0.88; 0.67 - 1.14). The Beggs test did not identify significant concerns about
publication bias (p=0.829). According to the Baujat plots, the studies by Coolsen et al.
and Kobayashi et al. contributed the most to the statistical heterogeneity.®” 3¢ The
pooled RR, after excluding these studies and re-running the meta-analysis, was 0.83
(0.63-1.09) and 0.92 (0.7 — 1.21). The meta-regression did not identify any effect
modifier among the studied parameters. The present results originate from very low-
quality evidence and are characterized by a fragility index of 11. At the same time, the
NNT to prevent a patient from PPH using ERAS is as high as 114.

Experimental Control Weight Weight Risk Ratio Risk Ratio
Study Events Total Events Total (fixed) (random) MH, Fixed + Random, 95% CI MH, Fixed + Random, 95% CI
Abu Hilal et al (2013) 0 20 2 24 21% 0.8% 0.24 [0.01; 4.70] —
Braga et al (2014) 7 115 8 115 74% 7.6% 0.88 [0.33; 2.33] ——
Coolsen et al (2014) 7 886 3 97 26% 4.2% 2.63[0.70; 9.86] i
Kobayashi et al (2014) 3 100 8 90 7.8% 4.3% 0.34 [0.09; 1.23] — &
Pillai et al (2014) 4 20 2 20 18% 2.9% 2.00[041; 971) .
Williamsson et al (2015) 2 50 2 50 18% 2.0% 1.00[0.15; 6.82] —
Zouros et al (2016) 7 75 5 50 55% 6.1% 0.93[0.31; 2.78] —8—
Dai et al (2017) 2 68 2 98 15% 1.9% 1.44[0.21; 9.98] e
Deng et al (2017) 6 76 4 83 35% 4.8% 1.64 [0.48; 5.58]
Suetal (2017) 4 3 4 31 37% 4.4% 1.00 [0.27; 3.65] e
Hwang et al (2019) 2 138 4 138 37% 2.6% 0.50 [0.09; 2.69] -
Takagi et al (2019) 1 37 1 37 09% 1.0% 1.00 [0.06; 15.40] —
Li et al (2020) 16 203 18 141 196% 17.9% 0.62 [0.33; 1.17]
Lof et al (2020) 15 250 7 125 B86% 9.6% 1.07 [0.45; 2.56]
Zhu et al (2020) ] 64 8 69 7.1% 6.4% 0.67 [0.23; 1.95]
Kim et al (2021) 23 352 23 38 22.3% 23.4% 0.90 [0.52; 1.58]
Total (fixed effect, 95% Cl) 1685 1486 100.0% - 0.88 [0.67; 1.14]
Total (random effects, 95% Cl) - 100.0% 0.88 [0.67; 1.15]
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Figure 14. A. Forest plot demonstrating PPH in terms of ERAS versus conservative

management after PD. B. Funnel plot of included studies.
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Readmissions

Twenty-one articles studied the re-admission rate after pancreatic resection surgery.
In total, 208 and 204 cases required re-admission in the ERAS and control groups,
corresponding to a proportion incidence of 6% (3%-10%) and 7% (5% - 11%),
respectively. In the absence of significant heterogeneity (0%), the fixed-effect models
showed that the ERAS pathway was not associated with fewer re-admissions (RR
1.01; 0.84 - 1.21). The Beggs test did not identify significant concerns about
publication bias (p=0.528). According to the Baujat plots, the study by Tackhi et al.
contributed the most to the statistical heterogeneity.%® After excluding this study and
re-running the meta-analysis, the pooled RR was 0.93 (0.76-1.14). The meta-
regression did not identify any effect modifier among the studied parameters. The
present results were extracted from low-quality evidence and characterized by a
fragility index 12. At the same time, the NNT to prevent a patient from readmission
using ERAS is as high as 275.

Experimental Control Weight Weight Risk Ratio Risk Ratio
Study Events Total Events Total (fixed) (random) MH, Fixed + Random, 95% CI MH, Fixed + Random, 95% CI
Abu Hilal et al (2013) 1 20 2 24 09% 0.6% 0.60 [0.06; 6.14] —t
Braga et al (2014) 14 115 12 115 62% 6.3% 1.17 [0.56; 2.41] #
Coolsen et al (2014) 1 86 14 97 68% 6.2% 0.89[0.43; 1.85] -
Kobayashi et al (2014) 2 100 2 9 11% 0.9% 0.90[0.13; 6.26] e
Pillai et al (2014) 0 2 0 20 0.0% 0.0%
Williamsson et al (2015) 3 50 3 50 15% 1.4% 1.00[0.21; 4.72] 9
Parteli et al (2016) 1 22 3 66 08% 0.7% 1.00[0.11; 9.13]
Zouros et al (2016) 5 75 3 5 19% 1.7% 1.11[0.28; 4.44] ——
Aviles et al (2017) 1 40 39 140 89% 10.3% 0.99[0.56; 1.74] ﬂ-
Dai et al (2017) 0 68 6 98 28% 0.4% 0.11[0.01; 1.93] =
Deng et al (2017) 1 76 1 83 05% 04% 1.09 [0.07; 17.16] 3
Suetal (2017) 2 A 0 31 03% 0.4% 5.00 [0.25; 100.02]
Van der Kolk et al (2017) 12 95 9 52 6.0% 5.3% 0.73[0.33; 1.62] —--
Hwang et al (2019) 21 138 14 138 72% 8.3% 1.50 [0.80; 2.83] Hlt-
Lavu et al (2019) 3 37 4 39 20% 1.6% 0.79[0.19; 3.30] —r—
Takagi et al (2019) 0 37 3 37 18% 0.4% 0.14[0.01; 2.67] R
Li et al (2020) 4 203 5 141 3.0% 2.0% 0.56 [0.15; 2.03) -
Lof et al (2020) 45 250 24 125 16.5% 16.7% 0.94[0.60; 1.47] *
Zhu et al (2020) 0 64 0 69 0.0% 0.0%
Kim et al (2021) 29 352 30 318 16.3% 14.0% 0.87 [0.54; 1.42]
Takchi et al (2022) 43 110 30 110 155% 22.5% 1.43[0.98; 2.10]
Total (fixed effect, 95% CI) 1989 1893 100.0% - 1.01[0.84; 1.21] '
Total (random effects, 95% ClI) -~ 100.0% 1.04 [0.87; 1.25] +
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Figure 15. A. Forest plot demonstrating readmissions in terms of ERAS versus

conservative management after PD. B. Funnel plot of included studies.
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Length of hospitalization

All studies provided data on LOS (Figure 16). However, 17 studies described the LOS
in terms of median and range or IQR values. Among them, in 15 studies, the data
were significantly skewed away from normality, and thus, it was not appropriate to
apply the normal-based method for data transformation. Only seven articles provided
data amenable to quantitative synthesis on the LOS after pancreatic resection surgery.
The pooled mean hospital stay was 16.6 days (95% CI 12.2 — 19.9) and 19.7 (16.5 —
22.9) using ERAS and the standard of care, respectively. According to our meta-
analysis, and in the presence of significant statistical heterogeneity (95%), the
standardized mean difference in LOS was -0.56 (-0.26; 0.01) and did not differ
between the two groups at a significant level. After eyeballing the funnel plot, we
concluded that there was no significant risk of publication bias. According to the
Baujat plots, the study by Kim et al. contributed the most to the statistical
heterogeneity.>® Notably, after excluding this study and re-running the meta-analysis,
the pooled SMD was -0.76 (-0.91; -0.60) and changed in favor of the ERAS group.
The meta-regression did not identify any effect modifier among the studied

parameters. The present results were extracted from very low-quality evidence.

Experimental Control Weight Weight Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total (fixed) (random) IV, Fixed + Random, 95% CI IV, Fixed + Random, 95% CI
Abu Hilal et al (2013) 957 47800 20 1480 79000 24 3.1% 12.9% -0.77 [-1.39; -0.15)
Kobayashi et al (2014) 21.90 119000 100 36.40 23.8000 90 13.4% 14.7% -0.78 [-1.08; -0.48] =
Zouros et al (2016) 10.60 6.9000 75 14.30 8.5000 50 8.9% 14.4% -0.49 [-0.85; -0.12] ——
Deng et al (2017) 15.00 3.4000 76 19.00 4.1000 83 10.6% 14.5% -1.05 [-1.39; -0.72] -
Takagi et al (2019) 20.10 54000 37 26.90 13.5000 37 5.3% 13.8% -0.65 [-1.12; -0.19] -
Zhu et al (2020) 10.90 34000 64 13.50 4.0000 69 95% 14.5% -0.69 [-1.04; -0.34) -
Kim et al (2021) 24.50 144000 352 18.00 124000 318 49.3% 15.1% 0.48[0.33; 0.64] -
Total (fixed effect, 95% CI) 724 671 100.0% - -0.15 [-0.25; -0.04] >
Total (random effects, 95% CI) - 100.0% -0.56 [-1.12; 0.01] | —eam—
Heterogeneity: Tau® = 0.5388; Chi* = 131.35, df = 6 (P < 0.01); I° = 95%
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Figure 16. A. Forest plot demonstrating LOS in terms of ERAS versus conservative

management after PD. B. Funnel plot of included studies.

Institutional Repository - Library & Information Centre - University of Thessaly
20/05/2024 09:05:52 EEST - 3.146.37.111



39
Time-to-chemotherapy

Two articles studied the time to chemotherapy after pancreatic resection surgery
(Figure 17). The pooled mean time to chemotherapy was 53.6 days (95% CI 50.7 —
55.4 days) and 67.9 days (65 — 70.87 days) using ERAS and the standard of care,
respectively. According to our meta-analysis and in the absence of significant
statistical heterogeneity (0%), the standardized mean difference in the time to
chemotherapy was -0.69 days (-0.88; -0.5 days) in favor of the ERAS group. Due to
the small number of eligible studies, no further analysis took place. The present

results were extracted from very low-quality evidence.

Experimental Control Weight Weight Std. Mean Difference Std. Mean Difference

Study Mean SD Total Mean SD Total (fixed) (random) IV, Fixed + Random, 95% CI IV, Fixed + Random, 95% Cl
Lavu et al (2019) 51.00 13.0000 37 66.75 36.6600 39 18.9% 18.9% -0.56 [-1.02; -0.10] i
Li et al (2020) 54.00 20.5000 203 68.00 18.5000 141 81.1% 81.1% -0.71 [-0.93; -0.49] ——
Total (fixed effect, 95% CI) 240 180 100.0% - -0.68 [-0.88; -0.48] -
Total (random effects, 95% CI) -~ 100.0% -0.68 [-0.88; -0.48] -

Heterogeneity: Tau® = 0; Chi® = 0.32, df = 1 (P = 0.57); I’ = 0% f T T
-1 -05 0 0.5 1
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Figure 17. A. Forest plot demonstrating time to chemotherapy in terms of ERAS

Versus conservative management after PD.

Mortality

Twenty-two articles studied the mortality after pancreatic resection surgery. In total,
39 and 47 cases occurred in the ERAS and control groups, corresponding to a
proportion incidence of 2% (1%-3%) and 2% (1% - 3%), respectively. In the absence
of significant heterogeneity (0%), the fixed-effect models showed that the ERAS
pathway was not associated with fewer deaths (RR 0.81; 0.54 - 1.22). The Beggs test
did not identify significant concerns about publication bias (p=0.36). According to the
Baujat plots, the studies by Tackhi et al. and Li et al. contributed the most to the
statistical heterogeneity.5> 56 After excluding these studies and re-running the meta-
analysis, the pooled RR was 0.73 (0.48-1.13) and 0.91 (0.58-1.41). The meta-
regression did not identify any effect modifier among the studied parameters. The
present results originated from very low-quality evidence and are characterized by a

fragility index of 9.
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Chapter 4 Discussion

Overview of findings

Our recent systematic review has found twenty-two studies that compared the ERAS
pathway with the standard of care for patients undergoing PD. Serial meta-analyses
showed that ERAS can reduce overall and minor complications, DGE, POPF, and
time to chemotherapy. Nonetheless, we have found no significant impact on the
incidence of severe complications, PPH, re-admission rates, and associated mortality.
Additionally, most of the studies we reviewed indicated that ERAS could reduce the

duration of hospital stay after PD.

Interpretation in the context of other evidence

These results align with prior systematic reviews examining the effects of ERAS on
morbidity following PD.1% 5762 Implementing ERAS principles lowers overall and
minor complications while not causing an increase in major complications. Notably,
this meta-analysis is the first to calculate the NNT for each outcome, revealing that
the NNT to avoid a single complication using ERAS can be as low as 9. This finding
further supports the beneficial effect of ERAS on overall morbidity. Furthermore, the
study suggests that ERAS protocols can safely reduce the incidence of complications,
including DGE and POPF. Such results reinforce the safety of ERAS interventions,
such as early oral feeding and the prompt removal of NGT and drains, which have

been controversial.

Additionally, this systematic review is the first to explore the role of ERAS in the
timing of adjuvant chemotherapy following PD. Interestingly, ERAS patients were
found to initiate chemotherapy 14 days sooner than patients who received
conventional perioperative care. While it is essential to exercise caution in
interpreting this finding due to the limited number of studies, it is of paramount
clinical significance as 30% of patients do not receive adjuvant therapy following PD
due to postoperative complications, early metastases, and decreased performance

status.®3

The ERAS society has established 29 guidelines for PD, as listed in Table 1.2
However, the protocols of the studies reviewed in our investigation included only
some of these items. The most commonly implemented guidelines were preoperative
counseling, antithrombotic and antimicrobial chemoprophylaxis, prevention of PONV

and hypothermia, as well as multimodal analgesia, as noted in Table 4.
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Postoperatively, the most frequently implemented items were removal of NGT, early

oral feeding, early and scheduled mobilization, and drain and urinary catheter removal
plans. Nevertheless, not all studies reported compliance with ERAS pathways. A
recent meta-analysis of studies on patients undergoing PD revealed that the median
overall compliance with ERAS guidelines was 65.7%, with postoperative compliance
as low as 44%.%0 It was observed that morbidity was lower when compliance levels
were above 50%.%° Interestingly, low compliance in the early postoperative period,
particularly poor tolerance of early oral feeding, was often linked to complications.
Early identification of such patients offers a chance to intervene early and prevent

further deterioration.36: 60

Implications for practice

Implementing ERAS programs for pancreatic surgery is a challenging task due to the
complexity of the surgical procedure and the high risk of complications that may
hinder the change in traditional clinical practice. Nevertheless, the findings of this
review strengthen the existing evidence that ERAS pathways for PD improve safety
and short-term outcomes, thus becoming the standard of care. It is crucial to
encourage local initiatives to establish modern and evidence-based perioperative care
models, and successful strategies should be shared across centers to foster a culture of
learning from one another. To this end, we are sharing our locally adapted ERAS
protocol for PD, which we recently introduced in our practice (Figure 18). Changing
the culture in the complex healthcare environment is undoubtedly challenging.
Nonetheless, strong leadership, teamwork, and continuous audits based on the PDSA
(plan-do-study-act) theoretical framework should be the way to promote a culture of

quality improvement and evidence-based practice.
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Figure 18. ERAS protocol at IASO Thessalias General Hospital

Implications for future research

While ERAS protocols have shown promise in patients undergoing PD, questions
remain about their application, given the high complication rate associated with this
procedure. To better understand which ERAS items, lead to positive outcomes, further
research is needed, focusing on functional recovery, time for adjuvant chemotherapy,

and the impact on long-term outcomes and survival.

Timely postoperative chemotherapy is crucial in increasing the chances of cure after
surgery. However, the postoperative stress response leads to immunosuppression,
which creates a vulnerable window of opportunity for the expansion of minimal
residual disease. As a result, the patient becomes more susceptible to tumorigenesis
after removing the primary tumor.%* It is reasonable to assume that strategies such as
ERAS principles that suppress stress response may protect patients against
perioperative tumor growth. Another critical issue for future research is whether
compliance with ERAS programs may affect oncological outcomes.

Well-designed multicenter prospective cohort studies may be more appropriate
compared to RCTs. Not only does the number of interventions that comprise the
ERAS pathway make randomization and blinding not feasible, but it might also be
unethical to randomize patients to the control group and deny them evidence-based

interventions.
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In addition, future research should examine human factors and models of education,

teamwork, and leadership support to facilitate the application of new perioperative

care models that target the whole patient journey rather than just one intervention.

Limitations

It should be noted that the current study has certain limitations. Firstly, the analysis is
based on relatively few studies, particularly those focusing on the LOS and time to
chemotherapy. Secondly, the quality of evidence varies significantly among the
parameters studied. Most studies were case-control studies, which may result in
selection bias. Additionally, most of these studies were conducted retrospectively,
which means that the accuracy of process indicators may have affected some patients.
The quality of the randomized controlled trials (RCTs) was moderate due to the lack
of blinding, which could introduce bias in implementation and measurement.
However, applying blinding methods for the ERAS protocol is problematic. Thirdly,
we identified significant statistical heterogeneity in some parameters during the meta-
analysis, such as overall complications and DGE. We used several techniques, such as
random-effect models and sensitivity analysis using the leave-out-one method, to
search for sources of statistical heterogeneity and overcome the problem. Fourthly,
the LOS and time to chemotherapy were reported using median and range values.
Whenever possible, we transformed them into mean values and standard deviation.
Lastly, not all studies implemented the same ERAS protocol, and the number of
ERAS items used in each study varied between 9 and 25, potentially causing clinical
heterogeneity. However, this is inevitable due to how clinical pathways are devised

based on local clinical practices and socio-cultural needs.

Chapter 5 Conclusion

According to this review and meta-analysis, implementing ERAS principles in
pancreatic surgery can lower the occurrence of overall and specific complications
such as DGE and POPF while not posing any more significant risk of major
complications, readmission, or mortality. ERAS is a secure and practical approach to
pancreatic surgery, and it may even enhance oncological outcomes by hastening
recovery and decreasing the time needed for chemotherapy. In future research,

emphasis should be placed on implementation strategies and considering human
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factors and cultural context to ensure the successful application of new perioperative

care models.

Thesis synopsis

Implementing Enhanced Recovery After Surgery (ERAS) has proven effective in
reducing surgical stress and enhancing postoperative results. In this study, we aimed
to compare the safety and short-term outcomes of ERAS to standard care for patients
undergoing pancreatoduodenectomy (PD) based on literature published after the first
publication of ERAS guidelines for PD. We conducted a thorough literature search
across five databases and identified twenty-three studies involving 4043 patients. Data
on readmissions, length of hospital stay, time to chemotherapy, and postoperative
complications were extracted. A meta-analysis utilizing fixed or random-effects
models was conducted to summarize the pooled relative risk (RR) and the
standardized mean difference (SMD) estimates. Furthermore, meta-regressions were
performed to examine the impact of different modifiers, including operative
technique, study origin, and study design. Our findings indicate that implementing
ERAS principles in PD can reduce the incidence of minor complications, delayed
gastric emptying (DGE), and postoperative fistulae (POPF) without affecting the risk
for major complications, readmission rate, and mortality. The continent of origin
influenced the role of ERAS in CD 1 and 2 complications and POPF. The type of
surgery also impacted POPF. In conclusion, ERAS can significantly improve
postoperative outcomes, expedite recovery, and reduce the time to chemotherapy for
patients undergoing PD. However, further research is necessary to examine the impact

of ERAS on oncological outcomes.
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