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De World Health Organisation heeft obesitas uitgeroepen als een van de 
grootste bedreigingen voor de gezondheid van de 21e eeuw.1 De behande-
ling van morbide obesitas dient als een proces te worden beschouwd en er 
is reeds aangetoond dat dit een multidisciplinaire aanpak behoeft.2,3 Voor de 
meeste morbide obese patiënten is bariatrische chirurgie de hoeksteen van 
dit proces, omdat dit de enige behandelingsvorm is met bewezen langdurige 
effectiviteit. Het dient echter te worden ondersteund door psychologische, 
diëtistische en fysiotherapeutische begeleiding.4 Dit omvat een zorgvuldige 
patiëntselectie na een uitvoerige screening en een poliklinische opvolging 
van vijf jaar.

Er bestaat nog geen overeenstemming over welke chirurgische techniek de 
beste is voor welke patiënt. Dit kan deels verklaard worden door het gebrek 
aan kennis over het exacte werkingsmechanisme van bariatrische chirurgie.  
De oorspronkelijke principes restrictie en malabsorptie blijken slechts 
van beperkt belang te zijn en er is steeds meer aandacht voor metabole 
en hormonale veranderingen en veranderingen in darmflora.5-7 Een andere  
verklaring kan zijn dat lange termijn resultaten nog schaars zijn. Gebaseerd 
op de tot nu toe beschikbare resultaten wordt de Roux-en-Y gastric bypass 
(RYGB) nog steeds als de gouden standaard beschouwd. Van de beschik-
bare alternatieven benaderen de resultaten van de sleeve gastrectomie (SG) 
die van de gouden standaard. Bij deze techniek wordt het grootste gedeelte 
van de opslagcapaciteit van de maag weggenomen door het afstaplen 
van de maagfundus en er hoeft geen dunne darmreconstructie te worden  
verricht. De sleeve gastrectomie wordt in toenemende mate toegepast 
wereldwijd. Met name in de afgelopen drie jaar neemt het aantal publicaties 
over deze procedure exponentieel toe in de literatuur. Om de sleeve gastrec- 
tomie te kunnen erkennen en toepassen als primaire behandeling van morbide 
obesitas is het noodzakelijk om zowel de voordelen als de nadelen van deze  
procedure kritisch onder de loep te nemen. In dit proefschrift wordt de 
sleeve gastrectomie beschouwd als onderdeel van het behandelingsproces 
voor de morbide obese patiënt. Het doel van de studies was om de resultat-
en van de procedure te evalueren met inachtname van de epidemiologische,  
fysiologische, nutritionele, technische en innovatieve aspecten, om hiermee 
de procedure te optimaliseren en het proces te verbeteren.
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Chapter 3  In Chapter 3 wordt een overzicht gegeven van de huidige positie 
van de sleeve gastrectomie. Hierin wordt duidelijk dat er nog geen consen-
sus bestaat over de exacte operatietechniek. Oorspronkelijk werd gedacht 
dat het uiteindelijke volume van de sleeve maag de belangrijkste indicator 
was voor het gewichtsverlies en er is veel discussie geweest over de juiste 
maat van de maagslang die peroperatief wordt ingebracht en over het volume  
van de gereseceerde maagfundus. De meest recente studies verlaten deze 
gedachten omdat zij aantonen dat het restrictieve effect van de sleeve maag 
slechts beperkt is.8 De maat van de maagsonde blijkt geen effect te hebben  
op het volume van de gereseceerde maagfundus en recente studies tonen  
aan dat het geen invloed heeft op het gewichtsverlies.9-12 Bovendien  
ontstaat er meer evidence over de rol van de gastro-intestinale hormonen  
ghreline, GLP-1 en Peptide-YY, de postoperatieve toename van galzure 
zouten en de veranderingen in de darmflora. Deze bevindingen zijn gelijk aan 
de veranderingen die optreden na de Roux-en-Y gastric bypass en dit onder-
streept de gedachte dat de basisprincipes van een bariatrische procedure 
niet in restrictie en malabsorptie liggen, maar in de hormonale, metabole en 
microbiologische veranderingen.13-15

Chapter 4  In de afgelopen jaren verschijnt er steeds meer literatuur waarin 
de post-operatieve morbiditeit, het gewichtsverlies en verbetering in comor-
biditeiten na sleeve gastrectomie wordt beschreven. In Chapter 4.1 worden 
de resultaten van een van de grootste series van sleeve gastrectomieën  
gepresenteerd. De gemiddelde leeftijd van het cohort was 42,5 jaar en de 
gemiddelde BMI 44,3 kg/m2. Een aanzienlijk deel van de patiënten leed ook 
aan de relevante aan obesitas gerelateerde comorbiditeiten. De gemiddelde 
duur van de procedure is gedurende de studieperiode significant afgenomen 
tot 41 minuten en hetzelfde geldt voor het percentage postoperatieve com- 
plicaties, terwijl de techniek min of meer consistent is gebleven. Er zijn slechts 
twee andere studies die de resultaten hebben beschreven van meer dan 
1000 sleeve gastrectomie procedures.16,17 Beide procedures beschrijven  
een lekkage percentage van de nietjesrij van 1%, terwijl in de studie in  
Chapter 4.1 een percentage van 2,3% werd gevonden. Nabloedingen traden 
op in 2,6% van de patiënten. Percentage Excess Weight Loss was 68.4% 
na een jaar en 67.4% na twee jaar. Maximaal gewichtsverlies werd bereikt na 
4 jaar. Complete remissie van de gerelateerde comorbiditeiten of reductie in 
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medicijngebruik gebeurde in vrijwel alle patiënten. Zo trad in zestig procent 
van de patiënten met diabetes complete remissie op na een jaar, hypertensie 
verdween in 53% van de patiënten, dyslipidemie in 40% en het slaap apnoe 
syndroom in 62%. Een recente meta-analyse, waarin Zhang et al. het effect 
van de sleeve gastrectomie op diabetes vergelijken met het effect van de 
Roux-en-Y gastric bypass, toont aan dat remissie van diabetes in gelijke mate 
optreedt na beide procedures.18 Opnieuw lijken hormonale veranderingen 
en met name de toename van het GLP-1 een belangrijke rol te spelen bij de  
direct postoperatieve verbetering van de glucoseregulatie. Lange termijn  
resultaten zijn echter nog schaars.19-21 Opmerkelijk genoeg treedt de  
verbetering van de comorbiditeiten op onafhankelijk van het gewichtsverlies. 
In Chapter 4.1 wordt 58,3% excess weight loss na 5 jaar beschreven in een 
kleine groep van 19 patiënten. Er zijn nog geen grote series gepubliceerd 
met lange termijn resultaten van de sleeve gastrectomie. De meest recente  
literatuur beschrijft dat >50% excess weight loss na 5-8 jaar wordt beschouwd 
als succesvol en dit ondersteunt de bevindingen in het huidige onderzo-
ek.22 Een van de meest revolutionaire veranderingen in chirurgie van de laat-
ste jaren was de introductie van fast-track protocollen. Fast-track chirurgie 
bestaat uit evidence-based technieken om de belasting van de operatie te 
verkleinen en postoperatieve stress en herstel te verbeteren door pijn te  
minimaliseren, complicaties te verlagen, uitkomsten te verbeteren en daarmee 
de opnameduur te verkorten na electieve procedures. Bariatrische chirurgie 
leent zich bij uitstek voor deze fast-track principes. Het doel is het bereiken 
van hoog kwalitatieve, veilige en gestandaardiseerde chirurgische zorg met 
lage morbiditeit en korte opnameduur. Hierbij is er een grote rol weggelegd 
voor de anesthesist, die zorgdraagt voor direct postoperatief herstel door 
een adequaat pijnstillingsbeleid.23 In Chapter 4.2 wordt een grote retrospec-
tieve vergelijkende studie weergegeven die de resultaten beschrijft van de 
implementatie van een fast-track protocol voor de sleeve gastrectomie. Dit 
leidde tot een significante reductie in de operatieduur en de opnameduur en 
bovendien significant minder postoperatieve complicaties.

Chapter 5  Om de leercurve van een operatieprocedure te verbeteren is 
het nuttig om een duidelijke beschrijving te geven van de knelpunten en de 
gevarenzones. In Chapter 5.1 wordt een studie gepresenteerd die focust op 
het optreden van fouten tijdens de sleeve gastrectomie procedure. Zestig 
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procedures werden op video opgenomen en systematisch beoordeeld 
door twee onafhankelijke onderzoekers aan de hand van de principes van  
Observation Clinical Human Reliability Assessment (OCHRA) en de fouten 
werden gescoord als ‘met consequentie’ of ‘zonder consequentie’. Human 
Reliability Assessment is ontstaan in de luchtvaart en de industrie met als 
doel het verhogen van de veiligheid van de processen. De klinische waarde 
van OCHRA is reeds bewezen door Tang et al. die deze beoordeling toe-
pasten op een laparoscopische cholecystectomie.24 In de huidige studie 
werden de dertien kritieke stappen van de sleeve gastrectomie vastgesteld 
door een groep experts en iedere stap werd systematisch beoordeeld op het 
optreden van fouten mét of zonder consequentie. Het blijkt dat de meeste 
fouten worden gemaakt gedurende de dissectie van de grote curvatuur van 
de maag en gedurende het afstaplen van de maag. Fouten met consequentie 
die optraden tijdens de start van de dissectie van de grote curvatuur en het 
herpositioneren van de stapler zijn gecorreleerd aan een langere operatie- 
duur en een hoger risico op postoperatieve complicaties. De OCHRA bleek 
een geschikte methode voor het systematisch beoordelen van de vaar-
digheden van de chirurg en het hielp bij het bepalen van de cruciale stappen 
en gevarenzones van de sleeve gastrectomie procedure.

Ergonomie is een belangrijk element geworden van chirurgie in de laatste  
decennia. Er zijn verscheidene dissectie-apparaten ontwikkeld om laparosco-
pische operaties te vergemakkelijken. In eerdere onderzoeken is de toepas- 
baarheid van ultrasonore dissectie in gastro-intestinale chirurgie reeds 
aangetoond25-27 en het wordt reeds succesvol toegepast in de bariatrische 
chirurgie.28 De keuze voor het gebruik van een van de dissectie-apparaten 
is afhankelijk van de voorkeur en de ervaring van de chirurg. In Chapter 
5.2 worden de nieuwste ultrasonore dissectors beoordeeld op ergonomie,  
gebruiksgemak en precisie en er wordt een vergelijking gemaakt tussen een 
draadloos instrument en een instrument met een stroomkabel. Er werden 
geen klinisch relevante verschillen gevonden in ontwikkeling van damp, 
falen van dissectie of duur van de operatieprocedure en de chirurgen  
beoordeelden beide apparaten even effectief. Er wordt geconcludeerd dat 
zowel standaard elektronische dissectors als ultrasonore dissectors geschikt  
zijn voor het mobiliseren van de grote curvatuur en wanneer er gekozen 
wordt voor ultrasonore dissectie, zijn de draadloze dissector en de dissector 
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met stroomkabel gelijk in toepasbaarheid. Een draadloze dissector zou écht 
van meerwaarde zijn indien alle andere laparoscopische apparatuur ook 
draadloos is.

De volgende stap in de sleeve gastrectomie, transectie van de maag met  
behulp van een stapler, is een kritieke stap in de procedure. Het inadequaat 
 uitvoeren van deze stap kan leiden tot serieuze complicaties. Te hoge 
druk van de nietjes op het weefsel kan leiden tot weefselischemie en een 
te lage druk tot inadequate weefselcompressie, beiden met een risico op  
lekkage van de nietjesrij. De nieuwste staplers bevatten 3 rijen nietjes die in 
hoogte toenemen in buitenwaartse richting. Er wordt over het algemeen aan- 
genomen dat het weefseltype, de dikte van het weefsel en de samendrukbaar-
heid in acht moeten worden gehouden bij de keuze voor een bepaalde maat 
stapler. De studie die wordt gepresenteerd in Chapter 5.3 is de eerste studie 
die de dikte van de maagwand meet onder een optimale weefselcompres-
sie. Er werd een meetapparaat ontwikkeld dat op een gestandaardiseerde 
en reproduceerbare manier metingen kon uitvoeren aan de maagwand. De 
metingen werden gedaan op 5 punten, aangezien tijdens de procedure  
gemiddeld 5 tot 6 cartridges worden gebruikt. Zoals ook in andere studies 
 wordt beschreven, bleek het antrum van de maag significant dikker dan 
de fundus en het verschil was meer dan 1 millimeter. Bovendien werd er 
gevonden dat voor optimaal weefselcontact een 2,9x lagere weefselcom-
pressiekracht van de stapler al voldoende is. Het advies luidt om transectie 
van het antrum van de maag te verrichten met een Tri-stapleTM cartridge met 
nietjes van 3, 3,5 en 4 millimeter. De fundus dient te worden gestapled met 
een Tri-stapleTM cartridge die nietjes van 2, 2,5 en 3 millimeter bevat. Het 
wachten is op de ontwikkeling van een apparaat dat peroperatief de dikte 
van de maagwand meet en hierop direct advies geeft over de maat van de 
nietjes.29 De discussie over het wel of niet versterken van de nietjesrij door 
overhechten of door gebruik van speciale gecoverde nietjes blijft gaande, 
echter is er tot nu toe nog geen bewijs dat versterking van de nietjesrij tot 
reductie van complicaties leidt. Wanneer er wordt gekozen voor versterking 
van de nietjesrij met gebruik van gecoverde nietjes, wordt de rij dikker en 
hiermee dient rekening te worden gehouden bij de keuze voor de maat van 
de nietjes.30–33 
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Postoperatieve complicaties leiden tot intensivering van de zorg. Herop- 
names, diagnostische onderzoeken en behandeling van deze complicaties 
brengen hoge kosten met zich mee. Aangezien de discussie over zorgkosten 
zeer actueel is, werd de studie verricht die weergegeven wordt in Chapter  
5.4. Deze beschrijft de kosten van behandeling van de grootste post- 
operatieve complicaties, lekkage van de nietjesrij en nabloeding. Vaak was 
er een reïnterventie noodzakelijk. De mediane bijkomende kosten voor de 
behandeling van lekkages waren €9.284,- en voor nabloedingen waren deze 
€4.267,-. Een langere opnameduur besloeg 50,3% van deze aanvullende  
kosten en opname op de Intensive Care 31,4% in geval van lekkage. In geval 
van een nabloeding besloegen deze kosten respectievelijk 42,0% en 34,8%.  
Reductie van deze kosten kan worden bereikt door het risico op complicaties 
zo laag mogelijk te maken, te trachten om patiënten sneller naar huis te ontslaan 
en met goede instructies eventueel thuis verder van een complicatie te laten 
herstellen en door te trachten het aantal heropnames zo laag mogelijk te 
houden. Om dit te bereiken zijn optimale chirurgische prestaties, samen- 
werking tussen verschillende disciplines, goede communicatie, logistiek en 
een goed georganiseerde poliklinische begeleiding noodzakelijk.

Chapter 6  Bariatrische chirurgie kent enkele serieuze complicaties op de 
lange termijn. De meest voorkomende lange termijn problemen na sleeve 
gastrectomie zijn passageklachten van voedsel of reflux symptomen. De 
oorzaak hiervan is soms mechanisch, door bijvoorbeeld een stenose of een 
hernia diafragmatica, maar vaker is deze functioneel. De eerste stap in de 
diagnostiek bij deze klachten is het verrichten van een slikfoto. Echter bij 
symptomatische patiënten waarbij een slikfoto geen afwijkingen toont, dient 
een andere oorzaak voor het probleem te worden gevonden. De studie in 
Chapter 6.1 beschrijft de toepassing van een maagledigingsonderzoek voor 
de diagnostiek naar een functionele oorzaak voor de klachten die na het eten 
optreden. De studie laat zien dat de maaglediging na sleeve gastrectomie in 
alle patiënten sneller is dan in een controlepopulatie zonder operatie. Echter 
werd er geen verschil gevonden in maaglediging tussen patiënten die symp-
tomatisch waren en patiënten die geen klachten hadden na operatie. Er 
werd geconcludeerd dat de oorzaak van de klachten na sleeve gastrectomie 
niet ligt in veranderingen in de maagledigingssnelheid en er is dus geen 
plaats voor een maagledigingsonderzoek in deze groep patiënten. Een High  
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Resolution Impedantie manometrie is volgens recente literatuur wel een 
waardevol onderzoek.34 Door met dit onderzoek abnormale intra-gastrische 
drukken en contractiegolven en een vertraagde transportfunctie van voedsel 
aan te tonen, kan een indicatie worden gesteld voor een revisie naar bijvoor-
beeld een Roux-en-Y gastric bypass.

Obesitas wordt geassocieerd met verscheidene voedingsdeficiënties.35,36 
Dit wordt bevestigd door de studie in Chapter 6.2. Een anemie werd ge- 
constateerd in 5% van de kandidaten, 7% had een laag ferritine en 38% van de 
patiënten had een ijzer deficiëntie. Verlaagd foliumzuur werd gevonden in een 
kwart van de patiënten en de overgrote meerderheid van de patiënten (81%) 
had een vitamine D deficiëntie. Deficiënties kunnen worden toegeschreven 
aan een niet- gevarieerd, calorierijk en vetrijk dieet. In de studie werd een 
jaar na operatie anemie geconstateerd in 6% van de patiënten en een laag 
ferritine in 8%. Significante verbetering werd gezien in foliumzuur en vitamine 
D en dit is het gevolg van strikte suppletie. Wanneer er een deficiëntie werd 
geconstateerd, werd er direct suppletie gestart. Bovendien werd aan alle 
patiënten geadviseerd om postoperatief te starten met dagelijkse inname 
van multivitaminen. Echter is moeilijk te controleren of de patiënt de supple-
menten ook daadwerkelijk inneemt. Recente studies die de voedingsstatus 
vergelijken na Roux-en-Y gastric bypass en sleeve gastrectomie tonen aan 
dat beide procedures een gelijk risico hebben op het ontwikkelen van post-
operatieve deficiënties en zij onderschrijven het belang van postoperatieve 
monitoring en adequate suppletie.37,38 Het is van belang om tot een con-
sensus te komen over wat er gesuppleerd dient te worden. Tekorten in ijzer,  
foliumzuur, calcium, vitamine B12 en vitamine D dienen direct gesuppleerd te 
worden. Daarnaast wordt geadviseerd om dagelijks multivitaminen te slikken 
die de volgende vitaminen en mineralen bevatten; vitamine A, B1, B2, B3, 
B5, B6, B8, B12 en foliumzuur, vitamine C, D3, E en K en de mineralen 
chroom, ijzer, magnesium, selenium en zink, in concentraties tussen 100% 
en 200% van de aanbevolen dagelijkse hoeveelheid.

Ondanks de goede resultaten die worden bereikt met de sleeve gastrectomie 
 in de meerderheid van de patiënten, faalt het proces bij sommigen. Er is 
sprake van falen van de behandeling wanneer er onvoldoende gewichts- 
verlies wordt bereikt of gewichtstoename optreedt postoperatief, maar ook 
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wanneer er geen remissie van de comorbiditeiten optreedt of wanneer de 
patiënt lange termijn complicaties doormaakt. Het is van belang om voor 
deze groep patiënten een oplossing te hebben. De belangrijkste indicaties 
voor een revisie zijn onvoldoende gewichtsverlies, gewichtstoename of reflux- 
klachten. Wanneer er een procedure faalt, zijn er volgens de literatuur twee 
revisie opties, namelijk de biliopancreatische diversie/duodenal switch (BPD/
DS) en de Roux-en-Y gastric bypass. In twee recente kleine retrospectieve 
studies worden beide revisie opties met elkaar vergeleken en de conclusie 
luidt dat beide procedures geschikt zijn. Wanneer refluxklachten de indicatie 
vormen voor revisie is de Roux-en-Y gastric bypass de beste optie en in 
geval van onvoldoende gewichtsverlies zou de biliopancreatische diversie/
duodenal switch beter zijn, echter met een hoger complicatierisico en meer 
voedingsdeficiënties.39,40 In de studie in Chapter 6.3 worden de indicaties 
voor revisie na sleeve gastrectomie beschreven. In het cohort was het totale 
revisiepercentage 5,5%. In alle patiënten werd de sleeve gastrectomie 
omgezet naar een Roux-en-Y gastric bypass. Er werd een onderverdeling 
gemaakt tussen patiënten met een geplande tweede procedure in verband 
met een zeer hoge BMI, patiënten met falen van de sleeve gastrectomie na 
eerdere bariatrische chirurgie en patiënten met falen van een primaire sleeve 
gastrectomie. Er wordt geconcludeerd dat het omzetten van een sleeve  
gastrectomie naar een Roux-en-Y gastric bypass in een tweestappenplan 
bij hoge BMI veilig en effectief is. Revisie van een gefaalde primaire sleeve  
gastrectomie naar Roux-en-Y gastric bypass heeft een relatief hoog  
complicatiepercentage, maar hiermee wordt wel significante reductie in  
comorbiditeiten en extra gewichtsverlies bereikt. Recent zijn er nieuwe  
revisie opties geïntroduceerd, te weten de mini-gastric bypass en de single- 
anastomose duodeno-ileal bypass. De eerste resultaten tonen een laag  
complicatiepercentage en significant aanvullend gewichtsverlies en reductie 
in comorbiditeiten.41,42 De komende jaren zullen onderzoeken uitwijzen of deze  
procedures betere revisie opties zijn.

Naast obesitas is de vergrijzing een groot probleem in de westerse wereld en 
obesitas wordt ook in toenemende mate gezien onder de oudere bevolking. 
Oudere patiënten met morbide obesitas hebben een extra hoog operatie- 
risico. Het is van belang om voor deze groep een veilige en effectieve  
bariatrische procedure te hebben. In de studie in Chapter 6.4 werd  
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bestudeerd of de sleeve gastrectomie geschikt is voor patiënten ouder 
dan 55 jaar. Er wordt aangetoond dat deze procedure in de oudere obese 
patiënt leidt tot excellent gewichtsverlies in het eerste postoperatieve jaar en 
alle patiënten bereiken een reductie in comorbiditeiten. Men kan dus con- 
cluderen dat de sleeve gastrectomie een goede behandelingsoptie is voor 
de behandeling van morbide obesitas in de oudere patiënt.

Conclusie

In dit proefschrift wordt de sleeve gastrectomie beschouwd als onderdeel 
van een proces dat drie opeenvolgende fases bevat, preoperatieve screening, 
de operatieprocedure en postoperatieve follow-up. In de afgelopen jaren zijn 
verscheidene aanpassingen gedaan binnen alle fases om een gestandaar-
diseerd, veilig, efficiënt, reproduceerbaar en leerbaar proces te ontwikkelen 
dat excellente resultaten geeft met betrekking tot gewichtsverlies en reductie 
van de comorbiditeiten. Er dient aandacht te blijven voor het verlagen van de 
belangrijkste complicaties lekkage van de nietjesrij en nabloedingen en de 
beste revisieprocedure dient te worden ontwikkeld voor het geval het proces 
faalt. De sleeve gastrectomie kan de nieuwe gouden standaard worden 
in de behandeling van morbide obesitas. Wanneer volledige consensus is  
bereikt over de chirurgische procedure zelf, dient de focus te verschuiven naar 
postoperatieve begeleiding. Een morbide obese patiënt zal altijd een morbide  
obese patiënt blijven, ondanks excellent gewichtsverlies en remissie van  
comorbiditeiten en hierom is een levenslange inzet en opvolging van de  
leefstijlveranderingen noodzakelijk.
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The World Health Organisation has declared obesity as one of the most 
serious public health issues of the 21st century.1 The treatment of morbid 
obesity should be regarded as a process and it has been shown that it  
necessitates a multidisciplinary approach.2,3 Bariatric surgery can be con- 
sidered as the cornerstone for most morbid obese patients in this process as 
it is the only treatment modality with proven effective endurance, but it must 
however, be supported by psychological, dietary and physical counselling.4 
This encompasses a careful patient selection after screening and a follow-up 
programme of at least five years.

Despite its effectiveness, there is ongoing debate on what surgical tech-
nique is best for which patient. A possible explanation can be the lack of 
knowledge about the actual mechanisms by which bariatric surgery acts, 
as the traditional principles of food restriction and malabsorption appear 
to be only of little importance.5-7 Another explanation might be the fact that 
long-term results are still scarce. So far, these results have shown that the 
Roux-en-Y gastric bypass (RYGB) can be regarded as the gold standard. Of 
the available alternatives, the sleeve gastrectomy (SG) seems to approach 
this standard. The majority of the capacity of the stomach is resected with 
this technique without any additional small bowel reconstruction. The SG 
is performed increasingly worldwide. Particularly during the past 3 years,  
literature about this procedure has increased exponentially. Nevertheless, 
there is still a need for reviewing both the advantages and the disadvantages 
and thus the feasibility of this procedure in order to be able to acknowledge 
and use it as a principal option. In this thesis, the SG is regarded as a part of 
the treatment process for the morbid obese patient. The aim of the studies  
was to evaluate its results considering the epidemiological, technical,  
nutritional, physiological, and innovative aspects, in order to optimise the 
procedure and improve the process.

Chapter 3  In Chapter 3, an overview is given of the current position of 
the SG. It became clear that still no consensus exists regarding the  
surgical technique. Traditionally, the size of the sleeve shaped stomach was 
believed to be the major indicator for weight loss. There has been a lot of 
debate on the right size of the gastric tube and the volume of the resected 
stomach. Latest studies move away from these thoughts as they proved that 
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the restrictive effect of the SG is only of little importance.8 The size of the 
gastric tube seems to have no effect on the volume of the resected stomach 
and latest studies show that it does not influence weight loss.9-12 Moreover, 
evidence is rising about the role of the gut hormones ghrelin, GLP-1 and 
Peptide-YY, the postoperative increase in bile acids and the changes in the 
gut microbiome. These findings are equal to the changes that occur after the 
RYGB, which underlines that the key elements of a bariatric procedure are 
not restriction and malabsorption, but the hormonal, metabolic and micro- 
biome changes.13-15

Chapter 4  During the past few years, more results have been published  
regarding postoperative morbidity, Excess Weight Loss (EWL) and reduction  
of comorbidities. In Chapter 4.1, one of the largest series of SGs is presented. 
The mean age of the cohort was 42.5 years and the mean BMI 44.3 kg/
m2. Obesity related comorbidities are present in a considerable amount of 
patients. The mean duration of the procedure has decreased significantly 
during the study period to 41 minutes and so did the complication rates, 
while the surgical technique has been more or less consistent. Only two  
other studies have reported the results of >1,000 SG cases.16,17 Interestingly 
enough, both show staple line leak rates lower than 1%, while a leak rate of 
2.3% was found in our study. Postoperative bleeding was found in 2.6% of 
the cases. Mean %EWL was 68.4% after 1 year and 67.4% after two years, 
while maximum weight loss was achieved after 4 years. Complete remis-
sion of the obesity related comorbidities or improvement with reduction in 
medication occurred in nearly all patients. Sixty percent of the patients with 
diabetes showed complete remission after one year, in 53% hypertension 
disappeared, in 40% dyslipidaemia, and sleep apnoea disappeared in 62%. 
In a recent meta-analysis of 16 studies comparing the effect of the SG on 
diabetes with the effect of the RYGB, Zhang et al showed that remission of 
diabetes after SG is equal to the RYGB.18 Again, hormonal changes, particu-
larly increased levels of GLP-1, seem to play an important role in immediate 
postoperative improvement of glucose regulation, but long-term results are 
still scarce.19–21 Remarkably, remission of all comorbidities occurs regardless 
the amount of weight loss. In Chapter 4.1, long-term results of the SG are 
given of a small group of 19 patients and 58.3% EWL was achieved after 5 
years. Still, no large series of long-term effects of SG have been reported. 
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Latest literature shows >50% EWL after 5-8 years, which is regarded  
successful and this supports the findings of our studies.22 One of the  
revolutionary changes in surgery during the past few years was the introduction 
of fast-track protocols. Fast-track surgery involves evidence-based tech-
niques to enhance recovery and reduce surgical trauma and postoperative 
stress by minimising pain, reducing complications, improving outcomes and 
decreasing length of hospital stay while facilitating postoperative recovery  
after elective procedures. Fast-track protocols have been integrated in bariatric 
surgery. The goal is to achieve high quality, safe and standardised surgical 
care with low morbidity and early patient discharge. There is a large role for 
the anaesthetist, who facilitates early postoperative recovery by adequate 
pain management.23 In Chapter 4.2, a large retrospective comparative study 
is presented with the results of implementation of a fast-track protocol for 
the SG. It led to significant reduction of the duration of the procedure and 
length of hospital stay and, moreover, significantly less early postoperative 
complications.

Chapter 5  Yet, in order to improve the learning curve of a surgical  
procedure, a proper description of its hazard zones and pitfalls is useful. In 
Chapter 5.1, a study is presented focussing on the commission of errors during 
the SG. Sixty surgical procedures were reviewed systematically by two 
independent observers according to the Observation Clinical Human  
Assessment (OCHRA) principles and the errors were scored as consequential 
or inconsequential. Human reliability assessment (HRA) originates from  
aviation and manufacturing in order to increase safety of the processes. 
The clinical value of OCHRA has been confirmed before by Tang et al, who  
applied the assessment on a laparoscopic cholecystectomy.24 In the current 
study on the SG, thirteen critical steps were established by an expert panel 
and each step was assessed systematically  for its implementation, accord-
ing to the pre-agreed technique. The insertion of the liver retractor led to 
errors in 13% of the cases. It was found that the most errors are made during 
continuation of mobilisation of the greater curvature with the use of a sealing 
dissector and during transection of the stomach with the use of a stapler 
device. Furthermore, consequential errors during the start of the mobilisation 
of the greater curvature and repositioning of the stapler appeared to lead to 
longer duration of the procedure and were associated with a higher risk of 
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postoperative complications. The OCHRA seemed a valuable tool for the 
assessment of performance of the surgeon, and helped to determine the 
crucial steps and the hazard zones of the SG.

Ergonomics have become an important topic in surgery during the past 
decades. For laparoscopic surgery, several dissection tools have been  
developed to facilitate the procedure. The feasibility of ultrasonic dissection 
during gastro-intestinal surgery has been reported before.25-27 In bariatric  
surgery, dissection with ultrasonic devices is feasible and it is performed 
with a safety and effectivity profile equal to standard energised dissection.28 
Choice for one of the devices depends mostly on the surgeon’s experience 
and preference. In Chapter 5.2, the latest ultrasonic dissectors are assessed 
for ergonomics, ease of use and dissection accuracy and a comparison is 
made between a cordless ultrasonic device and a wired dissector. No clinically  
relevant differences were found in plume formation, dissector failures and 
procedure duration and surgeons found both devices equally effective.  
Both energised sealing devices and ultrasonic dissectors can be used 
for mobilisation of the greater curvature and when choosing for ultrasonic  
dissection, both devices are feasible. The next phase of the SG, transection  
of the stomach using a stapler, is a critical part of the procedure as in- 
adequate stapling can lead to major complications. Too high a pressure of the 
staplers could lead to tissue ischaemia and too low a pressure to inadequate 
tissue compression, both with a risk of leakage of the staple line. Too much 
traction to the tissue could cause tearing and staple line bleeding. Latest  
staplers contain three rows of staples increasing in height outwardly. Overall, 
it is agreed that tissue type, tissue thickness and tissue compressibility must 
be considered by the surgeon when choosing a stapler and a cartridge. 
The study presented in Chapter 5.3 is the first who measured the thickness 
of the gastric wall under optimal tissue compression. A thickness gauge 
was developed that could perform standardised and reproducible measure-
ments of the thickness of the gastric wall and measurements were done on 
5 points, as on average 5-6 staplers are used during the procedure. In this 
study, the gastric antrum was also significantly thicker than the fundus and 
this difference was more than 1 millimetre. Moreover, it was found that for 
tissue compression a 2.9 times lower pressure than applied by the standard 
stapler would be sufficient. Transection of the gastric antrum with Tri-stapleTM  
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technology with a cartridge with 3-, 3.5- and 4-mm staples and transection of 
the fundus with Tri-stapleTM cartridges containing 2-, 2.5- and 3-mm staples 
is the advice, taking into consideration the other factors provoking complica-
tions. Staple line reinforcement remains controversial and the beneficial effects 
of waiting between stapling and firing have not yet been demonstrated. 
When reinforcement is used, the staple line becomes thicker and this must 
be taken into account for the choice of the staple size.29-32 Major early post-
operative complications often require extra care. Readmissions, diagnostic 
testing and management of these complications entail substantial expenses 
and as health-care costs are a major topic nowadays, insight is given into the 
costs of leakage and bleeding after SG in Chapter 5.4. Often, re-intervention 
was necessary. Median additional costs for the treatment of staple line leaks 
were €9,284 and for bleeds €4,267. Prolonged hospital stay accounted for 
50.3% of these additional costs and ICU submission for 31.4% in case of a 
leak and in case of bleeding they comprised 42.0% and 34.8% respectively.  
Reduction of expenses can be achieved by minimising the risk of complications, 
aiming on early discharge and keeping readmission rates low. These strategies 
require optimal surgical performance, interdisciplinary collaboration, com- 
munication, logistics and outpatient accompaniment.

Chapter 6  Literature has shown that bariatric surgery has some serious and 
debilitating complications in the longer term. At first, a considerable amount of 
patients complain of postprandial symptoms after SG, manifesting in dysphagia 
or reflux symptoms. The cause is either mechanical, e.g. stenosis or  
herniation, or functional. For the symptomatic patient in whom a mechanical  
problem is precluded by swallow X-ray, another cause should be found. 
The study presented in Chapter 6.1 describes the application of a gastric  
emptying study in the search for the functional cause of postprandial symptoms. 
The study revealed that the SG leads to accelerated gastric emptying. How-
ever, the gastric emptying in symptomatic patients was not different from 
the asymptomatic, implicating that the cause of postprandial symptoms after 
SG does not lie in changes of the gastric emptying speed and therefore, the 
gastric emptying study is not a suitable diagnostic tool in these symptomatic 
patients.

Obesity is associated with several nutrient deficiencies.33,34 This is confirmed 
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in Chapter 6.2. Anaemia was found in 5% of the SG candidates, 7% had 
low serum ferritin and 38% of the patients had an iron deficiency. Low serum 
folate was found in a quarter of the patients and the majority (81%) had hypo- 
vitaminosis D. Deficiencies can be attributed to a non-varied, high-calorie 
and high-fat diet. One year after SG, anaemia was found in 6% of the  
patients and low ferritin in 8%. Only folate and vitamin D improved  
significantly, which is due to strict advices of supplementation. Recent  
studies comparing the nutrient status after RYGB and SG revealed that both 
procedures have a similar risk of developing postoperative deficiencies and 
they endorse the importance of postoperative monitoring and adequate sup-
plementation.35,36 It is important to have a general agreement on what needs 
to be supplemented. It is advised to take multivitamin tablets on a daily basis,  
containing the vitamins A, B1, B2, B3, B5, B6, B8, B12 and folate and also 
the vitamins C, D3, E and K and the minerals chrome, iron, magnesium,  
selenium and zinc in concentrations between 100% and 200% of the  
recommended daily intake.

Despite the good to excellent results of the SG in the majority of the patients, 
bariatric surgery fails in some of them. A treatment failure is defined as  
insufficient weight loss or weight regain but also fails if no remission of  
comorbidities occurs or if patients suffer from long-term morbidity. It is  
important to have an escape for those bariatric patients in whom the treatment 
 fails. The major indications for revision are insufficient weight loss, weight 
regain or reflux complaints. In case of failure of an SG, two procedures are 
suggested; the biliopancreatic diversion/duodenal switch (BPD/DS) and an 
RYGB. Two recent small retrospective studies compared the results of both 
revision options and concluded that both are feasible procedures after failure 
of the SG. In cases of reflux complaints, RYGB would be the best option and 
in cases of insufficient weight loss, it would be the BPD/DS, at the cost of 
more complications and nutrient deficiencies.37,38 In Chapter 6.3, the indica-
tions for revisional surgery are reviewed. The total revision rate in this cohort 
was 5.5%. In all patients, the SG was converted to an RYGB. A subdivision 
was made between patients with a planned second procedure because of 
very high BMI, patients with failure of the SG which was performed after 
prior bariatric surgery and patients with failure of a primary sleeve gastrec-
tomy. It was concluded that conversion of the SG to an RYGB in a two-step 
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procedure in the patient with very high BMI is safe and effective in terms of 
additional weight loss and perioperative complications. Revision surgery after 
failure of a primary SG shows a relatively high complication rate but achieves 
significant remission of comorbidities and additional weight loss.

Since the past decades, health care has been dealing with global ageing 
and this phenomenon also occurs amongst the obese population. As older 
patients with morbid obesity carry an extra risk for surgery, it is important to 
have a safe and effective bariatric procedure for this group. In Chapter 6.4 
the feasibility of the SG is studied in patients older than 55 years. It is shown 
that SG in the older obese leads to significant and excellent weight reduction 
 in the first postoperative year in all age groups. All patients profit from a  
considerable reduction in comorbidities at the cost of an acceptable low 
complication rate. One can conclude that the SG is a viable option for the 
treatment of morbid obesity in the older patient.

Conclusion

In this thesis, the sleeve gastrectomy is regarded as a part of a process 
that involves three successive phases; preoperative screening, the surgical  
procedure and postoperative follow-up. During the past years, several  
adjustments have been made to all phases in order to develop a stand-
ardised, safe, efficient, reproducible and learnable process with excellent  
results regarding weight loss and reduction of comorbidities. Further atten-
tion should be paid to the reduction of complications and revision options. 
The sleeve gastrectomy is the new top model in the treatment of morbid 
obesity. However, a morbid obese patient will always remain a morbid obese 
patient, despite excellent weight loss and remission of comorbidities after 
surgery and this requires a lifetime commitment to the life style changes.

pim van rutte_binnenwerk.indd   36 27-10-16   22:35



37

References

1.   WHO. No Title. http://www.who.int/mediacentre/factsheets/fs311/en/.

2.   Colquitt JL, Pickett K, Loveman E, Frampton GK. Surgery for weight loss in adults.        

      Cochrane database Syst Rev. 2014;8(8):CD003641. doi:10.1002/14651858.       

      CD003641.pub4.

3.   Chevallier J-MM, Paita M, Rodde-Dunet M-HH, et al. Predictive factors of outcome  

      after gastric banding: a nationwide survey on the role of center activity and pa 

      tients’ behavior. AnnSurg. 2007;246(6):1034-1039. doi:10.1097/SLA. 

      0b013e31813e8a56 [doi];00000658-200712000-00017 [pii].

4.   Stewart F, Avenell A. Behavioural Interventions for Severe Obesity Before and/or  

      After Bariatric Surgery: A Systematic Review and Meta-analysis. Obes Surg. 2015.

5.   Roux CW le, Aylwin SJB, Batterham RL, et al. Gut Hormone Profiles Following  

      Bariatric Surgery Favor an Anorectic State, Facilitate Weight Loss, and Improve  

      Metabolic Parameters. Ann Surg. 2006;243(1):108-114. doi:10.1097/01. 

      sla.0000183349.16877.84.

6.   Karamanakos SN, Vagenas K, Kalfarentzos F, Alexandrides TK. Weight Loss,  

      Appetite Suppression, and Changes in Fasting and Postprandial Ghrelin and  

      Peptide-YY Levels After Roux-en-Y Gastric Bypass and Sleeve Gastrectomy. Ann  

      Surg. 2008;247(3):401-407. doi:10.1097/SLA.0b013e318156f012.

7.   Osto E, Doytcheva P, Corteville C, et al. Rapid and Body Weight–Independent  

      Improvement of Endothelial and High-Density Lipoprotein Function After Roux-en-Y  

      Gastric Bypass: Role of Glucagon-Like Peptide-1. Circulation. 2015;131(10):871- 

      881. doi:10.1161/CIRCULATIONAHA.114.011791.

8.   Bekheit M, Abdel-Baki TN, Gamal M, et al. Influence of the Resected Gastric  

      Volume on the Weight Loss After Laparoscopic Sleeve Gastrectomy. Obes Surg.  

      2015:4-9. doi:10.1007/s11695-015-1981-3.

9.   Cal P, Deluca L, Jakob T, Fernández E. Laparoscopic sleeve gastrectomy with 27  

      versus 39 Fr bougie calibration: a randomized controlled trial. Surg Endosc. 2015.  

      doi:10.1007/s00464-015-4450-0.

10. Ruiz-Tovar J, Martínez R, Bonete JM, et al. Long-term Weight and Metabolic Effects  

      of Laparoscopic Sleeve Gastrectomy Calibrated with a 50-Fr Bougie. Obes Surg.  

      2015:3-8. doi:10.1007/s11695-015-1731-6.

11. Obeidat F, Shanti H. Early Weight Loss as a Predictor of 2-Year Weight Loss and  

      Resolution of Comorbidities After Sleeve Gastrectomy. Obes Surg. 2015.  

      doi:10.1007/s11695-015-1903-4.

pim van rutte_binnenwerk.indd   37 27-10-16   22:35



38

12. Spivak H, Rubin M, Sadot E, et al. Laparoscopic Sleeve Gastrectomy Using  

      42-French Versus 32-French Bougie. Obes Surg. 2014;24(7):1094-1094.  

      doi:10.1007/s11695-014-1199-9.

13. Peterli R, Steinert RE, Woelnerhanssen B, et al. Metabolic and hormonal changes  

      after laparoscopic Roux-en-Y gastric bypass and sleeve gastrectomy: A rand- 

      omized, prospective trial. Obes Surg. 2012;22(5):740-748. doi:10.1007/s11695- 

      012-0622-3.

14. Ramón JM, Salvans S, Crous X, et al. Effect of Roux-en-Y gastric bypass vs sleeve  

      gastrectomy on glucose and gut hormones: a prospective randomised trial. J  

      Gastrointest Surg. 2012;16(6):1116-1122. doi:10.1007/s11605-012-1855-0.

15. Puzziferri N, Roshek TB, Mayo HG, Gallagher R, Belle SH, Livingston EH.  

      Long-term Follow-up After Bariatric Surgery. Jama. 2014;312(9):934. doi:10.1001/ 

      jama.2014.10706.

16. Boza C, Salinas J, Salgado N, et al. Laparoscopic sleeve gastrectomy as a stand- 

      alone procedure for morbid obesity: Report of 1,000 cases and 3-year follow-up.  

      Obes Surg. 2012;22:866-871. doi:10.1007/s11695-012-0591-6.

17. Alvarenga ES, Lo Menzo E, Szomstein S, Rosenthal RJ. Safety and efficacy of 1020  

      consecutive laparoscopic sleeve gastrectomies performed as a primary treatment  

      modality for morbid obesity. A single-center experience from the metabolic and  

      bariatric surgical accreditation quality and improvement program. Surg Endosc.  

      2015:1-6. doi:10.1007/s00464-015-4548-4.

18. Zhang C, Yuan Y, Qiu C, Zhang W. A Meta-analysis of 2-Year Effect After Surgery:  

      Laparoscopic Roux-en-Y Gastric Bypass Versus Laparoscopic Sleeve Gast- 

      rectomy for Morbid Obesity and Diabetes Mellitus. Obes Surg. 2014;24(9):1528- 

      1535. doi:10.1007/s11695-014-1303-1.

19. Casella G, Soricelli E, Castagneto-Gissey L, Redler A, Basso N, Mingrone G.  

      Changes in insulin sensitivity and secretion after sleeve gastrectomy. Br J Surg.  

      2015:n/a-n/a. doi:10.1002/bjs.10039.

20. Jiménez A, Mari A, Casamitjana R, Lacy A, Ferrannini E, Vidal J. GLP-1 and  

      Glucose Tolerance After Sleeve Gastrectomy in Morbidly Obese Subjects with  

      Type 2 Diabetes. Diabetes. 2014;63(October):3372-3377. doi:10.2337/db14-0357.

21. Abbatini F, Capoccia D, Casella G, Soricelli E, Leonetti F, Basso N. Long-term  

      remission of type 2 diabetes in morbidly obese patients after sleeve gastrectomy.  

      Surg Obes Relat Dis. 2013;9(4):498-502. doi:10.1016/j.soard.2012.09.003.

22. Boza C, Daroch D, D B, León F, Funke R, Crovari F. Long-term outcomes of lapa- 

      roscopic sleeve gastrectomy as a primary bariatric procedure. Surg Obes Relat  

pim van rutte_binnenwerk.indd   38 27-10-16   22:35



39

      Dis. 2014;10(6):1129-1133. doi:10.1016/j.soard.2014.03.024.

23. Kehlet H, Dahl JB. Anaesthesia, surgery, and challenges in postoperative recovery.  

      Lancet. 2003;362(9399):1921-1928. doi:10.1016/S0140-6736(03)14966-5.

24. Tang B, Hanna GB, Joice P, Cuschieri  a. Identification and categorization of tech- 

      nical errors by Observational Clinical Human Reliability Assessment (OCHRA)  

      during laparoscopic cholecystectomy. Arch Surg. 2004;139(11):1215-1220.  

      doi:10.1001/archsurg.139.11.1215.

25. Tou S, Malik AI, Wexner SD, Nelson RL. Energy source instruments for laparo- 

      scopic colectomy. Cochrane Database Syst Rev. 2011;(5):CD007886.  

      doi:10.1002/14651858.CD007886.pub2.

26. Wilhelm D, Szabo M, Glass F, Schuhmacher C, Friess H, Feussner H. Randomized  

      controlled trial of ultrasonic dissection versus standard surgical technique in open  

      left hemicolectomy or total gastrectomy. Br J Surg. 2011;98(2):220-227.  

      doi:10.1002/bjs.7354.

27. Campagnacci R, de Sanctis A, Baldarelli M, Rimini M, Lezoche G, Guerrieri M.  

      Electrothermal bipolar vessel sealing device vs. ultrasonic coagulating shears in  

      laparoscopic colectomies: a comparative study. Surg Endosc. 2007;21(9):1526- 

      1531. doi:10.1007/s00464-006-9143-2.

28. Tsamis D, Natoudi M, Arapaki A, et al. Using LigasureTM or Harmonic Ace® in  

      Laparoscopic Sleeve Gastrectomies? A Prospective Randomized Study. Obes  

      Surg. 2015;25(8):1454-1457. doi:10.1007/s11695-014-1551-0.

29. Gagner M, Buchwald JN. Comparison of laparoscopic sleeve gastrectomy leak  

      rates in four staple-line reinforcement options: a systematic review. Surg Obes  

      Relat Dis. 2014;10(4):1-11. doi:10.1016/j.soard.2014.01.016.

30. D’Ugo S, Gentileschi P, Benavoli D, et al. Comparative use of different techniques  

      for leak and bleeding prevention during laparoscopic sleeve gastrectomy:  

      a multicenter study. Surg Obes Relat Dis. 2014;10(3):450-454. doi:10.1016/j. 

      soard.2013.10.018.

31. Timucin Aydin M, Aras O, Karip B, Memisoglu K. Staple Line Reinforcement  

      Methods in Laparoscopic Sleeve Gastrectomy: Comparison of Burst Pressures  

      and Leaks. JSLS  J Soc Laparoendosc Surg. 2015;19(3):e2015.00040.  

      doi:10.4293/JSLS.2015.00040.

32. Shikora SA, Mahoney CB. Clinical Benefit of Gastric Staple Line Reinforcement  

      (SLR) in Gastrointestinal Surgery: a Meta-analysis. Obes Surg. 2015;25(7):1133- 

      1141. doi:10.1007/s11695-015-1703-x.

33. Ernst B, Thurnheer M, Schmid SM, Schultes B. Evidence for the necessity to  

pim van rutte_binnenwerk.indd   39 27-10-16   22:35



40

      systematically assess micronutrient status prior to bariatric surgery. Obes Surg.  

      2009;19(1):66-73. doi:10.1007/s11695-008-9545-4.

34. Schweiger C, Weiss R, Berry E, Keidar A. Nutritional Deficiencies in Bariatric  

      Surgery Candidates. Obes Surg. 2010;20(2):193-197. doi:10.1007/s11695-009- 

      0008-3.

35. Alexandrou A, Armeni E, Kouskouni E, Tsoka E, Diamantis T, Lambrinoudaki I.  

      Cross-sectional long-term micronutrient deficiencies after sleeve gastrectomy  

      versus Roux-en-Y gastric bypass: A pilot study. Surg Obes Relat Dis.  

      2014;10(2):262-268. doi:10.1016/j.soard.2013.07.014.

36. Verger EO, Aron-Wisnewsky J, Dao MC, et al. Micronutrient and Protein Deficien- 

      cies After Gastric Bypass and Sleeve Gastrectomy: a 1-year Follow-up. Obes Surg.  

      2015. doi:10.1007/s11695-015-1803-7.

37. Homan J, Betzel B, Aarts EO, van Laarhoven KJHM, Janssen IMC, Berends FJ.  

      Secondary surgery after sleeve gastrectomy: Roux-en-Y gastric bypass or bilio- 

      pancreatic diversion with duodenal switch. Surg Obes Relat Dis. 2014:1-7.  

      doi:10.1016/j.soard.2014.09.029.

38. Carmeli I, Golomb I, Sadot E, Kashtan H, Keidar A. Laparoscopic conversion of  

      sleeve gastrectomy to a biliopancreatic diversion with duodenal switch or a Roux- 

      en-Y gastric bypass due to weight loss failure: our algorithm. Surg Obes Relat Dis.        

      2015;11(1):79-85. doi:10.1016/j.soard.2014.04.012.

pim van rutte_binnenwerk.indd   40 27-10-16   22:35



41

pim van rutte_binnenwerk.indd   41 27-10-16   22:35



42

pim van rutte_binnenwerk.indd   42 27-10-16   22:35



43

 
chapter 2

Introduction
and outline
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2.1 Introduction

Obesity has become a global epidemic. It is considered one of the major 
health challenges of the 21st century. According to the World Health  
Organisation, more than one third of the adult population is overweight and 
since 1980, the prevalence of obesity has doubled to 13% worldwide.1-3 This 
life-threatening condition causes a shorter life expectancy and higher risk of 
mortality due to comorbidities with major cardiovascular risk factors.4-7 Until 
now, conservative treatment of morbid obesity has not achieved satisfying 
results and bariatric surgery is still the only treatment with significant and  
sustained effect in terms of weight loss and reduction of the comorbidities.8,9 
The Roux-en-Y gastric bypass is still the gold standard in the surgical treatment, 
but nowadays the sleeve gastrectomy is the most common alternative. It 
has been validated as a primary bariatric procedure.10 In the United States 
of America, the sleeve gastrectomy has even become the most commonly 
performed procedure in the academic medical centres.11,12 As it is performed 
increasingly, this promising and relatively new procedure needs comprehen-
sive evaluation and further improvement in order to achieve best results in 
the treatment of morbid obesity.

2.2 Defenition, epidemiology and aetiology

The definition of overweight and obesity according to the WHO is: 

“Abnormal or excessive accumulation of fat tissue that may impair health.”1 

The basic principle behind overweight and obesity is an imbalance between 
energy uptake and energy output. In other words, calorie consumption that 
exceeds calorie burning causes weight gain. During the past decades there 
has been a global increase in food energy supply, which is strongly associated 
 with the increase in BMI. Decrease of physical activity due to sedentary 
work and urbanization has a potentially similar effect.13,14 The regions with 
the highest prevalence of obesity, ranging from 27-31%, are North America, 
Central and Southern Latin America, North Africa, Southern Sub-Saharan 
Africa and the Middle East.15 Several studies have shown a large influence 
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of the socio-economic status of the people.16-18 The prevalence of obesity  
decreases significantly among the higher socio-economic classes. However, 
in developing countries the prevalence of obesity is higher among the wealthy.17 
One of the major concerns is the global increase in childhood obesity. 
Again, an inverse relationship is found between weight and socio-economic 
status, but also the education of the parents.18 In developing countries with 
emerging economies, the increase of childhood obesity is more than one 
third higher than in industrialized countries.1,19-22 Several genome-wide asso-
ciation studies have found locations at the human genome at which changes 
in DNA are related to overweight and obesity. So called single nucleotide 
polymorphisms in the FTO gene and mutations in the MC4R receptor seem 
to have the strongest association with a higher BMI.23-27 Obesity appears 
to be caused by the effects of environmental factors on these susceptible 
genes. These genes can disturb the energy balance at different levels; by 
changing metabolism, by affecting neural processing of metabolic signals or 
even by neural processing of environmental signals.28 The brain-gut axis has 
an important role in the control of food intake. During fasting, the orexigenic 
gut hormones ghrelin and orexins are released by oxyntic cells in the stomach. 
After food ingestion, anorexigenic gut hormones such as Peptide-YY (PYY), 
Glucagon Like Peptide 1 (GLP-1) and Cholecystokinin (CCK) are released 
by the gastro-intestinal tract. Sensory neurons send the information through 
afferent vagal nerves to the central nervous system for awareness of hunger 
or satiety and for oromotor control to start and stop eating. An imbalance 
between these gut hormones might result in feeding disorders and weight 
gain.28,29 The exact aetiology of obesity remains uncertain, but it is assumed 
that the combination of environmental factors affecting susceptible genes 
cause an imbalance in the control of food intake.

Obesity can be regarded as a disease as it carries several major health risks. 
Hippocrates was the first who recognised that sudden death is more common 
in those who are overweight than in the lean individuals.30 Morbidly obese 
individuals have a 1.29 times higher overall mortality risk than those with a 
normal BMI6 and a morbidly obese 20-year-old man has a reduction in life 
expectancy of 13 years.4,6,31
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The Body Mass Index (BMI) is still used to classify overweight and obesity in 
adults. The BMI is calculated as is shown in the next formula:

 

Weight is considered normal when the BMI is between 18.5 and 24.99 
kg/m2. One is considered obese with a BMI of 30 kg/m2 or higher. Morbid 
obesity starts at a BMI of 40 kg/m2. Since 1980, the global mean BMI has 
increased with 0.4-0.5 kg/m2 per decade.3 The clinical value of the BMI is 
questioned. It serves as an excellent tool for the quantification of obesity in 
epidemiological studies. However, it does not distinguish between adipose 
mass and lean body mass. Moreover, it does not take into account obesity 
related comorbidities, physical functioning or quality of life.32-34 Measurement 
of body fat percentage, waist circumference or hip-to-waist ratio would be 
better predictors for increased mortality risk.32,35-37 A more comprehensive 
instrument is the Edmonton obesity staging system, taking into account BMI, 
comorbidities, physical symptoms, psychopathology and functional limita-
tions. It could be a more valuable tool for the assessment of obesity-related 
health risk and mortality.38

The metabolic syndrome  Obesity is strongly associated with the metabolic 
syndrome. Criteria for the diagnosis of the syndrome are an increased waist 
circumference, increased serum triglycerides (≥1.7 mmol/L) and decreased 
High Density Lipoprotein (HDL)- cholesterol (<1.0 mmol/L), hypertension 
(≥130 mmHg systolic and ≥85 mmHg diastolic) and hyperglycaemia (>5.5 
mmol/L). Drug treatment in order to control these parameters is an alternative 
indicator.39,40 Diabetes mellitus is a disease which is related to obesity. An 
excess in triglycerides leads to insulin resistance. Compensatory hyper- 
insulinemia is the reaction and diabetes is the end-stadium when the  
beta-cells in the pancreas are depleted. Patients with either diabetes or the 
metabolic syndrome have a significantly higher risk of developing athero- 
sclerosis and cardiovascular disease.7,41 Furthermore, there is epidemiological 
evidence that obesity increases the risk of developing cancer, specifically 
adenocarcinoma of the oesophagus, colon cancer, breast cancer (in post-
menopausal women), endometrial cancer and renal-cell cancer. Besides, 

BMI = 
Weight (kg)

Height2 (m2)
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cancers of the liver, gallbladder and pancreas are also obesity related, and 
there is increased risk for hematopoietic cancers and prostate cancer. The 
endocrine and metabolic changes in obesity are the basis of the development 
 of these cancer types.5 There is an association between obesity and the 
sleep apnoea syndrome and the musculoskeletal system is affected by  
obesity as it is continuously overloaded by its excess weight.42,43 At last, 
a very important and still somewhat underexposed effect of obesity is the 
psychological distress brought about by the disease. It is significantly asso-
ciated with psychiatric disorders as depression, panic attacks and anxiety 
disorders and even higher incidence of suicidal behaviour is found among 
obese people.44,45 People with morbid obesity are stuck in a vicious circle 
(see Figure 1) of high energy intake and less physical activity.

Figure 1. vicious circle of obesity

2.3 Treatment

Treatment of obesity aims on breaking the vicious circle in order to lose 
weight and reduce related comorbidities and their health risks. Until now, 
trials of conservative life-style interventions and weight loss treatment have 
not shown satisfying results.46-50 The Swedish Obesity Study was the first 
long-term, prospective, controlled trial that compared the outcomes of  
conservative treatment with surgery. This study provided evidence that surgical 
treatment of obesity leads to significantly more weight loss than conservative 
treatment and has positive effects on the majority of cardiovascular risk  
factors. The incidence of cardiovascular events, cancer and overall mortality 
were significantly reduced.51 Bariatric surgery is still the only treatment for 
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morbid obesity with significant and sustained effect in terms of weight loss 
and reduction of comorbidities.9,52,53

Traditionally, the different bariatric procedures have been categorised based 
on the mechanism of action. Restrictive procedures would reduce the volume 
of food able to be consumed and malabsorptive procedures would bypass 
a large part of the small intestine where nutrient absorption takes place in 
order to reduce caloric uptake. This idea has been abandoned as evidence 
rises that there is a much larger role for gut hormones, bile acids and the 
gut microbiome. After bariatric surgery, the enterohepatic circulation causes 
increased serum levels of bile acids. This leads to changes in the release of 
gut-hormones. In particular, concentrations of the hormones GLP-1, PYY 
and oxyntomodulin, which are released from the small intestine, appear to 
increase rapidly. This leads to the inhibition of the gastric motility and to the 
‘ileal brake’ causing satiety, but it also enhances glucose regulation and it im-
proves the protective properties of HDL-cholesterol.54-57 Increased secretion 
of bile acids would also have direct effects on energy balance and fed and 
fasted state metabolism through synthesis of intestinal peptide hormones.57 
Moreover, it would have a significant impact on dyslipidaemia by controlling 
expression of several genes related to lipogenesis.58 At last, more studies 
show that the gastro-intestinal microbiome is involved in appetite regulation. 
After bariatric surgery, there appears to be an increased richness of gut 
microbiota. These produce so called Short Chain Fatty Acids (SCFAs) as a 
product of digestion of carbohydrates and proteins in the gut, which modulate 
secretion of the anorexigenic hormone PYY.54,58-61 Remarkably, these  
hormonal and metabolic changes seem to occur regardless the weight loss 
after bariatric surgery. Therefore, the term bariatric surgery is debatable and 
metabolic surgery might be a better description. Overall, in the search of the 
best procedure, the following has to be taken into account: An ideal bariatric 
operation should be safe, easy to perform, and effective in terms of weight 
loss and reduction of comorbidities. It should be easy to revise the operation in 
case of inadequate weight loss, weight regain, excessive weight loss or other 
complications. Long-term complications should be rare and manageable. 
The treatment should include more than the surgical procedure alone. It 
should consist of multidisciplinary preoperative assessment, education and 
preparation and a careful postoperative follow-up programme and results 
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should be evaluated continuously. Therefore, the American Association 
of Clinical Endocrinologists (AACE), The Obesity Society (TOS) and the 
American Society of Metabolic and Bariatric Surgery (ASMBS) developed 
guidelines to create uniform bariatric surgical care for the morbidly obese 
patient.62,63 They established selection criteria for surgery. Patients with a 
BMI >40 kg/m2 or patients with a BMI >35 kg/m2 and one or more of the 
severe obesity related comorbidities should be offered one of the bariatric 
procedures. Type 2 Diabetes Mellitus (T2DM), hypertension, dyslipidaemia, 
obstructive sleep apnoea, non-alcoholic steatohepatitis (NASH), gastro- 
oesophageal reflux disease (GORD), asthma, venous stasis disease, severe 
urinary incontinence, debilitating arthritis or considerably impaired quality 
of life are considered severe obesity related comorbidities when medical 
treatment fails. They state that choice for any bariatric procedure depends 
on its goal, the surgeon’s and institution’s experience, patient preferences 
and personalised risk stratification. All patients should undergo preoperative 
medical, psychosocial and physical examination. Patients should have pre-
operative dietary and life-style education. Then, informed consent should be 
obtained regarding procedural options, their risks and benefits and the need 
for long-term follow-up and vitamin supplementation.

Today, the gold standard in bariatric surgery is still the Roux-en-Y gastric  
bypass. However, this procedure is not that standard, as still no uniform 
technique is used. During RYGB a gastric pouch is created to reduce the 
volume of the stomach to approximately 25 mL. The jejunum is divided  
between 30 and 80 cm distally from the ligament of Treitz. Then, the created 
alimentary limb is anastomosed to the gastric pouch and the biliary limb is 
anastomosed 100-180 cm distally from the gastro-jejunostomy. There is still 
debate on the ideal length of the alimentary limb.64 The combination of the 
restrictive effect of the small pouch, the malabsorptive effect of the Roux-
en-Y construction and the anorexic effect of elevated levels of gut hormones 
leads to approximately 70% excess weight loss (EWL) after two years.55,65 
Resolution of T2DM occurs in approximately 80% of the patients.66,67 The ad-
justable gastric band has been very popular during the nineties. This proce-
dure had low perioperative morbidity and achieved 50% EWL after a year.52 
However, due to disappointing long term results and a high revision rate 
(67%), this procedure has lost interest. Currently, the sleeve gastrectomy 
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has replaced the AGB. The graph in Figure 2 shows the global trends in 
bariatric procedures during the past decade.68 In the Netherlands, 12.2% 
of the population is morbidly obese.69 The number of surgical procedures to 
treat obesity has increased exponentially. Bariatric surgery is currently cen-
tralised in order to maintain high quality care in high volume centres.

Trends in surgical procedures

Figure 2. Trends in bariatric surgery
AGB Adjustable Gastric Banding, RYGB Roux-en-Y Gastric Bypass, 
SG Sleeve Gastrectomy, BPD/DS Biliopancreatic Diversion / Duodenal Switch

Figure 3.  the Sleeve Gastrectromy
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2.4 The sleeve gastrectomy 

The surgical treatment of obesity has resulted from the observation of patients 
 losing weight after resection of the stomach or the small bowel. The first 
surgical intervention to treat obesity was performed by Henrikson in 1952. 
He resected 105 cm of small bowel, which proved to be insufficient, since 
the patient had regained weight fourteen months after surgery.70,71 In the  
seventies, the focus of the bariatric interventions changed to the stomach.72 
The sleeve gastrectomy (figure 3) finds its origin in in the late eighties. John-
ston and colleagues developed a type of gastroplasty creating a tube along 
the lesser curvature preserving the antral function and leaving the gastric 
fundus in place. They called it the Magenstrasse and Mill procedure.73,74 This 
procedure can be considered the predecessor of the current sleeve gastrec-
tomy. In the following years modifications were made and instead of creating 
the circular hole beyond the incisura angularis, stapling was started 5 to 6 
centimetres proximal to the gastric pylorus and the resected part of the stom-
ach was removed. Now, the shape of the gastric remnant began to look more 
like the shape of a sleeve. The vertical sleeve gastrectomy was applied to a 
modification of the biliopancreatic diversion procedure. This procedure was 
developed by Scopinaro in the early seventies in order to refine the concept 
of malabsorption. It consisted of a horizontal gastric resection and a shorten-
ing of the common part of small bowel, leading to malabsorption of ingested 
nutrients. It led to excellent weight loss, but also frequent and severe nutrient 
deficiencies.75 In the late eighties, this procedure was further modified by 
Hess, Lagacé and Marceau. In this duodenal switch a vertical sleeve gas-
trectomy was performed with preservation of the pylorus. After passing the 
pylorus, the food was directly passed into the distal ileum in order to reduce 
fat uptake. With this modified technique equal weight loss and resolution 
of comorbidities were achieved and fewer side effects were reported.76,77 

In 2003, the idea was suggested to perform a duodenal switch procedure 
in two steps in the high risk patients with a very high BMI. During the first 
step the vertical sleeve gastrectomy was done in order to achieve initial 
weight loss and perform the definitive duodenal switch in a better physical 
state. However, many patients never returned for the planned second step 
as they were satisfied with their initial weight loss. Moreover, the sleeve gas-
trectomy had positively affected their comorbidities.78,79 A new concept of a 
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stand-alone bariatric procedure was born. The sleeve gastrectomy is tech-
nically less demanding than a gastric bypass or a duodenal switch and it 
avoids the use of foreign material. During the sleeve gastrectomy, the gastric 
fundus, the storage space of the stomach, is removed and the volume of 
the stomach is reduced to approximately 100 ml. The traditional believes, 
that after the operation restriction of food intake leads to weight loss, have 
changed to the assumption that changes in gut hormones have the largest 
effect. Levels of ghrelin, mainly secreted from the oxyntic cells in the gastric 
fundus, decrease and concentrations of intestinal PYY and GLP-1 increase, 
causing less hunger.55,80 Moreover, insulin resistance improves immediately 
after surgery as a result of changes in gut hormones.81 Other studies found 
that accelerated gastric emptying and food passage after sleeve gastrectomy 
lead to quicker release of satiety hormones.82-84 In 2012, The American  
Society of Metabolic and Bariatric Surgery (ASMBS) has acknowledged 
the sleeve gastrectomy as a valuable primary bariatric procedure and as 
an effective first stage in a two-step approach in high risk patients. They 
concluded that a sleeve gastrectomy has a risk/benefit profile between the 
adjustable gastric band and the Roux-en-Y gastric bypass.10 Latest studies 
comparing the sleeve gastrectomy with the gold standard Roux-en-Y gastric 
bypass show excellent results in weight loss and remission of comorbidities 
for both procedures, but do not provide consensus about which is better 
or worse.65 In Europe, there has been almost a seven-fold increase in the  
performance of the sleeve gastrectomy in the past 5 years.68

 
The surgical procedure The sleeve gastrectomy is performed mainly  
laparoscopically. All patients are given low-molecular-weight heparin before 
surgery (dalteparin 5000 units) to prevent venous thrombosis. Patients are 
operated on under general anaesthesia; before induction of anaesthesia a 
second generation cephalosporin (cefazolin 2.0 g intravenously) is adminis-
tered. Patients are positioned in the French position (supine with legs apart and 
arms abducted), with the surgeon standing between the legs. The abdomen 
is insufflated to a pressure of 14mmHg with a Veress needle positioned 2 cm 
below the left costal margin in the mid-clavicular line (Palmer’s point). A 12-
mm Trocar is placed approximately 17cm distal to the xiphoid process for a 
30° laparoscope. A Nathanson Liver retractor (Cook Medical, Bloomington, 
USA) is introduced just below the xiphoid process. 
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Two 12-mm trocars are placed about 12cm left and right from the central trocar. 
First, the gastrocolic ligament and gastroepiploic vessels are dissected from 
the greater curvature of the stomach using either bipolar electro-thermal or 
ultrasonic dissection devices, dependent on the preference of the surgeon. 
A 34-French orogastric tube is introduced along the lesser curvature up 
to the pylorus. Transection of the stomach is done using the endostaplers, 
progressing upwards from 4cm proximal from the pylorus. The first stapler 
is placed transversely, and for subsequent staplers the staple line is aimed 
towards the angle of His, taking care not to narrow the incisura angularis.

The excised gastric specimen is removed through the somewhat enlarged left 
trocar site. At this site, the abdominal fascia is closed using a suture passer. 
The trocars are then removed under laparoscopic view and the carbon dioxide 
 is released. Ultimately, the skin is closed intracutaneously.

Obesity Centre Eindhoven  The Catharina Hospital in Eindhoven, the  
Netherlands, is a high volume centre, with an estimated 1000 bariatric  
procedures per year. Treatment of morbid obesity has a multidisciplinary  
approach. The timetable in Figure 3  shows the treatment process. Patients 
are referred to the obesity centre by their general practitioner or by another 
physician. All patients are screened before surgery by a multidisciplinary 
team consisting of a physician assistant, psychologist, endocrinologist,  
nutritionist and a surgeon. Patient selection and treatment are done in  
accordance with the Dutch guidelines for the treatment of morbid obesity. 
These guidelines are based on the international guideline Obesity: The  
Prevention, Identification, Assessment and Management of Overweight and 
Obesity in Adults and Children written by the Centre for Public Health Excel-
lence at NICE, United Kingdom, in 2006.85 Patients are eligible for surgery if 
they have a BMI of 40 kg/m2 or higher, or a BMI between 35 and 40 kg/m2 
with the obesity-related comorbidities and with serious but failed attempts 
to lose weight in the past. The indication for surgery is determined in a multi-
disciplinary consultation, taking into account the patient’s preference, age, 
polypharmacy, reflux complaints, body composition in relation to BMI and any 
bowel disease. The procedures that are performed in the Catharina Hospital 
are the Roux-en-Y gastric bypass, the sleeve gastrectomy and the mini-gastric 
bypass (omega loop bypass). Furthermore, different types of revisional  

pim van rutte_binnenwerk.indd   53 27-10-16   22:35



54

bariatric surgery are done. The procedures are performed mainly minimally 
invasive, currently by six surgeons. Besides, the Catharina Hospital is an  
educational centre where surgeons in training and fellows get the opportunity 
to learn this type of surgery. All bariatric procedures are performed according 
to a fast-track protocol. Logistics as well as technical aspects approach  
efficient and high-standard care. Patients are admitted to the hospital at the 
day of surgery. No premedication with sedatives is given before surgery. 
Patients step on the operation table themselves and after surgery they step 
back in their beds. Anaesthesia is standardised. No pneumatic stockings 
are used during surgery and no urinary catheters. Postoperative recovery 
is limited to one hour and patients start mobilising directly after returning to 
the ward. Patients need to participate in a follow-up programme of 5 years. 
As is shown in the timetable in Figure 4, patients visit the outpatient clinic 6 
times in the first postoperative year and every six months during the next 4 
years. The first year mainly consists of one-on-one consultation. Patients visit 
the dietician, the surgeon, the physician assistant and the physical therapist. 
During the next years, focus shifts to group sessions. Laboratory testing is 
done twice in the first year and yearly afterwards to check for any nutrient 
deficiencies. After five years, the follow-up is transferred to the patient’s  
general practitioner.         
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Figure 4. Timetable  for the treatment process of bariatric surgery in the Catharina Hospital, 
Eindhoven, the Netherlands (G = group) 

2.5 The aim of this thesis 

As the sleeve gastrectomy is increasingly performed, it is important to provide 
best evidence for the safety of the procedure, in terms of morbidity and 
mortality, and the effectivity in terms of weight loss and resolution of comor-
bidities. As said before, treatment of obesity not only involves the surgery. 
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It is a process starting at primary multidisciplinary consultation in the outpatient 
clinic and with lifetime duration.

Process improvement is widely used in business management. It is defined 
as follows:

“Process Improvement is the proactive task of identifying, analysing and  
improving upon existing business processes within an organisation for  
optimisation and to meet new quotas or standards of quality. It often involves 
a systematic approach which follows a specific methodology, but there are 
different approaches to be considered. When implemented successfully, the 
results can be measured in the enhancement of product quality, customer 
satisfaction, customer loyalty, increased productivity, development of the 
skills of employees, efficiency and increased profit.”

[Appian Europe Limited, London, United Kingdom]

This can be translated to the treatment of obesity. When the sleeve gastrec-
tomy, as part of the treatment process, is analysed and improved, quality can 
be enhanced, leading to higher patient satisfaction and it can be performed 
more frequently, leading to improved skills of the surgeon, less morbidity and 
better results.

The aim of this thesis was to study the sleeve gastrectomy as part of the 
treatment process and find crucial points for optimisation of the treatment of 
morbid obesity.

Chapter 3 provides a summary of the literature about the current position 
of the sleeve gastrectomy in a what, how and why principle. The changes in 
surgical technique are described and the early results in terms of morbidity, 
weight loss and remission of comorbidities are given. In the period between 
2006 and 2013, more than one thousand sleeve gastrectomies have been 
performed in the Catharina Hospital in Eindhoven. All patient data were col-
lected prospectively. In Chapter 4.1, the results of all procedures are given 
and compared to the literature. This is one of the largest sleeve gastrectomy 
cohorts that have been described in the literature. Duration of surgery, 
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hospital stay, postoperative complications, long-term complications, weight 
loss, remission of comorbidities and revision rates were primary outcome 
measures. Since 2011, all bariatric procedures have been performed  
according to a fast-track protocol. Preparation for surgery, anaesthesia, surgical 
steps, postoperative recovery and postoperative care were standardised in 
order to achieve a high-quality efficient treatment. The benefits of fast-track 
bariatric surgery have been reported before.86,87 However, these studies 
focussed mainly on the Roux-en-Y Gastric Bypass and Adjustable Gastric 
Banding. Chapter 4.2 describes the results of fast-track sleeve gastrectomy 
compared to the conventional care focusing on anaesthesia, recovery and 
postoperative complications.

An important part of the treatment process is the actual surgical procedure. 
In order to create a uniform safe procedure, the steps need to be clear and 
reproducible. It is important to gain awareness of the critical steps and hazard 
zones of the sleeve gastrectomy. In Chapter 5.1, a study is presented  
focussing on these steps. It was studied what errors are made during the 
procedure and if these errors have any consequences. Once aware of these 
potential errors, one can perform a safe procedure.

During the past decades, several tools have been developed in order to facilitate 
the laparoscopic operation. Tissue dissection involves an important part of 
the procedure. Several dissection devices can be used for mobilisation of the 
greater curvature. Latest devices use ultrasonic energy for tissue dis- 
section. Ergonomics are of importance for the surgical team as it optimises 
performance. Chapter 5.2 presents a study that compares the advantages 
and disadvantages of a wireless ultrasonic dissector with a cord-containing 
ultrasonic dissection tool.

The next major stage of the sleeve gastrectomy is transection of the gastric 
fundus using a stapler device. The most feared complication after sleeve  
gastrectomy is a leak of the staple line. It is of major importance to achieve  
optimal tissue compression and choose the right staple size in order to prevent 
for gastric leaks. Collaboration was formed with the Technical University of 
Delft, the Netherlands and a study was set up to measure the thickness of 
the gastric wall and find the optimal tissue compression and staple size for 
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gastric transection. The results are shown in Chapter 5.3. Next phase in the  
process is the postoperative phase. Overall results have been given in Chapter 
2.2. Major complications, however, do not only affect the patient. Treatment 
of complications leads to longer hospital stay, consultation of other  
disciplines and, as a consequence, higher costs. In order to emphasize the 
importance of keeping the complication rates as low as possible, the costs 
of major complications after sleeve gastrectomy are highlighted in Chapter 
5.4.

Complications that occur later in the process can have major impact. One 
example is the occurrence of food passage disorders. After the sleeve gas-
trectomy, the anatomy of the stomach has significantly changed, affecting 
the gastric motility. Diagnostic tests should help to find the cause of post-
prandial symptoms. In co-operation with gastroenterologists and the nuclear 
medicine an association was sought between postprandial symptoms and 
gastric emptying after sleeve gastrectomy. The clinical value of a gastric 
emptying study was evaluated and the results are shown in Chapter 6.1.

Another very important issue is the existence and evolution of nutrient 
deficiencies in the obese. It has been shown that obese individuals have 
more nutrient deficiencies.88-90 After bariatric surgery, these micronutrient  
deficiencies increase or occur de novo and they may be life threatening. The 
importance of supplementation after Roux-en-Y Gastric Bypass has been 
described in the literature.91-94 However, as the duodenum and the proximal  
jejunum are not bypassed after sleeve gastrectomy, it is questioned if  
supplementation is necessary after this procedure. In Chapter 6.2, the 
amount of pre-operative nutrient deficiencies in our sleeve gastrectomy  
population is reported and evolution of the nutritional status during the first 
postoperative year is assessed.

The largest disturber of the process is failure of the treatment. However, 
treatment failure does not imply direct stagnation of the process. It is very 
important to investigate the cause of failure. Distinction is made between 
technical failures and patient failures. Revisional surgery is performed  
increasingly because of complications after bariatric surgery or because of 
insufficient weight loss or weight regain. In Chapter 6.3 insight is given in 
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the feasibility of conversion of a failed sleeve gastrectomy into a Roux-en-Y 
gastric bypass.

At last, besides obesity, ageing is another major topic globally. As the life  
expectancy of the general population is getting higher, obesity will increasingly 
affect the older population. Bariatric surgery is performed less frequently in 
the older patient, as these patients are considered at high risk for surgery. 
The Dutch guidelines set the age limit for bariatric surgery at 65 years. This 
category has an extra risk factor for surgery, namely older age. It is therefore 
important to search for a safe and effective treatment modality to treat the 
older obese. In Chapter 6.4 we evaluate the results of sleeve gastrectomy in 
the older population.
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Abstract 

Morbid obesity has become a global epidemic during the 20th century. Until 
now bariatric surgery is the only effective treatment for this disease leading to 
sustained weight loss and improvement of comorbidities. The sleeve gastrec- 
tomy is becoming a promising alternative for the gold standard the gastric 
bypass and it is gaining popularity as a stand-alone procedure. The effect of 
the laparoscopic sleeve gastrectomy is based on a restrictive mechanism, 
but a hormonal effect also seems to play an important role. Similar results 
are achieved in terms of excess weight loss and resolution of comorbidities 
compared to the gastric bypass. Inadequate weight loss or weight regain 
can be treated by revisional surgery. Complication rates after LSG appear 
to be lower compared with gastric bypass. General guidelines recommend 
bariatric surgery between the age of 18 and 65. However bariatric surgery  
in the elderly seems safe with respect to weight loss and resolution of  
comorbidities. At the same time weight loss surgery is more often performed 
in adolescent patients failing weight loss attempts. Even though more 
studies are needed describing long-term effects, there is already enough  
evidence that this technique is an effective single procedure for a considerable 
proportion of obese patients.
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Introduction 

Obesity is one of the most upcoming health issues these days as it has 
become a global epidemic during the 20th century, affecting 10-30% of 
the adult population in Europe according to the latest reports of the WHO. 
Obesity is responsible for 2-8% of health costs and 10-13% of deaths are 
related to this disease. Obesity is not only prevalent in adults, but is also 
increasing amongst children. Children with overweight are prone to be over-
weight in early adulthood with the risk of developing cardiovascular disease, 
type 2 diabetes, and orthopaedic problems as well as mental disorders,  
underachievement in school, and lower self-esteem. Therefore, treatment  
to control obesity is essential. Until now, bariatric surgery is the only  
effective treatment for morbid obesity as it leads to sustained weight loss and  
improvement of comorbidities.1 Besides a reduction in excess weight, baria-
tric surgery also improves metabolic changes, for example, type 2 diabetes 
and hypercholesterolemia and organ functions such as sleep apnoea and 
hypertension, thereby effectively decreasing obesity- related morbidity and 
mortality.2-4 In the Swedish obese subjects trial (SOS) surgically treated sub-
jects (n=2010) were compared with medically treated patients (n=2037). 
This study showed that surgical intervention leads to significantly more 
weight loss after 2 and 10 years compared to medical treatment.3 This is in 
line with other studies showing that surgery results in more excess weight 
loss than conservative treatment.4,5 A meta-analysis performed by Buchwald 
et al. even showed 61.2% excess weight loss after surgical intervention.6  
Furthermore, bariatric surgery leads to a sustained improvement of comorbidi-
ties for more than 5 years in most patients and lowered costs of medication.7,8 
Patients who have had surgical treatment even show notable improvement 
in quality of life and psychiatric dysfunction after 2-year follow up, compared 
to conservatively treated patients.5,9 Bariatric surgery significantly decreases 
the mortality rate in obese subjects.10 However a recent study by Plecka et 
al. comparing morbidity and mortality in the morbid obese with the general 
population concluded that the risk of death remains increased after bariatric 
surgery in morbid obese patients.11 Above mentioned advantages were 
achieved with various surgical techniques. The gastric bypass procedure is 
accepted as the gold standard. The main alternative used to be an adjustable 
band. However, the high revision rate has dramatically decreased usage of 
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this technique, especially in Europe. Nowadays the alternative is a sleeve 
gastrectomy.12,13 This technique has similar results in terms of weight loss 
and improvement of comorbidities compared to the gold standard, the gastric 
bypass, and seems promising for the future.14

What is a sleeve?

The laparoscopic sleeve gastrectomy (LSG) is an evolving surgical technique 
to treat morbid obesity in which the fundus of the stomach is resected. Initial 
publications about the LSG concerned the super obese (BMI > 60 kg/m2) 
and the high-risk patients with many comorbidities that underwent an LSG 
as a staged procedure. In these patients the sleeve gastrectomy was used 
as a first stage intervention in order to reduce morbidity and mortality and to 
lose weight to facilitate a second stage operation, such as a gastric bypass 
or a biliopancreatic diversion after at least six months.15,16 However, since the 
beginning of this century the sleeve gastrectomy has started to gain more 
popularity as a primary bariatric intervention as this technique is technically 
easier and relatively faster than other bariatric procedures, showing a low 
complication rate, a mean excess weight loss comparable with the other  
surgical techniques, and significant reduction in comorbidities.16,17 Nowadays 
many surgeons use the LSG with in their standard bariatric procedures  
because of these advantages.

How to sleeve?

During the laparoscopic procedure, a tubular gastric pouch of 75-120 mL 
is created by inserting a bougie along the lesser curvature of the stomach. 
As this treatment modality is fully evolving as a stand-alone procedure still 
no consensus has been reached what size bougie should be ideally used, 
where to start stapling, and where to end. Usage of 32 French up to 60 
French bougies has been reported. However the smaller bougie sizes of 
32-42 French show better results regarding excess weight loss and weight 
regain.18–20 The pouch is created using a stapler starting proximal to the 
pylorus in order to preserve the antral pump and continuing parallel to the 
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lesser curvature of the stomach to the angle of His ending approximately 1 
cm to the left of the oesophagus. Another point of discussion is the care of 
the staple line in order to prevent staple line leakage. Literature describes 
three methods, namely, oversewing the staple line, buttressing the staple 
line with absorbable material, or no staple line reinforcement. Various reports  
describe that reinforcing the staple line by a buttress, or by suturing the staple 
 line, would decrease the risk of haemorrhage and leakage, but there is no 
evidence about the best method.21,22 Although still no unambiguous surgical 
technique exists we have come to the general agreement that creating a gastric 
remnant between 75 and 120 mL results in optimal excess weight loss and 
during our bariatric procedures we create the sleeve using a 34 French bougie 
and start stapling about 5 centimetres proximal to the pylorus.

Why to sleeve?

Weight loss after sleeve gastrectomy is partly achieved by the restrictive  
mechanism, as the tubular stomach is small and merely resistant to stretching 
after resection of the gastric fundus. Additionally decreased levels are found 
of ghrelin, which is secreted by the oxyntic cells of the gastric fundus in  
response to fasting. Also elevated levels are found of the hormones peptide-YY 
(PYY), produced mainly in the ileum and the colon, and glucagon-like  
peptide-1 (GLP-1), secreted in the entero-endocrine L cells in the intestines. 
Ghrelin levels rise during the period of fasting, reaching a peak just before 
consumption of a meal. This enzyme stimulates appetite. During eating the 
release of PYY and GLP-1 increases, reaching a peak level 1 to 2 hours after 
food consumption, influenced by the amount of calories that are ingested. 
The hormone PYY decreases appetite. Glucagon-like peptide enhances the  
insulin production and its release from the pancreas. By eliminating the gastric 
fundus during the sleeve gastrectomy, secretion of ghrelin is abolished,  
causing loss of appetite. Various studies show higher levels of PYY and 
GLP-1 after sleeve gastrectomy, leading to extended satiety a decrease in 
gluconeogenesis, and increase in insulin secretion, respectively.2,7,23 Thus, 
the effect of the LSG is based on a restrictive mechanism and a hormonal 
effect seems to play an important role.
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At the Catharina Hospital Eindhoven we have been performing LSG as a 
primary treatment modality for 6 years with acceptable results. Between  
August 2006 and April 2011 686 sleeve gastrectomies have been done at 
our surgical department. In this patient population a median excess weight 
loss of 69% (10%-200%) was seen after a median follow up of 18 months  
(7-68 months). Comorbidities improved in 75% of the cases. Revisional surgery 
was performed in 8.9% of the patients. In all of them the gastric sleeve was 
converted to a Roux- en-Y gastric bypass. After revision these patients had 
a significant additional excess weight loss and a further decrease in comor-
bidities.

Several studies reporting large series have shown that LSG is safe and  
effective in terms of weight loss and improvement of comorbidities in the first 
postoperative years. A recent study reporting a large series of 1000 LSG 
even found an excess weight loss of 86.6% in the first postoperative year, 
84.2% after two years, and 84.5% after 3 years.18 A systematic review by 
Brethauer et al. showed a mean excess weight loss (%EWL) of 55.4% (33-
85%; n=1662), and the mean BMI decreased from 51.2 kg/m2 to 37.1 kg/m2 
after SG (n=1940).24 Other studies showed %EWL of 60-84% in the first 
postoperative year.19,25 The mean excess weight loss after LSG is equal to 
Roux-en-Y gastric bypass in the first two postoperative years.26 Pre-existent 
comorbidities appear to improve or even resolve after a laparoscopic 
sleeve gastrectomy. Resolution of type-II diabetes occurs in 60-96% of the  
patients. This process starts even before losing weight as levels of ghrelin 
decrease directly after surgery.

Similar resolution of diabetes is seen after RYGB (84%), induced by the same 
mechanism.27,28 Other comorbidities as hypertension, dyslipidaemia, arthritis, 
and sleep apnoea improve significantly after surgery, but no statistically 
significant difference is found between LSG and RYGB.29–31 Laparoscopic 
sleeve gastrectomy would also cause less nutrient deficiencies after surgery 
than RYGB.32 Various complications are reported after bariatric surgery. 
Complication rates after LSG vary in the literature ranging from 2.9 to 9.5%, 
which appear to be lower than the amount of complications seen after RYGB, 
varying between 4.6 and 20.5% in the literature.2,24,33,34 Most concerns  
minor complications such as wound infection or mild bleeding. A major 
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complication is staple line leakage, occurring in 1.7-2.4% after the sleeve 
gastrectomy, according to Aurora et al.30,35 Anastomotic leakage after RYGB 
occurs in 0.6-2.1% of the cases.2 Another frequently reported comorbidity 
associated with obesity is gastroesophageal reflux disease (GORD).36 It is 
already known that Roux-en-Y gastric bypass alleviates GORD.37 However 
the literature shows no consensus about the effect of LSG on GORD.38  
Patients with persisting or newly developed GORD after LSG can be treated 
with a conversion to RYGB.39 Mortality rates after LSG vary between 0.1 
and 0.3%.19 Finally, sustainability is an important quality of bariatric surgery. 
Although no consensus exists choosing the right size and sleeve volume in 
LSG, a removed gastric volume of less than 500 mL seems to be a predictor 
for weight regain.40 Only few studies describe long-term weight effect on 
weight loss and comorbidities after LSG. However, present studies show 
%EWL of 65-77.5% and 50-53% three years and six years after LSG,  
respectively.19,25 Inadequate weight loss or weight regain can be treated by  
revisional surgery. Re-sleeve gastrectomy is feasible in case of dilated initial 
sleeve, but carries higher risk of postoperative complications.41,42 An alternative 
treatment for insufficient weight loss is conversion to RYGB.39

When to sleeve? 

The laparoscopic sleeve gastrectomy still is a well-accepted treatment  
modality as a first stage procedure in the super-morbid obese patient or 
the high-risk patient with multiple comorbidities. Various studies showed a  
significant decrease in comorbidities and medication use after first stage 
LSG.24 Although RYGB still is the Gold Standard LSG can serve as a good 
alternative given the good results reported after laparoscopic sleeve gastrec- 
tomy as a primary treatment modality. In case of volume eaters, LSG is a 
preferable option as the restrictive mechanism limits the amount of ingested 
food. LSG is not feasible in patients with GORD as it might worsen after 
the procedures.38 General guidelines recommend bariatric surgery in obese  
patients between the age of 18 and 65. Several studies show that bariatric 
surgery in the elderly patient is safe with respect to weight loss and resolution 
of comorbidities.43-45 A recent study concluded that sleeve gastrectomy is 
equally effective in patients older than 60 years compared to the younger 

pim van rutte_binnenwerk.indd   77 27-10-16   22:35



78

obese population in terms of weight loss and resolution of comorbidities, 
but more care must be taken considering vitamin and protein deficiencies 
as they arise more frequently in the elderly obese postoperatively.46 With 
the dramatic decrease in the age of onset of obesity, weight loss surgery 
is more often performed in adolescent patients who have failed weight loss 
attempts.47 Laparos copic sleeve gastrectomy may serve as a good option 
in this population as it has both a restrictive and a hormonal effect and it 
can be revised relatively easily. Still no long-term results have been reported 
regarding bariatric surgery in obese adolescents.

Conclusions

The laparoscopic sleeve gastrectomy is gaining popularity as primary treatment 
for obesity. As this relatively new procedure is still in evolution, still there 
is no uniform technique. It has similar results in terms of weight loss and 
improvement of comorbidities compared to the gold standard, the gastric 
bypass. Even though more studies are needed describing long-term effects, 
there is already enough evidence that this technique is the effective single 
procedure for a considerable proportion of obese patients. If insufficient 
weight loss or weight regain is encountered, likewise all other procedures,  
revision of a sleeve into a bypass seems more feasible than the limited options 
after a bypass as first procedure. A laparoscopic sleeve gastrectomy is  
therefore a viable option for all obese patients, except for those with pre- 
existent GORD.
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Abstract 

Background  Sleeve gastrectomy is being performed increasingly in Europe. 
Data on long-term outcome would be helpful in defining the role of sleeve 
gastrectomy. The aim of this study was to evaluate the outcome of sleeve 
gastrectomy as a primary bariatric procedure.

Methods  Medical charts of all patients who underwent a primary sleeve 
gastrectomy at the authors’ institution between August 2006 and December 
2012 were reviewed retrospectively using a prospective online data registry. 
For evolution of weight loss and comorbidity, only patients with follow-up of 
at least 1 year were included. A subgroup analysis was done to compare 
patients with an intended stand-alone procedure and those with an intended 
two-stage procedure.

Results  A total of 1,041 primary sleeve gastrectomies were performed in the 
study period. Median duration of surgery was 47 min, and median hospital 
stay was 2 days. Intra-abdominal bleeding occurred in 27 patients (2.6 per 
cent) and staple-line leakage in 24 (2.3 per cent). Some 866 patients had at 
least 1 year of follow-up. Mean excess weight loss was 68.4 per cent after 1 
year (P < 0.001) and 67.4 per cent after 2 years. Smaller groups of patients 
achieved a mean excess weight loss of 69.3 per cent (163 patients), 70.5 
per cent (62) and 58.3 per cent (19) after 3, 4 and 5 years respectively. 
No difference in postoperative complications was found between the sub-
groups. Seventy-one (8.2 per cent) of 866 patients had a revision of the 
sleeve gastrectomy; reflux or dysphagia was the indication in 34 (48 per 
cent) of these patients.

Conclusion  Sleeve gastrectomy is a safe and effective bariatric procedure. 
Maximum weight loss was achieved after 4 years. Long-term results regarding 
 weight loss and comorbidities were satisfactory.
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Introduction 

At present, bariatric surgery is the only long-standing effective treatment for 
morbid obesity, leading to sustained weight loss and improvement of comor-
bidities.1 The Roux- en-Y gastric bypass (RYGB) is currently still considered 
the standard procedure. During the past decade sleeve gastrectomy has 
gained popularity as an alternative to RYGB. This technique, whereby the 
greater curvature of the stomach is resected, was performed initially for super 
morbid obesity, preceding a second definitive procedure such as a duodenal 
switch or RYGB. It subsequently evolved as a stand-alone procedure, 
as well as an option in patients requiring revisional bariatric surgery. The 
American Society for Metabolic and Bariatric Surgery has now accepted 
this technique as a primary procedure in bariatric surgery.2,3 Some studies, 
reporting larger series, have shown that sleeve gastrectomy is safe and  
effective in terms of weight loss and improvement of comorbidities in the first 
postoperative years.3-6 The aim of this study was to evaluate the outcome of 
sleeve gastrectomy as a stand-alone procedure. In addition, long-term results 
regarding weight loss and the evolution of comorbidities were evaluated. 

Methods

This was a retrospective analysis of a prospective cohort of patients  
undergoing sleeve gastrectomy, conducted between August 2006 and  
December 2012. The procedures were performed by three bariatric  
surgeons at the bariatric centre of the Catharina Hospital in Eindhoven, The 
Netherlands. This technique replaced other restrictive techniques (banding 
and Mason-McClean procedure) and was considered an alternative to standard 
RYGB. Patients were referred to the bariatric centre by their general  
practitioner or other physician. All patients were screened before surgery 
by a multidisciplinary team consisting of a physician assistant, psychologist, 
nutritionist and surgeon. Patients were eligible for surgery if they had a body 
mass index (BMI) of 40 kg/m2 or higher, or a BMI between 35 and 40 kg/m2 
with significant comorbidities such as type II diabetes mellitus, hypertension, 
dyslipidaemia or obstructive sleep apnoea syndrome (OSAS), with serious  
attempts to lose weight in the past. Comorbidities were considered  
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significant when medication had to be used, or when continuous positive  
airway pressure (CPAP) had to be employed in patients with OSAS. In 
general, three-quarters of the patients met these criteria. The indication for 
sleeve gastrectomy was made in a multidisciplinary consultation, taking into 
account the patient’s preference, age, polypharmacy, reflux complaints, body 
composition in relation to BMI, and bowel disease. Data were collected  
prospectively using an online registry (Patients Outcome Measurement Tool; 
https://www. pomtregistry.org). Patients who had undergone a previous  
bariatric intervention, such as gastric banding or vertical banded gastroplasty, 
were excluded. Data of interest were patients’ characteristics, intention for 
planned two-stage or stand-alone procedure, operative details, hospital stay 
and postoperative complications. Staple-line leakage was scored as a major 
complication when an intra-abdominal abscess, requiring drainage or antibiotic  
treatment, was found on computed tomography or during relaparoscopy. 
Postoperative bleeding was scored as a complication when blood transfu-
sion or reintervention was required. Reflux and dysphagia were scored when 
the patient reported heartburn, or regurgitation and vomiting, or disturbed 
food passage, respectively. For evaluation of weight loss and comorbidities, 
only patients with follow-up of at least 1 year were included.

Surgical technique

Since the introduction of sleeve gastrectomy in the authors’ institute, the 
technique employed has been fairly consistent. The bougie size (34 Fr),  
positioning of the surgical team, trocar positioning and the starting point of the 
stapling have not changed significantly since the beginning. Reinforcement 
of the staple line with sutures or glue has never been performed. The only 
real change was that of the staplers used: from EndoGIATM (Covidien,  
Norwalk, Connecticut, USA) green and blue cartridges to Duet TRSTM (Co-
vidien) at the end of 2009, and to the contemporary Tri-StapleTM (Covidien, 
New Haven, Connecticut, USA) technology in the second quarter of 2010.

All patients were given low-molecular-weight heparin before surgery 
(dalteparin 5,000 units) to prevent venous thrombosis. As a rule, sleeve gas-
trectomy was performed laparoscopically. Patients were operated on under 
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general anaesthesia; before induction of anaesthesia a second generation 
cephalosporin (cefazolin 2.0 g intravenously) was administered. Patients 
were positioned in the French position (supine with legs apart and arms 
abducted), with the surgeon standing between the legs. The first assistant 
stood on the patient’s right side acting as camera operator, and a second  
assistant stood on the patient’s left side to hold the liver retractor. From 2011, 
the procedures were performed in a fast-track setting. Inflatable pneumatic 
stockings to prevent deep venous thrombosis were no longer used during 
surgery, and a NathansonTM liver retractor (Automated Medical Products, 
Edison, New Jersey, USA) mounted on a LaproTractTM device (Minnesota 
Scientific, St Paul, Minnesota, USA) was added, following which only one 
assistant was needed. The abdomen was insufflated to a pressure of 14 
mmHg with a Veress needle positioned 2 cm below the left costal margin 
in the mid-clavicular line (Palmer’s point). A 12-mm VisiportTM Plus Optical 
Trocar (Covidien, US Surgical, Norwalk, Connecticut, USA) was placed  
approximately 17 cm distal to the xiphoid process for the 30◦ laparoscope. A 
5-mm trocar was placed just below the xiphoid process for the liver retractor. 
Two 12-mm trocars were placed about 12 cm left and right from the central 
trocar.

First, the gastrocolic ligament and gastroepiploic vessels were freed from 
the greater curvature of the stomach, using the LigaSureTM Atlas (Covidien 
ValleylabTM, Boulder, Colorado, USA). A 34-Fr orogastric tube was intro-
duced along the lesser curvature up to the pylorus. Transection of the stom-
ach was done using the EndoGIATM, with Tri-StapleTM cartridges, progressing 
upwards from 4 to 6 cm orally of the pylorus. The first stapler was placed 
transversely, and for subsequent staplers the staple line was aimed towards 
the angle of His, taking care not to narrow the incisura. Tests for leakage 
were not performed routinely. The excised gastric specimen was removed 
through the somewhat enlarged left trocar site. At this site, the abdominal 
fascia was closed using a suture passer. The trocars were then removed 
under laparoscopic view and the carbon dioxide was released. Ultimately, 
the skin was closed intracutaneously or transcutaneously, depending on  
surgeon preference.
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Follow-up

All patients were restricted to a semiliquid diet for the first 3 weeks after 
operation. They were also instructed to take multivitamins on a daily basis, 
lifelong. These contained vitamins A, B1, B2, B3, B5, B6, B8, B12 and 
folic acid, as well as vitamins C, D3, E and K, and the minerals chromium, 
iron, magnesium, selenium and zinc, in concentrations of 100-200 percent of 
the recommended daily intake. In addition, calcium and vitamin D3 capsules 
were administered. Furthermore, dalteparin 5,000 units were injected sub- 
cutaneously in all patients for 4 weeks to prevent venous thrombosis.  
A proton pump inhibitor (esomeprazole 40 mg) was prescribed for at least  
3 months to prevent ulceration of the gastric staple line.

All patients took part in a standard 5-year follow-up programme consisting 
of four visits to the outpatient clinic during the first postoperative year (at 6 
weeks, 3 months, 6 months and 1 year) and annual consultation for the next 
4 years. Weight loss and remission of comorbidities were evaluated and 
diet habits followed. The ability to stop all medication (with the exception of 
metformin) to treat comorbidity, or to stop CPAP, was regarded as remission 
of comorbidity.

Statistical analysis

Percentage excess weight loss (EWL) was calculated using the formula: 
%EWL = weight loss (kg)/excess weight (kg). Excess weight was based 
on the patient’s ideal weight with a BMI of 25 kg/m2. A subgroup analysis 
was done comparing patients with an intended stand-alone procedure and 
patients with an intended two-stage procedure, based on preoperative BMI 
and comorbidities. The statistical programme IBM® Statistical Package 
for the Social Sciences® (SPSS®) version 20.0 (IBM, Armonk, New York, 
USA) was used for processing. The normality of distribution was checked 
using the skewness and kurtosis calculation, with a normal distribution when 
values were between -1.00 and +1.00. Mean (±SD) and median (range) 
values were used for normally distributed and non-normally distributed data 
respectively. To determine differences between nominal data the χ2 test was 

pim van rutte_binnenwerk.indd   92 27-10-16   22:35



93

employed, and for ordinal data the Mann-Whitney U test or independent 
-samples t test. Kruskal-Wallis, Wilcoxon signed rank test and McNemar 
tests were used for trend analysis. P < 0.050 was regarded as statistically 
significant.

Results

Some 1116 sleeve gastrectomies were performed over the study interval. 
Seventy-five procedures were performed as a revisional procedure after pre-
vious gastric banding or vertical banded gastroplasty; thus, 1,041 patients 
had sleeve gastrectomy as a primary bariatric procedure. The majority (98.8 
per cent) were performed laparoscopically. Seven open approaches and 
four conversions to open surgery owing to adhesions were all done in the 
early years - all because of adhesions in the upper abdomen resulting from  
previous non-bariatric abdominal surgery. Of the 1,041 patients with a primary 
sleeve gastrectomy, 739 were women. The mean age of the cohort was 
42.5 (11.6) years. Median weight was 129 (83-272) kg, with median BMI of 
44.3 (35.0-84.0) kg/m2. More than one- quarter of patients had diabetes at 
the time of preoperative screening. More than one-third (409 patients) had 
hypertension, and 250 (24.0 per cent) had a disturbed lipid profile. OSAS 
was present in nearly one-fifth of patients (Table 1). The cohort was divided 
in two subgroups. The first group consisted of 783 patients in whom the 
sleeve gastrectomy was performed as an intended stand-alone procedure. 
The second group of 258 patients underwent sleeve gastrectomy as the first 
step of an intended two-stage procedure, to facilitate a second step such 
as RYGB or duodenal switch (step-up group). These patients had a signifi-
cantly higher BMI than those in the stand-alone group (54.3 versus 38.2 kg/
m2 respectively; P < 0.001) (Table 1). In the step-up group, more patients 
had type II diabetes mellitus (P=0.048) and OSAS (P=0.008). The male : fe-
male ratio did not differ significantly between the subgroups, and there was 
no significant difference in the age of patients in the two groups. In seven 
patients the gallbladder was removed simultaneously. Iatrogenic splenic and 
hepatic injury occurred in four (0.4 per cent) and two (0.2 per cent) of the 
1041 procedures respectively. Median duration of the surgical procedures 
was 47 (20-248) min. With the increasing number of sleeve gastrectomies 
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performed over the years, the median duration of surgery decreased from 
193 (137-248) min in 2006 to 41 (20-98) min in 2012 (P < 0.001) (Fig. 1).

Values in parentheses are percentages unless indicated otherwise; values are *mean(±SD) 
and †median (range). ‡Pneumonia, cardiac failure or urinary tract infection. BMI, body mass 
index; OSAS, obstructive sleep apnoea syndrome. §χ2 test, except ¶independent-samples 
t-test and #Mann-Whitney U-test.

total

(n=1,041)

stand-alone 

procedure

(n=783)

step-up 

procedure

(n=258) P§

age (years)*

sex ratio (M : F) 

weight (kg)

BMI (kg/m2) †

comorbidities

 diabetes

 insulin 

 hypertension

 dyslipidaemia

 OSAS

duration of surgery (min)†

complications

 bleeding

 surgical intervention

 leakage

 relaparoscopy

 endoscopic drainage  

                radiological drainage

 wound infection

 other‡

hospital stay (days)†

Table 1.   Surgical data

42.5(11.6)

302 : 739

129 (83-272)

44.3 (35.0-84.0)

273 (26.2)

104 of 273 (38.1)

409 (39.3)

250 (24.0)

199 (19.1)

47 (20-248)

77 (7.4)

27 (2.6)

17 of 27 (63.0)

24 (2.3)

6 of 24 (25.0)

8 of 24 (33)

7 of 24 (29)

2 (0.2)

24 (2.3)

2 (1-138)

44.0(10.5)

223 : 560

122 (83-147)

38.2 (35.0-39.9)

192 (24.5)

75 of 192 (39.1)

305 (39.0)

183 (23.4)

134 (17.1)

45 (22-160)

58 (7.4)

22 (2.8)

18 (2.3)

2 (0.3)

16 (2.0)

2 (1-41)

42.0(11.4)

79 : 17

161 (117-272)

54.3 (50.0-84.0)

81 (31.4)

29 of 81 (35.8)

104 (40.3)

67 (26.0)

65 (25.2)

50 (25-248)

19 (7.4) 

5 (1.9)

6 (2.3)

0 (0)

8 (3.1)

3 (1-138)

0.829¶

0.511

< 0.001#

< 0.001#

0.048

0.544

0.997

0.555

0.008

0.003#

0.705

0.445

0.980

0.416

0.326

< 0.001#

or clip placement
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Figure 1. Duration of sleeve gastrectomy surgery from 1 January 2007 to 1 January 2013. 
Each circle represents an individual patient. The black line shows the mean duration of the 
procedures which decreased significantly  over the years (P < 0.001, Kruskal-Wallis test)

Early postoperative complications (at less than 30 days) occurred in 77 patients 
(7.4 per cent) (Table 1). An intra-abdominal bleed was found in 27 patients 
(2.6 per cent), 17 (63 per cent) of whom needed a surgical intervention 
to stop the bleed. In 24 patients (2.3 per cent) a staple-line leak was  
diagnosed; six of these patients had a relaparoscopy to treat this complication. 
Eight patients had an endoscopic intervention with either endoscopic  
drainage or clip placement. Seven patients were treated by radiological 
drainage and in three patients, conservative treatment sufficed. Staple-line 
leakage occurred in 18 (2.3 per cent) of the 783 patients in the stand-alone 
group, and in six (2.3 per cent) of the 258 patients in the step-up group 
(P=0.980). A wound infection requiring drainage of the wound occurred 
in two patients. No significant difference in complication rates was found  
between the two subgroups.

Over the years, the complication rate decreased significantly (P < 0.001) 
(Figure 2). Median length of hospital stay also decreased from 4.5 (3-6) 
days in 2006 to 1 (1-51) day in 2012 (P < 0.001, Kruskal-Wallis test). In 
the step-up group, median hospital stay was significantly longer than in 
the stand-alone group (3 versus 2 days; P < 0.001). Beyond 30 days, the 
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mortality rate was 0.6 per cent (6 patients). No death was directly related 
to the surgery. One patient committed suicide, two patients died from pul-
monary complications and two from cardiac failure; one patient died 2 years 
after surgery from the effects of multiplemyeloma (Kahler’s disease).

Figure 2. Early complications (at less than 30 days) after sleeve gastrectomy from 2006 to 
2012. Major complications decreased significantly over the years (P < 0.001, χ2 test)

One year after surgery, median BMI of the 866 patients with complete follow- 
up had decreased significantly to 31.0 kg/m2 (P < 0.001) (see Table 2). 
At this point a mean EWL of 68.4 per cent was achieved. A group of 342 
patients who reached the 2-year follow-up had a mean EWL of 67.4 per 
cent. Mean EWL after 3, 4 and 5 years was 69.3, 70.5 and 58.3 per cent 
respectively. The comorbidities of type II diabetes mellitus, hypertension, 
dyslipidaemia and OSAS showed statistically significant remission during 
follow-up (P < 0.001 for all) (see Table 3). Before surgery, 142 of the 866 
patients with follow-up of at least 1 year complained of reflux. At the time of 
last follow-up, 120 (84.5 per cent) of the 866 patients were symptom-free, 
but 85 patients (11.7 per cent) of 724 developed reflux symptoms de novo. 
Seventy-one (8.2 per cent) of the 866 patients developed dysphagia leading 
to frequent vomiting after sleeve gastrectomy. In the majority of these  
patients no stenosis of the gastric sleeve was found with contrast studies. 
There was no significant difference in postoperative rates of dysphagia 
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between the subgroups (8.9 versus 9.4 per cent; P=0.854, x2 test).

Values in parentheses are median (range) unless indicated otherwise; *values are mean(±SD). 
BMI body mass index, %EWL percentage excess weight loss. aWilcoxon signed rank test

before 

surgery

at last 

follow-up visit p-value

1 year (n=866)

   bodyweight (kg)   

   BMI (kg/m2)

   %EWL*

2 year (n=342) 

   bodyweight (kg)    

   BMI (kg/m2)

   %EWL*

3 year (n=163) 

   bodyweight (kg)    

   BMI (kg/m2)

   %EWL*

4 year (n=62) 

   bodyweight (kg)    

   BMI (kg/m2)

   %EWL*

5 year (n=19) 

   bodyweight (kg)    

   BMI (kg/m2)

   %EWL*

Table 2.   Weight loss

130.0  (88.0-272.0)

44.4  (35.0-84.0)

 

 

127.9  (92.0-205.0)

44.7  (35.0-79.3)

 

 

128.0  (92.0-200.0)

44.3  (35.0-60.9)

 

 

132.5  (100-207)

47.3  (35.0-70.2)

 

 

150.8  (114-205)

53.0  (36.0-69.3)

 

89.0  (52.0-197.0)

31.0  (19.6-62.2)

68.4  (20.6)

 

89.0  (53.0-189.0)

31.0  (20.2-55.2)

67.4  (21.3)

 

90.0  (52.0-159.0)

31.3  (21.5-53.6)

69.3  (25.5)

 

90.5  (63.0-140.0)

31.6  (22.5-45.7)

70.5  (24.3)

 

115.0 (68.0-200.0)

37.5  (21.5-63.1)

58.3  (29.1)

< 0.001a

< 0.001 a

< 0.001a

< 0.001a

< 0.001a

< 0.001a

< 0.001a

< 0.001a

0.008a

0.008a
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Values in parentheses are percentages. OSAS obstructive sleep apnoea syndrome. 
a McNemar’s test, except b χ2-test.

A total of 71 (8.2 per cent) of the 866 patients needed a further bariatric 
procedure after the sleeve gastrectomy. These were RYGB and mini-gastric 
bypasses. Insufficient weight loss or weight regain was the indication for  
revision in 36 (51 per cent) of these 71 patients. Other indications for revision 
were dysphagia (24 patients) and reflux complaints (10 patients). In one 
patient staple-line leakage led to the formation of an enterocutaneous fistula, 
and revision to an RYGB was necessary. At latest follow-up, no revision had 
been necessary for 225 (87.2 per cent) of the 258 patients in the intended 
two-stage group.

Discussion

The purpose of this study was to evaluate the results of a large series of 
sleeve gastrectomies. Gagner and colleagues were the first to report on the 
laparoscopic approach to sleeve gastrectomy.7,8 In the past 4-5 years, sleeve 
gastrectomy has become accepted as a primary bariatric procedure with the 
publication of studies describing acceptable complication rates and EWL, 
comparable to those for other bariatric procedures, yet no unambiguous 

at screening

at last 

follow-up visit p-value

type II diabetes mellitus

   insulin-dependent diabetes

hypertension

dyslipidaemia

OSAS

reflux

dysphagia

Table 3.   Comorbidities in 866 patients with follow-up of at least 1 year

398

100 of 264 

398

242

195

142

0

106

45 of 106 

194

144

76

107

71

N N

(30.5)

(37.9)

(46.0)

(27.9)

(22.5)

(16.4)

(0)

(12.2)

(42.5)

(22.4)

(16.6)

(8.8)

(12.4)

(8.2)

(%) (%)

<0.001a

<0.001b

<0.001a

<0.001a

<0.001a

<0.001a
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surgical technique currently exists.2,9,10 Use of 32-60-Fr bougies has been 
reported. The smaller bougies seem to have better results regarding EWL5,11. 
However, Boza and co-workers reported 86.6 per cent EWL and considerable 
improvement in comorbidities 1 year after sleeve gastrectomy using a 60-Fr 
orogastric tube.3 It is agreed that a gastric remnant of 75-120 ml after sleeve 
gastrectomy leads to maximum EWL.5

In the present study, the technique of sleeve gastrectomy has been more or 
less consistent. With increasing experience and number of procedures, the 
duration of operation decreased significantly. Nevertheless, there remained 
a wide range in duration, merely as a result of educational procedures or 
an additional intervention. Median hospital stay also decreased significantly 
over the years. Patients were mobilized earlier after surgery and were dis-
charged with instructions regarding analgesia and diet. A recent randomized 
clinical trial showed that a bariatric surgery-specific enhanced recovery after 
surgery protocol resulted in a shortened hospital stay and lower costs, 
with complication rates similar to those for normal perioperative care.11 In 
the present study, postoperative staple-line leakage occurred in 2.3 per 
cent of the patients. Leaks were located at the angle of His in all patients.  
Literature describes a leakage incidence of 0.7-7.0 per cent following sleeve 
gastrectomy in obese and superobese patients.12–16 However, no difference 
in leakage rates between the two subgroups was found in the present series.  
Intra-abdominal bleeding occurred in 2.6 per cent of the present cohort after 
surgery. Literature describes bleeding from the staple line with an incidence 
varying between 0 and 2.3 per cent.13 In the present series, some bleeds 
originated from one of the trocar insertion points, which has not been  
reported previously. These findings underline the importance of trocar  
removal under laparoscopic vision.

Gastro-oesophageal reflux disease (GORD) is associated with obesity. It is 
already known that RYGB alleviates GORD.17 However, there is no consensus 
regarding the effect of sleeve gastrectomy on GORD.18 In the present cohort, 
16.4 per cent of patients reported reflux complaints before surgery. During 
follow-up, these complaints disappeared in the majority of patients (84.5 
per cent). It is, however, not clear whether the resolution of complaints is 
the result of the surgical intervention or the administration of proton pump 
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inhibitors. The Second International Consensus Summit for Sleeve Gastrec-
tomy reported an average incidence of GORD of 6.5 per cent after sleeve  
gastrectomy, but this incidence varies widely (0-83 per cent).19,20 In the present  
study, 11.7 per cent of patients with no preoperative reflux complaints  
developed gastro-oesophageal reflux de novo. Dysphagia was reported in 
8.2 per cent of patients at last follow-up. Dysphagia can be caused by gastric  
stenosis. However, stenosis was found following additional diagnostic  
imaging in only one patient. In 34 per cent of patients (24 of 71) suffering 
from dysphagia after operation revisional surgery was necessary, and the 
sleeve gastrectomy was converted to an RYGB. Postoperative dysphagia 
did not appear to be correlated with a higher preoperative BMI. Weight loss 
is generally classified as good if EWL is 50-75 per cent after a bariatric  
intervention, and as excellent if EWL is greater than 75 per cent.21 In the present  
cohort, mean EWL was approximately 70 per cent, in keeping with recent 
literature.3,5,6 Lifestyle changes will be an important factor in maintaining  
weight loss. Smaller groups of patients achieved longer-term follow-up: 19 
patients who had sleeve gastrectomy completed 5-year follow-up and had a 
mean EWL of 58.3 per cent at this time point.

Comorbidities were present in a considerable number of patients. Complete 
or partial remission of type II diabetes mellitus occurred in nearly all patients, 
 in keeping with data in the literature.22 Remission rates in the present study 
were considerably higher than the 26 per cent complete remission rate  
reported after sleeve gastrectomy when using a new definition of diabetes 
remission, with return to normal measures of glucose metabolism (haemo-
globin A1c below 6 per cent, fasting glucose less than 5.6 mmol/l) at least 1 
year after bariatric surgery without hypoglycaemic medication.23 Hypertension  
and dyslipidaemia disappeared or improved in the majority of patients. These 
data are comparable to, or better than, those reported in literature (50-78 
per cent).24,25 Sleep apnoea disappeared in more than 60 per cent of the 
patients affected before surgery. During follow-up, six patients (0.6 per cent) 
died; other studies have reported mortality rates varying between 0 and 3.3 
per cent.2,6 However, none of the deaths in the present cohort were related 
directly to the surgical intervention.
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This study has several limitations. First, although data were obtained from 
a prospective database, the study design was retrospective. Second, the 
division into two subgroups, based on intended stand-alone or intended 
two-stage procedures, resulted in unequal sample sizes for the subgroups. 
However, each subgroup contained a considerable number of patients and 
the baseline characteristics were similar. Third, the numbers of patients 
achieving long-term follow-up were smaller than those achieving 1- or 2-year 
follow-up, as in 2007 and 2008 fewer patients were operated on. The results 
give a good indication of long-term effects of sleeve gastrectomy, but further 
long-term follow-up studies are needed. Finally, in this study the old definition 
of diabetes remission was used, which might distort the actual results.
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Abstract 

Background  Increasing numbers of morbid obese patients have led to  
increased numbers of bariatric procedures. Fast-track protocols are being 
developed to enhance the available resources, while maintaining a safe  
procedure. Reported results on safety of this approach merely apply to a 
mixed bariatric population.

Objective  To evaluate the safety and efficiency of the fast-track principles  
in patients undergoing a sleeve gastrectomy. 
Design  Retrospective observational study
Settings  Obesity Centre of the Catharina Hospital Eindhoven, 
the Netherlands

Patients  Patients undergoing a primary sleeve gastrectomy were included.

Interventions Conventional perioperative care (CC) (2008-2011) versus a 
fast-track protocol (FT) (2011-2013), using short-acting anaesthetic agents, 
a multi-modal pain protocol to reduce opioids, and early mobilisation.
 
Main outcome measures  The main parameters for safety were intraoperative, 
early and late postoperative complications. Procedure time and hospital stay 
were used to evaluate efficiency.
 
Main results  805 patients were included, 494 patients were subjected to 
the conventional care and 318 patients to fast-track protocol. A reduction 
of median operation time from 60 (CC) to 40 minutes (FT) (p<0.001) and 
a reduction in median length of hospital stay from 3 to 2 days (p = 0.001), 
with a significant reduction in early postoperative complications (9.9% (CC) 
vs 5%(FT), p = 0.016)was achieved. The amount of late complications was 
comparable for both groups (5.1% (CC) vs 4.4% (FT) (p=0.738)). 
 
Conclusion  Implementation of a fast-track protocol for sleeve gastrectomy 
is safe and efficient. It effectively reduces the operation time and the length 
of hospital stay, while improving postoperative outcome. This pleads for 
standard implementation of the fast-track protocol in sleeve gastrectomy.
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Introduction 

Laparoscopic sleeve gastrectomy (SG) has been accepted as a primary pro-
cedure to induce weight loss in the morbid obese patient.1,2 The increasing 
prevalence of morbid obesity, improved knowledge on the effect of bariatric  
surgery on medication resistant diabetes mellitus and a reduced taboo, 
cause rapid increase in the numbers of bariatric procedures, including SG.3 
Such an increase in demand for care exhausts the available resources, while 
the specific challenges in perioperative care for the morbid obese patient 
need to be acknowledged to ensure safety and avoid complications. 

Enhanced recovery programs developed for colorectal surgery mostly have 
proven increased efficiency while enhancing the safety.4 Gislason and his 
group, a pioneer for such a program in bariatric surgery, reported excellent  
results of fast-track principles.5 Since 2011, a fast-track protocol has been 
used at the Obesity Centre of the Catharina Hospital in Eindhoven, the  
Netherlands. Fast-track surgery involves evidence-based techniques to  
enhance recovery and reduce surgical trauma and postoperative stress by 
minimising pain, reducing complications, improving outcomes and decreasing 
length of hospital stay while facilitating postoperative recovery after elective 
procedures. The goal is to achieve high quality, safe and standardised surgical  
and anaesthetical care with low morbidity and early patient discharge. There 
is a large role for the anaesthetist, who facilitates early postoperative recovery  
by choice of treatment. For the introduction of fast-track anaesthesia, the 
conventional anaesthesia, postoperative analgesia and recovery protocols 
were replaced by a protocol avoiding premedication, intra-operative admini- 
stration of muscle relaxants and opioids and early postoperative mobilisation.  
It has been demonstrated before that intraoperative efficiency of bariatric 
procedures improved significantly after implementation of the fast-track  
protocol.6 In previous studies, efficiency and safety aspects have been  
studied in mixed bariatric populations and selected patient groups.7 

In the present study it was aimed to evaluate the benefits for both the bariatric  
patient and the institute by focussing on the safety of the fast-track principles 
for SG, expressed in complication rates. In contrast to previous studies, this 
study population was an unselected group of bariatric patients scheduled to 
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undergo a primary sleeve gastrectomy.

Materials and methods

Study population  All patients undergoing a primary SG between 2008 
and 2012 at the Obesity Centre of the Catharina Hospital were included in 
the analysis. All data were extracted from a prospective Patient Outcome 
Measurement Tool (POMT) for which all patients gave informed consent pre- 
operatively. The fast-track protocol was implemented in 2011, so the cohort  
was divided into a conventional care (CC) group, operated on between 2008 
and 2010, and a fast-track group (FT), who underwent the SG between 
2011 and 2012. Exclusion criteria were revision surgery and concomitant 
procedures such as a cholecystectomy.

Procedures  The conventional care (CC) protocol was performed as previ-
ously described (table 1).8,9 Briefly, patients received thrombosis prophylaxis 
preoperatively containing 5000 units of low-molecular weight heparin 
(Dalteparin) combined with compressed stockings. Premedication consisted  
acetaminophen 1,000mg and 5mg of diazepam orally. On arrival in the  
operating room, patients received standard haemodynamic monitoring (ECG, 
pulsoximetry, non-invasive blood pressure measurement), BIS-monitoring 
and a peripheral nerve stimulator (NMT module AS/3 monitor, GE Health-
care Clinical Systems B.V. Hoevelaken, the Netherlands), for assessment 
of muscle relaxation. Anaesthesia was induced with propofol (2mg/kg, IV), 
sufentanil (0.2-0.7μg/kg, IV) and rocuronium (0.6 mg/kg, IV) and maintained 
with sevoflurane or propofol (2-10mg/kg/hr). Sufentanil or remifentanil was 
administered at the discretion of the attending anaesthesiologist. Dosing of 
all anaesthetics was according to ideal body weight according to persons 
height, instead of BMI, in order to prevent overdosing. During the procedure  
muscle relaxation was provided with a continuous rocuronium infusion 
(0.2-0.4mg/kg/hr). At the end of the surgical procedure, muscle relaxation 
was antagonised by using neostigmine (1.0 mg) and atropine (0.5 mg) or  
sugammadex (200 mg). Perioperative fluid management was liberal and not 
standardised. After emergence, patients were transferred from the operating 
table to their beds by the OR-personnel. Postoperative analgesia was achieved 
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with a patient controlled intravenous analgesia (PCIA) pump containing  
morphine (1mg/ml) and droperidol (2.5mg/ml). Male patients with a BMI 
of ≥45 kg/m2 or female patients with a BMI ≥50 kg/m2, were transferred to 
the ICU for respiratory monitoring, because of a higher prevalence of sleep 
apnoea and the postoperative use of morphine.  

The fast-track (FT) protocol for the SG, which has been applied since January 
2011, abandoned the use of compressed stockings. Patients received 5,000 
units of low-molecular weight heparin (Dalteparin) as thrombosis prophylaxis 
before surgery. Premedication with sedatives was omitted and consisted 
of only acetaminophen 1000mg orally. Anaesthesia was induced using a  
combination of piritramide (0.2-0.3 mg/kg), propofol (2mg/kg) and suxa- 
methoniumchloride (1-1.5mg/kg). Dosing was based on ideal body weight 
based on length, to achieve an optimal dosing. Anaesthesia was maintained 
with desflurane (6.0 vol%) in combination with remifentanil (5-15μg/kg/
hr).10  By standardising discontinuation of desflurane and remifentanil upon  
notification of the surgeon, during application of the last sutures, patients 
could be extubated directly at the end of the procedure and were able to 
transfer themselves to their beds. Fluid administration was restricted to 1  
litre of lactated Ringers intraoperatively and to a maximum of 1 litre of lactated  
Ringers postoperatively, to prevent fluid overload, prevent the necessity of a 
urinary catheter and promote early postoperative mobilisation.11 Postoperative  
analgesia consisted of parecoxib (40mg) once orally, followed by acetami-
nophen (1,000mg orally, four times daily) and tramadol (100mg, orally). In 
case of inadequate analgesia (NRS score >4) the synthetic opioid piritramide 
(0.2-0.3 mg/kg, on average about 20mg i.m.) was administered for pain re-
lieve.12  After approximately one hour in the post anaesthesia recovery room, 
all patients were returned to the surgical ward. On the ward, patients were 
mobilised immediately as part of thrombosis prophylaxis.  Since patients are 
extubated directly after surgery and mobilised early, non-invasive ventilation 
is not used. Patients who were known with the use of continuous positive 
airway pressure (CPAP) at home, continued this on the ward. 

Anaesthetic management and differences between both protocols are sum-
marised in table 1.
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conventional care fast track

premedication 

    acetaminophen 1 g

    diazepam 2.5 mg

thrombosis prophylaxis

    LMWH (5000 IU of dalteparin)

    compressed stockings

induction

    sufentanil 20 μg

    propofol 200-400 mg

    rocuronium 50-100 mg

maintenance

    remifentanil

    sevoflurane, desflurane or propofol  

    (2-10mg/kg/hr)

    rocuronium 0.2-0.4mg/kg/hr

    use of NMT or TOF

    BIS-monitoring

postoperative analgesia

    patient controlled analgesia with 1 mg 

      morphine and droperidol

postoperative care

    ICU/surgical ward

additional concerns

    increased labour personnel

    liberal fluid administration

Table 1. Comparison of the old and new fast-track anaesthesia protocols

premedication

    none

thrombosis prophylaxis

    LMWH (5000 IU of dalteparin)

induction

    piritramide 20 mg

    propofol 200-400 mg

    suxamethonium 100-200 mg

    granisetron 3 mg

    dexamethasone 8 mg

maintenance

    remifentanil

    desflurane

postoperative analgesia

    parecoxib 40mg once Acetaminophen  

       4dd1,000mg

    tramadol 3dd100mg

    piritramide (0.2-0.3 mg/kg ) when indicated 

postoperative care

    surgical ward

additional concerns

    direct mobilisation

    restricted fluid administration  

     (1L perioperative, 1L postoperative)
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Outcome measures  The primary outcome measures for efficiency were  
duration of the operation and length of hospital stay (LOS). 

The primary outcome measures for safety were intraoperative and early post-
operative complications (within 30 days). Intraoperative bleeding, splenic  
injury, and hepatic injury were scored as intraoperative complications. Early 
postoperative complications included cardiopulmonary complications (cardiac  
decompensation, myocardial infarction, cardiac arrhythmias, pneumonia, 
pulmonary embolism, and respiratory distress), surgical complications (post-
operative bleeding, leakage, and dysphagia) and infectious complications 
(abscess, wound infection, urinary tract infection or renal failure, sepsis).  
Some patients presented with multiple complications belonging to the three 
different groups (cardiopulmonary/surgical/infectious), and thus formed a 
separate group. 

Secondary outcome measures were mortality and late complications  
(abscess, wound abscess, enterocutaneous fistula, stenosis, dilatation, reflux, 
dysphagia, and dehydration after 30 days). 

In Table 2 an overview of the relevant complications is shown.
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CC conventional care, FT fast-track protocol

Results

In total, 805 patients were included in the study. Of them, 487 were treated 
according to the conventional care protocol (CC) and 318 patients according 

early postoperative complications

surgical

  

cardiopulmonary

 

 

 

 

 

infectious

 

 

 

late postoperative complications

Table 2.   Complications

bleeding

leakage

dysphagia

pneumonia

pulmonary embolism

respiratory distress

cardiac decompensation

myocardial infarction

arrhythmias

abscess

wound infection

urinary tract infection

sepsis

abscess

wound abscess

enterocutaneous fistula

stenosis

dilatation

reflux

dysphagia

dehydration
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to the fast-track protocol (FT). The mean age of the patients was 43 years 
and their mean BMI was 44.2 kg/m2. 

Except for dyslipidaemia and psychological disorders, the baseline charac-
teristics did not differ significantly between both groups (see Table 3). Almost 
one third of the patients suffered from diabetes mellitus. Forty percent of the 
patients were male. 

CC conventional care, FT fast-track protocol

Concerning the efficiency of the fast-track-protocols, the median duration 
of the procedures was significantly shorter in the FT group (40 min vs. 60 
min; p<0.001 Mann Whitney-U test). The median length of hospital stay was 
two days (1-21) for the FT group and 3 days (1-79) for the CC group. This 
also appeared to be statistically significant (2 days (1-21) vs. 3 days (1-79)  

male/female ratio

    median age at surgery [IQR]

    median BMI (kg/m²) [IQR]

    median excess weight (kg) [IQR]

comorbidities

    diabetes

    insulin dependency

    hypertension

    dyslipidaemia

    osteo-articular

    OSAS

reflux 

psychological

smoking 

cardiovascular

Table 3.   Baseline characteristics

0.396

0.871

0.484

0.463

0.116

0.268

0.471

0.006

0.075

0.292

0.711

0.014

0.250

0.516

93/225

42 [15]

44.3 [9.65]

60.75 [29.0]

 

27.1%

10.4%

45.9%

30.2%

65.4%

23.6%

19.5%

23.9%

23.3%

11.6%

137/350 

44 [15]

44.1 [9.30]

60.1 [28.8]

 

32.6%

13.2%

48.6%

21.4%

59.1%

20.3%

18.3%

16.8%

19.7%

13.5%

characteristics CC (n=487) FT (n=318) p-value 
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p < 0.001; Mann Whitney-U test).

Focussing on the safety of the fast-track protocol, no significant difference 
was found in intra-operative complications between the two groups (4 (CC) 
vs. 6 (FT); p = 0.157; X2-test). Injury of the spleen occurred in 3 operations 
in the CC group and in 2 in FT procedures. Injury of the liver, by introduction 
of the liver retractor, was only seen in the FT group (n = 2) (Table 4). 

The total amount of early postoperative complications was significantly lower 
in the FT group (5% vs. 9.9%; p = 0.016; X2-test). In more detail, surgical 
complications when grouped appeared significantly less frequent in the FT 
group (2.2% vs. 5.1%; p = 0.026). Postoperative leaks were found in 11 
(2.3%) of the patients in the CC group and three of them had an additional  
complication, leading to longer hospital stay and further interventions. In 
the FT group, staple line leaks were found in 6 (1.8%) patients and three 
were complicated with abscess formation. Postoperative bleeding occurred 
in 3.9% of the patients in the CC group and one third of them developed 
an additional complication. In the FT group, 0.9% of the patients required 
additional treatment of postoperative bleeding (table 4). Cardiopulmonary 
complications occurred in 1.4% of the patients in the CC group and in 1.3% 
of the FT patients (p = 0.556), infectious complications in 1.8% and 0.3% 
respectively (p = 0.099) and multiple complications in 7 (1.4%) vs. 4 (1.3%) 
(p = 0.713) patients respectively. The amount of late complications was not 
significantly different between both groups, with 27 complications in the 
CC-group 25 (5.1%) versus 14 (4.4%) in the FT-group (p = 0.738) (table 
4). Gastric stenosis occurred to one percent of the patients in the CC group 
and 2.5% of the patients in this group suffered from postprandial dysphagia. 
These complications occurred in 0.3% and 1.6% of the patients in the FT 
group. Reflux complaints were found in 0.6% and 0.9% of the patients in 
the CC and FT group respectively. Late abscess and wound abscess were 
found in two patients in the FT group. (table 4) During the study period, two 
patients deceased in the CC group and one patient in the FT group (p = 
0.657). None of the causes were directly related to the surgery. One patient 
died due to an out of hospital cardiac arrest, one patient committed suicide, 
and one patient died of unknown cause.  
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intraoperative complications

    none

    bleeding

    spleen injury

    hepatic injury

    other complications

early postoperative complications

    none

    bleeding

        bleed + dysphagia

        bleed + pulmonary

        bleed + cardiac

        bleed + sepsis

    leakage

        leak + abscess

        leak + pulmonary

        leak + urinary tract

        leak + abscess + sepsis

    abscess

        abscess + urinary tract

        abscess + dysphagia

        abscess + sepsis

        abscess + wound infection + pulmonary

    dysphagia

    pulmonary

    urinary tract

    cardiac

    sepsis

Table 4.   Results

0.157

 

 

 

 

 

0.016

 

0.050

 

 

 

 

0.806

 

 

 

 

0.330

 

 

 

 

 

 

 

 

 

6 (1.9%)

312 (98.1%)

1 (0.3%)

2 (0.6%)

2 (0.6%)

1 (0.3%)

16 (5.0%)

302 (95.0%)

3 (0.9%)

0

0

0

0

6 (1.8%)

3 (0.9%)

0

0

0

2 (0.6%)

0

1 (0.3%)

1 (0.3%)

0

1 (0.3%)

2 (0.6%)

0

2 (0.6%)

0

4 (0.8%)

483 (99.2%)

1 (0.2%)

3 (0.6%)

0

0

48 (9.9%)

439 (90.1%)

15 (3.9%)

1 (0.2%)

1 (0.2%)

1 (0.2%)

1 (0.2%)

11 (2.3%)

0

1 (0.2%)

1 (0.2%)

1 (0.2%)

8 (1.6%)

1 (0.2%)

0

0

1 (0.2%)

5 (1.0%)

4 (0.8%)

2 (0.4%)

3 (0.6%)

1 (0.2%)

complications CC (n=487) FT (n=318) p-value 
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CC conventional care, FT fast-track protocol,

Discussion

This study shows the results of the introduction of a fast-track protocol for 
sleeve gastrectomy in unselected patients in a single bariatric centre. By the  
implementation of this protocol, a significant reduction in early postoperative 
complications was achieved. Intraoperative and late postoperative complication 
rates were comparable to the conventional care protocol. Furthermore, the 
duration of both the surgical procedure and the length of hospital stay were 
significantly reduced.

Fast-track SG targets 1) to use more short-acting agents in order to reduce 
the length of anaesthesia time and thus surgery and to reduce perioperative  
complications, 2) to reduce the administration of postoperative opioids 
in order to minimise respiratory depressant effects and 3) to ensure early  
mobilisation of the patient.13 A major adjustment was the routine use of sux-
amethonium instead of rocuronium bromide for the induction of anaesthesia. 
The short-acting characteristics of suxamethonium reduce the risk of pro-
longed muscle relaxation, which makes the intraoperative use of neuromus-
cular transmission measurement no longer necessary. This contributed to  

late postoperative complications

    none

    abscess

    enterocutaneous fistula

    stenosis

    dilatation

    reflux

    dysphagia

    dehydration

    wound abscess

Table 4.   Results (continuation)

0.738

 

 

 

 

 

 

 

 

 

14 (4.4%)

304 (95.6%)

1 (0.3%)

0

1 (0.3%)

2 (0.6%)

3 (0.9%)

5 (1.6%)

1 (0.3%)

1 (0.3%)

25 (5.1%)

462 (94.9%)

0

3 (0.6%)

5 (1.0%)

1 (0.2%)

3 (0.6%)

12 (2.5%)

1 (0.2%)

0

complications CC (n=487) FT (n=318) p-value 
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a reduction in anaesthesia time and thus the duration of the procedure. How-
ever, the introduction of sugammadex, as an antidote for rocuronium, could 
lead to renewed discussion about the use of rocuronium for induction. 

Opioids are effective analgesics, but have adverse effects with regard 
to respiration, mobility and bowel movement, particularly in the bariatric  
population. A multimodal postoperative pain system helps to reduce post- 
operative opioid consumption. The diminished use of opioids in pain treatment 
reduces the possible respiratory depressing effects.10,11 This is particularly  
important for obese patients with sleep apnoea, who are at higher risk of 
respiratory events when they use opioids.14,15 The reduced risks justify the 
transfer of all patients back to the ward, instead of the intensive care unit 
after initial postoperative observation in the recovery room.14-16 Patients can 
be mobilised earlier, which in turn enhances postoperative recovery and  
reduces the risk of thromboembolic and pulmonary complications. As a result,  
perioperative mechanical stockings can be omitted.11

After introduction of the fast-track pathway, the amount of early complications 
following surgery decreased from 9.9% to 5%. The CC group showed a 2.1 
times higher chance of complications. The complication rates in the CC and 
FT-group are comparable to literature, which shows a wide range of post-
operative complications of 0-29%, partly due to the definition of complica-
tions.17,18  A recent large study with almost three thousands patients shows 
an overall complication rate of 6.3%.19 

Major surgical complications were postoperative bleeding, leakage and  
abscess formation. Literature shows leakages rates ranging between 
0-5.5%, bleeding between 0-15.8%, and intra-abdominal abscess 0-1.7%.17 
As shown in table 4, our results are well within these ranges.17,20,21  

Ten patients (1.2%) suffered from pulmonary complications, which is in  
accordance to the literature (1-5%).10 Only one patient (0.1%) in the CC-
group developed a pulmonary embolism. Literature shows a higher incidence 
of pulmonary embolism (1-2%).22 This confirms the hypothesis that the use 
of mechanical stockings can be omitted due to early mobilisation in the fast-
track protocol. 
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In the present study, late complication rates were comparable to the literature, 
which shows an incidence of 0.0-8.0%.7 No significant difference was found 
between the two study groups, indicating that the fast-track procedure has 
a long-term safety profile comparable to that of conventional care. However, 
it is questionable whether the reduced complication rate in the fast-track 
group is the direct result of the adjustments in the protocol. Other possible 
contributors were identified. 
 
First to mention is the surgical learning curve. Literature reveals that a  
surgeon achieves a consistent reproducible operating time after 80-100  
bariatric procedures.23,24 A prospective study on the learning curve for an SG 
showed a turning point at 68 procedures.25 In the present study, 3 surgeons 
have been performing the SG since its introduction and two of them have been 
doing the procedure according to the FT principles. After implementation  
of the FT protocol, two new surgeons have joined and a group of 4 bariatric  
surgeons was formed. As 487 procedures were performed according to 
the CC protocol and 318 according to FT principles, one would expect 
more complications in the FT-group. Since this is not the case, it is rather  
unlikely that the significant decrease in early postoperative complications is 
explained by the learning curve of the surgeons. A shorter operation time, 
due to an enhanced anaesthetic protocol, might be a more important factor, 
although no literature is convincing about this.26,27 

The second identifiable contributor could be the change in stapling tech-
niques. During the study period, staplers with two rows of staples were  
replaced by the newest Tri-stapleTM (Covidien, New Haven, CT, USA) technique  
with three rows of staples of different heights increasing outwardly. This 
could contribute to the reduction of staple line leakage. 

Third, but not less important, applying a faster, better and more regulated 
protocol gives a more consistent level of care not only in the field of surgery, 
but also in anaesthetics and on the bariatric ward.28,27 In addition, when pro-
cedure time is shorter, fewer anaesthetics are needed, which in turn reduces 
pulmonary risks.11,15,22

The large number of patients (805) included in this study in a relative short 
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time span (2008-2012) makes this a proper study population. At baseline 
the groups differed significantly in preoperative dyslipidaemia and psycho-
logical disorders in disadvantage of the FT group. Previous research shows 
no consensus regarding the effect of these factors on postoperative compli-
cations, however since it is in disadvantage of the FT-group, and since the 
FT-protocol has significantly improved safety, it can be assumed that it has 
no negative effect on the results.27,30

Results of the present study reveal that the FT-protocol enhances the effi-
ciency of the SG. The significant reduction in median duration of surgery with 
20 minutes made it possible to perform 6 to 8 bariatric procedures in one 
day. Furthermore a significant reduction of one day in length of hospital stay 
was achieved. Although no cost analysis has been made, one can assume  
that a reduction in length of hospital stay, partly due to lower postoperative 
complication rates, results in a reduction of costs.    

This study has some limitations. Precise parameters for safety in fast-track  
surgery have not yet been exactly defined. As done in this study, intra-operative  
and postoperative complications are mostly applied.31 A question that might 
arise is whether FT-protocol is always applicable. We vouch for the fact that 
the FT-protocol was applied in all patients in this unselected patient group; 
however we failed to register this properly. It can be debated which parameters  
could substantiate this statement. 

Limitations of this study further concern the retrospective nature of this analysis.  
Pulmonary complications are the most feared in the obese, since they are 
at risk of developing hypoxemia due to a postoperative pulmonary restrictive 
syndrome, atelectasis due to multiple factors such as supine position and 
prolonged muscle relaxation, and the risk of pulmonary embolism due to 
immobility.14,32 The pulmonary assessment might have lacked the continuous 
monitoring of all patients, however if it would have been relevant it would have 
led to more clinical diagnosis and prolonged hospital stay. Future studies  
should aim to further optimise the use of fast-track protocols according to 
the developments in gastric sleeve surgery. It would also be interesting to 
investigate which factors contribute to the late postoperative complications 
and find ways to reduce the incidence.
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Conclusions

Implementation of a fast-track protocol for sleeve gastrectomy is safe and  
efficient. A fast-track protocol for sleeve gastrectomy improves postoperative  
outcome suggested by the reduction of postoperative complications. The 
operation time and the length of hospital stay were effectively reduced, and 
thus the availability for clinical supplies increased, which probably reduces 
costs. This study pleads for further incorporation of this fast-track protocol in 
all sleeve gastrectomy procedures. 
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Abstract 

Background  The Sleeve Gastrectomy is an example of minimally invasive 
surgery. It is important to determine the critical steps of the procedure in 
order to reduce complications and increase safety and efficiency.

Objective The aim of this study was to detect the key elements of the sleeve 
gastrectomy and find the potential hazard zones of the procedure.

Setting Bariatric department of a large teaching hospital in Eindhoven, 
the Netherlands.

Methods A prospective clinical observation study was performed including  
60 sleeve gastrectomy procedures. An expert panel determined the key 
steps and two experts assessed the procedures systematically for technical 
errors according to the principles of Observational Clinical Human Reliability 
Assessment (OCHRA).

Results 213 technical errors have been made and the majority were made  
during mobilisation of the greater curvature and during stapling of the stomach.  
In 44.6%, errors had consequences and 96 additional actions were per-
formed. There was a significant correlation between errors during opening of 
the lesser sac and postoperative complications and between repositioning 
of the stapler and postoperative complications.

Conclusions In this study, the 13 key steps of the SG were defined and 
OCHRA was considered a valuable assessment tool for surgical performance 
and potential hazard zones. Most consequential errors are made during  
dissection of the greater curvature and during stapling of the stomach. Errors 
during the start of mobilisation of the greater curvature and repositioning of 
the stapler lead to longer duration of the procedure and are associated with 
a higher risk of postoperative complications.
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Introduction

Obesity has become a global epidemic. This disease causes a shorter life  
expectancy and higher risk of mortality due to comorbidities with major cardio 
vascular risk factors. Until now, surgery has been the best treatment with  
sustained weight loss and reduction of the obesity related comorbidities.1,2 
The Roux-en-Y gastric bypass (RYGB) still is the gold standard in the surgical  
treatment of obesity.2 During the past decade, the sleeve gastrectomy (SG) 
has become an important alternative technique. Latest studies show similar 
results between the two procedures in terms of complications, weight loss 
and improvement of comorbidities.3,4 There have been several consensus 
meetings on the technical aspects of the SG and the procedure has been 
accepted as a primary bariatric procedure.5 Generally, the procedure is per-
formed minimally invasive and the key steps are standardised. In order to 
optimise this procedure, it is primarily important to study the performance of 
the surgeon and focuss on critical steps. Tang et al. used an Observational 
Clinical Human Reliability Assessment (OCHRA) to analyse the technical 
errors during laparoscopic cholecystectomy and determine the steps of the 
operation in which errors mostly occur in order to find the potential hazard  
zones.6 Human Reliability Assessment (HRA) techniques originate from  
high-risk industries as aviation and manufacturing with the goal to increase 
safety. The OCHRA was developed to detect surgical errors systematically. 
In the present study, this assessment concept was used to identify the hazard  
zones of the sleeve gastrectomy.

Methods

Study Design A prospective clinical observation study was conducted at the 
Catharina Hospital in Eindhoven, the Netherlands. In this hospital, a thousand 
bariatric procedures are performed annually by six surgeons. Furthermore, it 
is a teaching hospital, providing training to surgical residents and fellows. 
An expert panel existing of three bariatric surgeons and one researcher de-
termined the key steps of the SG (see Table 1). After informed consent was 
obtained from the patient, the SG procedures were recorded on video. The 
videos were anonymised and converted to a Motion Picture Experts Group 
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layer 4 (MP4) file in order to provide the possibility to review them on any 
computer. Two experts reviewed the videos independently and assessed the 
major steps systematically for technical errors. In case of any disagreement, 
the two observers sat together and reviewed the video to reach agreement 
on the errors. Assessment was done according to the principles of Observa-
tional Clinical Human Reliability Assessment (OCHRA).6-8 A correlation was 
studied between the occurrence of errors and the duration of surgery and 
major early postoperative (30-day) complications.

The surgical technique The SG has been standardised to a procedure in 
which both anaesthesia and the surgical steps are performed in a uniform 
way according to fast-track principles.9,10 The SGs are intended laparoscopic  
procedures under general anaesthesia. All patients receive low-molecular- 
weight heparin the day before surgery and a second-generation cephalo-
sporin is administered 15 minutes before start of the procedure. The patient 
is positioned in the French position (supine with legs spread and arms  
abducted), the surgeon standing between the legs. The first assistant stands 
on the patient’s right side for camera control. The abdomen is insufflated 

1. Bupivacaine injection before trocar insertion

2. Positioning of the trocars under vision

3. Inspection of the upper abdomen

4. Positioning of the liver retractor

5. Opening of the lesser sac

6. Starting mobilisation of the greater curvature 

7. Continuing dissection along the greater curvature 

8. Positioning a 34-French orogastric tube along the lesser curvature

9. Firing the first stapler starting 5cm from the pylorus

10. Continuing stapling along the orogastric tube

11. Final inspection of bleeding

12. Closure of the left lateral port

13. Removal of the trocars under vision

Table 1.   Key steps of the sleeve gastrectomy
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with carbon dioxide to a pressure of 14mmHg, using a Veress needle. Three 
12mm trocars are positioned in a horizontal line, one approximately 17cm 
under the xyphoid process in the midline for the camera and one at each 
side of the midline for the instruments. A liver retractor is inserted through a  
subxyphoidal incision. Trocars and liver retractor are positioned under laparo- 
scopic vision and bupivacaine is injected before insertion of the trocars. 
Inspection of the upper abdomen follows. Now, the lesser sac is opened 
with the use of a LigasureTM sealing dissector. Then dissection of the greater  
curvature of the stomach is started at 5cm from the gastric pylorus, by  
ligation of the gastro-epiploic vessels and the gastrocolic ligament using 
the LigasureTM and dissection is continued along the greater curvature  
towards the angle of His and distally up to 2-3 centimetres from the pylorus. 
A 34-French orogastric tube is introduced along the lesser curvature and 
transection of the stomach follows along the tube using an EndoGIATM stapler  
with Tri-stapleTM cartridges starting 5cm from the pylorus. Stapling is continued  
cephalad ending about 1cm from the oesophagus. The excised gastric  
specimen is removed from the abdomen via the left trocar site. Final inspection  
of bleeding is done and then the fascia at this site is closed using a suture 
passer. At last, the other trocars are removed under laparoscopic vision and 
the skin is closed with absorbable sutures.

Error definition An error was defined as any action during the surgical pro-
cedure that had an unintended outcome. It was considered consequential 
when additional actions were necessary to correct the error, or when it led 
to delay in the proceedings. Examples are bleeds that needed haemostasis 
and organ injury that needed repair. Repositioning of the dissection device 
or the stapler in case of malposition was scored as an error as it might lead 
to delay in the procedure, regardless of the consequences. Inconsequential 
errors did not lead to additional action or longer duration of the procedure. 
Examples are wrong tissue bites during dissection, no visualisation of tissue 
planes, forced traction on tissue, but also tearing, bleeding with spontaneous  
cessation or organ injury that did not require repair.

Statistical Analysis The programme IBM® Statistical Package for the  
Social Sciences® (SPSS®) version 21.0 (IBM, Armonk, New York, USA) was 
used for statistical analyses. The normality of distribution was checked with 
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the use of the skewness and kurtosis calculation, with a normal distribution  
when values were between -1.00 and +1.00. Mean (+/-SD) and median 
(range) values were used for normally distributed and non-normally distributed  
data respectively. To determine differences between nominal data the X2-
test was employed and for ordinal data the Mann-Whitney U test. A Phi-test 
was used for assessment of the correlation between nominal data. A P-value 
<0.05 was regarded as statistically significant.

Results

In total, 60 SG procedures were recorded and reviewed. Twelve patients 
were male and 48 were female. Their mean age was 41 years (SD±10.6) 
and their median preoperative BMI was 45.2 kg/m2 (35.2-67.7). Forty-five 
procedures were performed by experienced bariatric surgeons and 15 were 
performed under strict supervision of the experienced surgeons. The mean 
duration of the procedures was 34 minutes (SD±7.8).

Overall, 213 technical errors have been made and the majority were made during  
mobilisation of the greater curvature and during stapling of the stomach.  
In 44.6%, errors had consequences and 96 additional actions were  
performed (see Table 2). No significant difference in errors was found  
between the different levels of surgical experience. Bleeding occurred 128 
times and needed additional haemostasis in 74.2% of the cases. During 
dissection of the short gastric vessels, the ultracision® Harmonic dissection 
device was used 26 times in order to stop bleeding.

During the stapling phase, different methods were used for haemostasis. 
Electrocoagulation was used 18 times, ultracision® was used once, clips 
were placed seven times and the surgeon decided to suture staple line 
bleeds twice. After removal of the gastric specimen, 29 bleeds were still 
found at final inspection of the staple line and 27 of them needed haemosta-
sis. Again, different methods were used to stop the bleeding (see Table 2). 
At last, three bleeds of the abdominal wall required haemostasis during the 
final steps of the procedure.
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bupivacaine injection

positioning trocars under vision

positioning liver retractor

opening lesser sac

creating space proximally

start dissection short gastrics

continuing dissection short   

    gastrics

positioning orogastric tube

firing first stapler

continuing stapling

Table 2.   Errors during the surgical procedure

none

organ injury

bleeding

bleeding

organ injury

organ injury

bleeding

tearing

bleeding

organ injury

wrong bite

 

wrong position

bleeding

wrong angle

wrong bite

repositioning

bleeding

no visualisation 
tissue plane

no visualisation 
stapler tip

repositioning

no visualisation 
tissue plane

no acceptable 
intersection

none

none

compression

ultracision

none

none

ultracision

none

ultracision

none

none

none

repositioning

electrocoagulation

ultracision

clips

suturing

none

none

none

electrocoagulation

clips

suturing

none

none

none

none

1

8

6

1

2

7

7

23

2

1

19

8

23

10

1

10

23

13

2

2

14

0

0

2

6

0

0

7

0

23

0

0

0

1

9

1

3

1

0

0

0

9

4

1

0

0

0

0

0

0

2

6

0

0

7

0

23

0

0

0

1

14

0

0

14

0

0

0

step error N N
consequence

N action
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N = number 

Inconsequential errors were made 118 times. Organ injury occurred 6 times. 
Once, introduction of a trocar caused liver injury, and in the other cases, 
tissue dissection caused thermal damage to the stomach. However, this had 
no consequences as this part of the stomach, the fundus, was to be excised. 
Bleeding stopped spontaneously in 25.8% of the cases and tearing of the 
tissue did not lead to significant damage. The orogastric tube, which needs 
to be positioned along the lesser curvature, was positioned incorrectly 8 
times. However, the position was corrected automatically by positioning of 
the first stapler. Dissection of the greater curvature without visualisation of 
the tissue plane was scored as an error as it could lead to unintended tissue  
damage. However, all 19 errors had no consequences. Stapling of the stomach  

closure left trocar port

removal trocars

total

consequential errors

inconsequential errors

Table 2.   Errors during the surgical procedure (continuation)

once

>once

bleeding

bleeding

bleeding

tearing

bleeding

organ injury

repositioning

wrong bite

wrong angle

no visualisation

electrocoagulation

clips

suturing

electrocoagulation

suturing

compression

ultracision

electrocoagulation

clips

suturing

repositioning

6

8

29

7

2

213

95

118

7

128

6

24

2

10

23

13

18

4

6

1

1

96

2

37

37

11

9

1

27

1

1

0

95

0

0

0

0

0

0

step error N N
consequence

N action

no acceptable 
intersection
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without having a view on the stapler tip and tissue plane, was not significantly  
correlated to the occurrence of errors (Phi=0.038; p=0.769). Stapling with 
unacceptable staple intersection according to the expert panel was ob-
served 13 times, but did not lead to additional action. Repositioning of the 
stapler was scored as an error 24 times. In eight of them, the device was 
repositioned more than once. None of these repeated actions had direct 
consequences. However, repositioning of the stapler during continuation of 
stapling was significantly associated with longer duration of the procedure, 
namely 40.6 minutes compared to 32.0 minutes (p<0.001; Mann-Whitney 
U Test). Additionally, procedures with an error during the start of dissection  
of the short gastrics had a longer duration (42.3 vs. 32.9; p=0.007; 
Mann-Whitney U Test). The median hospital stay was 1.8 days (1-16). Major 
postoperative complications occurred in 6.7% of the patients; one staple 
line leak and three bleedings required re-interventions. No difference was 
found in postoperative complications between the different levels of surgical 
experience (p=0.504; X2-test). However, there was a significant correlation 
between errors during opening of the lesser sac and postoperative compli-
cations (Phi=0.366; p=0.018) and between repositioning of the stapler and 
postoperative complications (Phi=0.338; p=0.032). Postoperative mortality 
was 0%.

Discussion

Laparoscopic surgery has made rapid developments during the past decades.  
Nowadays, the aim is to perform procedures minimally invasive. Safety and 
efficiency have become key terms in the valorisation of a laparoscopic pro-
cedure. Bariatric surgery has made significant advances the past thirty years 
and it is performed mainly laparoscopically today. The SG has become the 
major alternative for the RYGB and the basic principle of a safe and effective 
SG is the careful performance of the key steps of the procedure. The major  
stages of the SG are mobilisation of the greater curvature and creation 
of the sleeve shape by stapling along the gastric tube, but there are more  
potential hazard zones during the procedure. In this study, and expert panel 
has established 13 key steps for the SG and it was studied where errors 
were made. Two observers agreed on the major errors and they found out 
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that these influence both the duration and the outcome of the procedure. 
Medical adverse events have been studied widely and they appear to be 
preventable in half of the cases.11,12 Moreover, 40-50% of the adverse events 
find their origin in the operating theatre. Various factors contribute to the 
occurrence of adverse events during surgery, e.g. communication problems, 
workload and team work errors, but also interference by door openings, 
phone calls or beepers.13–15 Understandably, surgical proficiency is of major 
importance for the successful completion of an operation. High execution 
proficiency minimizes occurrence of technical errors. In this study, the focus  
was on surgical execution errors, according to the OCHRA principles. These 
errors are either consequential or inconsequential. The clinical value of 
OCHRA as an assessment tool for surgical performance has been reported 
before.6 The use of OCHRA was valuable during the present study. A total of 
213 errors were found with a consequence rate of 44.6%. The most hazard- 
ous steps were dissection of the gastro-epiploic vessels along the greater  
curvature and stapling of the stomach. Repositioning of the stapler was  
significantly associated with postoperative complications and so were errors 
during opening of the lesser sac. This implies that repositioning of the stapler 
should be avoided and opening of the lesser sac should be performed with 
the highest care. Furthermore, introduction of the liver retractor should be 
performed carefully to avoid organ injury to the liver. It is advised to introduce  
the retractor under vision of the tip. Final inspection of bleeding is very  
important as still numerous bleeds were found that needed haemostasis. 
These bleeds could cause postoperative complications once they were not 
discovered during final inspection. At last, trocars must be removed under 
vision as bleeding from the ports occurs.

This study has some limitations. First of all, the relatively small number of  
assessed procedures might not have sufficient power. The assessment  
of the videos was very time-consuming and it was believed that inclusion of 
more videos would lead to reduction in the quality of assessment. The use of 
technical innovations, such as computed recognition tools to identify the key 
steps of the procedure and detect errors, could facilitate the assessment. 
Second, the SG procedures were performed by both experienced bariatric 
surgeons and surgical residents or fellows. Instrument and tissue handling 
might vary between the levels of experience. For instance, tissue compression  
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or traction could not be assessed on video. This might be an important 
contributor to the occurrence of errors, and should be measured by certain 
measurement tools. However, during the study no statistically significant dif-
ference was found in errors based on the level of experience. At last, OCHRA 
is a tool that could be used to assess the performance of the surgeon and 
find the hazard zones of the SG, but the exact causes of errors could not be 
found in all cases. The contribution of incorrect positioning or repositioning 
of the instrument, intersection and poor visualisation to consequential errors 
were visualized, but other factors as communication and teamwork errors, 
but also interference of the environment were not assessed.

Conclusions

The SG has become the major alternative for the gastric bypass during 
the past years. In this study, the 13 key steps of the SG were defined 
and OCHRA was considered a valuable assessment tool for surgical per-
formance and potential hazard zones. It was found that during SG most  
consequential errors are made during dissection of the greater curvature 
and during stapling of the stomach. Errors during the start of mobilisation of 
the greater curvature and repositioning of the stapler lead to longer duration  
of the procedure and are associated with a higher risk of postoperative  
complications.
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Abstract 

Background The sleeve gastrectomy is being performed increasingly as a 
primary procedure for the treatment of morbid obesity. A minimally invasive 
approach is currently applied to the procedure. The two major steps are dis-
section and stapling. For dissection, several tools have been developed. The 
goal of this study was to compare the efficiency and the ergonomics of two 
ultrasonic devices during the sleeve gastrectomy. 

Methods  Thirty patients were randomised for the use of a cordless 
SonicisionTM (Covidien, Mansfield, MA) or a cord-containing HARMONIC 
ACE®+ (Ethicon Endo-Surgery Inc., Cincinnati, OH) during dissection. Both 
devices were assessed for objective and subjective measures.

Results There was no significant difference in duration of the procedures.  
The assemble and installation time of the SonicisionTM were significantly 
shorter; however, the dismantle time was not. No difference in plume for-
mation or dissection failures was found between the devices. Scrub nurses  
scored the SonicisionTM significantly clearer and easier in use and more  
reliable. The surgeons, however, did not find one of the devices easier in 
use, more reliable or precise, but they did report better manoeuvrability of 
the SonicisionTM.

Conclusions In comparison to the wired HARMONIC ACE®+, during sleeve 
gastrectomy, the cordless SonicisionTM was considered easier to use, faster 
during assembling and installation, and more reliable with better manoeuvra-
bility. Surgeons scored both devices equally effective. Both ultrasonic devices  
can be used easily and safely for a sleeve gastrectomy.
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Introduction 

During the past decades, surgical techniques have received a minimally  
invasive approach. Traditionally, tissue dissection in abdominal surgery was 
done by using standard electrocautery, clipping, and using ties. Energised 
dissection devices have the ability to seal and transect at the same time.1-3 
Ultrasonic dissection is the latest development that provides haemostasis 
and transection by applying ultrasonic vibrations to the tissue. The first ultra-
sonically activated scalpel was introduced in 1994 after safe performance of 
a cholecystectomy in a porcine model.4 Few clinical studies reported shorter 
operating time and hospital stay, and lower gallbladder perforation risk during  
cholecystectomy when using ultrasonic dissection.5,6 In colorectal surgery, 
the safety and efficacy of ultrasonic dissection have been endorsed, but 
no clinically relevant advantages have been found compared to standard  
energised dissection.7-10 Tissue dissection with the use of energised devices 
causes plume formation consisting of small gas particles. Plume generated  
by bipolar energised dissectors or ultrasonic devices would cause less dis-
turbance than plume from monopolar electrocautery.11,12 Moreover, these 
devices would cause less collateral thermal damage to the surrounding  
tissue.1,13 The most widely used ultrasonic device is the HARMONIC ACE®+ 
(Ethicon Endo-Surgery Inc., Cincinnati, OH). In 2013, the first-generation 
cordless SonicisionTM (Covidien, Mansfield, MA) was introduced. Both the 
SonicisionTM and the HARMONIC ACE®+ are sterile, disposable instruments 
that contain reusable parts. The SonicisionTM has a reusable battery pack, 
generator, and battery charger. The HARMONIC ACE®+ has a reusable  
external generator and hand piece. Both devices are used in similar appli-
cations, such as dissection, transection, coagulation, and cutting, but they 
can also grasp tissue because of a tip with jaws. However, the dissection 
instruments have several essential differences which can strongly influence 
the usability and ergonomics of the devices. These differences are shown in 
Table 1 and Figure 1. The goal of this study was to compare these ultrasonic  
devices in terms of ergonomics, safety and efficacy during laparoscopic 
sleeve gastrectomy. This procedure was chosen as a consistent technique 
which includes a relatively extensive dissection (dividing the omentum from 
the stomach over a range of approximately 30cm).
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Materials ands methods

Figure 1.   The differences between SonicisionTM and Harmonic ACE+®

For this study, the surgical department of the Catharina Hospital Eindhoven, the 
Netherlands, and the faculty of Industrial Design Engineering of the Technical  
University of Delft, the Netherlands, collaborated. A clinical study was  
conducted between September 2014 and December 2014, comparing 
the characteristics of the cordless SonicisionTM and the wired ultrasonic  
HARMONIC ACE®+ during sleeve gastrectomy.

Patient Selection Patients planning for a primary sleeve gastrectomy, 
according to the IFSO criteria for bariatric surgery, were eligible for this 
study.14 Exclusion criteria were those under the age of 18, concomitant and/
or emergency procedures, and previous upper abdominal open surgery.  
Immediately prior to each procedure, computed randomisation results in sealed  

SonicisionTM Harmonic ACE+®  

integrated generator

integrated battery (reusable)

one dual mode for min and max power

no testing programme

no coated jaws

Table 1.   Differences between Dissection Devices

connection to generator with a cable

power through the cable

two separate power buttons (min and max)

testing programme before use

coated active blade
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envelopes were used for randomisation between the use of either the  
SonicisionTM or the HARMONIC ACE®+ for dissection.

Surgical Technique For each patient, standardised protocol was followed 
during anaesthesia and the surgical procedure, as well as postoperatively. 
For this study, the most important step during the sleeve gastrectomy was 
the mobilisation of the greater curvature of the stomach by ligation of the 
gastroepiploic vessels and the gastrocolic ligament. Dissection was done 
using one or both ultrasonic devices.

Outcome Measures All procedures were attended by one researcher, scoring  
all objective measures during the procedure. The outcome measures are 
shown in Table 2. The assemble time was defined as the time needed to 
assemble the parts of the ultrasonic device. The installation time described 
the time necessary to connect the device to the generator.

The duration of surgery was recorded from the moment of first skin incision 
until closure of the last wound. The dismantle time was the time needed 
to disassemble the dissector. The amount of plume formation by ultrasonic 
dissection was scored by direct observation with a rough distinction be-
tween little, normal, and abundant amount. Dissector failures, reported by 
the surgeons and scored by the observer, consisted of seal failures, leading 
to repeated activation of the device or tissue bleeding, and thermal damage 
to adjacent organs, such as the stomach, the spleen, or the liver. The major 
complications after sleeve gastrectomy are bleeding and staple line leak. 
These were scored during the first 30 postoperative days. After termination 
of each procedure, a questionnaire was completed by both the surgeon and 
the scrub nurse. These subjective measures were scored on a 7 point Likert 
scale as is shown in Table 2.

Statistical Analysis The statistical programme IBM® Statistical Package for 
the Social Sciences® (SPSS®) version 21.0 (IBM, Armonk, New York) was 
used for processing. The normality of distribution was checked using the skew-
ness and kurtosis calculation, with a normal distribution when values were 
between -1.00 and +1.00. Mean (+/-SD) and median (range) values were 
used for normally distributed and non-normally distributed data respectively.  
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objective measures

subjective measures

scored by observer

  effectivity

  assemble time

  installation time

  dismantle time

  duration surgery

  safety

  plume formation

  device cleaning

  dissector failure

  postoperative complications

  reinterventions

scored by scrub nurse

  Q1 installation speed 

  Q2 installation ease

  Q3 notification when installed

  Q4 notification when ready

  Q5 reliability

  Q6 dismantling speed

  Q7 dismantling ease

  Q8 ease of use

Table 2.   Outcome measures

<1 min, 1-2 min, 2-3 min, 3-4 min, 4-5 min, >5 min

<1 min, 1-2 min, 2-3 min, 3-4 min, 4-5 min, >5 min

<1 min, 1-2 min, 2-3 min, 3-4 min, 4-5 min, >5 min

min

little, normal, abundant

not necessary, once, more than once

no failure, seal failure, thermal damage

no complication, staple line leak, bleed, other

no, yes

7-point Likert scale

-3 (very poor) - 3 (very good)

-3 (very poor) - 3 (very good)

-3 (very poor) - 3 (very good)

-3 (very poor) - 3 (very good)

-3 (very poor) - 3 (very good)

-3 (very poor) - 3 (very good)

-3 (very poor) - 3 (very good)

-3 (very poor) - 3 (very good)

To determine differences between nominal data, the X2-test was employed, 
and for ordinal data the Mann-Whitney U test was used. A p-value <0.05 
was regarded as statistically significant.
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Min minutes, SC SonicisionTM, HA Harmonic ACE+®, Q question, 7-point Likert scale -3 very 
poor, -2 poor, -1 bit poor, 0 neutral, 1 moderate, 2 good, 3 very good

Results

For the study, 30 procedures were randomised, 16 procedures for the use of 
the SonicisionTM and 14 for HARMONIC ACE®+. Two experienced bariatric  
surgeons performed all procedures according to the standardised tech-
nique and 19 scrub nurses took part in the study. There was no statistical  
difference in age or weight between the patients in the two groups (p=0.637 
and p=0.759 respectively; Mann-Whitney U test). During the preparation 
phase, the time necessary to assemble the device was recorded, as well as 
the installation time of the device. These were < 1 minute and < 2 minutes 
respectively in the majority of the SonicisionTM procedures, which was sig- 
nificantly shorter than in HARMONIC ACE®+ procedures (p=0.024; Fisher’s 
Exact Test and p=0.002; X2-test respectively). At the end of the procedure, the 
time necessary to dismantle both devices showed no significant difference  
(p=0.466; X2-test). This was < 3 minutes in the majority of both devices.  
Dismantling of the devices proved equally simple (p=1.00; Fisher’s Exact 
Test). The mean duration of the procedures with SonicisionTM was 37.3 minutes  
(+/-14.4) and the procedures with HARMONIC ACE®+ had a mean  
duration of 33.1 minutes (+/-9.4) (p=0.667; Mann-Whitney U test).

scored by surgeon

  Q1 reliability

  Q2 feeling of control

  Q3 precision

  Q4 manoeuvrability

  Q5 ease of use

  Q6 dissection speed

  Q7 grip

  Q8 failures

-3 (very poor) - 3 (very good)

-3 (very poor) - 3 (very good)

-3 (very poor) - 3 (very good)

-3 (very poor) - 3 (very good)

-3 (very poor) - 3 (very good)

-3 (very poor) - 3 (very good)

-3 (very poor) - 3 (very good)

none, seal failure, collateral heat damage, tear, bleed

Table 2.   Outcome measures (continuation)
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During the operational phase, the researcher scored the amount of plume 
formation. Abundant plume formation was seen in five cases using Soni- 
cisionTM and in four cases using HARMONIC ACE®+ (p=1.00; Fisher’s Exact  
Test). The number of dissector failures did not differ significantly between 
the devices (p=0.392; X2-test). One seal failure occurred in both groups 
leading to a bleeding for which the dissector was applied again. Two thermal  
damages occurred when using the SonicisionTM, injuring the gastric wall 
which was to be excised during the gastrectomy. The blades of the Soni- 
cisionTM needed to be cleaned twice in one procedure and the HARMONIC  
ACE®+ once in one procedure (p=0.364; X2-test). One postoperative  
complication occurred during the study period in the group with tissue  
dissection by HARMONIC ACE®+. However, this complication was not  
related to the use of the ultrasonic dissection device. The patient developed 
a deep venous thrombosis and needed a relaparoscopy for suspicion of  
intestinal ischemia. No bowel resection was done and the patient was put on 
extra anticoagulants. No mortality occurred during the study.

Based on the questionnaires filled out by the scrub nurses, installation of 
the SonicisionTM was significantly easier and faster than the HARMONIC 
ACE®+ (p <0.001; X2-test). They regarded the notifications of the Soni-
cisionTM when installed and when ready for use to be significantly clearer 
(0.034 and 0.001 respectively; X2-test). The SonicisionTM was considered 
more reliable than the HARMONIC ACE® + (p<0.001; X2-test). Dis- 
mantling of the SonicisionTM was reported as significantly clearer and faster 
(p<0.001; X2-test). Finally, the SonicisionTM was considered generally easier 
to use (p<0.001; X2- test). Exact scores are shown in Table 3.

The results of the questionnaires completed by the surgeons showed no 
significant difference in ease of use, reliability, control, or precision between 
the SonicisionTM and the HARMONIC ACE®+ (p=1.00, p=0.515, p=0.533 
and p=0.112 respectively; X2-test) (see Table 4). Both devices only received 
positive reviews on these points. However, the manoeuvrability of the Sonici-
sionTM was considered significantly better (p=0.031; X2-test). No difference 
in dissection speed was reported between the devices (0.198; X2-test). It is 
remarkable that the surgeons reported dissector failures in six of the Soni-
cisionTM procedures and two in HARMONIC ACE®+ procedures, while the 
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researcher only scored three and one respectively.

a X2-test, Q question, SC SonicisionTM, HA Harmonic Ace+®

a X2-test, Q question

Q1  installation speed

Q2  installation ease

Q3  notification when installed 

Q4  notification when ready 

Q5  reliability

Q6  dismantling speed

Q7  dismantling ease

Q8  ease of use

Table 3.   Questionnaire Nurse

46

31

30

30

29

32

32

42

14

6

19

17

17

9

9

19

<0.001a

<0.001a

0.034a

0.001a

<0.001a

<0.001a

<0.001a

<0.001a

SC (score) HA (score) p-value

Q1  reliability  

Q2  feeling of control 

Q3  precision 

Q4  manoeuvrability

Q5  ease of use 

Q6  dissection speed 

Q7  grip 

Q8  failures

     none

     seal failure

     collateral heat damage

     tear

     bleed

Table 4.   Questionnaire Surgeon

25

21

27

30

31

32

28

8

1

3

1

1

22

22

29

23

26

21

25

10

2

0

0

0

0.515a

0.533a

0.112a

0.031a

1.00a

0.198a

0.890a

0.364a

SC (score) HA (score) p-value
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Discussion

Surgery has changed to minimally invasive techniques over the past years. 
In bariatric surgery, the laparoscopic approach has made great advances. 
Several dissection tools have been developed to facilitate safe and effective 
tissue dissection. The latest devices use ultrasonic energy that can cut and 
coagulate at a vibration frequency of approximately 55 kHz. These ultrasonic 
vibrations of the blade cause protein denaturation in the tissues and tissue 
coagulation. Proteins begin to denature into a soluble gel when the tem- 
perature reaches 60°C. At the same time, ultrasonic heat induces a cavitational  
effect in water-containing tissues, which leads to tissue separation.4 Prior 
studies reported on the benefits of ultrasonic dissection; however, they did 
not seem to have relevant advantages above bipolar electrocautery.7-10,13 In 
bariatric surgery, particularly during sleeve gastrectomy, both standard ener- 
gised and ultrasonic dissection show the same results.15 Both dissectors 
scored equally on ergonomic aspects, safety, and efficacy during the operation.  
Both in colorectal and in bariatric surgery, the choice for either standard 
energised or ultrasonic dissection is made based on the surgeon’s prefer-
ence. In 2013, the cordless ultrasonic dissector was introduced. Very few 
studies report on the advantages of a cordless ultrasonic device. Tsirline et 
al. focussed on vessel coagulation, thermal spread to the surrounding tissue, 
and dissection speed and effectivity in an animal study model. They did not 
find significant advantages with the cordless device, except for mesentery  
dissection of the small bowel.16 This corresponds to the results of the  
present study. In this study, preparation and installation of the SonicisionTM 
were significantly faster compared to the HARMONIC ACE®+. This could 
be explained by the fact that the SonicisionTM does not have to be connected 
to a separate generator and it has no testing program. However, the operation  
time was not significantly shorter in the SonicisionTM procedures. Only better  
manoeuvrability was achieved with the use of the SonicisionTM. Plume  
formation during tissue dissection has been studied before. Plume formation 
disturbs visibility during laparoscopy which may contribute to longer duration 
of surgery and occurrence of failures.11 Ultrasonic dissection generates gas 
particles of both small and large geometric sizes. The concentration of small 
particles is the factor mostly affecting visibility during laparoscopy.11 Ultra-
sonic dissection would generate lower concentrations of small 
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particles than standard energised dissection, causing less evaporation.4,11,17 
This improves visibility and ergonomics. Literature reports a difference in 
plume formation between different ultrasonic devices. In an animal model, 
Kim et al. found that the HARMONIC ACE®+ produces significantly more 
plume than the SonicisionTM, regardless of the power mode.17 However, in 
this clinical study, we could not find a significant difference in plume formation  
between the two devices. This might be due to the fact that one observer 
scored the amount of plume by direct observation. Thermal damage to the 
surrounding tissue is one of the most important disadvantageous effects  
of ultrasonic dissection. Animal studies revealed equal tissue damage  
between standard energised and ultrasonic dissection, but more tissue inflam-
mation after ultrasonic dissection.1,13,18 An animal study comparing thermal  
spread between a cordless ultrasonic device and a cord-containing dis-
sector showed similar thermal spread. They also found that sealing occurs 
significantly faster when using the cordless dissector, with no bleeding.16 
The HARMONIC ACE®+ can reach temperatures up to 191°C and the 
SonicisionTM up to 227°C. The blades of the HARMONIC ACE®+ need 38 
seconds to cool down to 60°C and the SonicisionTM needs 35 seconds.19 
This means that after cessation of dissection, still thermal damage can occur. 
Another animal study showed a significant increase in collateral tissue injury 
at higher power settings. Moreover, tissue damage was dependent on the 
duration of activation of the ultrasonic device. They conclude that less injury 
occurs when the device is activated less than five seconds at one time.20 In 
the present study, two thermal injuries occurred to the stomach wall with the 
use of the SonicisionTM and none using HARMONIC ACE®+. However, this 
was not statistically significant. No exact explanation can be given, except 
that even very small failures are noted by the surgeon who actually commits  
them. The thermal damage had no consequences as it did not lead to  
complications. Moreover, the injured part of the stomach was excised during 
the gastrectomy. Prior studies showed no difference in postoperative com-
plications between standard energised dissection and ultrasonic dissection 
in colorectal and gastric surgery.21,22 However, no other studies compared 
postoperative morbidity between cordless ultrasonic dissection and wired 
ultrasonic dissection. During this study, one postoperative complication  
occurred which was not related to the use of the dissection device. No  
mortality occurred during the study.
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The present study is the first clinical study that compared both objective and 
subjective results of the cordless and cord-containing dissection devices in 
sleeve gastrectomy. Both the surgeon’s opinion and the opinion of the scrub 
nurse were taken into account. Based on the opinion of the scrub nurses, 
the cordless SonicisionTM scored significantly better than the HARMONIC 
ACE®+ in ease of installation, ease and clarity of use, reliability, and dis- 
mantling of the device. Surgeons found both devices equally reliable. More-
over, the ease of use and grip were scored equally positive. But, better  
manoeuvrability was achieved with the SonicisionTM.

This study has some limitations. First of all, the group of 30 cases is relatively  
small. No power analysis was made to determine the sample size of the 
study. This might under- or overestimate the objective outcome measures. 
No quantitative measurements were done on plume formation, it was scored 
based on observation by the researcher and surgeons were not interviewed 
on this outcome measure. Lastly, two surgeons participated in the study as 
well as several scrub nurses. The subjective measures were based on the 
opinion of the nurses and the surgeons. Their opinion might be influenced by 
the experience with the devices. Some nurses had already worked with the 
device, while it was the first time for others.

Conclusion

In comparison to the wired HARMONIC ACE®+, during sleeve gastrectomy,  
the cordless SonicisionTM was considered easier to use, faster during  
assembly and installation, and more reliable. It also had better manoeuvrability.  
No clinically relevant differences were found in plume formation, dissector 
failures, or procedure duration. Surgeons scored both devices equally effec-
tive. Therefore, both ultrasonic devices can be used easily and safely for a 
sleeve gastrectomy.
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Abstract 

Background  The sleeve gastrectomy has been accepted as a primary  
bariatric procedure. One of the most feared complications is staple line  
leakage. It is important to use the right staple sizes to minimise the risk of 
leak. Knowledge of gastric thickness is important. The goal of this study was 
to measure the thickness of the gastric wall after elimination of the gastric 
folds in the mucosa.

Methods  An electronic thickness gauge was developed that measured 
the anterior and posterior wall of the fresh stomach specimen together at 5 
points at a pressure based on the finger pressure necessary to flatten the 
gastric folds.

Results Thirty-three fresh specimens were measured. The mean compression 
pressure was 27.458,62 Pascal (Pa), and no difference was found between 
the 5 measure points. There was a significant difference in stomach wall 
thickness. The gastric antrum was more than 1 mm thicker than the fundus. 
No difference was found between BMI groups <40 kg/m2, 40-50 kg/m2, or 
>50 kg/m2. No bleeding occurred, leakage occurred in 1 case.

Conclusions  There is a significant difference in thickness of the stomach wall 
between the gastric fundus and the antrum. A pressure 2.9 times lower than 
applied in prior studies was necessary to achieve full tissue compression. 
Choosing thinner staple sizes for the gastric fundus might be the optimal  
technique for compression. However, there are several additional factors 
that influence the risk of staple line leaks.
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Introduction

During the past decade the sleeve gastrectomy (SG) has gained popularity  
in the treatment of morbid obesity. The procedure has been validated as a 
primary procedure in bariatric surgery.1,2 Several studies have shown that 
SG is safe and effective in terms of weight loss and improvement of co- 
morbidities.3-5 It might serve as an alternative to the gold standard Roux-
en-Y Gastric Bypass (RYGB). During SG, the gastric fundus is resected 
using devices that staple the gastric wall and cut it. The gastric specimen is 
removed from the abdomen and a sleeve-shaped stomach remains. One of 
the most feared complications after SG is staple line leakage. It is already  
known that the leakage incidence is around 2.5%.6-10 During the past  
decades several staplers have been developed in order to minimise the risk 
of leakage. Furthermore, several additional reinforcement techniques have 
been proposed: oversewing, glue, and reinforcement material. Leaks are  
located in the upper third of the staple line at the gastroesophageal junction 
in the majority of the cases.6,10 This might be explained by the fact that at this 
point the gastric wall is thinner. The latest widely used tissue staplers contain  
a Tri-stapleTM technique with three rows of staples of different heights  
increasing outwardly. Different sizes have been proposed for different types 
of tissue. A staple load with three rows of staples of 2 mm, 2.5 mm, and 3 
mm is used for vascular/medium tissue with a thickness between 0.88 mm 
and 1.8 mm. It is advised to use cartridges with three rows of staples with 
a height of 3 mm, 3.5 mm, and 4 mm outwardly for the so-called medium/
thick tissue with a thickness between 1.5 mm and 2.25 mm. Staples of 4-, 
4.5-, and 5-mm height are used for extra thick tissue between 2.25 mm and 
3 mm. Only a few studies have reported on the thickness of the stomach 
wall. These describe a thinner wall of the gastric fundus, measured under a 
set pressure of 78,453.20 Pa, which equals the calculated pressure that a 
standard stapler device exerts during stapling of the gastric wall.11-13 Based 
on the literature, no binding advice can be found for the use of staplers in 
the sleeve gastrectomy. The goal of this study was to measure the thickness 
of the gastric wall after elimination of the gastric folds in the mucosa, so 
that the true thickness of the serosal, muscularis, submucosal and mucosal 
layers of the anterior and posterior wall were measured together. It was as-
sumed that after flattening of the gastric folds full tissue contact is achieved. 
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It was hypothesised that the thickness of the proximal third of the gastric wall 
is the thinnest, followed by the corpus and the antrum. Secondary outcomes 
were the mean pressure necessary to flatten the gastric folds, postoperative 
staple line leakage, and bleeding.

Materials and methods

A prospective study was performed in a single bariatric centre. A consecutive  
series of primary laparoscopic sleeve gastrectomies was included from  
September 2014 to December 2014. The technical details have been  
reported before.10 In brief, a 34 French orogastric tube was introduced along 
which transection of the stomach was done using the EndoGIATM Reload 
(Covidien, Norwalk, CT) with Tri-StapleTM (Covidien, New Haven, CT) 3 mm, 
3.5 mm and 4 mm staple height cartridges, starting 5 cm proximal from 
the pylorus and progressing toward the angle of His. Leakage tests were 
not performed routinely. Staple line reinforcement was not performed in any 
of the procedures. The gastric specimen was removed from the abdomen 
through the dilated access incision in the left upper quadrant. All measure-
ments were done by one surgeon directly after termination of the sleeve  
gastrectomy in order to measure on warm and fresh tissue. The combined 
thickness of the anterior and posterior gastric walls was measured on 5 
points as is shown in Figure 1. All measurements were done 1 centimetre 
from the staple line. The first measurement (M1) was done 1 cm from the 
distal end, the second (M2) at 25% of the total staple line length distally, the 
third (M3) in the middle, the fourth (M4) at 25% of the total staple line proxi-
mally, and the fifth and final point was measured 1 cm from the proximal staple  
line end. Measurements were performed using an electronic thickness 
gauge. This gauge was developed by the Leiden Instrument Makers School, 
the Netherlands, in collaboration with the Technical University of Delft, the 
Netherlands (see Figure 2). The aim was to develop an instrument that could 
perform standardised and reproducible measurements of tissue thickness.

pim van rutte_binnenwerk.indd   162 27-10-16   22:35



163

1 cm proximal

25% proximal

middle

25% distal
1 cm distal

Figure 1. Measure points

Measurements were done as follows. Before each start of 5 measurements 
on one stomach specimen the gauge was calibrated in order to maintain  
accuracy. Then a fresh specimen was placed on the scale, and the first  
measure point was determined. The pressure exerted by the weight of the 
specimen was measured by the gauge. Then the surgeon flattened the gastric  
folds at the measure point with finger pressure. The pressure of the  
finger was measured and set for the subsequent thickness measurement. 
The finger pressure minus the specimen weight pressure was regarded 
as the pressure necessary to flatten the gastric folds. Finally, the pressure 
pin dropped on the measure point until the set pressure was reached and  
remained in place for 2 seconds to enable proper flattening of the gastric 
folds. At this point the thickness was measured. The pressure pin had the 
shape of an index finger with a diameter of 18mm, with a surface of 255 
mm2. This was done at each determined measure point to obtain 5 measure- 
ments at each specimen. Both pressure and thickness measurements were 
saved at a Secure Digital (SD) card so that they could be analysed at any 
time.
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Figure 2. Thickness Gauge

Patient details were obtained from the medical charts and major complica-
tions were scored during the first 30 postoperative days. A leak of the gastric 
staple line was scored as a major complication when the patient needed an 
additional intervention in order to treat the leakage. This could be surgical or 
radiological drainage, endoscopic clipping or drainage. Postoperative bleed 
from the staple line or from a laparoscopy port was scored when the patient 
had had blood transfusion or a re-intervention.

Statistical Analysis  Mean thickness in millimetres (mm) at any measure point 
was calculated as well as the mean pressure in Pascal (Pa). Statistically  
significant differences in thickness and pressure were calculated using 
the Kruskal-Wallis test. A p-value <0.05 was considered to be statistically  
significant. A sub-analysis was done to compare the thickness of the stomach  
wall between different BMI groups.

Results

In total, 33 gastric sleeve specimens were measured. Baseline characteris-
tics of the patients are shown in Table 1. The majority of the patients were 
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female (78.8%). Their mean age was 42 years, and they had a mean BMI 
of 45 kg/m2. The mean weight of all specimens was 128 grams. Five or 6 
staple firings were necessary during the surgical procedure in the majority 
of cases. Before each measurement of the wall thickness the finger pressure 
necessary to flatten the gastric folds was measured.

n number, kg kilograms, g grams

The mean finger pressure was 27,458.62 Pa (±11,059.21). No statistically 
significant difference was found in finger pressure at the 5 predetermined 
measure points (p=0.128; see Table 2). Then the thickness of the gastric 
wall was measured. Figure 3 shows the mean thickness of the gastric wall at 
the 5 measure points. There is a significant difference in wall thickness at the 
different levels of the stomach, as can be seen in Table 2. The proximal part 
of the stomach wall, the gastric fundus, is significantly thinner than the distal 
part, the antrum (1.37 mm vs. 2.55 mm; p < 0.001). The gastric fundus was 
also significantly thinner than the gastric body (1.37 vs. 1.98; p < 0.001). 

mean / median ±SD / (range)

M:V (n)

age (years)

weight (kg)

BMI (kg/m2)

specimen weight (g)

number of stapler firings (n)

 4 staplers

 5 staplers

 6 staplers

 7 staplers

 8 staplers

staple line leakage (n)

bleeding (n)

Table 1.   Baseline Characteristics (n=33)

7:26

42.0

124

45.0

128.4

1

14

13

3

2

1

0

±10.2

(93.0-227.0)

±7.17

±36.1

3.0%

42.4%

40.6%

21.9%

6.3%

3.0%

0.0%
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A subdivision in BMI groups was made, dividing the patients into group 1 
with a preoperative BMI <40 kg/m2 (n=9), group 2 with a BMI between 
40 and 50 kg/m2 (n=16), and group 3 with a BMI >50 kg/m2 (n=8). No 
statistically significant difference in thickness of the gastric wall was found 
between the groups on any of the measure points (p=0.66, 0.16, 0.14, 0.37, 
0.61 from fundus to antrum, respectively; Kruskal-Wallis test). As more than 
three- quarters of the patients were female, no valuable comparison could be 
made between male and female gastric wall thickness.

There was only 1 major complication in this cohort. In one patient a leak of 
the gastric staple line occurred, located at the angle of His. This patient had 
a BMI lower than 40. The gastric wall of this patient was 1.81 mm at the  
antrum and 1.21 mm at the fundus. No perioperative bleeding occurred  
during the procedures.

Figure 3. Mean thickness of the gastric wall (mm)

1.37

1.62

1.98

2.27
2.55
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a Kruskal-Wallis test, ±SD standard deviation, Pa pressure Pascal, mm wall thickness in  

millimetres

Discussion

This is one of the few studies that measured the thickness of the stomach 
wall in sleeve gastrectomy patients. The leak rate of the sleeve gastrectomy 
has reduced to 2.5%.10 Throughout the years several staplers and staple 
sizes have been developed in order to lower the risk of staple line leakage 
after sleeve gastrectomy. The latest products have been developed based 
on two articles that measured the thickness. of the gastric wall using a tool 
that had a set pressure of 78,453.20 Pa.11,12 The pressure is comparable to 
the pressure at which the stapler device compresses the gastric wall during 
stapling. In this study focus was on the actual thickness of the gastric wall 
without compressing the tissue with a set pressure. It was hypothesised 
that an optimal pressure leads to full tissue contact and omits compromising 
the vascularisation of the tissue. The gastric mucosa has many folds that 
cause a great variation in thickness of the gastric wall. In this study it was 
assumed that flattening of the gastric folds causes full contact of the gastric 
layers during compression. No difference was found in pressure necessary 
to flatten the gastric folds. The mean pressure of 27,458.62 Pa is 2.9 times 
lower than the pressure used to measure the thickness of the gastric wall in 

M1

(1cm distal)

M4

(25% proximal)

M2

(25% distal)

M5

(1cm proximal)

M3

(middle)

mean

mean

mean

mean

mean±SD

±SD

±SD

±SD

±SD

p-value of M1-M5

pressure (Pa)

thickness (mm)

pressure (Pa)

thickness (mm)

Table 2.   Wall thickness measurements

24,340.87

2.55

26,623.71

1.62

30,074.88

2.27

25,706.11

1.37

30,537.52

1.98

±9,003.27

±0.81

±10,770.78

±0.47

±12,553.67

±0.43

±9,563.21

±0.42

12,264.85

±0.40

0.128a

<0.001a
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the other studies.11,12 A lower pressure seems to be adequate for full tissue 
contact and current staplers might apply too high pressure. Based on the 
literature, no assumptions can be made regarding the optimal pressure for 
firing of the staples. Too high a pressure on tissue could result in tearing 
and perforation of the gastric tissue, but too low a pressure might not give 
full tissue contact with a risk of leak. Moreover a high pressure on the tissue 
after stapling might compromise the vascularisation and cause ischemia.13

In this study a difference in thickness of the stomach wall was found. The 
cardia was significantly thinner than the antrum. This finding is supported by 
previous studies.11,12 No difference was found in thickness of the gastric wall 
between different BMI groups. This implies that regardless of the preoperative 
BMI, the same staplers can be used in every sleeve gastrectomy procedure. 
Another recent study did find a significantly thicker gastric wall in the super 
obese patient. Moreover, male gender was associated with thicker tissue  
in the gastric antrum.12 Based on this study gender cannot be correlated to 
tissue thickness as the majority of the patients were female. Stapling was 
performed using the Endo-GIATM Reload Tri-StapleTM cartridges with 3-, 3.5-, 
and 4-mm staples for the so-called medium/thick tissue. Staple line leakage 
occurred in one case. The leak was found at the proximal part of the gastric 
staple line. In the great majority of the cases leaks are found at this point of 
the staple line.10 At this point the stomach wall was more than 1 mm thinner 
than at the distal part of the stomach. The choice for smaller size staples 
at the proximal part of the stomach might reduce the risk of leak. As this 
part has a mean thickness of 1.37 mm, a cartridge with 2-, 2.5-, and 3-mm  
staples might be a better option for stapling the fundus. Baker et al. emphasise  
appropriate selection of staple height, but they do not propose a specific 
size for the different parts of the stomach.13 Rawlins et al. also describe a 
thicker gastric antrum and they advise to start stapling with a thicker staple 
load and change staple size stepwise toward the fundus.12

There are several other factors that might influence the risk of staple line 
leaks. In this study the surgeon did not wait between grasping of the tissue  
and firing of the staples. It is suggested that a waiting period between  
grasping and firing would lead to better staple formation and fewer leaks.14 
However, no clinical study has reported the benefits of a waiting time 
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between firing and stapling. Another factor that might influence the risk of 
leak is reinforcement of the staple line. In this study no staple line reinforce-
ment (SLR) was applied during the surgical procedures. Earlier studies 
could not prove a lower incidence of leaks after staple line reinforcement.15-17 
However, a recent publication concluded that SLR with an absorbable  
polymer membrane leads to lower leak rates than oversewing, pericardial  
strips, or no reinforcement.18 Reinforcement of the gastric staple line increases  
the wall thickness, and this has to be taken into account when choosing the 
right staple size. Tissue oxygenation is an important factor for wound heal-
ing. Inadequate staple sizes might compromise the tissue vascularisation. An 
animal study on stapling of porcine stomach showed a dramatic decrease 
in mucosal tissue oxygenation, but this did not lead to visible changes of 
the tissue.19 Moreover, perioperative hypotension might compromise tissue 
oxygenation and form a risk for staple line leak. Literature does not report 
on prevention for perioperative bleeding. One study, consisting of a small  
population, suggested the benefit of staple line reinforcement on bleeding 
from the staple line.17 No bleeding occurred during this study, so no con- 
clusions can be drawn on the prevention of staple line bleeding by choosing 
the right staple sizes.

This study has some limitations. First, the focus was solely on thickness 
of the gastric wall and the risk of leak and bleed using 3-, 3.5-, and 4-mm 
reload Tri-stapleTM cartridges. No staple line reinforcement was done, and 
other potential risk factors for leak were not taken into account. Second, the 
study sample of 33 measurements was relatively small. It is not certain if the  
sample size is large enough to make any definitive assumptions about the 
thickness of the gastric wall. Furthermore, the stomach wall was only measured 
at 5 points. The major regions of the stomach were measured, but no exact  
thickness gradient can be described. Measurements were done on the  
gastric specimen 1 cm lateral from the staple line, assuming that at these 
points the thickness was equal to the thickness at the staple line. Measure-
ments were done under finger pressure, which seemed adequate for full tissue  
contact, but it is lower than the actual stapler pressure. Finally, the effect of 
tissue ischemia in the gastric specimen was not taken into account. Larger 
studies taking into account all potential risk factors for staple line leakage are 
necessary to draw any definite conclusion.
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Conclusion

In this study a significant difference in thickness of the stomach wall was 
found between the gastric fundus and the antrum. A 2.9 times lower pressure  
than applied in prior studies was necessary to achieve full tissue compression.  
This implies that staplers could be used with less tissue-grasping force. 
Choosing a Tri-stapleTM cartridge with 3-, 3.5-, and 4-mm staples for the 
gastric antrum and body and a Tri-stapleTM cartridge with staples of 2, 2.5, 
and 3 mm for the gastric fundus might be the optimal technique for stapling 
the gastric wall. However, there are several additional factors that influence 
the risk of staple line leaks.
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Abstract 

Background  Leaks and bleeding are serious postoperative complications 
after a sleeve gastrectomy (SG). The objective of the present study was to 
evaluate the costs of leaks and bleeding after SG.

Methods  A retrospective analysis was conducted of a prospective cohort  
of primary SGs between August 2006 and September 2013 in a bariatric  
centre. All SGs were performed consistently without reinforcement of the 
staple line. Abscesses adjacent to the staple line were also regarded as 
leaks. Data were collected on all diagnostic and therapeutic measures  
necessary to manage leaks or bleeding, days of hospitalisation and parenteral  
feeding, number of blood products, antibiotics, and additional outpatient  
department visits.

Results  One thousand two hundred sixty one patients underwent an SG. 
Leaks occurred in 32 (2.5%) and bleeding in 27 (2.1%) patients. Median ad-
ditional costs for leaks were €9,284 (range €1,748-125,684) and €4,267 
(range €1,524-40,022) for bleeding. Prolonged hospitalisation in the ward 
and ICU accounted for the majority of costs, 50.3 and 31.4%, respectively, 
for leaks and 42.0 and 34.8% for bleeding.

Conclusions  These data provide insight into the costs of major compli-
cations after SG. A wide range is seen especially due to prolonged  
hospitalisation in the ward and ICU. High costs are an additional argument to 
reduce complication rate. These data should be considered when analysing  
the cost-effectiveness of staple line reinforcement.

pim van rutte_binnenwerk.indd   176 27-10-16   22:35



177

Introduction 

Bariatric surgery is still the only treatment for morbid obesity with sustained 
effect.1-4 According to the international guidelines, patients could be offered 
bariatric surgery in case of a body mass index (BMI) above 40 kg/m2 or 
above 35 with related comorbidities. Sleeve gastrectomy (SG) has recently 
been recognised as a safe and effective stand-alone bariatric procedure, 
achieving a significant reduction in weight and comorbidities.5,6 The overall 
complication rate of SGs is lower than 15%.7 However, there are two major 
postoperative complications: leaks and bleeding. Literature shows leakage 
rates up to 7.0 % after SG and bleeding rates between 0 and 2.3%.8,9 Leaks 
occur when the intraluminal pressure overcomes the strength of the staple  
line. This can be caused by a poor stapling technique, device failure, comprise  
of blood supply, distal obstruction, or poor wound healing.10 Still, there is 
no standardised technique for the SG. There is controversy regarding the 
bougie size, where to start stapling, and the height of the staplers. Another  
topic is the use of staple line reinforcement (SLR). The mechanical staplers  
can be strengthened by oversewing or using tissue glue.11 Baker on the 
other hand shows that staple lines can be weakened by oversewing.12  
Staple lines can also be reinforced with adjuvants such as bovine pericardial  
strips,13,14 Peri-Strips Dry Veritas (Synovis),15 bioprosthetic materials like  
Biodesign (Cook),16 or absorbable polymer membranes such as Seamguard 
(Gore).15,17 Although Shikora showed better results of Peri-Strips compared 
to Seamguard,15 literature shows no consensus regarding the efficacy of 
SLR in the prevention of leaks.8,13,18,19 Leaks and bleeding often require re- 
intervention. Surgical and radiological drainage and endoscopic stenting  
include different treatment modalities.8 At present day, health-care costs are 
a major topic and they are of considerable importance in the choice of treat-
ment. Picot et al. already studied the cost-effectiveness of bariatric surgery.3 
Until now, there are no reports on the financial aspects of complications after 
SG. The objective of the present study was to provide insight into the costs 
of leakage and bleeding after SG.
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Materials and methods

Surgical Technique  Since the introduction of the SG in our institute, its 
technique has been fairly consistent. All SGs were performed laparo- 
scopically. A 34 French orogastric tube was introduced along the lesser  
curvature up to the pylorus. The transection of the stomach along the tube was 
done using endostaplers, starting 4-6 cm orally from the pylorus, ending at the 
incisura angularis. The only real change that occurred was that the staplers 
evolved, from Endo GIATM (Covidien, Norwalk, CT, USA) green and blue cart- 
ridges to Duet TRSTM (Covidien Norwalk, CT, USA) at the end of 2009 and to 
the contemporary Tri-StapleTM (Covidien, New Haven, CT, USA) technology  
in the second quarter of 2010. Staple lines were not reinforced, and no 
leak test was performed routinely. From 2011 on, the procedures were  
performed in a fast-track setting.

Study Design  A retrospective analysis of data arising from a prospective 
cohort of SGs performed between August 2006 and September 2013 at 
the Catharina Hospital in Eindhoven, The Netherlands, was performed. All 
SGs have been performed by five bariatric surgeons. Data were collected 
using an online registry (patients outcome measurement tool). Patients who 
had already had prior bariatric interventions, e.g., gastric banding or vertical 
banded gastroplasty (VBG), were excluded from this study. Data of interest 
were patients’ characteristics, intended two-stage or stand-alone procedure, 
operative details, hospital stay, and major postoperative complications. Sta-
ple line leakage was scored as a major complication when intra-abdominal 
fluid or an intra-abdominal abscess near the staple line was found at CT 
scanning or during re-laparoscopy, requiring drainage, endoscopic stenting, 
or antibiotic treatment. The indication for a re-laparoscopy was made based 
on a high index of suspicion considering the patients’ vital signs, particularly 
tachycardia. The indication for stenting was a persisting defect in the staple 
line after either radiologic or endoscopic drainage of the collection lying 
behind. This was diagnosed by swallow test or by endoscopy. Postopera-
tive bleeding was scored as a complication when it was treated with either 
blood transfusion or re-laparoscopy. In this study, the costs of the following 
items were included: prolonged hospitalisation at the ward or intensive care 
unit (ICU), diagnostic tests such as computed tomography (CT), ultrasound 
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(US), angiography, gastroscopy or a swallow test, therapeutic interventions 
such as re-laparoscopy or re-laparotomy with haemostasis or drainage,  
radiological drainage, therapeutic angiography and gastroscopy with clip or 
stent placement, stent removal, transfusion of erythrocyte concentrate (EC), 
fresh frozen plasma (FFP) or thrombocyte concentrate (TC) and readmis-
sion, and extra visits to the outpatient clinic. Data were collected on duration 
of antibiotics (AB) and total parenteral nutrition (TPN). Since a hospital stay 
of 2 days is average after SG, we subtracted these days, leaving only the 
prolonged hospital stay. The costs were determined in collaboration with the 
hospital’s financial department as current in 2014.

a Reintervention refers to relaparoscopy/relaparotomy/surgical drainage 

item price in €

ward day

IC day

intubation day 

reinterventiona

CT diagnostic

CT drainage

ultrasound diagnostic

ultrasound drainage

swallow test

angiography diagnostic

angiography therapeutic

gastroscopy

gastroscopy stent

gastroscopy stent removal

erythrocyte concentrate

fresh frozen plasma

thrombocyte concentrate

extra visits to the outpatient clinic

total parenteral nutrition

antibiotics

Table 1.   Prices per component of treatment according 
               to the Catharina Hospital pricelist April 2014

365.00

1,513.00

included 

500.00

215.52

436.25

75.64

436.25

144.06

343.67

1,427.52

459.10

1,491.76

459.10

214.70

184.60

518.80 

72.00

included

included
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Results

A total of 1,261 SGs were performed in the study period. Thirty-two (2.5%) 
patients with an abscess and/or a leak and 27 (2.1%) patients with a bleeding  
were identified. One patient was readmitted and re-operated in another  
hospital due to a leak. Since no permission was given to collect data from 
her file, she was excluded from this analysis. One patient was readmitted 
and re-operated in another hospital due to a bleeding. Permission was given  
to collect data from his file. Only the minority of patients with bleeding  
underwent CT. After leak, CT warranted reoperation in a few selected cases. 
Therefore, CT was not directly correlated with the need for re-surgery. Most 
reoperations were laparoscopic. Laparotomy was performed on two patients 
with leak and on one with bleeding. Three patients required surgical drainage 
after leak, for instance, for abdominal wall abscesses. Drains were inserted 
in all reoperations.

The costs in € per item are shown in Table 1. The distribution of treatment is 
presented in Table 2. Because of the small patient numbers and widespread 
costs, the median and range are shown. Median additional costs for leaks 
were €9,284 (range €1,748-125,684) and €4,267 (range €1,524-40,022) 
for bleeding. Prolonged hospitalisation in the ward and ICU accounted for 
the majority of costs, 50.3 and 31.4%, respectively, for leaks and 42.0 and 
34.8 % for bleeding. The distribution of the costs is shown in Figure 1.
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aReintervention refers relaparoscopy/relaparotomy/surgical drainage

ward (days)

IC (days)

intubation days (n)

reintervention (n)

CT diagnostic (n)

CT drainage (n)

ultrasound diagnostic (n)

ultrasound drainage (n)

swallow test (n)

angiography diagnostic (n)

angiography therapeutic (n)

gastroscopy (n)

gastroscopy stent (n)

gastroscopy stent removal (n)

erythrocyte concentrate (n)

fresh frozen plasma (n)

thrombocyte concentrate (n)

 

total parenteral nutrition (days)

antibiotics (days)

Table 2.   Components of treatment

776

117

46

14

76

16

8

17

25

0

2

40

12

10

71

0

0

44

76

494

230

46

16

21

8

2

2

0

0

1

0

4

0

0

123

20

1

5

2

47

16 (4-126)

0 (0-44)

0 (0-18)

0 (0-2)

2 (0-8)

0 (0-2)

0 (0-2)

0 (0-5)

1 (0-4)

0

0 (0-2)

1 (0-7)

0 (0-2)

0 (0-1)

0 (0-24)

0

0

1 (0-4)

0 (0-34)

15 (5-68)

6 (2-29)

1 (0-14)

0 (0-10)

1 (0-2)

0 (0-2)

0 (0-1)

0 (0-1)

0

0

0 (0-1)

0

0 (0-3)

0

0

4 (0-11)

0 (0-8)

0 (0-1)

0 (0-2)

0 (0-2)

0 (0-16)

283,240 (50.3)

177,021 (31.4)

included

6,148 (1.1)

16,380 (2.9)

6,980 (1.2)

605 (0.1)

7,416 (1.3)

3,602 (0.6)

0

2,855 (0.5)

18,364 (3.3)

17,901 (3.2)

4,591 (0.8)

15,244 (2.7)

0

0

3,168 (0.6)

included

included

83,950 (42.0)

69,598 (34.8)

included

10,500 (5.3)

1,724 (0.9)

873 (0.4)

151 (0.1)

0

0

344 (0.2)

0

1,836 (0.9)

0

0

26,408 (13.2)

3,692 (1.9)

519 (0.3)

360 (0.2)

included

included

total total
median 
(range)

median 
(range)

leak (n=31)

extra visits to the outpatient 
clinic (n)

total cost €(%)total cost €(%) bleeding (n=27)
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Figure 1a Sources of costs after leak. b Sources of costs after bleeding. Costs of treatment 
divided in ward stay/ICU stay/therapeutic measures/diagnostic measures, including visits to 
outpatient clinic. The percentage is of total costs.

Discussion

SG is considered a safe procedure with acceptable complication rates. In 
this study with a series of over 1,200 SGs, the leakage rate was 2.5%, which 
is comparable to the literature (range 0-7%).8,9,18,20 Leaks are mainly managed  
by minimal invasive means, i.e., radiologic drainage and endoscopic  
stenting. Re-laparoscopy could be used for abscess drainage but is often 
not sufficient to resolve the staple line leakage alone.8 Over the past years, 
the surgical technique of the SG has been studied in order to reduce the 
risk of staple line leakage. A recent systematic review and meta-analysis 
of 9,991 cases, focussing on bougie size, distance from the pylorus to 
start transection of transection, and SLR, showed that most surgeons use  
bougies <40 Fr, starting around 5 cm from the pylorus and using bio-absorbable  
reinforcement.18 Earlier reports describe no difference in leak rates using 
different bougie sizes.20,21 However, a recent review showed a lower leak 
rate after using a bougie larger than 40 Fr.8 The same review did not show 
any difference in leakage rate based on the distance from the pylorus to start  
dissection. The incidence of bleeding from the staple line varies between 
0 and 2.3%. In this study, postoperative bleeding occurred in 2.1%. The 

ICU admission

diagnostic measures

ward admission

leak bleeding

therapeutic measures

50.3%

31.4%

10.8%

7.5%

21.0%

2.2%

42.0%

34.8%
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majority (77.8%) of these patients required re- laparoscopy or gastroscopy.

An important topic nowadays is SLR. Earlier studies could not reveal an 
advantage of SLR for leaks, but did show less bleeding from the staple 
line.10,22,23 Parikh et al. also concluded that SLR does not decrease leak 
rates.18 However, the latest review by Gagner et al. distinguished between 
the different reinforcement modalities. They concluded that SLR with ab-
sorbable polymer membrane (Seamguard, Gore) is associated with lower 
leak rates than oversewing, pericardial strips, or no reinforcement.13

Readmission, diagnosing, and management of the complications are a sub-
stantial expense and health-care costs are a major topic nowadays. To our 
knowledge, this is the first report on costs of the two major complications 
after SG. A wide range in costs was found, reflecting mainly the prolonged 
hospitalisation at the ward and ICU. A previous report from Moszkowicz 
showed a median time to cure from a leak of 310 days (range 9-546).24 
Therefore, the extent of the complication could be an extra argument for SLR.

There are some remarks to be made. First, these data are applicable to the 
health-care system in the Netherlands. Costs might even differ between 
Dutch hospitals due to individual agreements with insurance companies. 
Second, due to the difficult financial system of health-care costs, each  
included component could not be calculated exactly into detail. For instance, 
reoperation is not a stand-alone component in the treatment for obesity. There-
fore, estimations were made in collaboration with the financial department.  
Third, patients with a drop in haemoglobin level without intervention were 
not included in this study. Therefore, the number of patients with extra  
postoperative blood loss might be underestimated, but the focus in this study 
was the additional costs of intervention for bleeding. Fourth, these data only 
imply the direct health-care costs. Other costs such as rehabilitation, physi-
otherapy, or unemployment are not taken into account. That means the total 
burden of these complications is even higher.

This study shows the additional costs after leaks and bleeding after SG 
without SLR. However, it does not answer the question if SLR should be 
the standard. So far, our practice has not changed as more attributing fac-

pim van rutte_binnenwerk.indd   183 27-10-16   22:35



184

tors are being investigated and optimised. At some point, reinforcement of a  
staple line will be at discussion.

Conclusion

These data provide insight into the costs of major complications after SG.  
A wide range is seen especially due to prolonged hospitalisation in the ward 
and ICU. High costs are an additional argument to reduce complication rate. 
These data should be considered when analysing the cost-effectiveness of 
staple line reinforcement.
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Abstract 

Background  Laparoscopic sleeve gastrectomy (LSG) is an effective bariatric  
procedure. However, postprandial symptoms can compromise its beneficial 
effect. It is not known if a changed gastric emptying and these symptoms are 
related. This study aimed to assess the association between postprandial 
symptoms and the gastric emptying pattern after LSG.

Methods  A gastric emptying study with a solid and liquid meal component 
was performed in the second year after LSG. Before the test, symptoms 
were assessed using a standardised questionnaire, and during the test, 
symptoms were scored on a visual analogue scale (VAS). Gastric emptying 
results were expressed as lag phase, half time of gastric emptying (T1/2), and 
caloric emptying rate/minute.

Results  Twenty patients (14 F/6 M; age 45.6±7.7 years, weight 93.4±28.2 
kg, BMI 31.6±8.1 kg/m2) participated in this study; 13 had a low symptom 
score (≤9, group I), 7 a high symptom score (≥18, group II). VAS scores for 
epigastric pain, nausea, and belching were significantly higher in group II. 
Lag phase (solid) was 6.4±4.5 min in group I, 7.3±6.3 in group II (p=0.94); 
T1/2 (solid) was 40.6±10.0 min in group I, 34.4±9.3 in group II (p=0.27); 
caloric emptying rate was 3.9 ±0.6 kcal/min in group I, 3.9±1.0 kcal/min in 
group II (p=0.32).

Conclusions  Patients with postprandial symptoms after LSG reported 
more symptoms during the gastric emptying study than patients without  
symptoms. However, there was no difference between gastric emptying 
characteristics between both groups, suggesting that abnormal gastric emp-
tying is not a major determinant of postprandial symptoms after LSG.
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Introduction 

Sleeve gastrectomy as a stand-alone procedure is a relatively new but  
promising bariatric surgical procedure to treat morbidly obese patients.1  
During this surgical intervention, the greater curvature of the stomach is  
resected along a gastric tube, in order to reduce the gastric volume to 75-
120 mL. Gastrointestinal transit is involved in the regulation of food intake 
through multiple neuro-hormonal pathways with feedback on the muscular 
gastrointestinal compartment.2 Sleeve gastrectomy affects gastric motility, 
and several radionuclide studies have demonstrated accelerated gastric 
emptying for liquids as well as solids.3-5 Accelerated gastric emptying seems 
to be caused by a loss of receptive and adaptive relaxation of the fundic 
tone and faster peristaltic contractions.6 Accelerated gastric emptying after 
sleeve gastrectomy may also enhance satiety signals and reduce intake. In 
this way, weight loss and improvement in glucose metabolism after sleeve 
gastrectomy are amplified.3 However, in a considerable proportion of post- 
operative laparoscopic sleeve gastrectomy (LSG) patients, postprandial 
symptoms compromise the beneficial effect of the procedure.7,8 The mecha-
nisms involved in the generation of these postprandial symptoms have hardly  
been studied. Keidar et al. concluded from their study on a large series 
of sleeve gastrectomy patients that the changed anatomy plays a role in 
postoperative symptoms, with a dilated upper sleeve being associated with  
gastroesophageal dysmotility and reflux symptoms.9

The current study aimed to assess the association between postprandial 
symptoms and gastric emptying of a mixed solid and liquid meal at least 12 
months after sleeve gastrectomy. We hypothesised that gastric emptying of 
solids and liquids is more disturbed in the group with postprandial symptoms 
than in patients without these symptoms.

Methods

Twenty morbidly obese patients (BMI >40 or >35 kg/m2 with obesity- 
related comorbidity) participated in this study. They underwent a sleeve gas-
trectomy between July 2011 and February 2012 in the Catharina Hospital, 
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Eindhoven, the Netherlands. The ethics committee of the hospital approved 
this research. Informed consent was obtained from all individual participants 
included in the study. Surgical Technique During a laparoscopic procedure, 
a tubular gastric pouch of 75-120 mL was created by resecting the greater 
curvature of the stomach along a 34-French gastric tube that was inserted 
along the lesser curvature. The pouch was created using a stapler (Endo 
GIA Tri-Stapler, Covidien, Dublin, Ireland) starting about 6 cm proximal to 
the pylorus and continuing parallel to the lesser curvature of the stomach to 
the angle of His, ending approximately 1 cm to the left of the oesophagus.10

Questionnaires Assessment of postprandial symptoms before the gastric 
emptying study was performed at least 12 months after the LSG, using  
a questionnaire with six items concerning fullness, early satiety, reflux or  
regurgitation, and epigastric discomfort/pain (with a “0” (no symptoms) to 
“6” (daily symptoms) scale, maximum score 36). Based on this questionnaire, 
the study population was divided into two groups, one with a low postprandi-
al symptom score (≤9) and one with a high score (≥18). Such categorisation 
was felt to be justified because no patient had a score between 10 and 17 
(see “Results”). During the gastric emptying study, the symptoms fullness, 
epigastric pain, belching, nausea, and heartburn were assessed at 5, 10, 15, 
30, and 60 min after completion of the meal, using a visual analogue scale 
(VAS) from 0 to 10 (0, absence of symptoms; 10, unbearable symptoms).

Gastric Emptying Study  The patients were instructed to fast from midnight 
until the next morning. Their blood glucose levels were determined before 
they ate the test meal, which was repeated 90 min postprandially. Before the 
start of the study, the blood glucose level had to be <10 mmol/L to prevent  
delayed gastric emptying by hyperglycaemia.11 Proton pump inhibitors  
(PPIs) were stopped 72 h before assessment. All patients were able to  
refrain from using this medication for the required time. Furthermore, if pos-
sible, other medications that affected motility of the upper gastro-intestinal 
tract (anti-cholinergic drugs, prokinetics, theophylline, calcium blocking 
agents, opioids) were stopped. If cessation was not possible for medical 
reasons, patients were excluded from the study. Patients with diabetes were 
also excluded to circumvent diabetic gastroparesis. Patients were asked 
to drink 150 mL of orange juice, labelled with 4 MBq In-111-DTPA and  
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containing 64 kcal. Five minutes after finishing drinking the juice, they started  
eating a pancake, labelled with 10 MBq Tc-99m nano-colloid and containing 
276 kcal. The radiation burden of the combined meal was 0.35 Ms.12 The 
pancake was divided into four equal parts, and the patient was motivated 
to eat at least half of it. If the whole pancake could not be eaten, the left-
over portion was weighed to calculate the consumed amount of kilocalories. 
The time periods required to eat the liquid and solid meal component were 
recorded. During the measurement of gastric emptying, the gamma camera 
head (Siemens e.cam, single headed) was positioned in the posterior posi-
tion, and dynamic images of 1 min were acquired during the following 90 
min (Fig. 1). Images were corrected for movement during the study, counts 
were corrected for decay, and there was a separate correction for overlap 
counts of indium-111 into the lower Tc-99m window. Overlap of In-111 into 
the Tc window was investigated externally with two separate sources, and 
overlap in the body was calculated from the first 5 min after drinking the  
indium-111-labeled orange juice. Gastric emptying rates of the two meal 
components were expressed in lag phase, half emptying time (T1⁄2), and 
caloric emptying rate (kcal/min) for each meal component. Whereas other 
studies in LSG patients have only expressed gastric emptying as a percent-
age of the meal emptied, in this study, we also expressed gastric emptying 
as a caloric emptying rate. This may be a useful parameter for comparing 
the results of previous gastric emptying studies in this group of patients. In 
addition, it may help us to understand the mechanisms of weight loss vs. 
caloric intake. A mean caloric emptying rate of 2.5 kcal/min is considered  
to be physiological in patients without a sleeve gastrectomy and normal  
volunteers.13

Statistical Analysis  The Mann-Whitney U test was used to compare gastric 
emptying in patients with and without postprandial symptoms. Two-sided 
values of p<0.05 were considered statistically significant.
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Figure 1 Gastric emptying images of the liquid (upper left and right) and solid (lower left and 
right) phases of the test meal in a patient after laparoscopic sleeve gastrectomy

Data expressed as mean ±SD

sex (M/F)

age (years)

weight before LSG (kg)

BMI before LSG (kg/m2)

weight after LSG (kg)

BMI after LSG (kg/m2)

excess weight loss (%)

time after LSG (months)

Table 1.   Baseline Characteristics

5/8

46.1±8.5

134.1±38.4       

45.5±10.7

95.8±33.7

32.5±10.0         

69.6±19.3

17.1±1.6

1/6

44.7±7.2

116.7±12.8

40.5±4.5

86.9±14.7

30.0±4.2

69.5±26.3         

16.7±1.0

0.97

0.22

0.08

0.006

0.78

0.97

0.90

group I group II p-value
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Results

In the initial questionnaire, before the measurement of gastric emptying, 13 
of the 20 patients had a symptom score of ≤9 points. These patients were 
defined as patients with a low symptom score (group I). The other seven 
patients had a symptom score of ≥18 (maximum score 29), and they were 
defined as patients with a high symptom score (group II). There was no 
statistical difference between groups I and II in age (46.1±8.5 vs. 44.7±7.2; 
p=0.97), initial body weight (134.1±38.4 vs. 116.7±12.8; p = 0.22), initial 
BMI (45.5±10.7 vs. 40.5±4.5; p = 0.08), excess weight loss (69.6±19.3 
vs. 69.5±26.3 %; p=0.97), current BMI (32.5±10.0 vs. 30.0±4.2; p=0.78), 
and time elapsed after LSG until this assessment (17.1±1.6 vs. 16.7±1.0 
months; p=0.90). However, current weight (95.8±33.7 vs. 86.9±14.7 kg) 
was significantly lower in group II (p=0.006). The characteristics of groups  
I and II are listed in Table 1.

The VAS scores recorded during the gastric emptying test are summarised 
in Table 2. The VAS scores for fullness and heartburn were not significantly 
different between the groups. Postprandial VAS scores for epigastric pain, 
nausea, and belching were significantly higher in group II than in group I.

Although the patients were stimulated to eat as much as possible, only 2 of 
20 patients were able to consume the whole pancake (276 kcal).

There was no difference between the groups in the amount of ingested  
kilocalories of the solid meal (181.1±49.5 kcal for group I and 163.8±32.6 
kcal for group II; p=0.40) or the time taken to eat the pancake (196±44 vs. 
215±54 s for group II; p=0.81). Both groups drank all of the orange juice in 
the same time interval.

Gastric emptying results are summarised in Table 3. The lag phase for the 
solid meal component was 6.4±4.5 min in group I and 7.3±6.3 in group II 
(p=0.94); for the orange juice, the lag phase duration was 0.5±1.2 min in 
group I and 0.1±0.3 in group II (p=0.57).
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The half time of gastric emptying (T1⁄2) for the pancake was 40.6 ± 10.0 min 
in group I and 34.4 ± 9.3 min in group II (p=0.27); for the orange juice, T1⁄2 
was 10.4 ± 2.9 min in group I and 10.6 ± 4.3 in group II (p=0.9).

The caloric emptying rate during the first 30 min was 2.1±1.0 kcal/min for the 
solid meal component in group I and 2.1±0.6 kcal/min in group II (p=0.48); 
for the liquid meal component, it was 1.7±0.2 kcal/min, both in groups I and 
II. Caloric emptying rates for both meal components together was compa-
rable in both groups: 3.9±0.6 kcal/min for group I and 3.9±1.0 kcal/min for 
group II (p=0.32).

In group I the mean glucose level increased significantly 90 min after meal 
taking, from 5.3±0.8 to 6.0±0.9 mmol/L (p=0.004); in group II, this change 
was not statistically significant: from 5.0±0.5 to 5.6±1.4 mmol/L (p=0.75). 
The difference in increase of glucose level between groups I and II was also 
not significant (p=0.86).

5 min 

    fullness

    epigastric pain

    nausea

    belching

    heartburn

10 min 

    fullness

    epigastric pain

    nausea

    belching

    heartburn

15 min 

    fullness

   epigastric pain

Table 2.   Mean VAS score during gastric emptying test 

2.7±2.6

0

0.9±1.3

0.3±0.8

0.2±0.5

3.2±2.8

0

0.5±0.7

0

0.2±0.5

2.3±2.2

0.2±0.5

6.7±2.2

2.0±3.0

2.6±1.4

0.7±1.2

1.4±2.8

4.9±2.4

2.0±2.6

1.6±1.3

0.3±0.7

1.6±2.8

2.9±2.2

1.3±2.4

0.23

0.05

0.02

0.46

0.20

0.23

0.01

0.08

0.17

0.18

0.93

0.20

group I group II p-value
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Data expressed as mean ±SD

    nausea

    belching

    heartburn

30 min 

    fullness

    epigastric pain

    nausea

    belching

    heartburn

60 min 

    fullness

    epigastric pain

    nausea

    belching

    heartburn

0.2±0.4

0

0.1±0.3

1.0±1.8

0.1±0.3

0.5±0.7

0

0.1±0.3

0.3±1.1

0

0.1±0.3

0

0

1.1±0.6

0.4±0.7

1.0±2.4

1.9±1.6

1.1±1.5

2.0±1.7

0.3±0.5

0.5±2.1

0

0

0.7±1.2

0.1±0.3

0.6±1.4

0.02

0.05

0.59

0.14

0.05

0.03

0.05

0.59

0.46

1.0

0.18

0.17

0.17

lag phase solid (min)

lag phase liquid (min)

T½ solid (min)

T½ liquid (min)

caloric emptying rate in 

first 30 min (kcal/min)

    solid

    liquid

    solid and liquid

Table 3. Gastric emptying results

6.4±4.5 

0.5±1.2 

40.6±10.0 

10.4±2.9 

2.1±1.0

1.7±0.2

3.9±0.6

7.3±6.3  

0.1±0.3

34.4±9.3

10.6±4.3

2.1±0.6

1.7±0.2

3.9±1.0

0.94

0.57

0.27

0.90

0.48

1.0

0.32

group I group II p-value

Table 2.   Mean VAS score during gastric emptying test (continuation)

group I group II p-value
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Discussion

This is the first study assessing the association between gastric emptying 
and postprandial symptoms in patients after sleeve gastrectomy. One of the 
positive findings made in this study is that patients reporting postprandial 
symptoms after LSG indeed have more symptoms, as scored on a visual  
analogue scale during a gastric emptying study. This perception of post- 
prandial symptoms may be enhanced due to visceral hypersensitivity of the 
upper gastrointestinal tract,14 leading to increased and more severe post-
prandial symptoms in patients in group II in our study. However, there was 
no statistically significant difference between the gastric emptying rates of 
a solid and liquid meal in the group with symptoms compared to the group 
of patients without these symptoms. We also found that the overall caloric  
emptying rate of the whole meal (on average 3.9 kcal/min) in LSG patients 
(with low and high symptom scores) was clearly faster than that of the  
reported physiological caloric emptying rate of 2.5 kcal/min of non-operated 
volunteers.13 LSG may affect gastric emptying by several mechanisms, such 
as removal of the fundus with its receptive and propulsive abilities, altered 
compliance and contractility of the narrow non-distensible sleeve, removal of 
the gastric pacemaker area from the body of the stomach, and compromise 
of the action of the antral pump if this part of the antrum is resected.15 The  
intricate neuro-hormonal feedback mechanisms on gastrointestinal transit 
may also be altered. It is for instance known that intestinal transit is also  
accelerated in the LSG patient.6 Our results are in agreement with those of 
other studies that have shown that sleeve gastrectomy may accelerate gastric  
emptying.3-5 Braghetto et al. found in a patient-control study that in the group 
of operated patients, 70 % (n=14) showed accelerated emptying for liquids 
and 75 % (n=15) for solids compared to 22 and 28 %, respectively, in the 
control group. The half times of gastric emptying (T1⁄2) in patients submitted 
to SG were also significantly shorter both for liquids and solids compared 
to those in the control group (13.6±11.9 min for liquids vs. 34.9±24.6 min 
and 38.3±18.7 min for solids vs. 78±15.0 min; p<0.01).3 Melissas et al. 
also found a significantly accelerated gastric emptying in LSG patients, with 
gastric emptying half times that decreased from 86.5 (range 77.5-104.6)min 
before LSG to 62.5 (range 46.3-80.0)min at 6 months and 60.8 (range 54.8-
100.0) min at 24 months after LSG (p<0.05).4 Shah et al. found that gastric  
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emptying half-time values of a solid meal were also significantly shorter  
(p<0.05) in the post-SG group (52.8 ± 13.5 min) than in the non-SG 
(73.7 ±29.0 min) and control (72.8±29.6 min) groups.5 Only one study 
thus far has not detected a difference in gastric emptying in SG patients:  
Bernstine and co-workers found no difference in the half-time value before  
and 3 months after LSG (respectively 62.4±19.8 and 56.8±18.7 min; 
p=0.36, t=-0.92, NS).16 This group did not remove any part of the antrum. 
Comparison between studies on gastric emptying in LSG patients is difficult 
because there are differences in surgical techniques and test meals. First 
of all, in this study, the sleeve gastrectomy was performed with a 34-French 
gastric tube. The other studies report the use of gastric tubes between 32 
and 48 French, creating a different pouch volume.2-4

Secondly, there is a wide variation in the caloric load of the test meals used 
in the various studies, ranging from 230 to 390 kcal.4,16 The total caloric load 
in our study was 340 kcal, but we found that our patients were not always 
able to eat the whole solid meal (after drinking the liquid meal), resulting in a 
mean caloric intake of 239 kcal. The caloric emptying rate of the whole meal 
(liquid and solid) was higher in both our study groups than the physiological 
caloric emptying rate (3.9 vs. 2.5 kcal/min). Expressing gastric emptying as a 
caloric emptying rate may actually be a better physiological measurement as 
it could have dietary implications and allows us to compare gastric emptying  
results between studies. One can calculate from the data of the study by 
Melissas et al. that the mean caloric emptying rate before surgery was 
2.3 kcal/min which accelerated to 3.1 kcal/ min after surgery. In the study 
by Shah et al., this was 2.4 vs. 3.4 kcal/min, respectively. In the study by  
Bernstine et al., the caloric emptying rate was 2.0 kcal/min 3 months after 
LSG surgery.4,5,16

Our study has some limitations. Firstly, the number of patients included in 
this study is small which may have precluded the detection of differences 
between the two sub-groups (type 2 error). Secondly, gastric emptying was 
only measured postoperatively in our patients. We decided to focuss on 
the period in which the postoperative body weight of these patients was  
stabilised.
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Our findings do not support a role for a gastric emptying study in assessing 
patients with persisting symptoms after LSG. However, one may conclude 
from our study and several other supporting studies that, after LSG, the over-
all rate of gastric emptying is faster than the physiological caloric emptying  
rate. Accelerated gastric emptying with accelerated delivery of nutrients to 
the small intestine may contribute to dumping symptoms.17-19 Some of the 
dumping symptoms show overlap with the symptoms that were reported 
by our patients. Although the postprandial glucose levels in our patients 
did not seem to support the hypothesis that dumping plays an important 
role, a glucose tolerance test might have been the better tool to detect this 
mechanism. The weight loss achieved by LSG is derived from the overall  
reduced caloric intake because satiety signals are enhanced in these patients.  
Furthermore, accelerated gastric emptying results in a decrease in food  
digestion and absorption.20

In conclusion, patients with postprandial symptoms after LSG report more 
symptoms on a VAS score during a gastric emptying study than patients with 
low symptom scores. However, this is unlikely to be explained by a differ-
ence in gastric emptying characteristics of a liquid and solid meal between 
both groups, suggesting that disordered gastric emptying does not play an 
important role in the origin of postprandial symptoms in patients after LSG. 
Our data confirm the presence of accelerated gastric emptying after LSG.
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Abstract 

Background  Obesity is associated with nutritional deficiencies. Bariatric 
surgery could worsen these deficiencies. Fewer nutritional deficiencies 
would be seen after sleeve gastrectomy compared to the Roux-en-Y gastric 
bypass, but sleeve gastrectomy would also cause further deterioration of 
the deficiencies. The aim of this study was to determine the amount of pre- 
operative nutrient deficiencies in sleeve gastrectomy patients and assess the 
evolution of the nutritional status during the first postoperative year.

Methods  Four hundred seven sleeve gastrectomy patients were assigned 
to a standardised follow-up programme. Data of interest were weight loss, 
preoperative nutrient status and evolution of nutrient deficiencies during the 
first postoperative year. Deficiencies were supplemented when found.

Results  Two hundred patients completed blood withdrawal preoperatively 
and in the first postoperative year. Preoperatively, 5% of the patients were 
anaemic, 7% had low serum ferritin and 24% had low folic acid. Hypovita-
minosis D was present in 81%. Vitamin A had excessive levels in 72%. One 
year postoperatively, mean excess weight loss was 70%. Anaemia was found 
in 6%. Low ferritin levels were found in 8% of the patients. Folate deficiency 
decreased significantly and hypovitaminosis D was still found in 36%.

Conclusions  In this study, a considerable amount of patients suffered 
from a deficient micronutrient status preoperatively. One year after surgery,  
micronutrient deficiencies persisted or were found de novo in a considera-
ble amount of patients, despite significant weight loss and supplementation. 
Significant reductions were seen only for folate and vitamin D.
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Introduction 

Over the past years, the sleeve gastrectomy (SG) has become accepted 
as a stand-alone treatment modality for morbid obesity.1 Early results of the 
SG show the safety and effectiveness of this procedure in terms of weight 
loss and remission of comorbidities.2-5 Although long-term results of the SG 
are scarce, this technique seems to be a promising procedure.4,5 Obesity 
is associated with nutritional deficiencies. Several studies reported a high 
prevalence of deficient nutrient status prior to bariatric surgery.6-10 After bar-
iatric surgery, these micronutrient deficiencies increase or occur de novo, 
and they may be threatening when left unattended.11-13 A recent prospective 
study concluded that fewer deficiencies are seen after SG compared to 
the Roux-en-Y gastric bypass (RYGB).14 Other recent studies show addi-
tional deterioration of the existing deficiencies after sleeve gastrectomy.9,15-17 
The aim of this study was to determine the amount of preoperative nutrient  
deficiencies in bariatric patients who underwent SG and assess the evolution  
of the nutritional status during the first postoperative year.

Materials and methods

Between April 2010 and September 2011, 407 sleeve gastrectomies 
were performed by three bariatric surgeons at the Catharina Hospital in  
Eindhoven, the Netherlands. All patients were restricted to a liquid diet in the 
first 3 postoperative weeks. They were also instructed to take multivitamin 
tablets on a daily basis, containing the vitamins A (retinol), B1 (thiamine), 
B2, B3, B5, B6 (pyridoxine), B8, B12 (cobalamin) and folate (vitamin B11), 
and also the vitamins C, D3, E and K and the minerals chrome, iron, magne-
sium, selenium and zinc in concentrations between 100 and 200 % of the 
recommended daily intake. Furthermore, dalteparin 5000 IU injections were 
addressed to all patients for 5 weeks to prevent thrombosis. A proton pump 
inhibitor (PPI) was prescribed for at least 3 months to prevent ulceration of 
the gastric staple line and to reduce the risk of staple line leakage, as the 
staple line is exposed to higher pressure and secretion of gastric acids is 
only slightly decreased, leading to higher risk of gastro-oesophageal reflux 
disease.18 All patients were assigned to a standard follow-up programme 
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consisting of four visits to the outpatient clinic at 6 weeks, 3 months, 6 
months and 1 year postoperatively and annual consultation until the fifth 
postoperative year. Standard laboratory evaluation, consisting of a complete 
blood count, mean cell volume (MCV) and mineral and vitamin status, was 
performed for preoperative assessment, at 6 and 12 months after surgery 
and annually until the fifth postoperative year.

Nutrient deficiencies were diagnosed by blood analysis. Laboratory values 
were regarded as deficient when they did not meet the reference values  
determined by our clinical laboratory (see Table 2). Nutrient deficiencies 
were scored as de novo when they were newly diagnosed postoperatively. 
There was anaemia in case of reduced haemoglobin and haematocrit values 
according to local laboratory reference values. Deficiencies that were found 
either preoperatively or postoperatively were supplemented. In case of iron 
levels <10 μmol/L and ferritin concentrations <20 μg/L, ferrofumarate 200 
mg was prescribed once or twice daily in combination with 500 mg vitamin 
C once per day. When deficient levels of calcium were found pre-operatively, 
1000 mg calcium citrate was supplemented once a day in combination with 
800 IU vitamin D. preoperative vitamin D levels <50 nmol/L were restored by 
supplementation of 1 mL vitamin D liquid (50,000 IU/mL) weekly during the 
first 4 weeks and monthly afterwards. In case of folate deficiency, 5 mg folic 
acid daily was prescribed for 3 months. Vitamin B12 levels <140 pmol/L 
were corrected by injecting 2 mL of hydroxocobalamine 500 μg/mL once 
per 2 weeks in the first 2 months and once per 3 months afterwards. Vita-
min B1 levels <70 nmol/L were restored by supplementation of 50–100 mg 
thiamine daily for a period of 3 months. All laboratory values were evaluated 
after 12 months of treatment.

For this study, only those patients who completed a preoperative blood test 
and at least one blood withdrawal during the first postoperative year were 
included. Patients who did not complete blood testing or those who had a 
revision to RYGB were excluded from the study. Data were analysed retro-
spectively using a prospectively collected database. Data of interest were 
weight loss, preoperative nutrient status and evolution of nutrient deficien-
cies during the first postoperative year.
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Statistical analysis  Excess weight loss (EWL) was calculated using the  
formula : %EWL=weight loss (kg)/excess weight (kg).

Excess weight was based on the patient’s ideal weight with a BMI of 25 kg/
m2. IBM® Statistical Package for the Social Sciences® (SPSS®) 18.0 was 
used for processing. The normality of distribution was checked using the 
skewness and kurtosis calculation, showing normal distribution when values 
were between -1.00 and 1.00. In case of normal distribution, mean values 
and ±SD were given; median values and range were given for non-normally 
distributed data. For calculation of nominal data, the chi-square test was 
used. For trend analysis of the deficiencies, the McNemar test was used.  
A p-value <0.05 was regarded as statistically significant.

Results

±SD Standard Deviation, BMI Body Mass Index (kg/m2), EW Excess Weight (kg)

Two hundred patients completed preoperative blood withdrawal and blood 
sampling in the first postoperative year. Their mean age was 43 years.  
Seventy-one per cent of the patients were female. The mean preoperative 
BMI in this group was 46 kg/m2. Table 1 shows the baseline characteristics. 
Preoperatively, ten patients were anaemic. Of them, 20% had microcytic 
anaemia and 20% had low ferritin levels. There was no difference in dis-
tribution of anaemia between both sexes (8.5 vs 3.5%, P=0.145 X2-test).  

n / mean % / ±SD

number of patients

male : female

age (years)

weight (kg)

BMI (kg/m2)

EW (kg)

Table 1.   Baseline Characteristics

200

59 : 141

42.7

136.0

46.2

67.7

± 10.8

± 27.2

± 7.9

± 24.8
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Low serum iron was present in high rates (38%). Low ferritin levels were 
present in 7% of the patients and all were female. The mean serum con-
centration was 78.51 μg/L. Decreased levels of serum folate were found in 
24% of the patients. At preoperative evaluation, a disturbed vitamin status 
was seen frequently. Remarkably, vitamin A and B6 levels were elevated 
in a high number of patients (72 and 21%, respectively). The mean serum  
concentration of vitamin A was even 2.62 2 μmol/L. A vitamin B12 deficiency 
was found in 23 patients (11.5%) and low levels of vitamin B1 were present 
in 5.5%. Hypovitaminosis D was present in a great majority of the patients 
(81%), and 55% of them even had a severe deficiency (<30 nmol/L). The 
mean preoperative serum concentration of vitamin D was 36.13 nmol/L. In 
29% of the patients with low vitamin D, elevated levels of parathyroid hor-
mone (PTH) were found at assessment, and serum calcium levels corrected 
for albumin were between acceptable values. In patients with normal serum  
vitamin D concentration, 5.3% had elevated PTH levels. The mean pre- 
operative laboratory values are listed in Table 2.

haemoglobin (mmol/L)

    male 

    female 

haematocrit (L/L)

    male

    female

MCV (fL)

iron  (μmol/L)

    male

    female

Table 2.   Laboratory values at Assessment

8.5 - 11.0

7.5 - 10.0

0.40 - 0.50

0.35 - 0.45

80.0 - 100.0

14.0 - 35.0

10.0 - 25.0

deficient

iron deficient

ferritin deficient 

microcytic

deficient

microcytic

macrocytic

deficient

9.4

8.6

0.44

0.41

87.28

13.6

12.3

10

6

2

2

5

5

10

5

5

11

1

76

31

45

± 0.82

± 0.59

± 0.04

± 0.03

± 4.89

± 4.33

± 5.21

5.0

60.0

20.0

20.0

8.5

3.5

5.0

8.5

3.5

5.5

0.5

38.0

40.7

59.2

mean n±SD %

normal values laboratory values number of patients
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ferritin  (μg/L)

    male

    female

 

albumin  (g/L)

calcium  (mmol/L)

magnesium  (mmol/L)

phosphate  (mmol/L)

zinc  (μmol/L)

folic acid  (nmol/L)

vitamin A  (μmol/L)

vitamin B1  (nmol/L)

vitamin B6  (nmol/L)

vitamin B12  (pmol/L)

vitamin D  (nmol/L)

PTH  (pmol/L)

Table 2.   Laboratory values at Assessment (continuation)

30.0 - 400.0

13.0 - 200.0

35.0 - 50.0

2.10 - 2.55

0.7 - 1.0

0.8 - 1.5

8.4 - 24.0

> 10.4

0.7 - 2.1

70.0 - 200.0

35.1 - 110.0

140.0 - 700.0

> 50.0

1.6 - 6.9

deficient

deficient

deficient

deficient

deficient

deficient

deficient

deficient

excess

deficient

excess

deficient

excess

deficient

excess

deficient*

deficient

excess

severly
 deficient**

iron + 
ferritin deficient

198.92

78.51

43.82

2.30

0.82

0.97

12.32

15.57

2.62

132.65

79.31

252.43

36.13

6.91

6

0

6

4

0

1

4

28

0

48

0

144

11

5

6

42

23

2

162

87

1

57

± 135.34

± 58.00

± 2.43

± 0.07

± 0.07

± 0.17

± 2.02

± 8.21

± 0.76

± 32.90

± 40.64

± 102.77

± 19.27

± 3.80

3.0

4.3

66.7

0.5

2.0

13.9

23.9

71.6

5.5

2.5

3.0

20.9

11.5

1.0

81.0

43.5

0.5

28.4

mean n±SD %

normal values laboratory values number of patients

±SD Standard deviation, MCV Mean Cell Volume, PTH Parathyroid Hormone
*Deficient = <50nmol/L, **Severely deficient = <30nmol/L

One year postoperatively, a mean excess weight loss of 69.8% was achieved 
and the mean BMI decreased significantly from 46.2 to 32.7 kg/m2 (see  
Table 3). Twelve months after surgery, laboratory results were assessed 
(see Table 4). Postoperative anaemia was found in 6.5% of the patients. The  
number of patients with low serum iron decreased significantly to 37 patients 
(18.5%). The number of patients with low ferritin levels increased from 14 to 
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16 patients (8.0%). Still, all were female. Their mean serum ferritin concen-
tration increased from 78.51 μg/L preoperatively to 112.14 μg/L 1 year after 
surgery. Low levels of folate were recovered significantly in 35 patients, and 
postoperatively, 25 patients had folate deficiency. Table 5 shows the evolution  
of the most common deficiencies.

aPaired Samples T-test
±SD Standard Deviation, BMI Body Mass Index (kg/m2), EW Excess Weight (kg), 
EWL Excess Weight Loss (%), BMIL BMI Loss (kg/m2)

Although the presence of hypervitaminosis A had significantly decreased, 
excess of vitamin A was still found in over half the patients. The mean serum 
concentration decreased to 2.32 μmol/L, which is still excessive. The number  
of patients with hypervitaminosis B6 had even doubled (47.5%). Vitamin B12 
was still deficient in 11.5% of the patients. Deficiency of vitamin B1 was 
more frequent 1 year after surgery (9.0 vs 5.5%). In the meantime, vitamin 
D deficiency had disappeared in over half the cases, and the mean serum 
concentration increased to 58.11 nmol/L. Recovery of elevated PTH levels 
occurred in more than one third (37%) of the affected patients. Still, the 
corrected calcium level remained within the normal range. Elevated levels 
of PTH were found in 12.5% of the patients with a normal serum vitamin D 
concentration 1 year postoperatively.       
     

weight  (kg)

BMI  (kg/m2)

EW  (kg)

EWL  (%)

BMIL  (%)

Table 3.   Weight Loss

136.0

46.2

67.7

96.3

32.7

22.5

69.8

13.5

± 27.2

± 7.9

± 24.8

± 21.7

± 6.7

± 19.6

± 20.7

± 4.7

<0.001a

<0.001a

<0.001a

assessment

mean mean±SD ±SD

1 year postoperatively

p-value
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haemoglobin  (mmol/L)

    male 

    female

 

haematocrit  (L/L)

    male

    female

 

MCV  (fL)

iron  (μmol/L)

    male

    female

 

ferritin  (μg/L)

    male

    female

 

 

albumin  (g/L)

calcium  (mmol/L)

magnesium  (mmol/L)

phosphate  (mmol/L)

zinc  (μmol/L)

folic acid  (nmol/L)

Table 4.   Laboratory results 1 year postoperatively

8.5 - 11.0

7.5 - 10.0

0.40 - 0.50

0.35 - 0.45

80.0 - 100.0

14.0 - 35.0 

10.0 - 25.0

30.0 - 400.0

13.0 - 200.0

35.0 - 50.0

2.10 - 2.55

0.7 - 1.0

0.8 - 1.5

8.4 - 24.0

> 10.4

deficient

de novo deficient

deficient

de novo deficient

microcytic

macrocytic

deficient

de novo deficient

deficient

de novo deficient

deficient

excess

deficient

deficient

deficient

deficient

deficient

de novo deficient

9.26

8.53

0.44

0.41

89.68

18.67

15.41

200.44

12.14

43.27

2.29

0.83

1.08

11.28

22.64

13

5

8

7

13

5

8

7

4

3

37

12

25

15

11

0

11

7

3

1

43

4

6

7

10

25

12

± 0.57

± 0.64

± 0.03

± 0.03

± 4.62

± 6.49

± 5.82

± 99.68

± 79.32

± 2.89

± 0.09

± 0.07

± 0.15

± 2.10

± 11.24

6.5

8.5

5.7

3.5

6.5

8.5

5.7

3.5

2.0

1.5

18.5

20.3

17.7

7.5

5.5

7.8

3.5

27.3

0.5

21.4

2.0

3.0

3.5

5.0

12.4

6.0

mean n±SD %

normal values laboratory values number of patients

iron + ferritin
deficient
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±SD Standard Deviation, MCV Mean Cell Volume, PTH Parathyroid Hormone, 
aDeficient = <50nmol/L, bSeverely deficient = <30nmol/L

vitamin A  (μmol/L)

vitamin B1  (nmol/L)

vitamin B6  (nmol/L)

vitamin B12  (pmol/L)

vitamin D  (nmol/L)

PTH  (pmol/L)

0.7 - 2.1

70.0 - 200.0

35.1 - 110.0

140.0 - 700.0

> 50.0

1.6 - 6.9

deficient

excess

de novo excess

deficient

excess

deficient

excess

de novo excess

deficient

excess

de novo deficient

deficienta

de novo deficient

deficient

excess

de novo excess

2.32

139.88

102.74

283.91

58.11

5.82

0

111

12

18

9

8

95

70

23

3

14

72

20

7

1

36

13

± 0.76

± 38.36

± 56.67

± 150.60

± 22.45

± 2.18

55.2

6.0

9.0

4.5

4.0

47.3

35.0

11.5

1.5

7.0

36.0

27.8

3.5

0.5

17.9

6.5

severely 
deficientb

Table 4.   Laboratory results 1 year postoperatively (continuation)

mean n±SD %

normal values laboratory values number of patients

pim van rutte_binnenwerk.indd   216 27-10-16   22:35



217

*McNemar Test
N number of patients, preop deficient preoperative deficiency, postop deficient postoperative 
deficiency

Discussion 

This study shows that in the morbidly obese, micronutrient deficiencies are 
frequently found preoperatively. Deficiencies can be attributed to a non-varied, 
high-calorie and high-fat diet. Previous studies already showed the impor-
tance of pre- and postoperative assessment of the nutritional status of  
patients undergoing a bariatric intervention.6-8,10 Few studies reported on the 
nutritional status before and after sleeve gastrectomy.9,14-16 All recommend 
adequate supplementation based on laboratory values.

Anaemia is a condition that can be caused by micronutrient deficiencies. 
Anaemia was determined based on low haemoglobin and haematocrit levels. 
Preoperatively, anaemia was found in 5% of the patients, and 20% of them 
had an iron deficiency with low serum ferritin levels. A recent study reporting 
pre- and postoperative deficiencies in laparoscopic RYGB candidates found 
7.9% preoperative anaemia.19 Other studies found anaemia rates between 

haemoglobin

iron

ferritin

folic acid

vitamin B12

vitamin D

vitamin A (excess)

vitamin B6 (excess)

PTH (excess)

Table 5.   Evolution of deficiencies

10

76

6

48

23

162

144

42

57

13

37

11

25

23

72

111

95

36

5.0

38.0

3.0

23.9

11.5

81.0

71.6

20.9

28.4

7.5

18.5

5.5

12.4

11.5

36.0

55.2

47.3

17.9

0.549*

<0.001*

0.180*

0.001*

<0.001*

0.012*

<0.001*

0.079*

<0.001*

preop deficient

N N(%) (%)

postop deficient

p-value
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12 and 22%.10,20-22 The number of anaemic patients doubled postoperatively. 
Literature describes iron deficiency rates varying between 17 and 44%.10,23,24 
Serum iron levels alone are a poor marker for iron deficiency. Serum ferritin 
is more specific.24-26 We found low ferritin levels in 7% of the patients before 
surgery. One year after the SG, the number of affected patients had not 
significantly changed-iron deficiency persisted in the preoperatively affected 
patients. However, the mean serum ferritin concentration increased signifi-
cantly. This could be the result of supplementation. By resecting the fundus 
during the SG procedure and by administration of proton pump inhibitors 
after surgery, the production of HCl is reduced, which may reduce the iron 
uptake, as Fe3+ conversion to Fe2+ is diminished. The uptake of haem iron 
is also disrupted and iron-rich red meat is less well tolerated after stomach 
reduction. These factors could also contribute to a disturbed iron status. 
The findings imply that preoperative supplementation was not sufficient. A 
disturbed bone metabolism with secondary hyperparathyroidism was found 
in more than one fifth of the patients preoperatively. However, calcium levels 
were between normal values.

The prevalence of preoperative hypovitaminosis D was considerably high 
(81%). These high rates have been reported in other studies.17,27-29 Hypo- 
vitaminosis D is associated with malnutrition and with less exposure to  
sunlight due to reduced physical activity. Several studies have shown that 
there is increased uptake of vitamin D in adipose tissue, reducing the serum 
concentrations of this vitamin.30,31 Twelve months after surgery, the number 
of patients with vitamin D deficiency had decreased significantly. This might 
be related to the loss of adipose tissue after surgery, and serum levels may 
also have risen because of adequate supplementation of vitamin D. Although 
the duodenum and jejunum are not bypassed and uptake of vitamin D is not  
disturbed, almost one fifth of the patients developed a deficiency newly during  
the first postoperative year. This could be caused by accelerated food  
passage, a topic that should be further investigated. Adequate monitoring 
and supplementation of this vitamin is highly recommended.

Remarkably, in a considerable number of patients, vitamin A and vitamin B6 
were found in excessive serum concentrations prior to surgery. The number  
of patients with hypervitaminosis B6 had doubled in the first post- 
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operative year. This might be the effect of multivitamin supplementation, as  
the prescribed multivitamins contained pyridoxine. Severe excessive serum 
concentrations of vitamin B6 can cause neurologic symptoms. These symp-
toms were not reported in this cohort, and in none of the patients, toxic  
serum levels of vitamin B6 were found. Excessive levels of vitamin A 
can cause nausea, vomiting, headaches and altered mental status, and 
also anaemia, hepatotoxia and osteoporosis in case of chronic elevated  
serum levels. Moreover, hypervitaminosis A has a strong teratogenic effect.  
Vitamin A Intoxication has been described from a level of >100 μg/dL (>3.49 
μmol/L),32 but there are no data on long-term effects of elevated vitamin A 
levels. None of the patients in our cohort reported signals of intoxication.

Vitamin B1 (thiamine) deficiency was present in 5.5% of the patients at  
assessment. This prevalence is lower than earlier studies have reported.20,33 
After surgery, de novo hypovitaminosis B1 was found in 8% of the patients. 
Chronic deficiency of thiamine can cause neurological disorders.34,35 The 
deficiency can be caused by a non-varied diet or by chronic alcohol abuse. 
Moreover, major surgery increases vitamin requirements. After bariatric  
surgery, thiamine levels must be monitored as rapid weight loss and loss 
of distributional area after bariatric surgery can cause severe deficiencies. 
Vitamin B12 (cobalamin) is present in fish, meat and dairy products. It plays 
a vital role in DNA synthesis and in neurologic functioning and is absorbed 
in the terminal ileum when bound to intrinsic factor (IF).7 The glycoprotein IF 
is produced in the parietal cells in the antrum of the stomach and in the du-
odenum. These parts are bypassed after the RYGB, but are preserved after 
the sleeve gastrectomy. Therefore, cobalamin deficiencies are expected to 
be less common after sleeve gastrectomy. However, by resecting two thirds 
of the stomach during SG, a considerable reduction in the number of parietal 
cells occurs, and less IF might be produced.7,35 Literature reports deficien-
cy rates between 3 and 18% preoperatively, supporting our findings.6,7,20,36 
After sleeve gastrectomy, a vitamin B12 deficiency was newly diagnosed 
in 8.0% of the patients. Frequently, vitamin B12 deficiency is accompanied 
by low levels of serum folate and they can cause hyperhomocysteinaemia, 
creating a risk factor for atherosclerosis. Low levels of serum folate were 
already present in a quarter of the patients preoperatively. This deficiency 
is mainly associated with reduced intake of folate-rich food, such as lettuce 
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and vegetables.36 Adequate multivitamin intake might have contributed to 
the resolution of the deficiency in half of the affected patients.

Deficient serum levels of the minerals magnesium and zinc were found in a 
small amount of patients. Zinc levels were adequate in all patients preoper-
atively. Zinc plays a role in the immune system and in wound healing and it 
plays a key role in the synthesis of insulin. Deficiency of zinc can be asso-
ciated with hair loss. Deficiency of zinc was newly diagnosed in 5% of the 
patients postoperatively. This is lower than the prevalence reported in other 
studies.6,37 Magnesium deficiency can cause neurological and cardiovascular  
complaints. Magnesium is considered a key factor in the development of 
the metabolic syndrome.38,39 The unvaried high-calorie diet of the obese  
patients often does not contain adequate amounts of magnesium. We found 
a magnesium deficiency in 2% of the patients preoperatively. After surgery, 
levels rose in three of them, but deficient levels were diagnosed newly in five 
patients.

This study has some limitations. First of all, more than half of the cohort did 
not complete the pre- and postoperative blood withdrawal. This is a large 
drop-out; however, 200 patients were still analysed. It is difficult to distin-
guish between the remission in deficiencies based on supplementation and 
remission based on weight loss after the sleeve gastrectomy. We only asked 
patients whether they were compliant towards taking their multivitamins. We 
did not further assess the patients’ compliance, which could be a major 
factor in remission of the nutrient deficiencies. Neither did we check the 
patients’ dietary intake at 12 months postoperatively. This may also have an 
important influence on the postoperative micronutrient status. At last, the 
supplements were dosed based on the local protocol. The optimal dose 
for the micronutrient supplements in the bariatric patient should be subject 
to further investigation, as this might also be an influence on the patient’s  
micronutrient status.
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Conclusions

In this study, the pre- and postoperative nutrient statuses of 200 morbidly 
obese patients undergoing a sleeve gastrectomy were analysed. A consider- 
able amount of patients suffered from a deficient micronutrient status  
preoperatively. One year after surgery, micronutrient deficiencies persisted 
or were found de novo in a considerable amount of patients, despite sig- 
nificant weight loss and supplementation. Only for folate and vitamin D were 
significant deficiency reductions seen. The questions whether preoperative 
supplementation was inadequate and what was the direct effect of the sleeve 
gastrectomy remain. Another point of interest is the patients’ compliance of 
supplement intake and this should be subject to further research. At last, 
the optimal duration of supplementation and the optimal dosage should be 
determined for adequate treatment of the nutrient deficiencies.
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Abstract 

Background  Sleeve gastrectomy (SG) is an upcoming primary treatment 
modality for morbid obesity. The aim of this study was to report the indica-
tions for and the outcomes of revisional surgery after SG.

Methods  Four hundred sixteen individuals underwent an SG between 
August 2006 and July 2010 with a minimum follow-up of 12 months. The 
patients that needed revision were identified from our prospective registry. 
Patients were subdivided in a first group undergoing revision as part of a 
two-step procedure, a second group with failure of a secondary SG, and a 
third group with failure of a primary SG.

Results  Twenty-three patients (5.5%) had an unplanned revision. Fourteen 
(3.4%) had a two-step procedure because of super obesity. A significant  
additional weight loss was achieved after revision; no complications  
occurred in this group. Five patients with failure of a secondary SG had no 
significant additional weight loss after revision. Reflux disease was cured. 
Eighteen patients in the third group showed significant additional weight 
loss and remission of diabetes and hypertension. Both reflux disease and 
dysphagia did not heal in all affected patients after revision. The early  
complication rate in the whole cohort was 23.4%; staple line leakage was 
5.4 %, and bleeding was 8.1%. Revision-related mortality was 0%.

Conclusions  In a large series of sleeve gastrectomies, the unplanned  
revision rate was 5.5%. Revision of a sleeve gastrectomy is feasible in  
patients that do not achieve sufficient weight loss and in those patients  
developing complications after the initial sleeve gastrectomy.

pim van rutte_binnenwerk.indd   228 27-10-16   22:35



229

Introduction 

The surgical treatment of the life-threatening condition of morbid obesity is 
currently still the only effective option with a long-lasting effect. More and 
more is reported on sleeve gastrectomy (SG) as this technique is gaining 
popularity as a primary treatment modality. The effect of the laparoscopic SG 
on reduction of excess weight and reduction of comorbidities is based on 
both a restrictive mechanism and on hormonal changes.1-3 Brethauer et al. 
reviewed the results of 2,560 patients in 36 studies who underwent an SG. 
They conclude that SG can also safely be performed as a primary bariatric 
procedure as it results in excellent weight loss and reduction of comorbidi-
ties.4 The American Society of Metabolic and Bariatric Surgery has accepted 
SG as an approved bariatric surgical procedure based on these findings.5,6 
The mentioned advantages and side effects of SG define the position of this 
technique. Therefore, it is also necessary to know the extent and causes of 
failures of SG as well as the indications and outcomes of revision after sleeve 
gastrectomy. The results of all patients were presented to provide insight in 
the feasibility of revision of a sleeve gastrectomy into a Roux-en-Y gastric  
bypass (RYGB). Furthermore, the patients were subdivided into those treated  
in a two-step approach and failure of the secondary and primary sleeves. The 
results of the latter two groups were compared separately.

Materials and methods

Between August 2006 and July 2011, 676 sleeve gastrectomies have 
been performed in our hospital. A total of 416 had a minimum follow-up 
of 1 year. All patients were assessed preoperatively by a multidisciplinary 
team. Those who were eligible for a primary SG met the following criteria: a 
body mass index (BMI) higher than 40 kg/m2 or higher than 35 kg/m2 with  
severe comorbidities, e.g., diabetes (DM), hypertension (HT), obstructive sleep  
apnoea syndrome (OSAS), or affected joints; high motivation; serious  
attempts of losing weight in the past; and age between 18 and 65 years. 
Those who experienced complications or failure from a prior bariatric inter-
vention could have a BMI lower than 35 kg/m2. Severe eating disorders, 
severe psychiatric disorders, and alcoholism were exclusion criteria for  
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bariatric surgery. There was no standard algorithm for the indicated bariat-
ric procedure; however, planned first step, polypharmacy, age, absence of 
reflux, and patient’s choice influenced the decision to plan a sleeve gastrec-
tomy. The patients who needed a revision of their SG were identified from 
our prospective bariatric registry. Data of interest were length and weight 
prior to, but also after, the initial sleeve gastrectomy and preoperative and 
postoperative comorbidities (e.g., DM, HT, OSAS, and dyslipidaemia (DL)). 
Furthermore indications for revision, operative parameters, complications  
after revision, and further evolution of comorbidities were included.

Comorbidities were considered healed when no further use of medication 
was needed. Gastro- Oesophageal reflux disease (GORD) as a reason for 
revision was defined as complaints despite medical treatment for more than 
3 months. Dysphagia as an indication was based on complaints and further 
analysis with X-stomach and endoscopy. Early complications were defined 
as leakage (on CT or with relaparoscopy), bleeding, wound infection, and 
other unexpected events within 30 days after the operation. A subdivision 
was made dividing the total group into three; group 1 consists of patients 
who underwent sleeve gastrectomy as part of a two-step procedure, group 
2 contains patients who experienced failure of the SG after a prior bariatric 
intervention (e.g., laparoscopic adjustable gastric banding (LAGB) or VBG), 
and the last group of patients had revision because of failure of the primary 
SG, either because of insufficient weight loss or because of development of 
dysphagia or GORD. Results and outcomes of the second and third group 
were compared. The two-staged group will be discussed separately. Statis-
tical analysis was done using the IBM® Statistical Package for the Social 
Sciences® (SPSS®) 19.0 software.

Results

Of the 676 patients that had SG between August 2006 and July 2011, 416 
patients had a follow-up of at least 12 months. Twenty-three patients in this 
group underwent unplanned revisional surgery (5.5%). Fourteen patients  
underwent a planned revision as part of a two-step procedure (3.4%). The 
mean age of the patients was 44 years (SD=12.3). Twenty-three of them were  
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female. The mean BMI prior to the index surgery was 49 kg/m2 (SD=7.97). 
In all cases, the SG was converted to a gastric bypass (RYGB). The median 
duration of all revisional procedures was 100 min (45-426) (Table 1).

Preop comorb preoperative comorbidities, DM diabetes mellitus, HT hypertension, 
DL dyslipidaemia, OSAS obstructive sleep apnoea syndrome, Ins WL insufficient weight loss, 
Compl SG complications sleeve gastrectomy

Fourteen patients underwent the SG as part of a two-staged procedure as 
they suffered from super obesity. In this group, the median age and BMI 
were 39 years and 53.8 kg/m2, respectively. Comorbidities were present in 
seven patients. After the SG, a median excess weight loss (percent EWL) 
of 32.7% (13.5-84.6) was achieved, and the mean BMI had declined to 
42.9 kg/m2 (28.4-53.2). Both diabetes and hypertension were still present 
in three patients who suffered from this condition preoperatively. Remission 
of dyslipidaemia was seen in one of the three patients, and in one of two 

gender

    male : female

age at surgery

preop BMI

preop comorb

    DM

    HT

    DL

    OSAS

indication revision

    ins WL

    reflux

    dysphagia

    compl SG

Table 1.   Baseline characteristics

6:8

39.0

53.8

3

3

3

2

14

0

0

0

5:13

46.5

43.9

9

10

3

2

4

5

9

0

3:2

42.0

45.7

0

0

0

0

3

1

0

1

(29-65)

(37.2-64.7)

50.0%

55.6%

16.7%

11.1%

22.2%

27.8%

50.0%

(36-46)

(40.3-49.2)

60.0%

20.0%

20.0%

(18-62)

(44.8-63.7)

21.4%

21.4%

21.4%

14.3%

100%

n / mediann / mediann / median % / (range)% / (range)% / (range)

2-staged (n=14) failed sec. SG (n=5) failed prim. SG (n=18)
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patients, OSAS was cured. The revision was performed after a mean period 
of 17.2 months after the SG. In none of the patients did any complication 
occur after revision. During 12 months follow-up, the median BMI had further  
decreased to 38.7 kg/m2 (27.6-45.3), and a total median percent EWL 
of 45.9% (24.4-86.5) was achieved. Although no significant remission of  
comorbidities was found after revision, they had improved markedly. Diabetes  
disappeared in one patient. Hypertension persisted in the three patients, 
and dyslipidaemia was cured in one patient. The patient that suffered from 
reflux disease after the sleeve gastrectomy experienced complete remission 
of complaints after the revision.

pre-SG prior to sleeve gastrectomy, post-SG after sleeve gastrectomy, post-rev after revision, 
 2-staged part of intended 2-stage bariatric procedure, failed sec. SG failure of sleeve gas-
trectomy after previous bariatric intervention, failed prim. SG failure of primary sleeve gastrec-
tomy, DM Diabetes Mellitus, HT Hypertension, DL Dyslipidaemia, OSAS Obstructive Sleep 
Apnoea Syndrome

DM

    2-staged

    failed sec. SG

    failed prim. SG

HT

    2-staged

    failed sec. SG

    failed prim. SG

DL

    2-staged

    failed sec. SG

    failed prim. SG

OSAS

    2-staged

    failed sec. SG

    failed prim. SG

Table 2.  Comorbidities
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3

0

10

3

0

3

2

0

2

2

0

3

3

0

4

2

0

1

1

0

0

3

0

6

3

0

9

2

0

3

1

0

2

1.00a

0.250a

1.00a

1.00a

1.00a

1.00a

1.00a

1.00a

1.00a

0.03a

1.00a

0.03a

1.00a

0.50a

1.00a

0.50a

21.4

50.0

21.4

55.6

21.4

16.7

14.3

11.1

14.3

16.7

21.4

22.2

14.3

5.6

7.1

0.0

21.4

33.3

21.4

50.0

14.3

16.7

7.1

11.1

n nn pre-SG-postSG Pre-SG-postRev% %%

pre-SG post-revpost-SG p-value p-value
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Five patients underwent a SG because of failure of a previous bariatric  
intervention (secondary sleeve gastrectomy). All had a LAGB in the past. In 
this group, none of the patients suffered from comorbidities prior to the SG. 
Three patients did not achieve sufficient weight loss after the SG (26.2% 
EWL), and they desired revision. Other indications for revision were devel-
opment of gastroesophageal reflux disease (n=1), and one patient suffered 
from complications of the SG, namely development of a chronic enterocu-
taneous fistula following staple line leakage. The median BMI prior to the 
SG was 45.7 kg/m2 (40.3-49.2). After the initial SG, a median BMI of 35.9 
kg/m2 (21.9-48.2) was achieved, and the percent EWL was 38.1% (0.0-
107.7). Revision was performed after a median period of 18 months (10-21). 
One patient developed a wound infection after revision, which was treated 
by surgical drainage. The patient that needed revisional surgery because of  
development of a chronic enterocutaneous fistula after the initial SG  
suffered from severe complications after the conversion to a gastric bypass. 
A colonic perforation was found, and again, a fistula had formed. These  
complications were repaired surgically. This patient developed a depression 
during follow-up and committed suicide 9 months after the revision. The  
patient that had a revision because of development of GORD showed  
complete recovery of symptoms after conversion of the gastric sleeve to 
a gastric bypass. After 12 months follow-up, the mean BMI had declined 
to 34.4 (25.6-46.2), and a mean percent EWL of 52.5% (8.9-85.9) was 
achieved in this group. Two of the three patients having undergone a  
revision because of inadequate weight loss did achieve a percent EWL 
>50%. However, one patient still struggled to lose weight, showing 8.1% 
EWL after 6 months follow-up.
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aWilcoxon signed ranks test, bUnpaired T-test
%EWL mean excess weight loss, 2-staged part of intended 2-stage bariatric procedure, 
failed prim. SG failure of primary sleeve gastrectomy, failed sec. SG failure of sleeve gastrec-
tomy after previous bariatric intervention

The 18 patients in the third group experienced failure of the primary SG. 
In this group, the median preoperative BMI was 43.9 kg/m2 (37.2-64.7).  
Comorbidities were present in 13 patients. After the primary SG, a median 
percent EWL of 63.8% (33.8-113.0) was achieved, and the median BMI had 
declined to 32.3 kg/m2 (21.5-43.0). No significant resolution of any comor-
bidities was seen after SG. One procedure was complicated by anastomotic  
leakage and formation of a chronic enterocutaneous fistula. Indications 
for revision in these patients were insufficient weight loss (n=4), gastro- 
oesophageal reflux (n=5), and development of dysphagia due to stenosis of 
the gastric sleeve (n=9). Revision was performed after a mean period of 11.2 
months. During one procedure, the previously described fistula was excised, 
and simultaneously, a splenectomy and repair of an incisional hernia were 
performed. A second relaparoscopy was performed in this patient in order 
to drain an intra-abdominal abscess. This patient also developed a wound 
infection postoperatively, treated by surgical drainage. In five other patients, 
complications occurred after revision. Anastomotic leakage was found 
in two cases, both treated by surgical drainage. Intra-abdominal bleeding  
occurred in two patients. One of them developed cardiac decompensation, 
which was managed by the cardiologist. Another patient needed relaparo- 
scopy 4 months after the initial SG in order to treat an internal hernia. No 
statistical significant difference in post-revisional complications was found 

2-staged

failed sec. SG

failed prim. SG

failed prim. SG vs. failed sec. SG 

Table 3.  Excess Weight Loss

32.7

38.1

63.8

45.9

52.5

80.3

(13.5 - 84.6)

(0.0 - 107.7)

(33.8 - 113.0)

(24.4 - 86.5)

(8.9 - 85.9)

(49.7 - 126.4)

0.016a

0.715a

0.011a

0.050b

post-SG

%EWL %EWL(range) (range)

post-revision p-value
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between the group that underwent revisional surgery after failure of primary 
SG and the group after failure of secondary SG. Diabetes as well as hyper-
tension disappeared in six patients, which was considered statistically sig-
nificant. Dyslipidaemia disappeared in two patients, and sleep apnoea was 
cured in both patients. In three of five patients that had a revision because 
of reflux disease, complete remission of this condition was seen. Dysphagia 
only healed in three of the eight patients suffering from these complaints 
post-SG. Direct revisional surgery-related mortality was 0 % in all groups 
(see Table 2).

Discussion

Sleeve gastrectomy is gaining popularity as a stand-alone procedure in the 
treatment of morbid obesity. Recent studies comparing SG to RYGB show 
equal efficacy of both procedures in terms of weight loss and improvement 
of comorbidities.3,7,8 SG would be more feasible in super obese patients.6,9,10 
As bariatric procedures are performed more frequently, the number of revi-
sions will also rise. Indications for revisional surgery are insufficient weight 
loss, persistence of comorbidities, complications after SG, or relevant side 
effects of SG. We performed 37 revisions after 416 sleeve gastrectomies 
between 2006 and 2011, of which 14 were part of a two-step procedure 
because of super obesity. Considering these 14 patients a separate group, 
the actual revision rate is 5.5%, which is acceptable and within the range of 
revisions that has been reported in the literature (5.8-11 %).11,12 Our cohort 
can roughly be divided into three groups. One group in which patients had 
the revision as part of a two-step procedure (n=14), a second group that 
necessitated revisional surgery because of failure of the SG after a previous 
gastric banding (n=5), and a third group consisting of patients that under-
went the revision after a primary SG (n=18).

The first group that had a revision as part of the two-step procedure was 
analysed separately. Remarkably, no complications occurred after these  
revisions. Regan et al. described the planned two-step procedure in 2003, 
showing a percent EWL of 33% after the first step SG and achieving 46% 
EWL after conversion of the SG to an RYGB.13 We also found a percent 
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EWL of 32.7% after the initial SG and 45.9% EWL after revision. Although 
the desired 50% EWL was not achieved in all patients after revision, the 
weight reduction was found to be significant after 12 months follow-up (see 
Table 3). No significant resolution of comorbidities was seen after revision 
in this group.

In five patients, an SG was performed after failure of a LAGB. However, 
the secondary SG did not lead to adequate weight loss in three of these 
patients. Revisional surgery led to significant weight loss in two of them; 
one patient could not lose weight. The patient that had a revision in order to 
eliminate the chronic fistula suffered from severe complications after revision 
requiring reintervention. Surgical drainage had to be performed to treat a 
colonic perforation. This is a rare complication in bariatric surgery. Unfortu-
nately, this patient developed a severe depression and committed suicide. 
The psychological impact of bariatric surgery and reinterventions must not 
be underestimated. A significant excess weight loss was also found in this 
group after revision. Failure of a primary sleeve gastrectomy as a definite 
procedure occurred in 18 of 416 cases. Main indications for revision in this 
group were development of reflux disease or dysphagia. GORD is a complex 
disease associated with obesity accounting for up to 70% of patients pre-
senting for bariatric surgery, due to an increased prevalence of hiatus hernia, 
increased intra-abdominal pressure, delayed gastric emptying, and dysfunc-
tioning of the lower oesophageal sphincter.14 Reflux would be an important 
side effect of SG.12,15,16 Carter et al. showed that GORD did not resolve after 
SG and that patients without GORD preoperatively had increased risk of 
developing reflux symptoms after the sleeve gastrectomy.17 A review by Ciu 
et al. including 15 studies evaluating GORD after SG did not lead to a con-
sensus. They concluded that SG might trigger GORD by reducing the lower 
oesophageal sphincter and that the decreased volume and distensibility of 
the sleeve might worsen the reflux. However, accelerated gastric emptying 
and weight loss after SG would reduce the development of GORD.15 In 
our group, remission of reflux complaints did not occur in all patients after  
revision, which would be expected based on literature.16 The same counts for 
remission of dysphagia. In only three of eight patients, revision to an RYGB 
led to disappearance of these complaints. Remission of other comorbidi-
ties occurred in a greater extent. Significant curation of diabetes and hyper- 
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tension was seen after revision. Sleep apnoea disappeared in both patients. 
Complication rates were relatively high in this group (38.9%). All compli-
cations could be managed, either conservatively or surgically. The overall 
early complication rate in the whole cohort was 23.4%. Literature reports  
complication rates varying between 0 and 21.7% after primary sleeve gas-
trectomy and up to 23% after laparoscopic revisional surgery.4,18 The compli-
cation rate in our cohort is high, but although complications were serious, all 
could be managed, either medically or surgically. None of the complications 
directly led to mortality. Staple line leakage occurred in two of the patients 
after revision (5.4%). This is within the range reported for leakages after 
revision.19,20 Bleeding after revision occurred in three patients (8.1%). In all 
three, bleeding was stopped by endoscopically placed clips. Intraluminal 
bleeding seemed to occur more often after revisional surgery than after initial  
sleeve gastrectomy, which occurs in 0.4 to 1.6% of the cases according to 
the literature.11 Interestingly, no complications occurred in the group that 
had a revision as part of a two-step procedure. Late complications requiring 
reintervention were seen in four of our patients (10.8%). Internal hernia is a 
known complication after RYGB occurring in 0-5% of the patients following 
bariatric surgery.21 This complication can lead to intestinal ischaemia and 
therefore requires reintervention.

During all revisional procedures, the initial gastric sleeve was converted to 
a Roux-en-Y gastric bypass. The large range in duration of the revisions (45-
426 min) can be declared by the fact that in some revisional procedures, 
an additional intervention had to be performed. Literature about revisional 
surgery after sleeve gastrectomy is sparse. Deitel et al. summarise that SG 
can be converted to RYGB in case of GORD, and alternative revisional pro-
cedures for failed sleeve gastrectomy are duodenal switch or biliopancreatic 
diversion (BPD).6 The decision for conversion to RYGB in our cohort was 
based on the surgeon’s experience with RYGB.

This study has some major limitations. Although a prospective database has 
been used, the design of the study is retrospective. The cohort was divided 
into three groups. The first group that had a two-step bariatric procedure 
cannot be compared to the other two groups as the intention was different 
due to higher BMIs. Nevertheless, the technical feasibility of revision into a 
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bypass has been underlined with these results. Moreover, it could become 
an option to approach all sleeve gastrectomies as a stand-alone procedure 
in the future as some may not require the second step at all. The group 
of failure of a sleeve after failure of another procedure (secondary sleeve 
gastrectomies) was too small to draw conclusions. Last remark is the short 
follow-up, as a higher rate of revisions can be expected in the next 5 years.

Conclusions

We report the indications and short-term outcomes of revisional surgery after 
failed or complicated sleeve gastrectomy. In a large series of sleeve gastrec-
tomies, the unintended revision rate was 5.5%. Main indications for revision 
were insufficient weight loss, dysphagia, and gastroesophageal reflux. In all 
cases, the gastric sleeve was converted into a Roux-en-Y gastric bypass. 
Conversion to RYGB as part of a two-step procedure in the super obese is 
a safe and effective procedure, leading to significant additional weight loss 
and showing no complications. Revisional surgery after failure of secondary 
SG might lead to additional weight loss. Re-vision in case of failure of a  
primary SG shows a relatively high complication rate but leads to significant 
remission of comorbidities and significant additional weight loss. A median 
follow-up of 12 months is relatively short, and no speculations can be done 
on the effect of revisional surgery in the long-term. However, the results from 
this study make revision of a sleeve gastrectomy feasible in those patients 
that do not achieve sufficient weight loss and in those patients developing 
complications after the initial sleeve gastrectomy.
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Abstract 

Background  With global ageing, obesity will increasingly affect the older 
population with higher risks of morbidity and mortality, yet full consensus has 
been obtained for the role of sleeve gastrectomy (SG) in the older obese.

Objective  The aim of this study is to report the outcomes of SG in the older 
obese.

Setting  Bariatric department, large teaching hospital in Eindhoven, the 
Netherlands

Methods  Between August 2006 and December 2011, 135 patients aged 
55 years or older underwent SG. Outcomes in terms of perioperative compli-
cations, weight loss, remission of comorbidities, and revision were extracted 
from our prospectively held database. A sub-analysis was done comparing 
three age groups: 55-59 years, 60-64 years, and 65 years and older.

Results  During mean follow-up of 14.6 months, short-term mortality was 
0%. The 30-day complication rate was 11.1%, without significant differences  
between age groups. Late complications occurred in 4.4%. In 14 patients, 
revisions were performed because of development of reflux disease or dys-
phagia. Significant reduction of comorbidities was found in all age groups, 
except for sleep apnoea. Among the total cohort, excellent weight loss was 
achieved during follow-up.

Conclusions  Laparoscopic sleeve gastrectomy (LSG) as a primary treat-
ment modality for the older morbidly obese is an effective and relatively safe 
procedure in terms of weight loss and remission of comorbidities with an 
acceptable low complication rate.
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Introduction 

Obesity has become a global epidemic and has an estimated prevalence of 
10-30 % in the European adult population according to the World Health 
Organisation (WHO) European Region. With global aging, obesity will in-
creasingly affect the older population, leading to higher risks of morbidity and 
mortality. Recent studies describe the safety and efficacy of bariatric surgery 
in the elderly,1-4 with significant reduction of weight and comorbidities, but  
effect on long-term survival remains controversial.3 Of great importance 
is also the improvement in quality of life in the older patient after bariatric  
surgery. In most of these reports, the bariatric procedure was gastric by-
pass. Sleeve gastrectomy (SG) can be as challenging as bypass in terms of  
technique and perioperative complications. It is however associated with 
less long-term complications as it is a less rigorous procedure and could 
therefore be preferred for the elderly obese. During the International Sleeve 
Gastrectomy Expert Panel Consensus Meeting, held in Florida in March 
2011, full consensus was obtained for performance of SG in older morbidly  
obese patients.5 It is of eminent importance to know the outcomes of 
this procedure. In this report the results of 135 older obese patients who  
underwent sleeve gastrectomy (SG) are evaluated.

Materials and methods

Between August 2006 and December 2011, 834 sleeve gastrectomies 
were performed by three bariatric surgeons at our department of surgery. 
All patients were assessed preoperatively by a multidisciplinary team, and 
they met the International Federation for the Surgery of Obesity (IFSO)  
criteria: body mass index (BMI) higher than 40 kg/m2 or higher than 35 kg/
m2 with severe comorbidities, e.g., type 2 diabetes (T2DM), hypertension 
(HT), obstructive sleep apnoea syndrome (OSAS) or affected joints, high 
motivation, and serious attempts at losing weight in the past. Severe eating  
disorders, severe psychiatric disorders, and alcoholism were exclusion cri-
teria for bariatric surgery. In case of complications of previous bariatric pro-
cedures, the BMI could be lower than 35 kg/m2. There was no standard  
algorithm for the indicated bariatric procedure; however, planned first step, 
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polypharmacy, age, absence of reflux, and patient choice influenced the  
decision to plan sleeve gastrectomy. The operative technique has been  
described previously.6 Data from all bariatric procedures were collected  
prospectively in a database. Data and outcomes of all patients aged 55 
years and older at time of surgery were reviewed retrospectively to evaluate 
the effect and safety of laparoscopic sleeve gastrectomy (LSG) in the elderly 
obese. Preoperative data included gender, age, BMI, excess weight, prior 
bariatric interventions, comorbidities, and medication use. Relevant surgical 
data were duration of the procedure, approach, perioperative complications, 
and length of postoperative hospital stay. The included follow-up data were 
early complications (<30 days) and late complications (>30 days), excess 
weight loss after 6 months, 1 year, and at the last visit to our outpatient de-
partment, the evolution of comorbidities, development of reflux or dysphagia, 
and development of relevant metabolic deficiencies. In case of a long period 
since the last visit, telephone follow-up was used. Comorbidities were con-
sidered in remission when use of prescribed medication could be stopped, 
or, in case of OSAS, treatment with continuous positive airway pressure 
(CPAP) could be stopped. Improvement of comorbidities was established 
when medication use or CPAP settings could be reduced. The results are 
presented with standard deviation or range if applicable. The Mann-Whitney 
test was used for continuous data and Pearson’s Chi square/ Fisher’s exact 
test for categorical data. Spearman’s correlations were used for analysis 
of relations between (sub) groups. Cohort analysis was performed wherein 
three groups, one consisting of patients aged between 55 and 59 years, one 
group with patients aged 60-64 years, and a last group with patients of 65 
years and older, were compared. A p-value <0.05 was regarded as signifi-
cant. IBM® Statistical Package for the Social Sciences® (SPSS®) version 
20.0 software was used for processing.

Results

Of the 834 patients who underwent sleeve gastrectomy, 135 (16.2%) were 
aged 55 years or older. Ninety-four (69.6%) of them were female. The mean 
age in this group was 59.5 years (standard deviation, SD 3.5 years). Among 
the 135 patients, 73 were aged 55-59 years, 50 were aged 60-64 years, 
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and 12 were 65 years or older (Table 1, baseline characteristics). The oldest 
patient who underwent SG was 70 years old. Three patients had BMI lower 
than 35 kg/m2 and were indicated for SG to treat complications of previ-
ous bariatric interventions. Seven patients (5.2%) had had bariatric surgery 
in the past. Three patients had undergone gastric banding previously, and 
four patients had had vertical banded gastroplasty (VBG) prior to the sleeve 
gastrectomy. The mean BMI did not significantly differ between the three 
age groups. High numbers of comorbidities accompanied obesity in these 
patients. Diabetes was present in 73 patients (54.1%). Thirty-seven of them 
used insulin. Hypertension affected 75.6% of all patients. This condition 
was significantly more common in the 65-years group, as all patients were  
suffering from this comorbidity (p=0.020). Although not statistically signifi- 
cant, more patients in the 55-59-year group were suffering from gastro- 
oesophageal reflux disease (GORD). More than one-third of all patients in 
this cohort had obstructive sleep apnoea syndrome, and a considerable 
number of patients were being treated for dyslipidaemia.
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aKruskal-Wallis Test, bX2-test
T2DM Type 2 Diabetes Mellitus, HT Hypertension, DL dyslipidaemia, OSAS sleep apnoea, 
GORD Gastro Oesophageal Reflux Disease, prior BS bariatric surgery in the past, LAGB 
Laparoscopic Adjustable Gastric Banding, VBG Vertical Banded Gastroplasty

The median duration of the procedure was 50 min (25-180 min). During the 
study period, with the increase in the number of performed interventions, a 
significant reduction in duration of surgery was seen (p < 0.001). Between 
September 2007 and July 2010 the median duration of 68 procedures was 
60 min (32-180 min). The median duration of the 67 performances between 
August 2010 and December 2011 was 45 min (25-120 min). During five 
procedures the previously inserted band or VBG was removed and a gastric 
sleeve was made. In one case the sleeve was performed 3 months after 
the band removal. Most of the procedures were performed laparoscopical-
ly (98.5%). In the two open procedures adhesions resulting from previous 
laparoscopic surgery impeded a laparoscopic approach. The median post- 
operative hospital stay in this cohort was 3 days (1-40 days). No difference 

gender

    male : female

age (yr.)

BMI (kg/m2)

comorbidities

    T2DM

        insulin

    HT

    DL

    OSAS

    GORD

prior BS

    LAGB

    VBG

Table 1.   Baseline Characteristics 

23 : 53

57.0

44.0

37

16

45

23

20

18

4

1

3

5 : 7

66.0

45.8

7

4

12

6

5

1

1

0

1

16 : 35

62.0

43.9

28

17

42

19

19

9

2

2

0

0.900a

0.706b

0.265b

0.001b

0.382b 

0.446b

0.383b

0.813b

(55 - 59)

(29.8 - 64.8)

48.7%

43.2%

59.2%

30.3%

26.3%

26.0%

5.3%

1.3%

3.9%

(65 - 70)

(34.2 - 65.1)

58.3%

57.1%

100.0%

50.0%

41.7%

8.3%

8.3%

8.3%

(60 - 64)

(31.9 - 62.9)

54.9%

60.7%

82.4%

37.3%

37.3%

18.0%

3.9%

3.9%

n 
/ median

n 
/ median

n 
/ median p-value% / (range) % / (range)% / (range)

55-59 yr. (n=76) ≥ 65 yr. (n=12)60-64 yr. (n=51)
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complications <30days

    bleeding

    leakage

    dysphagia

    cardiac

    pulmonary

    sepsis

        total

complications >30days

    enteric-cutaneous fistula

    dehydration

    dysphagia

    incisional hernia

        total

revision to RYGB

    ins. WL

    GORD

    dysphagia

    compl. SG

        total

Table 2.   Follow Up

5

1

2

1

0

0

8

1

2

1

1

4

3

2

2

1

8

1

0

1

0

0

1

3

0

0

1

1

1

0

0

1

0

1

4

0

2

2

1

0

9

0

1

2

0

4

1

2

1

0

4

0.293a

0.814a

0.790a

10.5%

5.3%

11.0%

25.0%

8.3%

8.3%

17.7%

7.8%

8.0%

n nn p-value% %%

55-59 yr. (n=76) ≥ 65 yr. (n=12)60-64 yr. (n=51)

in hospital stay was found between the different age groups (p=0.530).

aX2-test
Total total number of patients with one or more complications, RYGB Roux-en-Y Gastric 
Bypass, Ins WL Insufficient Weight Loss, GORD Gastro Oesophageal Reflux Disease, 
Compl. SG complications of Sleeve Gastrectomy

Mean follow-up was 14.6 months (SD=9.75 months). The early (30-day) 
mortality rate was 0%. Early complications occurred in 15 patients (11.1%) 
in the first 30 postoperative days (see Table 2, follow-up). Gastrointestinal 
bleeding necessitating surgical reintervention occurred in three patients in 
the group aged 55-59 years (3.5%), in one patient aged between 60 and 64 
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years, and in one patient aged above 65 years (4.1%). Staple-line leakage 
was a major complication in only one patient. Dehydration occurred in two 
patients (1.5%). Four patients (3.0%) developed cardiac or pulmonary com-
plications during the first 30 days postoperatively, but all could be managed 
medically. Transfer to the intensive care unit (ICU) was necessary in two 
patients. Dysphagia occurred in two patients, both aged between 60 and 64 
years. In one of them the problem was solved by revisional surgery (conver-
sion to Roux-en-Y gastric bypass). Although the overall early complication rate 
was higher among the patients aged 65 years and older, this difference was 
not considered statistically significant (p=0.054). Late complications, after  
the 30th postoperative day, occurred in six patients (4.4%). In 14 patients  
(10.4%) revisional surgery of the LSG was performed. Conversion to 
Roux-en-Y gastric bypass (RYGB) was done in all cases. Indications for 
revision were insufficient weight loss in six of them (planned two-stage  
approach in three), development or persistence of reflux in four patients, and 
development of dysphagia in four patients. One patient who did not achieve 
sufficient weight loss also suffered from worsening of T2DM control. Dys-
phagia and GORD persisted in 25 and 50% of the patients who underwent 
revision because of these complications, respectively.

There was a statistically significant remission of all comorbidities in the total  
cohort after 14.6 months of follow-up (p < 0.001). Diabetes was cured 
in 27 of the patients (37.0%), and improvement of blood glucose control 
was achieved in 37, resulting in a total reduction of T2DM of 87.7%. In one  
patient, worsening of diabetes control occurred. Hypertension was cured 
in 50 patients, and less use of antihypertensive medication was needed in 
42 patients (total reduction 90.2%). Hypercholesterolemia was cured in 20 
patients. The lipid profile improved in 21 patients (37.5%), but it worsened 
in four cases (7.1%). Sleep apnoea disappeared in 28, and control of this 
syndrome improved in 11 patients, resulting in a total reduction of 85%. 
Among all age groups significant reduction of comorbidities was found,  
except for sleep apnoea (see Table 3, reduction of comorbidities). In the 
group aged 65 years and older, this condition was cured in three of five  
patients and improvement was achieved in one. However, in this small group 
the reduction was not statistically significant. Reflux disappeared signifi-
cantly in the patients aged 55-59 years after LSG. On the other hand, the  
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number of patients suffering from GORD increased in the oldest age group.

aMcNemar’s Test
SG Sleeve Gastrectomy, (sub) total reduction remission and improvement together, 
T2DM Type 2 Diabetes Mellitus, HT Hypertension, DL Dyslipidaemia, OSAS Obstructive 
Sleep Apnoea Syndrome, GORD Gastro-Oesophageal Reflux Disease

T2DM

    55-59 yr.

    60-64 yr. 

    ≥65 yr.

HT

    55-59 yr.

    66-64 yr. 

    ≥65 yr.

DL

    55-59 yr.

    60-64 yr. 

    ≥65 yr.

OSAS

    55-59 yr.

    60-64 yr. 

    ≥65 yr.

GORD

    55-59 yr.

    60-64 yr. 

    ≥65 yr.

Table 3. Reduction of comorbidities

48.7

54.9

58.3

59.2

82.4

100.0

30.3

37.0

58.3

26.3

37.3

41.7

26.0

18.0

8.3

45.9

32.1

42.9

26.7

23.8

25.0

39.1

26.3

28.6

60.0

52.6

60.0

66.7

66.7

0

43.2

60.7

57.1

35.6

52.4

58.3

39.1

57.9

57.1

20.0

31.6

20.0

0

0

0

<0.001a

<0.001a

0.016a

<0.001a

<0.001a

0.001a

0.001a

0.002a

0.061a

<0.001a

<0.001a

0.250a

0.017a

0.146a

0.625a

prior to SG remission improvement p-value

% of total group % of patients with 
the comorbidity

% of patients with 
the comorbidity

(sub)total reduction
of comorbidity
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A significant decrease in BMI was achieved during the follow-up period (p < 
0.001). Median BMI decreased from 43.9 (29.8-65.1) to 33.8 (22.0-55.2) 
kg/m2 after a median of 14 months. These results included the endpoint 
after revision. Among the total cohort, mean excess weight loss (%EWL) of 
51.2% (SD 14.1%) was achieved 6 months after surgery, and 52.6% (SD 
18.8%) at last follow-up at a mean of 14 months. No significant additional 
weight loss was achieved in the period after 6 months follow-up. Statistically  
significant difference in weight loss was not found among the three age 
groups (p=0.276; one-way analysis of variance (ANOVA); see Table 4).

aWilcoxon Signed Rank Test. 
Pre-op at pre-operative assessment, 6mth 6 months after sleeve gastrectomy, last FU at 
last follow up moment, BMI Body Mass Index (kg/m2), %WL mean percentage weight loss, 
%EWL mean excess weight loss

weight (kg)

    55-59 yr.

    60-64 yr. 

    ≥65 yr.

BMI (kg/m2)

    55-59 yr.

    66-64 yr. 

    ≥65 yr.

%WL

    55-59 yr.

    60-64 yr. 

    ≥65 yr.

%EWL

    55-59 yr.

    60-64 yr. 

    ≥65 yr.

Table 4.   Weight Loss

124.0

126.0

127.5

44.0

43.9

45.8

93.0

98.0

88.0

34.4

34.3

34.2

24.0

23.0

21.2

50.8%

51.6%

49.0%

89.0

98.0

88.0

32.6

33.9

35.2

26.1

23.0

25.3

56.1%

52.0%

54.9%

(86 - 205)

(90 - 174)

(92 - 188)

(29.8 - 64.8)

(31.9 - 62.9)

(34.1 - 65.1)

124.0

126.0

127.5

44.0

43.9

45.8

(68 - 144)

(72 - 124)

(69 - 136)

(24.8 - 50.4)

(26.0 - 45.3)

(27.9 - 47.1)

(0.0 - 38.2)

(7.6 - 34.5)

(18.5 - 28.0)

(19.5 - 87.0)

(14.8 - 79.3)

(40.0 - 68.4)

(61 - 175)

(72 - 134)

(69 - 136)

(22.0 - 55.2)

(26.3 - 45.3)

(25.2 - 40.1)

(-3.5 - 47.7)

(7.6 - 43.1)

(18.5 - 38.3) 

(-15.5-107.2)

(14.8 - 79.7)

(40 - 85.9)

<0.00a

<0.001a

0.008a

<0.001a

<0.001a

0.008a

0.181a

0.012a

0.080a

0.249a

0.036a

0.173a

0.092a

0.012a

0.080a

0.644a

0.024a

0.093a

preop 6 mth last FUp-value p-value

median median median(range) (range) (range)(preop - 
6mth)

(6 mth - 
last FU)
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Discussion

Morbid obesity has become a global epidemic, and as a consequence obesity- 
related morbidity and mortality will rise exponentially. Global aging is another  
evolution that will have an increasing impact on healthcare consumption 
and costs. Obesity in the elderly will increasingly be seen, with its related 
health consequences. Until now, bariatric surgery has been the only effec-
tive treatment for morbid obesity.7-9 However, surgery in the elderly obese is 
performed less frequently, as these patients are considered at high risk. The 
Dutch guidelines describe 65 years as the upper limit, with the possibility 
for exceptions in selected cases. To put this into perspective, the mean life  
expectancy in The Netherlands is 78.8 years for men and 82.7 years for  
women. The outcomes of surgery in the older obese patient reported in literature  
remain controversial. A large survey of a sample of hospitalised patients in 
the USA found that bariatric interventions in older patients are associated 
with high morbidity and mortality.10 Some more recent studies described 
the effect of bariatric surgery in the elderly obese, concluding that weight 
loss surgery leads to significant weight loss, remission of comorbidities, and 
improvement in quality of life.4,11 Most describe RYGB as the surgical tech-
nique of choice, which can be safely performed despite high numbers of 
comorbidities in these patients.1,12 On the other hand, Flum et al. recently 
found a significantly higher risk of death after bariatric interventions in a large 
cohort study and concluded that this higher risk is strongly associated with 
older age, male gender, and low-volume centres. They advise performance 
of bariatric surgery in older patients only in experienced bariatric centres.13

LSG is gaining popularity as a standalone procedure, with similar out-
comes in terms of weight loss and remission of comorbidities compared 
with RYGB.14,15 This technique was initially used as the first step of a  
two-stage bariatric procedure (duodenal switch) in the superobese and in 
high-risk patients. The procedure is technically less demanding than RYGB 
and seems to have lower complication rates.16,17 It is the authors’ belief that 
the perioperative risks remain comparable to the bypass procedure, and 
especially the late complications are less. Considering the elderly obese 
patient as high risk, this technique could be an alternative treatment. SG 
was valid for older patients according to 100% of the respondents at an 
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international consensus meeting.5 This report reviewed the results of SG in 
135 patients aged 55 years or older. They constitute 16.2% of all patients 
who underwent SG at our bariatric clinic in the study period. The age at 
which patients are considered elderly is questionable. Some authors report 
patients above the age of 55 years, but others above 65 years.11,12 There-
fore, sub-analysis was performed, where the age groups were divided as 
55-59 years, 60-64 years, and 65 years or older. The number of patients in 
the first group is larger than in the latter group. The percentage of patients 
suffering from hypertension at baseline was significantly higher in the group 
aged 65 years or older, whereas reflux was more prevalent in patients aged 
between 55 and 59 years. Bariatric procedures are considered successful 
when excess weight loss of at least 50% is achieved.18 Excess weight loss 
was excellent (>50%) in all age groups. Focussing on the evolution of all 
comorbidities, a significant reduction was achieved in all age groups, except 
for OSAS. This condition did not show significant reduction in the oldest 
age group, because of a low number of patients suffering from OSAS in 
this subgroup. Diabetes was cured in 37.0% of the patients. This is much 
less than the 75% remission in the elderly obese after LSG reported by  
Leivonen et al. and the 53.5% remission after bariatric surgery reported 
by Dunkle et al.13,19 Hypertension disappeared in 49.0% of our patients.  
Leivonen et al. reported 88% remission of hypertension.19 If improvement 
was taken into account, total reduction of comorbidity was 88 and 90% 
for diabetes and hypertension, respectively, which may be considerable. An 
overall early complication rate of 11.1% was found. No significant difference 
was found in complications between the age groups. Postoperative intra- 
abdominal bleeding requiring surgical reintervention had the highest  
incidence in this cohort, occurring in all age groups. This complication is  
described frequently as the most common early complication.4,19 Late  
complications comprise development of reflux, dysphagia or constipation, 
but also dehydration and incisional hernia. In the present cohort a late com-
plication rate of 4.4% was found during follow-up. The incidence seems 
higher among the patients in the two older age groups. Incisional hernias 
are reported as a frequent late complication.2,20 In the era of laparoscopic 
approach, this complication will probably be encountered less frequently. 
Only one case was described in this series; however, the follow-up period 
is too short for this complication. The revision rate in our group was 10.4%. 
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Dysphagia and development of GORD were main indications for revision. 
Another important indication for revision was insufficient weight loss, merely 
because the sleeve was the first step in three out of five. It is known that 
RYGB leads to alleviation of reflux disease and dysphagia.21,22 However,  
reflux and dysphagia complaints disappeared in only 50 and 75%, respec-
tively. Thirty-day mortality in this cohort was zero. In the recent literature, 
mortality rates varying between 0.7 and 11.1% have been reported after  
bariatric surgery. This large range can be clarified by the fact that high-volume 
centres achieve lower complication rates and lower mortality.2,4,10,13 Leivonen 
et al. found no mortality after SG during 12 months of follow-up.19 Their  
findings and our results would imply that SG in the elderly has lower 1-year 
mortality than RYGB. More studies are needed to validate this. This study has 
a few major limitations. Although a prospective registry was used, this study 
has a retrospective design. It is not a comparison of gastric bypass or any 
other procedure versus sleeve gastrectomy. The three groups compared do 
not contain equal numbers of patients, and as the group aged 65 years and 
older is small, no definite conclusions can be drawn from the results in this 
group. The small sample size may give a type 2 error in analyses. The follow- 
up period may be considered too short, especially for the complication of 
weight regain. Nevertheless, the acceptable low incidences of periopera-
tive complications and considerable reduction in comorbidities have been 
addressed sufficiently. Finally, we consider ourselves as early adopters of 
sleeve gastrectomy, thereby influencing the expectations of patients seeking 
help at our department. In the absence of an algorithm, the indication for LSG 
is subject to change as learning curves for decision-making are probably  
longer than learning curves for the operative techniques.

Conclusions 

Laparoscopic sleeve gastrectomy as a primary treatment modality for the 
older morbidly obese is an effective and relatively safe procedure. Signif-
icant weight reduction is achieved in the first postoperative year, and ex-
cess weight loss is considered excellent in all age groups. All patients profit 
from a considerable reduction in comorbidities at the cost of an acceptable 
low complication rate, leading to an overall improvement in quality of life.  
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Although data on longer follow-up as well as direct comparison with the gold 
standard of bypass would be more than welcome, based on these findings, 
laparoscopic sleeve gastrectomy is a viable option for older obese patients.
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chapter 7

Discussion and 
conclusions
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7.0 Discussion 

One of the biggest advances in surgery of the past decades has been the 
shift to a minimally invasive approach. The advantages of minimally invasive 
surgery have been proven extensively in bariatric procedures, making this 
approach standard of care. As the prevalence of morbid obesity is increasing  
rapidly, there is a need for a minimally invasive surgical procedure with high 
safety, efficacy, efficiency and sustainability. The procedure should be tech-
nically easy to perform, reproducible, easy to learn, it should have a low risk 
of complications, lead to optimal weight loss and reduction of comorbidities 
and its results should last as long as possible. The laparoscopic sleeve gas-
trectomy (SG) has become an important pillar in the treatment of obesity. 
As is summarised in Chapter 3, there is enough evidence to conclude that 
the SG can be offered as a stand-alone treatment. A recently published 
meta-analysis confirms once again, that the SG has a safety profile compa-
rable to the gold standard, the Roux-en-Y-gastric bypass (RYGB).1 Moreover,  
it achieves similar results in terms of weight loss and reduction of the  
obesity-related comorbidities.2,3 The SG has evolved from a step-up proce-
dure, preceding the duodenal switch, to a stand-alone procedure that is now 
preferred in the treatment of morbid obesity in the university hospitals in the 
United States of America.4,5 The aim of this thesis was to study the results of 
the SG as a stand-alone procedure. The focus was on safety and efficiency 
and it was studied what crucial parts of the process could be improved or 
optimised. Therefore, we divided the process into three phases (see illustra-
tion 1) to create a clinical pathway. The first phase is the screening of the 
morbid obese patient. We would like to discuss the findings of the reported 
studies that have contributed to or will lead to improvement of the screening  
phase. The next phase is the surgical procedure itself. The studies that  
reported the results of the procedure and the adjustments that have con-
tributed to increased safety and efficiency will be discussed in this chapter.  
Furthermore, recommendations for further improvement of the procedure 
and future research will be given based on the studies reported in this thesis. 

S    P   F Ucreening rocedure ollow p
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The last phase is the follow- up phase. The studies concerning evaluation of 
and adjustments to this final phase of the process will be discussed.

7.1 Screening

Careful patient selection is believed to be of major importance in bariatric 
surgery.6 Since the SG has been implemented as a stand-alone bariatric  
procedure, all patients were screened by a multidisciplinary team consisting  
of a bariatric surgeon, an obesity nurse, a psychologist and a dietician.  
Patients were selected for an SG based on the same selection criteria as 
for RYGB, which are reported in the introduction of this thesis. By using this 
multidisciplinary approach, only motivated, conscious and mentally stable 
patients are operated on. This is essential to prevent or reduce early relapse 
and weight regain after surgery.7,8 Patients with a psychological disorder or 
an eating disorder do not directly receive approval for the operation. Psycho- 
logical counselling is offered to them first, in order to achieve a stable situation  
and increase the success of the life style changes and surgical outcome. 
Those patients with unhealthy dietary habits are educated in making the right 
choices with the goal to achieve a consistent and healthy diet which should 
be maintained postoperatively.

As is summarised in Chapter 3, patients with a history of gastro-oesophageal 
reflux symptoms should not be offered an SG. This is confirmed in a recent 
meta-analysis comparing the SG to the RYGB, which reported increased 
rates of reflux after SG and significant reduction of pre-existing reflux symp-
toms after the RYGB.9 The study reported in Chapter 4.1 shows that de 
novo postoperative development of reflux occurs in 11.7% of the patients. 
In order to facilitate the exclusion of patients with gastro-oesophageal reflux 
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for SG, standardised diagnosing is necessary. A standard questionnaire, 
systematically scoring preoperative reflux symptoms, is a valuable tool for 
preoperative assessment and decision making.10 A point of discussion is 
the value of preoperative endoscopic evaluation of the stomach and based 
on recent literature, it seems to have no additional value. Abnormalities are 
found in a high amount of patients, but without any consequences for further 
treatment in the majority of them.11-13 Besides, several studies revealed that 
the presence of Helicobacter Pylori (H. Pylori) preoperatively is not associ-
ated with major postoperative complications or ulceration.14-17 This implies 
that preoperative endoscopic screening and treatment for H. Pylori are not 
indicated. The exact cause and the late effects of gastro-oesophageal reflux 
after SG are still under investigation. Long-term data on reflux related com-
plications are awaited to draw definitive conclusions on the effect of the SG 
on reflux. Unless these long-term results prove differently, it is recommended 
to perform an RYGB in those patients reporting reflux symptoms in the ques-
tionnaire during preoperative screening.

Another point of discussion is the age limit for bariatric surgery. Global ageing 
is also a major issue according to the world health organisation and obesity 
is seen increasingly under the elderly population. The upper age limit for 
bariatric surgery has been set at 65 years. Older patients carry higher risks 
for surgery and in this population safety of the procedure is of major impor-
tance. Recent literature shows that in the older morbidly obese patient, the 
SG is a safer procedure than an RYGB or gastric banding as it shows lower 
readmission and reoperation rates.18 These findings are in agreement with 
the study in Chapter 6.4 reporting the feasibility of the SG in the older obese 
patient and concluding that in this population the SG should be the first 
choice. The primary goal of the SG in the elderly should be to reduce their 
comorbidities and improve the quality of life.19-21 As a result, health insurers 
have started to reimburse the treatment in this older population and lately, 
the age limit has been reset to 68 years for primary treatment of obesity and 
69 years for patients that need a revision because of severe postprandial 
complaints or gastro-oesophageal reflux.

The next important element of preoperative screening is laboratory test-
ing. Apart from standard determination of haemoglobin levels, renal and  
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hepatic functioning and the inflammation and coagulation status, assess-
ment of the preoperative micronutrient status has gained interest. Many 
studies have already proven that morbid obesity is associated with higher 
prevalence of vitamin and mineral deficiencies.22-25 It is of major importance 
to detect these deficiencies preoperatively for early supplementation and 
as a basis for postoperative evaluation of the effect of the surgery on the 
micronutrient status. As is presented in Chapter 6.2, deficiencies of the  
vitamins B12 and D, folic acid and the mineral iron are frequently found 
in SG candidates and they persist or occur de novo after surgery. Other 
studies have shown the beneficial effects of supplementation.26-29 These 
findings have led to the development of a standard laboratory test which 
is taken on each obese patient during the screening phase, measuring the 
levels of serum haemoglobin, leukocytes, C-reactive protein, electrolytes and 
the renal function, but also the vitamins A, B1, B6, B12, folic acid (B11) 
and D3, iron, ferritin, calcium, magnesium, phosphate, zinc and Parathyroid  
Hormone (PTH). Based on a recent study, determination of methylmalonic  
acid has been added to the test, as it detects more functional vitamin B12 
deficiencies. Besides, adequate intramuscular supplementation of vitamin  
B12 leads to normalisation of the values in all deficient patients.30 All  
patients are instructed to take multivitamin tablets daily and specifically, the 
deficiencies of vitamin B1, B12 and D, calcium, folic acid or iron are supple-
mented in case of preoperative deficiency. However, the study in Chapter 
6.2 revealed that despite prescription of supplements, deficiencies persist or 
occur newly after surgery. It is not clear if the cause lies in inadequate dosing 
of the supplements or in patient compliance. This should be investigated to 
achieve better control on the nutrient status of the SG patient.

To conclude the screening phase, approval for surgery is given by the  
surgeon in a multidisciplinary consultation. Then the next step is preoperative 
instruction and preparation. Patients are instructed to follow a crash diet 
two weeks prior to surgery, in order to reduce the size of the liver and create  
a larger and safer operation field for the surgeon.31,32 Furthermore, pre- 
operative clarification of the surgical procedure and the direct postopera-
tive course have become part of the fast-track protocol and contribute to  
enhanced recovery and better outcome, as is shown in Chapter 4.2. Fast-
track principles provide uniformity for both patients and the caregivers. Since 
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the implementation of fast-track, identical protocols have been used for SG 
and RYGB, except for the surgical procedures themselves. Even revision  
surgery is now being performed according to fast-track principles. As a result,  
all patient groups are informed about the process simultaneously in group 
sessions and the one-on-one patient contacts can be reduced. These adjust-
ments have led to enhanced efficiency of the screening phase.

7.2 Procedure

It is believed that optimisation and improvement of the procedure can be 
achieved by creating a standardised and reproducible process. This starts 
with the identification of the key elements of the procedure. There has been 
a lot of debate on the surgical technique of the SG during the past decade.

As is reported in Chapter 3, there is an ongoing discussion on the size of 
the gastric tube. Prior studies concluded that the size of the sleeve shaped 
stomach was the major indicator of weight loss. Latest studies refute these 
thoughts as they proved that the restrictive effect of the SG is only of little 
importance. Initial BMI is a predictor of postoperative weight loss, but the 
volume of the resected stomach and thus the remaining sleeve size appears 
not to be.33 The size of the tube seems to have no effect on the volume of 
the resected stomach and does not influence weight loss.34-37 In the cohort 
presented in Chapter 4.1, a 34 French (Fr) gastric tube was used during 
all procedures. The size has not been changed as satisfying results were 
achieved with the use of these tubes. Assuming the fact that excess weight 
loss is not directly influenced by the volume of the sleeve shaped stomach, a 
question might arise if a larger gastric tube would achieve the same results 
with reduced incidence of early complications and dysphagia symptoms. So 
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far, only one randomised controlled trial has studied the effect of the gastric 
tube size and compared the results between a 27 Fr and a 39 Fr tube. The 
authors concluded that there was no significant difference in weight loss 
and morbidity.34 Ruiz-Tovar and his group reported excellent weight loss and 
remission of comorbidities 5 years after SG with the use of a 50 Fr gastric 
tube.35 A meta-analysis of almost ten thousand SG procedures suggests that 
the use of ≥40 Fr gastric tubes would reduce the risk of staple line leaks.38 
In order to draw any definite conclusions on the right size of the gastric  
tube, we call for a proper controlled trial, randomising SG procedures for 
the use of 3 different types of gastric tubes, 30Fr, 40Fr and 50Fr. Outcome 
measures should be excess weight loss, remission of comorbidities, staple 
line leaks and bleedings, reflux, dysphagia and vomiting. In this proposed 
study, all other factors influencing the outcome of the procedure should be 
taken into account.

A second important element of the procedure is the optimal use of laparo-
scopic instruments. Evaluation and assessment of precision ease of use and 
ergonomics help to choose the most appropriate instrument. High usability 
and precision would reduce the occurrence of errors and good ergonomics 
would facilitate the performance of the surgeon, both potentially increasing 
the safety of the process. One of the major steps of the SG is mobilisation 
of the greater curvature of the stomach by division of the omentum majus. In 
the cohort presented in Chapter 4.1, a standard energised sealing device 
(Ligasure AtlasTM, Covidien, Mansfield, MA, USA) has been used during all 
SG procedures. This device contains a cord and uses electrical energy to 
seal the tissue. A potentially suitable alternative is the ultrasonic dissection 
tool, using ultrasonic energy.39,40 So far, no superiority has been found for 
either standard energised dissectors or ultrasonic dissectors.41,42 Ultrasonic 
dissectors, however, do not generate electric energy and these tools can 
be used in all patients. For instance, in those with a pacemaker, disabling of 
the pacemaker is not necessary during the operation, which in turn leads to 
lower risk of cardiac arrhythmias. The use of wireless energised instruments 
could facilitate the surgical procedure as the operating field is cleaner and 
the instrument can be used with better manoeuvrability without the presence 
of cables. In Chapter 5.2 the possible advantages of wireless ultrasonic 
dissection were studied for SG. During a comparative study, the wireless  
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SonicisionTM (Covidien, Mansfield, MA, USA) was compared to the Harmonic  
ACE+® (Ethicon Endo-Surgery Inc., Cincinnati, OH, USA). In this study, ob-
jective measures were scored to assess the safety and efficiency of the pro-
cedure. Additionally, subjective measures have been taken into account. Not 
only the experience and opinion of the surgeon were scored, but the scrub 
nurses were also involved in the assessment of both dissectors. For an op-
timal course of the procedure, both preparation and installation and the ac-
tual dissection should proceed undisturbedly. Hence, both the scrub nurse 
and the surgeon should be satisfied with the instrument. Installation of the 
wireless SonicisionTM appeared significantly faster. However, the mean dura-
tion of the operation was not significantly reduced by any of the dissectors. 
Scrub nurses found the SonicisionTM clearer and easier to set up. Concern-
ing ergonomics, surgeons found the manoeuvrability of the wireless dissec-
tor significantly better, but found no difference in precision, safety or speed. 
Overall, one can conclude that both wireless and cord-containing ultra- 
sonic dissection are equally safe, and effective, but in terms of installation 
and ergonomics the wireless ultrasonic dissector could be preferred. The 
use of a wireless dissector could have an additional value if all surgical tools 
(camera and suction device) were wireless. When the operating field would 
be clean and free of cables, manoeuvrability would further improve and the 
space around the operation table would increase. However, the develop-
ment and use of wireless devices will presumably increase the costs of the 
instruments. When the use of these tools does not lead to a faster procedure  
or a reduction in complications and hospital stay, the cost-efficiency of 
the process is not increased and the use of wireless dissectors cannot be  
recommended.

The next essential element of the SG is stapling and transection of the gastric 
wall along the gastric tube. The most feared complication of the procedure 
is leakage of the staple line. Several laparoscopic staplers have been devel-
oped to facilitate transection of the gastric wall. In the cohort studied for this 
thesis, one of the first adjustments to the procedure was the transition of 
stapling with a 3 rows of staples with equal heights to the Tri-StapleTM tech-
nique in 2010. It was believed that optimal tissue compression is achieved 
when three rows of staples, increasing in height outwardly, are positioned. 
The high outer row of staples serve for tissue compression, the low inner 
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row for vessel occlusion. This would lead to a reduction in staple line leaks 
and bleedings. As is shown in Chapter 4.1, the total complication rate has  
decreased significantly after 2010. However, despite transition to Tri- 
staplers, major complications still occur and staple line leaks are found in 
2.3% of the cases. It was questioned if the right staple height has been 
used. Prior studies reported that the wall of the gastric antrum is thicker than 
the wall of the cardia.43,44 This was, however, measured under a set pres-
sure comparable to the grasping force of the stapler. It was hypothesised 
that for optimal tissue compression a lower pressure would be sufficient. 
Results of the study presented in Chapter 5.3 show that the grasping force 
of the stapler could be reduced by 2.9 times. As the majority of the staple 
line leaks are found proximally, too large staples might be used at this site. 
A thickness gauge was developed that could perform standardised and re-
producible measurements of the wall of the excised gastric specimen. The 
measurements revealed that the walls of the gastric fundus and cardia are 
significantly thinner than the antral wall and the difference was more than 
one millimetre. For stapling of the gastric antrum Tri-stapling with 3-, 3.5- 
and 4-mm staples should be done and for stapling of the fundus Tri-StapleTM  
cartridges containing 2-, 2.5- and 3-mm staples are advised, taking into 
consideration the other factors provoking complications. Another point of 
interest is the actual firing of the stapler as this has not been standard-
ised yet. It is done manually and the force and speed of firing vary between 
the surgeons. Besides, it is suggested to wait between grasping and firing,  
although the optimal waiting time has not been studied yet.45 The use of a 
powered stapler could contribute to the standardisation of staple firing. In 
this device the optimal grasping force could be adjusted based on feedback 
of the tissue, waiting time could be set before firing and the staples could be 
fired with controlled speed under optimal stability of the device. The iDriveTM 
(Covidien, Mansfield, MA, USA) is a powered stapler that was developed by 
Covidien. So far, no studies have been performed comparing this device to 
the manually controlled staplers, so the feasibility of powered stapling still 
needs investigation. Concerning the safety of the procedure and the aim to 
further reduce the risk of leaks, Gagner recently called for a thickness cali-
bration device that can determine the right stapler size.46 This device should 
be used intra-operatively by measuring the thickness of the gastric wall 
and giving an advice for the staple size before firing a stapler. Ideally, these  
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features should be combined with a standardised powered stapler. The  
development of such a device could contribute to the reduction of leaks. The 
aim of the intra-operative measurements and directly adjusted standardised 
staple firing should be to obtain optimal tissue contact and compression 
while avoiding tissue ischaemia.

However, there are other important factors that contribute to the reduction 
of complications. One of these factors, which appeared to be one of the 
major adjustments to the process, was the implementation of a fast-track 
protocol in 2011. As is reported in Chapter 4.2, the conventional anaes-
thesia, postoperative analgesia and recovery protocols were replaced by a 
protocol avoiding premedication, intra-operative administration of muscle  
relaxants and opioids and early postoperative mobilisation. This also led to a 
significant reduction in overall early complications and, interestingly enough, 
staple line leaks and bleedings decreased significantly. Implementation 
of this new protocol not only involved adjustments made to anaesthesia. 
By creating a bariatric team, consisting of a bariatric surgeon, dedicated 
OR-personnel and anaesthesiologists, it became possible to perform 6 to 7 
bariatric procedures a day. This has been achieved by the standardisation of 
the major aspects of the SG. As is shown in Chapter 5.1, the procedure was 
divided into 13 key steps. Each surgeon performed these steps similarly and 
with the use of the same instruments. Prior to each procedure, instruments 
were laid out by the OR-personnel as written in the protocol and during 
the procedure the instruments were handed out fluently according to each 
consecutive step. The duration of the surgery has decreased significantly 
by 20 minutes and the changeover times between the procedures became 
shorter. Even ergonomic circumstances improved by the new protocol as the 
patients awaken faster from anaesthesia and transfer themselves from the 
operation table back into their beds. Furthermore, the standardisation made 
it possible to train new OR-personnel properly. At first, the team only consist-
ed of specialised bariatric anaesthesiologists and OR-personnel. Now, other 
personnel could be trained rapidly and the teams have expanded during the 
past years. The number of bariatric surgeons has also increased from three 
to six. Nowadays, it is feasible to perform 18 to 20 bariatric procedures in 
3 operation rooms simultaneously in one day. Strict postoperative nursing 
care by trained nurses and a postoperative visit by the bariatric physician 
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assistant contributed to enhanced recovery, which has led to a significant 
reduction in mean hospital stay from 4 to 2 days.

Training is a major element of surgery. As is discussed above, standardisation  
of the procedure facilitates the training process. Nowadays, surgical fellows 
and residents can be trained adequately in performing the SG. In order to 
teach them, we believe it is of major importance to gain knowledge of the key 
steps of the procedure and focuss on the potential hazard zones. In Chapter 
5.1, an observational study is presented that analysed the performance of the 
SG according to the Observational Clinical Human Reliability Assessment 
(OCHRA). The study showed no difference in major complications between 
the different levels of the surgeon’s experience. All fellows and residents 
were supervised by an experienced bariatric surgeon. One can conclude 
that adequate supervision leads to similar results as performance by experi-
enced surgeons. However, occurrence of errors during two of the 13 critical 
steps of the procedure was significantly associated with longer duration of 
the procedure and more postoperative complications. We believe that it is 
very important for a surgeon to record and review his own procedures. By 
reviewing, one can discover any hitches or even inadequate or unnecessary 
actions. Awareness and acknowledgement of these actions are basics for 
improvement. OCHRA seemed to be a valuable tool, not only for the as-
sessment of the surgical performance but also for detection of the hazard 
zones of the SG procedure. It could even be used for standard monitoring 
of the surgeon’s performance, by randomly conducting the assessment or 
it could also be deployed when the surgical results of any surgeon deterio-
rate. It might help to find the underlying cause of any complication in order 
to prevent recurrence in future procedures. In this way, it could contribute to 
increased safety. With regard to training, OCHRA is a very valuable tool for 
surgical fellows and residents. Once the key steps of the SG are determined 
and the hazard zones are known, a virtual training programme could be set 
up to let them train the SG on a simulator, practice different scenarios and 
learn how to deal with the potential errors, just like a pilot trains scenarios 
in a flight simulator. When the simulation training is completed successfully, 
trainees should perform an SG in real life under strict supervision. Again, 
reviewing the procedures, detecting technical errors and recognising the 
consequences form the fundaments for improvement. Then, OCHRA can 
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also be used as an examination tool, to determine if a bariatric surgeon in 
training could perform the SG without supervision. The value of OCHRA 
in the examination of surgical performance has been proven before.47 The 
assessment of a careful execution of the procedure without the occurrence 
of consequential errors would be an adequate determinant for solo perfor-
mance of the SG.

At the present time in which health care costs are a major topic, adjustments 
to the process should also lead to a reduction of the costs. Postoperative 
complications increase the costs as patients have a longer hospital stay and 
require additional treatments. It was studied what the additional costs were 
in case of a major complication. Chapter 5.4 shows that the median addition-
al costs for the treatment of a staple line leak were €9,284 and for bleeding 
€4,267. In case of a leak, prolonged hospital stay accounted for 50.3% of 
these additional costs and Intensive Care Unit (ICU) submission for 31.4%. 
When postoperative bleeding was found, 42.0% of the costs were assigned 
to prolonged hospital stay and 34.8% to ICU submission. Submission to 
the ICU could be reduced by adequate training in early detection of major 
complications. As is supported by several studies, the vital sign tachycardia 
appears to be the major clinical manifestation of both postoperative leak and 
bleeding. This can be supported by postoperative serum determination of 
haemoglobin, leukocyte and C-reactive protein levels.48-50 Treatment of major 
complications has also been given a minimally invasive and, in particular,  
a multidisciplinary approach. When postoperative bleeding is suspected, 
based on tachycardia and a decreased haemoglobin level, administration 
of tranexamic acid and blood transfusion appeared to be an adequate first 
conservative treatment option.51 Early detection and conservative treatment 
of this complication have led to a reduction in the numbers of direct surgical 
re-interventions. By standardisation of the bariatric care, complications can 
be managed on the ward and less ICU submissions are necessary. For leak-
age of the staple line, treatment has shifted to a non-surgical approach. By 
close cooperation with gastro-enterologists, surgical treatment of leaks can 
be avoided as endoscopic drainage has become an important modality.49,52,53 
Positioning of an endoscopic stent is the right treatment for leaks with a hole 
>1cm.52,53 By involving the intervention radiologist in the development of a 
treatment protocol for gastric leaks, radiological drainage of intra-abdominal 
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abscesses has become part of the treatment options. The ability to treat 
complications non-surgically, with as a consequence the omission of anaes-
thesia and postoperative recovery with intensive monitoring, will reduce the 
costs of the process. Moreover, by clear instructing in self-care and alarm 
symptoms, the patient can return home with an endoscopically or radiolog-
ically positioned drain and this in turn reduces the hospital stay. However, 
it is only possible when the clinical symptoms and the infectious status are 
showing improvement. It remains very important to keep focussing on the 
reduction of major complications. A current topic is the application of staple 
line reinforcement (SLR) in order to reduce the risk of leaks. In the cohort 
presented in Chapter 4.1, no SLR has been used and a leak rate of 2.3% has 
been achieved. The use of SLR remains controversial. Earlier studies could 
not demonstrate a reduction of leaks, but did show fewer bleedings.54-56 
When reinforcement is used, the staple line becomes thicker and this must 
be taken into account for the choice of the staple size.57-60 We call for a 
proper randomised controlled trial in the near future, comparing a group of 
SG with SLR to a group of SG without SLR. Outcome measures should be 
staple line leaks and bleedings, re-interventions and hospital stay.

7.3 Follow up

The final phase of the process is the postoperative follow up. Early com- 
plications are detected and taken care of in the first 30 postoperative days. 
However, patients can develop serious complications in the longer term. 
The major late complaints after SG are gastro-oesophageal reflux, vomiting 
and postprandial epigastric pain. It is important to find the exact cause of 
these complaints. Prior studies believed that increased intra-gastric pressure 
would impede the function of the lower oesophageal sphincter, which would 
lead to gastro-oesophageal reflux.61 However, Toro et al. observed a large 
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variability in sleeve volume and compliance of the stomach wall and no cor-
relation was found between the size of the sleeve shaped stomach and the 
intra- gastric pressure.62 By applying High Resolution Impedance Manometry 
and volumetric Computed Tomography scanning in postoperative patients, 
Mion et al. found no correlation between the sleeve volume and the intra-gas-
tric pressure either, and increased intra-gastric pressure did not appear to 
be an indicator for reflux symptoms. However, impedance reflux episodes 
were correlated with symptoms and a correlation was found between post-
prandial epigastric pain and increased intra-gastric pressure.63 In Chapter 
6.1 the correlation between postprandial symptoms and gastric emptying 
was studied by performing a gamma scan measuring the lag phase, half 
emptying time and caloric emptying rate of the sleeve shaped stomach. In all 
patients, the gastric emptying was faster than in non-operated patients, but 
no statistically significant difference could be found between symptomatic 
and asymptomatic patients. It was concluded that postprandial symptoms 
cannot be explained by altered gastric emptying. A gastric emptying study 
is not the preferred method to assess upper digestive symptoms after SG, 
but High Resolution Impedance Manometry (HRIM) appears to be a valuable 
tool. The measurement of abnormal pressure and contraction waves during  
swallowing and an impaired food transport function quantify the upper  
digestive symptoms and this diagnostic test serves to confirm the indication 
for revision to RYGB in case of severe postprandial symptoms. If future larger  
studies show the same results for HRIM as a diagnostic tool in patients with 
upper digestive symptoms after SG, this tool should be added to the protocol  
for treatment of late complications.

Standardised laboratory tests are done during follow up; three times in the 
first postoperative year and annually afterwards. In collaboration with the 
clinical endocrinologist, standard dosage regimens have been developed to 
treat the micronutrient deficiencies. In case of severe deficiencies the endo-
crinologist is consulted for further analysis. The study presented in Chapter 
6.2 shows that deficient iron and ferritin levels persist after SG and vitamin 
deficiencies occur de novo in a considerable amount of patients postopera-
tively. Based on this study, all patients are instructed to take multivitamins on 
a daily base, for the rest of their lives. These supplements are not covered by 
the insurance company and patients have to buy them themselves. The fact 
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that deficiencies occur de novo implies that the SG also causes a certain 
degree of disturbance in nutrient absorption. On the other hand, the finding 
that deficiencies persist after surgery in a considerable amount of patients 
despite supplementation, implies either disturbed uptake of supplements or 
inadequate patient compliance with regard to supplement intake. It is hard 
to control patient compliance as patients buy the supplements in drugstores 
or order them online. Registration of the purchases is not possible and  
concrete intake of the supplements cannot be monitored. The only way to 
monitor the purchases of multi- vitamins is to sell them at the clinic or get 
access to the registration of online orders. This privacy issue should be  
discussed critically in the near future. Education and enlargement of the  
responsibility of the patient in terms of self-management may increase patient  
compliance. The patient must realise that he himself plays the most important  
role in the success of the process instead of attributing all advantages 
to proper management by the bariatric team. All patients are told that the  
surgical procedure is just a tool to break the vicious circle and start to lose 
weight, with all the additional effects. In order to maintain weight loss and re-
mission of comorbidities, the patient needs to stick to the life style changes  
for the rest of their lives. Besides, it is of major importance to make the 
patient aware of the possible risks of nutrient deficiencies. As a result of 
agreements with health insurance companies, the duration of the outpatient 
follow up has been set at five years. Over the years, a standardised follow up 
programme has been developed to improve patient care and postoperative 
outcome (See the flow chart in the introduction of this thesis). It involves six 
visits to the outpatient bariatric clinic during the first postoperative year and 
two annual visits afterwards. After 5 years, the clinical follow up ends and 
by this time, patients should have achieved a stable weight after a period of 
significant weight loss. Chapter 4.1 reveals that 8.2% of the patients need 
a revision in the first 5 years after SG. It is important to detect the cause 
of failure of the SG. A differentiation should be made between insufficient 
weight loss or weight regain and severe reflux or postprandial symptoms. 
As is shown in Chapter 6.3, the major indications for revision of an SG 
are postprandial symptoms and reflux. Reflux symptoms should be reduced 
by offering patients with preoperative gastro-oesophageal reflux an RYGB. 
Postprandial symptoms seemed to have an anatomical cause. Occurrence 
of a gastric stenosis after an SG should be avoided by correct positioning of 
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the staplers and as is discussed before, a larger gastric tube might help to 
prevent stenosis. Weight regain is the indication for revision in 22.2% of the 
cases. Again, the cause of weight regain should be found. In case of relapse 
into old unhealthy dietary habits, consultation of a dietician is essential. In 
case of lack of physical exercise, psychological consultation and physical 
coaching should prevent further weight regain. Concerning the economics 
and the attempts to reduce the health care costs, the question should be 
answered if it is possible to shorten the duration and reduce the costs of 
the outpatient follow up after SG. The emergence of technical innovations in 
communication could facilitate in the development of “telecare”. An example 
is the development of the online programme “Be patient”. This programme 
makes the patient’s responsibility part of the process. E-learning modules 
provide support programmes regarding the surgical procedure, dietary ad-
vices and other instructions regarding the life style changes. Furthermore, 
patients can connect to companions through a bariatric social network. 
More importantly, patients can be monitored remotely by for instance iHealth 
weight scales and activity trackers. This way, the patient manages his own 
process and professionals are directly informed about the consequences 
and results. By implementation of telecare, the follow up might be extended 
to more than five years. The efficiency, efficacy and sustainability of Telecare 
and E-health are still under investigation and the feasibility in bariatric sur-
gery should be proved soon.

Despite all the efforts, revision surgery is still necessary for 8% of the pa-
tients. For them it is of major importance to find a revision procedure with 
high safety and effectivity. This is still a topic that requires further investiga-
tion. The study presented in Chapter 6.3 shows the results of the revision 
from an SG to an RYGB. It leads to significant additional weight loss and 
comorbidities, but at the cost of a relatively high risk of major complications. 
During the past years, alternative procedures have been developed for failed 
SG. The Biliopancreatic diversion and Duodenal Switch (BPD-DS), which 
was originally preceded by the SG in a two-stage procedure, can still be 
performed in case of failure. Only small studies compared the results of 
RYGB and the BPD-DS. They concluded that the BPD-DS achieves more 
additional weight loss, but at the cost of more complications and nutrient  
deficiencies.64,65 In the search for other less invasive procedures, the following  
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procedures have been suggested for revision surgery: the relatively new single  
anastomosis gastric-bypass (Omega loop) might be a good option, as it only 
requires one anastomosis, but reflux symptoms are also reported after this 
procedure.66 The latest alternative is the single-anastomosis duodenal-ileal 
bypass (SADI), which seems to be a promising revision option. Early results 
show minimal complications and significant additional weight loss and remis-
sion of comorbidities.67 In both procedures, only one anastomosis is made, 
which would reduce the risk of leaks. However, as these procedures are  
relatively new, larger studies should be done to draw any definite con- 
clusions on their feasibility.

7.4 Conclusions and future perspecives

In this thesis, the laparoscopic sleeve gastrectomy was regarded as a pro-
cess, involving three successive phases. In the past years, several adjust-
ments have been made to all three phases in order to achieve a standardised, 
safe, efficient, reproducible and learnable process with excellent results in 
terms of weight loss and remission of comorbidities. There is still room for 
improvement with regard to reduction of the major complications leaks and 
bleedings and to treatment options in case of failure of the process. Non- 
surgical causes of complications should be further investigated, such as 
smoking and intra-operative haemodynamic changes. The sleeve gastrecto-
my has the potentials to become the new gold standard in the treatment of 
morbid obesity. In a next summit on sleeve gastrectomy, supported by this 
thesis, a global consensus should be reached on the use of the instruments 
to reach a uniform procedure. Once the procedure has been optimised, the 
focus should shift to the postoperative phase. Larger studies on long-term 
results of the sleeve gastrectomy are awaited. Besides, the metabolic and 
physiological causes of weight loss and weight regain after surgery should 
be further studied. At last, patient accompaniment and the psychological 
aspects of the process should obtain attention. A morbid obese patient will 
always remain a morbid obese patient, despite excellent weight loss and 
remission of comorbidities after surgery and this requires a lifetime com-
mitment to the life style changes. The psychological aspects of the process 
must become subject to further research.
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